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ABSTRACT 
——————————————————————————————————— 

 

 

 

 

 

Adenosine is a multi-functional physiological molecule found abundantly in the body.  

It is one of the important components of ATP cellular energy metabolism.  Adenosine 

has diverse actions as a ligand on many different types of cells and tissues acting via 

specific receptors.  Currently, four subtypes of adenosine receptors are described, 

namely, the A1, A2A, A2B and A3 receptors. 

 

Neuroblastoma, mostly found in young children, is a malignant tumor derived from 

peripheral neurons in the body.  Several different types of neuroblastoma cell lines of 

human origin have been established and contributed to the studies of neuroblastoma 

itself, neuronal differentiation, neurotransmitters, alcoholism, Alzheimer’s disease and 

other neuronal diseases and disorders.  In 1987, it was shown by Abbracchio et al. that 

a human neuroblastoma cell line, IMR32, could be induced to differentiate into cells 

that have a more neuronal morphology, with long neurites, by an adenosine receptor 

agonist 5’-N-ethylcarboxamideadenosine (NECA) 2.  ‘Neuronal differentiation’ is 

expected to be a new alternative to the conventional clinical therapies, such as surgery, 

chemotherapy and radiotherapy. 

 

Unlike IMR32, PC12 cells, a rat adrenal pheochromocytoma cell line, resembling 

human neuroblastoma cell lines and also expressing the A2 subtype of adenosine 

receptors, was shown not to differentiate under stimulation of the A2A subtype of 

adenosine receptors 3.  Moreover, adenosine inhibited neuronal differentiation in 

mouse dorsal root ganglion cells presumably via the A1 subtype 4.  The mechanism(s) 

of these confusing effects of adenosine on neuronal differentiation require examination. 

 

First, a detection method for each of the adenosine receptor subtypes was developed 

using reverse transcriptase polymerase chain reaction (RT-PCR).  This provided a 

sensitive, non-radioactive, analytical tool.  Subtype-specific, four pairs of PCR primers, 
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corresponding to the A1, A2A, A2B and A3 receptors, were designed and synthesized.  

The RT-PCR study revealed the presence of adenosine A1, A2A and A2B receptor mRNAs 

in untreated SH-SY5Y cells.  These PCR primers were also designed so that they 

would allow multiplex PCR.  Optimization of conditions for multiplex PCR was 

conducted, allowing it to detect several adenosine receptor subtypes simultaneously, and 

it was proven to be partially successful.  In the study of differentiation, the use of the 

designed PCR primers was not quantitative to measure the levels of adenosine receptors 

due to variations of the expressions levels of the glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) gene, a house-keeping gene commonly used as the internal 

control in PCR or northern blot analysis. 

 

An adequate neuronal differentiation model system was established in order to study the 

possible role(s) of adenosine in neuronal differentiation.  Nerve growth factor (NGF), a 

well-known inducer of differentiation of rat PC12 cells, did not show any apparent 

differentiation effects on human neuroblastoma SH-SY5Y cells.  All-trans retinoic acid 

(50 µM) induced distinct neuronal differentiation in SH-SY5Y cells, however ethanol, 

used as a vehicle for retinoic acid, was also shown to have effects on this cell line 

causing morphological changes.  Adenosine (100 µM) alone also did not induce 

marked differentiation in this cell line probably due to the presence of adenosine in 

serum.  Adenosine deaminase-resistant, synthetic adenosine analogues were used and 

demonstrated enhancement of differentiation. 

 

A serum deprivation-induced differentiation in SH-SY5Y was found to be a consistent 

and useful model to evaluate the effects of other factors on differentiation in this cell 

line.  This serum deprivation-induced differentiation was also found to accompany a 

substantial rise in the expression of neurofilament-H (NF-H), one of the marker proteins 

for neuronal differentiation, at the protein level.  Using this model, the possible 

involvement of adenosine signaling via its receptors was investigated. 

 

Treatment of cells with selective adenosine analogues for the A1 and A2A subtypes, 

2-chloro-N6-cyclopentyladenosine (CCPA, 100 nM) and 

2-[4-(2-carboxylethyl)phenylamino]-5’-N-ethylcarboxamido (CGS21680, 30 and 100 

nM), respectively, enhanced the differentiation induced by serum deprivation at day 7 

by approximately 60% and 70%, respectively.  These enhancing effects of agonists 
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were blocked by selective antagonists, 8-cyclophenyl-1,3-dipropylxanthine (DPCPX) 

and 9-chloro-2-(2-furyl)[1,2,4]triazolo[1,5-c]quinalzolin-5-amine (CGS15943), 

respectively.  Simultaneous co-stimulation of the A1 and A2A subtypes with these 

agonists gave no further effects compared to the enhancing effects exerted by CCPA or 

CGS21680 alone. 

 

Signal transduction pathways were examined using various protein kinase inhibitors.  

A selective protein kinase A (PKA) inhibitor 

N-(2-[p-bromocinnamylamino]ethyl)-5-isoquinolinesulfonamide hydrochloride (H-89, 

100 nM) alone greatly enhanced the differentiation induced by serum deprivation in this 

cell line.  No additive or synergistic effects of 10 nM H-89 with either the A1 or A2A 

receptor agonist were seen. 

 

A selective mitogen-activated protein kinase kinase (MAPKK) inhibitor 

2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one (PD098,059) showed a similar 

pattern to H-89: 100 nM PD098,059 alone caused enhanced differentiation in serum 

deprivation-induced SH-SY5Y cells.  The combination of PD098,059 and adenosine 

agonists did not show any further enhancement of differentiation. 

 

On the contrary, a selective protein kinase C (PKC) inhibitor, chelerythrine, suppressed 

the differentiation (by 51%) by serum deprivation at 1 μM, and at 100 nM, chelerythrine 

suppressed the enhancement of differentiation caused by CCPA and CGS21680 with no 

effect on the basic level of differentiation, indicating the possible involvement of PKC 

both in the differentiation induced by serum deprivation and the adenosine 

receptor–induced potentiation. 

 

Surprisingly, contrary to the assumption that the stimulation of PKA induces or assists 

neuronal differentiation, H-89 (20 μM) alone exerted a prompt differentiation (44% at 

day 2) in SH-SY5Y cells in the presence of the normal serum concentration (10%).  

This data suggests that the previously assumed role of PKA in differentiation must be 

re-evaluated.  This H-89-induced differentiation model was shown to have a different 

differentiation mechanism to the previous serum deprivation-induced differentiation.  

Establishment of these new differentiation study models will add further options to 

explore neuronal differentiation, especially, of human type. 
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A  adenosine residue (in RNA) / deoxyadenosine residue (in DNA) 

a.a.  amino acid 

ABA  N6-4-aminobenzyladenosine 

AB-MECA 4-amino-3-iodobenzyl]adenosine-5'-N-methyluronamide 

AC  adenylate cyclase / adenylyl cyclase 

Ach  acetylcholine 

ADA  adenosine deaminase 

ADH  antidiuretic hormone 

Ado  adenosine 

ADP  adenosine 5’-diphosphate 

ALS  amyotrophic lateral sclerosis 

aFGF  acidic fibroblast growth factor 

AK  adenosine kinase 

ANP  atrial natriuretic peptide 

aPKC  atypical protein kinase C 

AR  adenosine receptor 

AMP  adenosine 5’-monophosphate 

AMV-RT  avian myeloblastosis virus reverse transcriptase 

ATP  adenosine 5’-triphosphate 

BDNF  brain-derived neurotrophic factor 

bFGF  basic fibroblast growth factor 

bp  base pair(s) 

BrdU   5-bromo-2'-deoxyuridine 

BSA  bovine serum albumin 

C  cytidine residue (in RNA) / deoxycytidine residue (in DNA) 

Ca2+/CaM calcium-calmodulin complex 

CaM  calmodulin 

CaMKII  calmodulin-dependent kinase II 

cAMP  cyclic AMP / adenosine 3’,5’-cyclic monophosphate 

CBB  Coomassie Brilliant Blue 

CCPA  2-chloro-N6-cyclopentyladenosine 

Cdk5  cyclin-dependent kinase 5 

cDNA  complementary DNA 
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C/EBPβ  CCAAT/enhancer-binding protein β (= NF-IL6) 

cGMP  cyclic GMP / guanosine 3’,5’-cyclic monophosphate 

CGS21680  2-[4-(2-carboxylethyl)phenylamino]-5’-N-ethylcarboxamido adenosine 

hydrochloride 

CGS15943 9-chloro-2-(2-furyl)[1,2,4]triazolo[1,5-c]quinalzolin-5-amine 

CHA  cyclohexyladenosine 

CHO  Chinese hamster ovary 

CNS  central nervous system 

cPLA2  cytosolic phospholipase A2 

CRE  cAMP response element 

CREB  cAMP response element binding protein 

CTX  cholera toxin 

CV-1808  2-phenylaminoadenosine 

Da  dalton(s) 

dbcAMP  dibutyryl cAMP 

DMSO  dimethyl sulfoxide / dimethyl sulphoxide 

dNTPs  deoxynucleotide mix 

DPCPX  8-cyclophenyl-1,3-dipropylxanthine 

DRG  dorsal root ganglion 

EGF  epidermal growth factor 

ER  endoplasmic reticulum 

ERK  extracellular-regulated kinase 

Et  ethyl 

EtBr   ethydium bromide 

FACS   fluorescence-activated cell sorting 

FBS  fetal bovine serum  

FGF  fibroblast growth factor 

Fig.  Figure 

FSH  follicle-stimulating hormone 

G  guanosine residue (in RNA) / deoxyguanosine residue (in DNA) 

GABA  γ-aminobutyric acid 

GAPDH  glyceraldehyde-3-phosphate dehydrogenase 

GC  guanylate cyclase / guanylyl cyclase 

GDP  guanosine 5’-diphosphate 

GF109203X bisindoylmaleimide; 

3-[N-(dimethylamino)propyl-3-indolyl]-4-[3-indolyl]maleimide) 

GHRH  growth hormone-releasing hormone 

GPCR  G protein-coupled receptor 
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G protein  guanine nucleotide-coupled protein / guanine nucleotide regulatory protein / 

GTP-binding protein 

GS  normal goat serum 

GSK-3  glycogen synthase kinase-3 

GTP  guanosine 5’-triphosphate 

H-89  N-(2-[p-bromocinnamylamino]ethyl)-5-isoquinolinesulfonamide 

hydrochloride 

HGF  hepatocyte growth factor 

hr  hour(s) 

HRP  horse radish peroxidase 

5HT / 5-HT 5-hydroxytryptamine (= serotonin) 

I-ABA  N6-(4-amino-3-iodobenzyl)adenosine 

I-ABOPX 3-(3-iodo-4-aminobenzyl)-8-(4-oxyacetate)phenyl-1- propylxanthine 

IB-MECA N6-(3-iodobenzyl)adenosine-5'-N-methylcarboxamide 

IL-1  interleukin 1 

IP3  inositol 1,4,5-triphosphate 

JAK kinase Janus kinase 

JNK  c-Jun N-terminal kinase 

kDa  kilo dalton(s) 

LH  luteinizing hormone 

LPS  lipopolysaccharide 

mAchR  muscarinic acetylcholine receptor(s) 

MAP  mitogen-activated protein / microtuble-associated protein 

MAPK  MAP kinase / microtuble-associated protein 2 kinase 

MAPKK  MAP kinase kinase 

MAPKKK MAP kinase kinase kinase 

Me  methyl 

MEK1/2  MAPK and ERK kinase 1/2 

mGluRs  metabotropic glutamate receptor(s)s 

min  minute(s) 

MSK-1  mitogen- and stress-activated kinase-1 

nAchR  nicotinic acetylcholine receptor(s) 

NB  neuroblastoma 

NECA  5’-N-ethylcarboxamideadenosine 

NF  neurofilament 

NF-H  heavy weight NF 

NF-IL6  nuclear factor for IL-6 expression (= C/EBPβ) 

NF-L  light weight NF 
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NF-M  middle-sized NF 

NGF  nerve growth factor 

NOS  nitric oxide synthase 

NT-3  neurotrophic factor 3 

OFR  open reading frame 

PAF  platelet activating factor 

PAGE  polyacrylamide gel electrophoresis 

PBS  phosphate-buffered saline 

PCR  polymerase chain reaction 

PD098,059 2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one 

PDGF  platelet-derived growth factor 

PDE  phosphodiesterase 

PGE1  prostaglandin E1 

PI  phosphatidylinositol 

PIA  N6-(2-phenylisopropyl)-adenosine 

PI3K  phosphatidylinositol 3-kinase / phosphatidylinositide 3-kinase 

PKA  protein kinase A / A-kinase 

PKB  protein kinase B / Akt (kinase) 

PKC  protein kinase C / C-kinase 

PKG  protein kinase G / G-kinase 

PLC  phospholipase C 

PMSF  phenylmethylsulfonyl fluoride 

PTH  parathyroid hormone 

PTX  pertussis toxin 

PVDF  polyvinylidenedifluoride 

RA  retinoic acid 

RAR  retinoic acid receptor 

RXR  retinoid X receptor 

Ref  reference(s) 

R-PIA  (-)-N6-(2-phenylisopropyl)-adenosine 

RXR  retinoic acid X receptor 

RSK  ribosomal S6 kinase 

RT  room temperature 

RTK  receptor tyrosine kinase 

RT-PCR  reverse transcriptase PCR 

SAPK  stress-activated protein kinase 

SDS  sodium dodecyl sulfate 

sec  second(s) 
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S-PIA  (+)-N6-(2-phenylisopropyl)-adenosine 

STAT  signal transducers and activators of transcription 

T  thymidine residue (in DNA) 

TBS  Tris-buffered saline 

TBS-T  Tris-buffered saline with Tween 20 

TEMED  N,N,N’,N’-tetramethylethylenediamine 

TH  tyrosine hydroxylase / tyrosine 3-monooxygenase 

TK  tyrosine kinase 

TNF  tumor necrosis factor 

TPA  12-O-tetradecanoylphorbol 13-acetate 

TSH  thyroid-stimulating hormone 

U  uridine residue (in RNA) 

URL  uniform resource locator 

VIP  vasoactive intestinal (poly)peptide 

XAC  xanthine amine congener 
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Chapter 1 
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General Introduction 

 

 

 

 

 

Prologue 

Adenosine 5’-triphosphate (ATP) is indispensable as the high energy source for the cell, 

and adenosine is one of the components of this energy metabolism.  In 1976, adenosine 

was shown by Sawynok to inhibit acetylcholine release from cholinergic nerves using 

the electrically stimulated twitch model (guinea pig) 5. 

 

Neuroblastoma is a malignant tumor derived from peripheral neurons in the body.  In 

1987, it was shown by Abbracchio et al. that a human neuroblastoma cell line, IMR32, 

could be induced to differentiate into cells that have a more neuronal morphology, with 

long neurites, by an adenosine receptor agonist 5’-N-ethylcarboxamideadenosine 

(NECA) after 13 days of treatments.  The cell line had been shown to express the A2 

subtype of adenosine receptors and not the A1, and this phenomenon was confirmed to 

occur via the A2 subtype by the potency rank order of various adenosine receptor 

ligands on the cell line 2. 

 

On the other hand, PC12 cells, a rat adrenal pheochromocytoma cell line resembling 

human neuroblastoma cell lines and also expressing the A2 subtype of adenosine 

receptors, was shown not to differentiate under stimulation of the A2A subtype of 

adenosine receptors 3.  Furthermore, the addition of 100 μM adenosine to 

neurite-bearing adult mouse dorsal root ganglion neurons inhibited neurite growth by 

47% after 2 day exposures in vitro and by 50% after 5 days and this was considered to 

occur via the A1 receptor 4.  Adenosine is one of the four members of the 

ribonucleosides, adenosine, cytidine, guanosine and uridine.  Interestingly, guanosine 

has also been reported to be involved in neuronal differentiation in such way that it 

assists the NGF-induced differentiation in PC12 cells 3. 
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Adenosine has diverse actions on cells and tissues, including neurons, often using 

adenosine 3’,5’-cyclic monophosphate (cAMP) as the second messenger, however, its 

signal transduction pathways are not always simple.  In 1983, 1985 and 1988, 

Fredholm and Dunwiddie suggested that there were several lines of evidence to indicate 

that the effect of adenosine on transmitter release is not due to cAMP 6.  It is not 

known how adenosine signaling causes these differences in neuronal differentiation. 

 

1-1 Adenosine and its roles - general 

 

1-1.1 Production and metabolism of adenosine 

Adenosine (Fig. 1-1) is a ubiquitous physiological molecule that is found abundantly in 

the body at concentrations ranging from some hundreds nM to over one μM 7.  

Adenosine is constantly being produced and 

metabolized in the body by several different pathways 

8, as shown in Fig. 1-2, in order to maintain a 

physiological range of concentrations.  When there is 

an ischemia locally, the total production of adenosine 

in the area increases promptly and thus, the local 

concentration of adenosine elevates.  This is 

considered to contribute to protection of the local 

tissues, including brain, heart, lungs and kidneys, from ischemic damages by activating 

adenosine receptors 9-14.  This protective action of adenosine is considered one of the 

most important roles of the molecule. 

 

1-1.2 Caffeine as a blocker of adenosine receptors 

Many people around the world enjoy drinking tea and/or coffee.  Caffeine is one of the 

major biologically active ingredients in these beverages and serves as a non-selective, 

reversible antagonist for endogenous adenosine receptors.  Caffeine is also contained 

in some soda beverages, chocolate and many over-the-counter drugs.  Biological 

actions of caffeine include changes in blood pressure 15,16 and heart rate 15, urine 

production 16, gastric acid secretion 16, wakefulness 17 and improved cognitive 

performance,  
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Fig. 1-1   Structure of adenosine 

(C10H13N5O4   FW 267.2) 
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Fig. 1-2  Production and metabolism of adenosine 

Adenosine is produced and by several different pathways 18,19: 

 1) The ATP pathway: ATP outside cell bodies (extracellular) can be broken down by 

an ecto-nucleotidase, located on the outer surfaces of cells, to ADP, AMP and 

adenosine.  This is considered to be the main pathway for production of adenosine. 

 2) The methylation pathway: Adenosine is synthesized from S-adenosyl homocystein 

catalyzed by S-adenosyl homocysteinase. 

Adenosine is metabolized as follows: 

 1) It is phosphorylated by adenosine kinase.  This is used to supplement the 

intracellular nucleotide pool. 

 2) It is metabolized by adenosine deaminase, an intracellular enzyme.  Intracellular 

adenosine is metabolized this way. 

Adenosine --> Inosine --> Hypoxanthine --> Xanthine --> Uric acid 

 3) The methylation pathway 

 

(Abbreviations: Ado; adenosine, AC; adenylate cyclase, ADA; adenosine deaminase, 

AK; adenosine kinase, AMP; adenosine 5’-monophosphate, PDE; phosphodiesterase) 
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showing that endogenous adenosine exerts an effect in various areas in the body, 

including in the central nervous system (CNS).  Alcoholism can be a serious health 

and social issue.  Interestingly, the level of extracellular adenosine is known to be 

elevated after a long-term exposure of cells to ethanol 20,21. 

 

1-2 Classification of receptors and GPCR 22-26 

Apart from having a role in cellular energy metabolism, adenosine acts through its 

specific receptors 18,19 similar to other hormones or growth factors. 

 

Receptors can be largely classified into two types: the cell-surface associated and the 

intracellular (Fig. 1-3).  The latter type is located in the cytosol and includes receptors 

for steroid hormones, thyroid hormone, vitamin A and vitamin D 27.  These receptors 

also serve as nuclear transcription factors upon binding to the ligands.  The members 

of this group are estimated to expand to be as many as about 100 in mammalians 28. 

 

The cell-surface receptors are receptors that exist on the surface of and in the cell 

membrane (plasma membrane) and can further be sub-classified into two groups: the 

metabotropic type and the ionotropic type.  The ionotropic type receptors are 

ligand-gated ion channels and each ion channel consists of five subunits (normally, α x 

2, β, γ and δ) that have homology in amino acid sequences to each other. 

 

The metabotropic type of receptors falls into another three categories.  The first one 

includes receptors that have one hydrophobic region called the ‘transmembrane domain’ 

which penetrates the plasma membrane once, leaving one end of the protein protruding 

outside the cell-surface and the other end inside the cell.  Many growth factor receptors 

and receptors for neurotrophic factors fall into this category.  Some of the members 

have tyrosine kinase (TK) activities, some, tyrosine phosphatase activities and some, 

guanylate cyclase activities.  The second category describes receptors with four 

transmembrane domains.  The receptors in this category have both ends of the 

polypeptide on the same side of the plasma membrane. 

 

The third category is receptors with seven transmembrane domains.  These receptors 

are termed guanine nucleotide-coupled protein (G protein)-coupled receptors (GPCRs), 

and form a superfamily based on homology in their amino acid sequences. 
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Fig. 1-3  Classification of receptors 22,25,26,29 

Receptors can be categorized as follows.  The intracellular receptors include steroid 

hormone receptors, thyroid hormone receptor, retinoid receptors (vitamin A receptor) 

and vitamin D3 receptor.  The ionotropic receptors include purinergic receptor (P2Y1) 

and other ligand-gated ion channels.  The one transmembrane domain-type receptors 

include receptors for neurotrophic factors such as receptors for NGF (trkA), BDNF 

(trkB) and NT-3 (trkC), and many growth factor receptors such as receptors for EGF, 

FGF (FGFR-1, FGFR-2, FGFR-3 and FGFR-4), HGF, IGF, insulin and PDGF (α and 

β).  The four transmembrane domain-type receptors include nicotinic acetylcholine 

receptor (nAChR), glutamate receptors, receptors for GABA (GABAA), glycine, 

serotonin (5-HT3), ATP (P2X and P2Z) and others.  The seven transmembrane 

domain-type receptors, also called GPCRs, form a large superfamily and include 

adenosine A1, A2A, A2B and A3 receptors, adrenergic receptors (α1A, α1B, α2A, α2B, β1, β2, 

β3), muscarinic acetylcholine receptors (m1, m2, m3, m4 and m5), metabotropic 

glutamate receptors (mGluRs), receptors for dopamine  (D1), serotonin (5-HT1A, 

5-HT1B, 5-HT1C, 5-HT!D and 5-HT2), angiotensin II, endothelin, PAF, histamine (H1 

and H2), TSH, LH, FSH, ADH, calcitonin, PTH, GHRH, somatostatin, VIP, Substance 

K, thrombin and many others. 

 

Abbreviations: NGF; nerve growth factor, BDNF; brain-derived neurotrophic factor, 

NT-3; neurotrophic factor 3, EGF; epidermal growth factor, FGF; fibroblast growth 

factor HGF; hepatocyte growth factor, IGF; insulin-like growth factor, PDGF; 

platelet-derived growth factor, GABA; gamma aminobutyric acid, PAF; platelet 

activating factor, TSH; thyroid-stimulating hormone, LH; luteinizing hormone, FSH; 

follicle-stimulating hormone, ADH; antidiuretic hormone, PTH; parathyroid hormone, 

GHRH; growth hormone-releasing hormone, VIP; vasoactive intestinal (poly)peptide) 

 

—————————————————————————————————————— 
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All four subtypes of adenosine receptors belong to this GCPR superfamily. 

 

GPCRs are coupled intracellularly to a specific group of proteins consisting of three 

subunits, called G proteins, and they have the ability to bind guanosine 5’-triphosphate 

(GTP) and guanosine 5’-diphosphate (GDP) (Figs. 1-4 and 1-5).  GPCRs vary in size, 

shape, functions and distribution in the body while they show homology in the amino 

acid sequences where they bind to G proteins and in the transmembrane domains.  The 

known members of this superfamily are expanding each year.  More than 200 GPCRs 

are currently described, and 2,000 or more genes encoding the whole family are 

estimated 30.  This category of receptors is clinically important and more than half of 

all the drugs currently available are designed to target GPCRs 31,32. 

 

1-2 G Proteins 22,24-26,33-36 

The term ‘G protein’ has two meanings.  ‘G proteins in general’ means any group of 

proteins that bind to guanine nucleotides, specifically, GDP and GTP, the functions of 

which are strictly regulated by whether they are coupled to GDP or GTP.  This group 

of ‘G proteins’ includes two subgroups, ‘The Big G proteins (or the heterotrimeric G 

proteins)’ and ‘The Small G proteins’, which includes proto-oncogene products, p21 

Ras and Rho.  Often, the term ‘G proteins’ is used to refer only to ‘The Big G proteins’.  

All GPCRs associate with ‘The Big G proteins’, not ‘The Small G proteins’, and they 

are in responsible for conveying signals through GPCRs from many hormones as well 

as to light and to smell 37. 

 

G proteins switch their active status along with their energy-dependent conformational 

changes, depending on whether they are coupled to GTP or GDP.  The status is active 

when GTP is bound, and inactive when GDP is bound (Fig. 1-5).  The transition is 

reversible and serves as a ‘molecular digital switch’.  Some G proteins, such as Gi, Go 

and Gs, have been intensively characterized 37.  In the early days, it was considered that 

the adenosine A1 receptor was always coupled to Gi, and the A2 receptor was always 

coupled to Gs 
38.  The activity of Gi and Go is suppressed by pertussis toxin (PTX) 

while that of Gs is not.  Gs becomes over-activated by cholera toxin (CTX) while Gi or 

Go does not.  Other types of G proteins, such as Gq and G11, are not affected by either 

PTX or CTX.  Gi and Go are called ‘PTX-sensitive G proteins’, Gs is called 

‘CTX-sensitive G protein’ and Gq and G11 are called ‘PTX, CTX-insensitive G proteins’.  
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GTP-bound Gs (active form) is known to bind to adenylate cyclase (AC) and increase 

intracellular cAMP production.  On the other hand, GTP-bound Gi or Go are known to 

bind to adenylate cyclase and decrease intracellular cAMP production.   Another G 

protein, Gt (also known as transducin), found in the retina, is coupled to the ‘light 

receptor’ rhodopsin, a member of the GPCR superfamily.  Gt transduces light 

information from rhodopsin to the brain via activation of guanosine 3’,5’-cyclic 

monophosphate (cGMP)-specific phosphodiesterase (PDE), leading to a rapid decrease in 

intracellular cGMP levels 37.  Gq is another member of the G protein family and 

couples to phospholipase C-β (PLC-β).  It is known to activate PLC and elicit 

intracellular Ca2+ mobilization and protein kinase C (PKC) activation. 

 

 

 

Fig. 1-4  The structure of a GCPR 26 

The GCPR has seven transmembrane domains (α helices), each of which penetrates 

plasma membrane once.  The NH2 terminal is extracellular and forms the ligand 

binding site while the COOH remains inside the cell.  GPCRs have the ability to 

couple G proteins such as Gs, Gi, Go, and Gq, each of which has specific roles to 

activate its target effector molecules. 
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Fig. 1-5  Activation of G protein 26,33,34,39 

The inactive form of the G protein is bound to GDP.  When the ligand binds to the 

receptor, the G protein replaces GDP with GTP and the α subunit (Gα) dissociates from 

the βγ complex (Gβγ) immediately (βγ subunits do not dissociate under physiological 

conditions).  Gα also dissociates from the receptor and binds to the target effector 

molecule (e.g. adenylate cyclase in the case of G α being Gsα or Giα) to regulate.  The 

GTP bound to Gα is hydrolysed to GDP by the intrinsic GTPase activity of Gα.  The 

resulting Gα-GDP complex can then re-associate with Gβγ (recycled). 
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One of the main functions of nerve tissues is signal transmission between cells, and 

therefore, nervous tissues contain high levels of G proteins.  Gs, Gi, Go, Gx, Gz and Golf 

have been reported in brain with the most highly expressed form being Go (about 1% of 

total protein in the brain) 40.  Among the above G proteins mentioned, Gs, Gi, Gq and 

G11 are ubiquitously distributed in all cell types in the body while Gt is only found in the 

retina, Golf only in olfactory neuroepithelia, Gz only in neuronal cells, adrenal medulla 

and platelets, and Go only in neuronal cells 37,41.  The significant presence of Go in 

neuronal tissues implies the importance of signal transduction from external stimuli 

through GPCRs coupling to Go in neuronal tissues. 

 

The adenosine A1 and A3 receptors are coupled to Go and/or Gi, and especially, the 

former has been shown to be widely expressed in the brain in human and other animals, 

including cattle, rats and rabbits 42-48.  When PC12 cells are treated with NGF, and 

similarly when NG108-15 neuroblastoma cells are treated with forskolin, the 

concentration of Goα has been shown to double 40. 

 

It is known that a GPCR can sometimes couple to more than one type of G proteins.  

Adenosine receptors and many other GPCRs, including muscarinic acetylcholine, 

adrenergic α2, 5-HT1, opioid receptors, have been reported to couple to both Gi and Go 

40.  This partly attributes to the multi-action of adenosine. 

 

1-3 Adenosine receptors - Classification, ligands and distribution 

 

1-3.1 Classification of adenosine receptors 

Most of the actions of adenosine are mediated through specific cell surface receptors 

49-53.  In 1978, Burnstock provided a basis for distinguishing two major types of 

purinergic receptors, namely, P1-purinoceptors (Fig. 1-6), which recognise adenosine, 

and P2-purinoceptors, which recognise nucleotides including ATP, adenosine 

5’-diphosphate (ADP) and uridine 5’-triphosphate (UTP).  In 1979, P1-purinoceptors 

were further divided into the A1 and the A2 subtypes by van Calker et al. 54 and Londos 

et al (1980) 55 based on the regulation of intracellular cAMP.  Reflecting on the fact 

that some P2-purinoceptors are activated by both pyrimidine and purine nucleotides, the 

term ‘P2-purinergic receptors’ or ‘P2-purinoceptors’ has now officially changed to ‘P2 

receptors’ in spite of frequent usage of old terms still today 56.  P2 receptors include 
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both ionotropic P2X and metabotropic P2Y receptors, which also belong to the GPCR 

superfamily 56. 

 

The adenosine A2 receptor subtype was further categorized into the A2A and the A2B as 

‘high affinity’ and ‘low affinity’ receptors (respectively) based on the difference in 

affinity for an adenosine analogue, NECA (Kd value of 0.1 μM vs 10 μM, respectively) 

by Burns 57.  The fourth subtype of the adenosine receptor was proposed by Ribeiro in 

1986 58 based on the connection with intracellular Ca2+ mobilization.  Today, four 

adenosine receptors, namely, the A1, A2A, A2B and A3 receptors are known 59,60.  All the 

subtypes of human adenosine receptor genes have been cloned 42,61-68. 

 

1-3.2 Agonists and antagonists for adenosine receptors 69 

Many adenosine receptor agonists and antagonists have been synthesized to date, 

including ones with no selectivity for the subtype, (e.g. NECA (agonist) and xanthine 

amine congener (XAC, agonist), ones with limited selectivity, and ones with relatively 

high selectivity for the A1 receptor (e.g. 2-chloro- N6-cyclopentyladenosine (CCPA, 

agonist) and 8-cyclophenyl-1,3-dipropylxanthine (DPCPX, antagonist), the A2A receptor 

(e.g. 2-[4-(2-carboxylethyl)phenylamino]-5’-N-ethylcarboxamido adenosine 

hydrochloride (CGS21680, agonist) and 

9-chloro-2-(2-furyl)[1,2,4]triazolo[1,5-c]quinalzolin-5-amine (CGS15943, antagonist) 

and the A3 receptor (e.g. 4-amino-3-iodobenzyl]adenosine-5'-N-methyluronamide 

(AB-MECA, agonist), N6-(3-iodobenzyl)adenosine-5'-N-methylcarboxamide 

(IB-MECA, agonist) and 3-(3-iodo-4-aminobenzyl)-8-(4-oxyacetate)phenyl-1-propyl 

xanthine (I-ABOPX, antagonist), but not for the A2B receptor (Fig. 1-7). 

 

Mainly for this reason, detailed characterisation of the A2B subtype has been slower 

compared to the other subtypes.  As mentioned before, methylxanthine derivatives, 

such as caffeine and theophyline, are naturally occurring antagonists (non-selective) for 

adenosine receptors, and used as basic compounds to produce selective synthetic 

agonists. 
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Fig. 1-6  Classification of receptors for purine and pyrimidine nucleotides 
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Fig. 1-6  Classification of receptors for purine and pyrimidine nucleotides 
19,56,69-72 

Receptors for purine and pyrimidine nucleotides are categorised into the adenosine 

receptors and the P2 receptors, which include receptors for ATP, ADP and other 

nucleotides.  P2 receptors are sub-classified into the P2X (ionotropic type) and P2Y 

(metabotropic type) receptors.  The P2X and P2Y classes currently include P2X1-7 and 

P2Y1-12, respectively.  The P2X receptors are ligand-gated type ion channels for 

cations.  All members of the P2Y receptors belong to the GPCR superfamily.  Most 

of the P2Y receptors are coupled to the PLC-PKC signaling pathway via Gq/11.  The 

adenosine receptors are currently divided into four subtypes, namely, the A1, A2A, A2B 

and A3 subtypes, all of which belong to the GPCR superfamily.  Adenosine receptors 

are usually coupled to the cAMP-PKA signaling pathway, positively or negatively. 

 

—————————————————————————————————————— 

 

 

1-3.3 Distribution of adenosine receptors in the body 

The A1 subtype is widely distributed throughout the brain 42-48,73, and is also found in 

spinal cord, heart, lungs, kidneys, testis and vascular smooth muscles.  With a good 

contrast to a wide distribution of the A1 subtype in the CNS, the A2A subtype is locally 

distributed particularly in the striatum area in the brain 48,73-77, and it is also found in 

hippocampus in the brain 63, heart, lungs, kidneys, neutrophils, mast cells and vascular 

smooth muscles.  The A2B receptor is distributed in brain (hippocampus) 65, heart, 

colon and mast cells.  The A3 receptor is distributed in brain, heart, lungs, liver, testis, 

placenta, aorta and mast cells. 

 

1-4 Adenosine and its actions 

Adenosine has diverse actions on cells, tissues and the whole body, including actions as 

a growth modulator (both positively and negatively) 50,78-81, an inflammatory-modulator 

52,82,83, an immuno-modulator 51,84-86, and as a vasodilator 49.  It has also been shown to 

be involved in cerebral ischemia 87,88.  Recently, adenosine has become one of the most 

probable candidates for causing asthma 53,89. 

 

Adenosine has various effects on neurons both in the CNS and in the peripheral nervous 

system.  It acts as a neurotransmitter 90,91 and an agent that induces sleep 92. 
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Fig. 1-7  Structures of NECA, CCPA, DPCPX, CGS21680, CGS15943, 
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In the CNS, many of the actions of adenosine are considered inhibitory.  Mice and rats 

administered with various adenosine receptor agonists with higher affinity for the A1 

subtype, including L-phenylisopropyladenosine (L-PIA), cyclohexyladenosine (CHA) 

and 2-chloroadenosine, showed marked sedation and hypothermia and these analogs 

also antagonized seizures elicited by a variety of convulsants 93.   Most of these 

inhibitory effects of adenosine on exited neurons are considered to occur through the A1 

receptor on the presynaptic regions 94-97.  The activation of cerebral cortical adenylate 

cyclase by Ca2+/calmodulin (CaM) was shown to be inhibited by 

N6-(2-phenylisopropyl)-adenosine (PIA), an adenosine analogue, presumably via the A1 

receptor 44. 

 

Adenosine also has effects on neuronal differentiation.  An adenosine analogue, NECA 

(non-selective), which enhances neurite extension induced by nerve growth factor 

(NGF) in rat adrenal pheochromocytoma PC12 cells, but on its own, it does not induce 

neuronal differentiation in this cell line 98.  Stimulation of adenosine receptors in PC12 

cells with CGS21680,  (selective A2A agonist) is reported to increase the expression of 

tyrosine hydroxylase, a marker of neuronal differentiation 99.  Furthermore, one of the 

human neuroblastoma cell lines, IMR32, differentiates into sympathetic neuron-like 

cells upon NECA administration, causes increased intracellular cAMP levels, 

presumably through the A2A receptor 2.  Interestingly, guanosine, a similar structure to 

that of adenosine, has also been reported to be involved in neuronal differentiation by 

assisting the NGF-induced differentiation of PC12 cells 3. 

 

 1-5 Adenosine receptors and signal transduction pathways 

 

1-5.1 The typical cAMP-PKA system 24,33,36,100 

All four subtypes of adenosine receptors, being members of the GPCR superfamily, are 

known to have the cAMP-PKA signal transduction pathway via specific G proteins (Fig. 

1-8).  Among these four subtypes, normally, the A1 and A3 are negatively coupled to 

adenylate cyclase via Gi and/or Go while the A2A and A2B are positively coupled to 

adenylate cyclase via Gs.  Adenylate cyclase regulates intracellular cAMP production.  

The elevation of cAMP levels leads to the activation of protein kinase A (PKA) and a 

decrease in cAMP levels leads to the inactivation of PKA.  Activated PKA is known to 

convey messages by phosphorylation of its target proteins, including cAMP response 



- Chapter 1: General Introduction - 

-         -  16 

element binding protein (CREB) 101, on serine or threonine residues.  This signal 

transduction pathway can be blocked by the use of 

N-(2-[p-bromocinnamylamino]ethyl)-5-isoquinolinesulfonamide hydrochloride (H-89), a 

selective PKA inhibitor, or can be activated or potentiated by the use of forskolin, a 

natural activator of adenylate cyclase, or dibutyl cAMP (dbcAMP), a synthetic, 

membrane-permeable cAMP analogue.  Many of adenosine actions are explained by 

changes of intracellular cAMP levels, but not all. 

 

1-5.2 The involvement of Ca2+ in adenosine receptor signaling 22 

In addition to the cAMP-PKA system, some of the adenosine receptor subtypes have 

also been reported to be linked to, or to modify, intracellular Ca2+ mobilization 102,103.  

The involvement of intracellular Ca2+ mobilization strongly suggests the occurrence of 

phosphoinositide hydrolysis (PI turnover) in the cytosol.  Therefore, the possible 

involvement of other types of G proteins that activate phospholipase C (PLC) being 

coupled to adenosine receptors, rather than Gi or Gs, is suggested.  In human leukemia 

Jurkat cells, selective agonists for the A3 subtype, Cl-IB-MECA and IB-MECA, were 

shown to inhibit the production of cAMP, and at the same time, they stimulated Ca2+ 

release from the intracellular Ca2+ pools followed by Ca2+ influx 103 implicating the 

possible link with ion channels.  On the contrary, an A2A subtype-specific agonist 

CGS21680 stimulated cAMP production without altering the intracellular calcium 

concentrations in transfected 293 cells 63.  It was also found that the stimulation of the 

A1 subtype with a selective agonist, N6-cyclopentyladenosine (CPA), did not have 

effects on the cytosolic free Ca2+ concentration in itself in insulin-secreting RINm5F 

cells, however, it enhanced the increase of intracellular calcium affected by activation of 

voltage-gated Ca2+ channels or by addition of carbachol (selective muscarinic 

acetylcholine receptor (mAchR) agonist).  All this Ca2+ mobilisation can potentially 

affect PKC or CaM signaling. 

 

1-5.3 PI turnover 26 

The PI turnover (Fig. 1-9) is a signal transduction pathway where 'lipid' is used for 

signaling.  The PI turnover system features the involvement of PKC and Ca2+ /CaM 

activation.  In this system, a ligand binds to its cell-surface receptor as an extracellular 

signal.  The activated receptor activates phospholipase C-γ (PLC-γ), one of the 

subtypes of the PLC family, via Gq (G protein).  PLC- γ breaks down PI 
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4,5-bisphosphate (PIP2) into DAG and IP3.  IP3 releases stored Ca2+ from endoplasmic 

reticulum (ER).  Transient, increased levels of intracellular Ca2+ lead to the binding of 

Ca2+ to CaM to be activated, and the Ca2+ /CaM complex activates many target proteins, 

including Ca2+ / CaM-dependent kinase II (CaMKII).  CaMKII phosphorylates its 

target proteins to covey signaling.  On the other hand, DAG produced from PIP2 by 

PLC-γ activates PKC with a help of elevated intracellular Ca2+ caused by IP3.  PKC 

then phosphorylates its target proteins to covey signaling.  PKC is thought to 

participate in important roles in signal transduction in neuronal differentiation.  The 

highest concentrations of PKC in the body are found in the brain. 

 

1-5.4 Interaction between the PKA and PKC pathways 

Cross-talk between the PKA and PKC signaling has been observed for decades 104.  

This may be an important interaction to understand the mechanisms of adenosine 

signaling as adenosine may use either of, or both of the pathways.  In platelet, 

activation of PKA by either exogenous dbcAMP or direct activation of adenylate 

cyclase has been shown to inhibit the thrombin-induced DAG formation and the 

subsequent PKC activation.  On the contrary, activation of PKC may lead either to an 

increase or to a decrease in intracellular cAMP levels.  In synaptic neurons, phorbol 

esters have been shown to induce an increase in the level of cAMP 105.  In Swiss 3T3 

fibroblasts, activation of PKC by muscarinic receptors causes inhibition of adenylate 

cyclase.  Furthermore, an acute phorbol ester treatment causes inhibition of adenylate 

cyclase by the pertussis toxin-sensitive mechanism, suggesting Gi or Go mediating the 

process. 

 

1-5.5 Adenosine receptors and the classical MAPKs cascade 22 

It has been reported that mitogen-activated protein kinases (MAPKs), also known as 

microtuble-associated protein 2 kinases (MAPKs) (Fig. 1-10), p44 MAPK, also known as 

extracellular-regulated kinase 1 (ERK1), and p42 MAPK, also known as 

extracellular-regulated kinase 2 (ERK2), are activated via the A1, A2A, A2B and A3 

receptors by NECA (non-selective adenosine analogue) 106,107.  Chinese hamster ovary 

(CHO) cells that had been stably-transfected with each one of the four human adenosine 

receptor subtype genes constructs, were stimulated by NECA and the activation of 

p44/42 MAPKs was observed in all transfectants, but not in the original untransfected 

CHO cells. 
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Fig. 1-8  The typical cAMP-PKA system in adenosine receptors 22,24,102 

The stimulation of the A1 (and A3) and A2A (and A2B) receptors followed by the binding 

of adenosine or its analogues (agonists) leads to inhibition or stimulation of adenylate 

cyclase, respectively, through the subtype-specific G proteins, Gi/o or Gs, respectively.  

The activation of adenylate cyclase stimulates the production of cAMP from ATP.  

Elevated levels of cAMP increase the activity of PKA, which phosphorylates its target 

proteins, including CREB, and alters the function(s) of its targets. 
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Fig. 1-9  The PI turnover 25 

Stimulation of a receptor followed by the binding of its agonist activates PLC-β 

through Gq or G11, members of the G protein family.  Activation of PLC-β breaks 

down PI located in the plasma membrane into DAG and IP3.  Together with elevated 

levels of Ca2+, which is released from the ER by IP3, DAG activates conventional 

PKCs. Activated PKC, then, phosphorylates its target proteins and alters the 

function(s) of its targets.  Elevated levels of Ca2+ also activate CaMKII, which targets 

proteins including myosin light chain (MLC). 
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While this is an artificial system, it suggests the possibility of all adenosine receptor 

subtypes possessing the capability of coupling with the classical p44/42 MAPKs 

cascade. 

 

1-5.6 Other common signal transduction pathways known to date 

Apart from the signal transduction pathways mentioned above, such as the cAMP-PKA, 

phosphatidylinositol (PI) turnover and the p44/42 MAPKs systems, several others are 

currently known.  Adenosine receptor signaling may involve some of the followings. 

 

a) Ca2+/CaM signaling 108 

Calcium signalling is important in neurons and muscles including the heart.  Memory 

processes in the brain (long-term potentiation) involve calcium signaling via glutamate 

receptors (NMDA).  Calcium antagonists (calcium blockers) are some of the most 

important choices for treatments in the cardiovascular system.   Elevated levels of 

Ca2+ activate calmodulin (CaM) by forming a Ca2+/CaM complex (Ca2+/CaM) and 

Ca2+/CaM signaling is an important pathway of calcium signaling.  Calcium levels 

necessary for signaling are achieved either extracellularly through the Ca2+ channels 

(ligand-gated, voltage-dependent or others) or intracellularly from the endoplasmic 

reticulum (ER) by inositol 1,4,5-triphosphate (IP3), produced from inositol phosphate 

metabolism.  Activated CaM can activate CaM-dependent kinases, such as myosin 

light chain kinase (MLCK) and CaMKII 39.  The involvement of CaMKII was shown: 

dbcAMP was failed to induce neuronal differentiation in PC12 cells transfected with 

and expressing CaMKII constitutively 109. 

 

b) GC-cGMP pathway 

Guanylate cyclase catalyses the formation of guanosine 3’,5’-cyclic monophosphate 

(cGMP), which activates protein kinase G (PKG).  PKG conveys signals by 

phosphorylating its target proteins.  The receptor for atrial natriuretic peptide (ANP) is 

known to use this signal transduction pathway. There are only few other cases known of 

a ligand-receptor system that uses this pathway.  It has been reported that the 

adenosine A1 receptor activates guanylate cyclase in vascular smooth muscle 38. 
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Fig. 1-10  The p44/42 MAPKs signal transduction pathway 

The signals from the ligand-receptor (RTK) complex are transmitted to Shc, then to 

Grab2, Sos and to a small G protein Ras.  Ras, then, activates Raf-1 (MAPKKK), and 

activated Raf-1, in return, activates MEK1/MEK2 (MAPKK) by phosphorylation.  

Activated MEK 1/MEK 2 phosphorylate p44 MAPK (ERK1)/p42 MAPK (ERK2) to 

activate.  Phosphorylated form of p44/42 MAPKs can enter nucleus and 

phosphorylate its target proteins, including ribosomal protein S6 kinase (RSK), c-Myc, 

c-Jun, NF-IL6 (also know as C/EBPβ), Elk-1/p62TCF and ATF-2, followed by 

alterations in gene expression and major cell events such as cell proliferation and cell 

differentiation 22,24,31,33,100,110-118. 
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c) JNK (SAPK) MAPK cascade 31,114 

c-Jun N-terminal kinase (JNK), also known as stress-activated protein kinase (SAPK), 

is a member of the MAPK family and is known to be activated by interleukin 1 (IL-1), 

tumor necrosis factor-α (TNF-α) and various physical ‘stresses’, such as ultraviolet 

(UV), heat, high osmotic pressure. This pathway is believed to be involved mainly in 

apoptosis (programmed cell death), cell differentiation and the control of gene 

expression of other genes. 

 

d) p38 MAPK cascade 31,114 

p38 MAPK is another member of the MAPK family.  This pathway is often activated 

at the same time as the JNK pathway by the same stimuli.  Lipopolysaccharide (LPS), 

IL-1 and TNF-α are the known activators.  This pathway is believed to be involved 

mainly in apoptosis, cell differentiation and the control of gene expression of other 

genes.  The activation of adenosine A2B receptors has been reported to involve the 

activation of p38 MAPK in human mast cells 119 and the CCPA-stimulated A1 receptor 

has been reported to activate p38 MAPK about seven-fold in rabbit heart 120.  

 

e) PI3K/Akt pathway 

This pathway has not yet been substantiated to be used by adenosine receptor signaling, 

but it is drawing more and more attention for being one of the important pathways used 

by PC12 cells being differentiated.  Phosphatidylinositol 3-kinase (PI3K), a kinase that 

phosphorylates at third position on inositol ring, forming PI(3,4,5)P3, is activated by 

growth factor receptors (PTK-type) or G proteins (K-Ras and N-Ras) 34,121,122.  

PI(3,4,5)P3 then activates Akt, which is another kinase that phosphorylates various 

target proteins including Bad, caspase-9, CREB and Forkhead 116.  This pathway is 

believed to be involved in cell proliferation, cell differentiation and apoptosis 

(programmed cell death).  Interestingly, some of the target proteins by Akt, such as 

Bad and CREB, are also the targets of phosphorylation by PKA 116.  Furthermore, a 

combination of simultaneous activation of PKA and PI3K has been shown to cause 

neuronal differentiation in PC12 cells 123.  In murine mast cells, adenosine caused Ca2+ 

mobilization and degranulation via the adenosine A3 receptor coupled to Gi, and PI3K (γ 

subtype) was shown to mimic the same reaction. 
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Furthermore, mice lacking PI3K (γ subtype) did not show edema after intradermal 

injection of adenosine 124.  This shows that there is a possible involvement of the 

activation of PI3K in signaling of adenosine A1 receptors. 

 

1-6 Regulation of adenosine receptor gene expression and interactions of 

adenosine receptors with other receptors 

 

Studies have been reported concerning the regulation of gene expression of adenosine 

A1 and A2A receptors, but not for the A3 receptor.  The regulation of adenosine 

receptors in the brain was examined in rats with adrenalectomy and the expression of A1 

receptors, but not A2A, at both the protein and mRNA levels was down-regulated after 

one week of adrenalectomy, which was reversible by administration of dexamethasone, 

a synthetic glucocorticoid analogue 48 (Table 1-1).  In DDT1 MF-2 hamster smooth 

muscle cells, the A1 receptors were up regulated by dexamethasone while the A2A 

receptors were down-regulated 125, indicating the presence of a cell type-specific 

difference in regulation. 

 

Interactions between adenosine receptors and other types of receptors are known.  

Antagonistic interactions between the adenosine A1 receptor and the dopamine D1, and 

the adenosine A2A receptor and the dopamine D2 receptor, have been described.  In 

addition, cross-talk between adenosine A1 and opioid receptors have been reported.  

Furthermore, binding assay results show that benzodiazepines directly bind to adenosine 

A1 receptors 18. 

 

1-7 Adenosine receptors and diseases 

The involvement of adenosine or adenosine receptors in various kinds of diseases or 

disorders has been pointed out (also Table 1-2).  One of the most well-known 

examples of the involvement of adenosine in diseases would be the adenosine 

deaminase deficiency.  It is a congenital, autosomal recessive inheritance disease 

where patients die normally before the age of one to two owing to severe combined 

immunodeficiency due to the presence of too high levels of intracellular adenosine 

126,127. 
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Table 1-1  Reported regulations of adenosine receptors 

 

  Subtype  

Cells / Tissue Regulator A1 A2A A2B A3 Ref 

       
 

Pheochromocytoma 

PC12 cells 
 

 

NGF 
 

( - ) 
 

↓ 
 

( - ) 
 

( - ) 
 

128,129 

 

Neuroblastoma 

SH-SY5Y cells 
 

 

TPA 
 

( - ) 
 

↑ 
 

( - ) 
 

( - ) 
 

130 

 

Smooth muscle 

DDT1 MF-2 cells 
 

 

Glucocorticoid 
 

↑ 
 

↓ 
 

( - ) 
 

125 

 

Rat brain 
 

Endogenous 

corticosteroids 
 

 

↑ 
 

→ 
 

( - ) 
 

( - ) 
 

48 

 

Note: ↑; Up-regulation,  ↓; Down-regulation,  →; No change,  ( - ); No data 

 

—————————————————————————————————————— 

 

 

 

Adenosine also serves to protect tissues from local ischemia, especially in the heart, 

through the A1 and A3 receptors.  The A1 and A3 subtypes are also considered to be 

involved in asthma.  Theophyline, a non-selective adenosine receptor antagonist, has 

long been used as a drug for asthma.  The A2A subtype might be involved in 

Parkinson’s disease and Huntington’s chorea.  An antagonist for the A2A subtype of 

adenosine receptors is being developed as a clinical drug for Parkinson’s disease 74,131. 

 

Dipyridamole, a mild drug for angina and myocardial infarction, acts as an adenosine 

receptor stimulant (adenosine potentiator) by inhibiting the activity of nucleotide 

transport, which intakes extracellular nucleotide including adenosine, resulting in an 

increase in blood adenosine levels.  Clinically, adenosine has been shown to exert 

effects like benzodiazepines (minor tranquilizers), some of the most frequently 

prescribed drugs for sedation, hypnosis, anti-anxiety, anti-convulsion, muscle relaxation 

and others 18. 
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Table 1-2  Human adenosine receptor subtypes 38,69,132 

 

 Subtype A1 A2A A2B A3 

Year cloned 1992 1992 1992 1993 

Localization 

on 

chromosomes 

 

1q31-32.1 

 

 

22q11.2 

 

 

17p11.2-P12 

 

 

1p 

No. of a..a.. 326 412 332 318 

Length of 

transcripts (kb) 

2.9 

4.3 

2.8 1.7 

2.1 

- 

cAMP Decrease Increase Increase Decrease 

G protein 

coupled 

Gi/Go 

Gq/G11 

Gs/Golf 

(Gq?) 

Gs 

Gq 

Gi/Go 

Gq/G11 

Potency order R-PIA>NECA 

>S-PIA 

NECA>R-PIA 

>S-PIA 

NECA>R-PIA 

>S-PIA 

NECA>= 

R-PIA>S-PIA 

 

 

 

Selective 

agonists 

ABA 

APNEA 

CCPA 

CHA 

CPA 

I-ABA 

R-PIA 

 

APE 

CGS21680 

CV-1808 

DPMA 

HE-NECA 

 

Not available 

 

Combinations 

used (e.g. NECA 

+ blockers for A1, 

A2A&A3) 

ABA 

AB-MECA 

APNEA 

Cl-AB-MECA 

Cl-IB-MECA 

HE-NECA 

I-ABA 

IB-MECA 

 

 

 

 

Selective 

antagonists 

 

 

CPT 

CPX 

DPCPX 

N-0840 

WRC-0571 

XAC 

CGS15943 

8-(3-chlorostyryl) 

-caffeine 

CP 66713 

(in rat only) 

 

CSC 

KF 17837S 

KW 6002 

SCH-58261 

 

 

 

Alloxazine 

CPX 

KF 17837? 

MRS 1754 

XAC 

I-ABOPX 

(insensitive in rat) 

 

MRS 1191 

MRS 1220 

(not selective in 

rat) 

 

MRS 1523 

(in rat only) 

 

Promoters 

TATA box 

(Promoter A) 

TATA box 

(Promoter B) 

 

? 

 

? 

 

No TATA box 

Distribution in 

the body 

Brain (widely), 

spinal cord, testis, 

kidney, lung, heart 

Brain (striatum), 

heart, kidney, 

lung 

 

Colon, brain, 

heart 

Lung, placenta, 

liver, kidney, 

heart, brain, 

testis, aorta 

Possible 

involvement in 

diseases or 

disorders 

 

Asthma? 

Cardiac ischemia? 

Parkinson’s 

disease? 

Huntington’s 

chorea? 

Mast cell 

activation 

Cerebral 

ischemia? 

Asthma? 

Asthma? 

Cardiac 

ischemia? 

Cerebral 

ischemia? 

 

Note: * Pseudogene type of human adenosine 

A2B receptor gene: Location is on chromosome 1q32 (5), but this report 

has been retracted. 

 

Abbreviations: a.a.; amino acid, ABA; N6-4-aminobenzyladenosine, AB-MECA; 

N6-(4-aminobenzyl)9-[5-(methylcabamoyl)-β-D-ribofuranosyl]adenine, APE; 
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2-[2-(4-aminophenyl)ethylamino]adenosine, APNEA; 

N6-[2-(4-aminophenyl)ethyl]adenosine, CCPA; 2-chloro-N6-cyclopentyladenosine, 

CGS15943; 9-chloro-2-(2-furyl)[1,2,4]triazolo[1,5-c]quinalzolin-5-amine, 

CGS21680; 2-p-(2-carboxyethyl)phenethylamino-5’-N-ethylcarboxamidoadenosine, 

CHA; N6-cyclohexyladenosine; CPA; N6-cyclopentyladenosine, CP66713; CPMA; 

CPT; 8-cyclopentyl-1,3-dimethylxanthine, CPX; 8-cyclopentyl-1,3-dipropyllxanthine,  

CSC; CV-1808; 2-phenylaminoadenosine DPCPX; 

8-cyclophenyl-1,3-dipropylxanthine, DPMA; 

N6-[2-(3,5-dimethoxyphenyl)-2-(2-methoxyphenyl)ethyl]adenosine, HE-NECA; 

2-hexynyl-adenosien-5’-N-ethyluronamide, I-ABA; 

N6-(4-amino-3-iodobenzyl)adenosine, I-ABOPX; 

3-(3-iodo-4-aminobenzyl)-8-(4-oxyacetate)phenyl-1-propyl xanthine, IB-MECA; 

N6-(3-iodobenzyl)9-[5-(methylcabamoyl)-β-D-ribofuranosyl]adenine, KW 6002; 

(E)-1,3-diethyl-8-(3,4-dimethoxyphenylethyl)-7-methyl-3,7-dihydro-1H-purine-2,6-di

one, MRS 1191; 3-ethyl 5-benzyl 

2-methyl-6-phenyl-4-phenylethynyl-1,4-(±)-dihydropyridine-3,5-dicarboxylate; MRS 

1220; 9-chloro-2-(2-furyl)-5-phenylacetylamino[1,2,4]-triazol[1,5-c]quinazoline MRS 

1523; 2,3-diethyl-4,5-dipropyl-6-phenylpyridine-3-thiocarboxylate-5-caboxylate, 

MRS 1754; 

8-[4-[[(4-cyano)phenylcarbamoylmethyl]oxy]phenyl]-1,3-di-(n-propyl)xanthine, 

N-0840; N6-cyclopentyl-9-methyladenine, NECA; N-ethylcarboxamidoadenosine, 

PIA; R(-)-N6-(2-phenylisopropyl)adenosine, SCH-58261; 

5-amino-7-(β-phenylethyl)-2-(8-furyl)pyrazolo(4,3-e)-1,2,4-triazolo(1,5-c)pyrimidine, 

WRC-0571; 

8-(N-methylisopropyl)amino-N-(5’-endohydroxy-endonorbornyl)-9-methyladenine, 

XAC (xanthine amine congener); 

8-[4-[[[[(2-amonoethyl)amino]carbonyl]methyl]oxy]phenyl]-1,3-dipropylxanthine 

—————————————————————————————————————— 

 

 

Furthermore, benzodiazepines have been shown to potentiate adenosine actions in the 

body.  This is due to the fact that benzodiazepines have inhibitory effects on adenosine 

uptake from extracellularly, similar to those of dipyridamole, leading to contributing to 

raising the extracellular adenosine levels 18. 

 

1-8 Animals with manipulated adenosine receptor gene expression 

Results from experiments using gene-knockout animals, transgenic animals and animals 

treated with antisense oligonucleotides, have provided information about the roles 

adenosine is playing in the body through its receptors. 

 

Using antisense oligonucleotides specifically designed for the A1 receptor gene, an 

experimental rabbit asthma model has shown reduction in thresholds of adenosine and 

other challenges including house mite dusts and histamine.  This suggests the 

involvement of the A1 receptor not only in direct adenosine-adenosine receptor-elicited 
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reactions but also in inflammatory reactions mediated by neutrophils 133.  Another 

experiment utilizing antisense oligonucleotides against the A1 receptor administered 

locally in the striatum in the brain almost completely blocked the ethanol-induced motor 

in-coordination in rats 133 

 

In transgenic animals where the A2A receptor gene was designed to over-express, a 

marked hyperthyroidism 134 and an increase in thyroid tumors 135,136 was observed, 

indicating that the A2A receptor gene may function as a potential oncogene.  On the 

other hand, in gene-knockout animals lacking the A2A receptor, aggressiveness, 

hypoalgesia, high blood pressure, a high heart rate and increased platelet aggregation 

were observed, but the animals were viable and bred normally 137. 

 

For the A3 receptor, cardiac myocytes transfected with human adenosine A3 receptor 

gene constructs showed more resistance to ischemic stress (fewer cells killed compared 

with untransfected control cells.) and they showed as much resistance as those 

transfected with human adenosine A1 receptor gene constructs 138. 

 

1-9 Neuroblastoma; its human cell lines and neuronal differentiation 

 

1-9.1 Neuroblastoma 

Neuroblastoma, also known as sympathoblastoma 139, is one of the most common solid 

malignancies in infancy or childhood (normally below five years of age 140) and occurs 

in children at a rate of about one in ten thousand.  Neuroblastoma arises mainly in the 

adrenal gland 141 but also from any position of the extra-adrenal sympathetic chain, 

including in the retroperitoneum or chest 142.  Symptoms vary but they include high 

blood pressure and tachycardia (rapid pulse) due to the excessive production of 

catecholamine by the tumor, and enlarged abdomen if there is metastasis in the liver.  

Since urinary catecholamine concentrations are often increased in patients, the 

measurement of this is part of the diagnostic tests 143.  Neuroblastoma is a highly 

malignant tumour and secondary spread to liver, skin, and bones (especially those of the 

skull) is common 144.  The cause of neuroblastoma is unknown.  Treatments include 

surgery, radiation therapy and chemotherapy.  Surprisingly, children with 

neuroblastoma sometimes spontaneously regress because the neuroblastoma cells in the 

tumor differentiate into a more benign type of cell (regression), for unknown reasons.  
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This spontaneous regression may occur to about 5 to 10% of the patients aged below 

one 143. 

Normally, established cell lines of neuroblastoma retain many of the characteristics 

native to neuronal cells while they posses the ability to proliferate indefinitely.  Such 

characteristics include 1) generation of action potentials, 2) formation of neurites, 3) 

possession of neurotransmitters and associated enzymes, 4) existence of plasma 

membrane receptors and transport systems for neurotransmitters, and may also include 

neuronal markers, such as neurofilament proteins and neural-specific cell-surface 

antigens 145. 

 

SH-SY5Y and SK-N-SH cells are widely used human neuroblastoma cell lines which 

are capable of differentiation in response to inducers such as retinoic acid and TPA.  

Both cell lines differentiate into sympathetic neuron-like cells when treated with 

differentiation inducers as described below (Table 1-3). 

 

1-9.2 SH-SY5Y and PC12 cells 

The rat pheochromocytoma cell line (PC12) 146,147, its derivative cell lines 148 and most 

neuroblastoma cell lines, including SH-SY5Y 149-152, SK-N-SH 152,153, IMR32 154 and 

GOTO cells 155,156, are the cell lines that have been shown to be differentiable (Table 

1-3).  SH-SY5Y is one of the most widely used human neuroblastoma cell lines; over 

one thousand reports using the cell line have been published in the last twenty years in 

the fields of neuroscience, cancer and studies on differentiation.  It is a thrice cloned 

subline of the parental neuroblastoma cell line SK-N-SH that was established in 1970 

from a metastatic bone tumor (patient aged 4, female) 157.  The cell line can also be 

used as a model for the study of central nervous system 158,159 despite the fact that the 

cell line is derived from undifferentiated peripheral nerve cells. 

 

SH-SY5Y cells, like PC12 cells, possess the ability to differentiate into more developed, 

sympathetic neuron-like cells upon addition of proper inducers 149,150,160-163 (Table 1-3).  

Both cell lines express adenosine A2A receptors 99,130, and are differentiable. 

 

dbcAMP, a cell membrane permeable cAMP analogue, induces differentiation in these 

cell lines.  All-trans retinoic aced (RA) also induces differentiation in SH-SY5Y cells 

and helps differentiation in PC12 cell. 
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Table 1-3  List of Inducers of Neuronal Differentiation 

 

 

Cells Species Inducers of 

differentiation 

Features of 

differentiated cells 

Refs 

     

 

SH-SY5Y 

neuroblastoma 

Human RA Neurite extension 149-152 

  TPA Neurite extension 149-151 

  dbcAMP Neurite extension 151,164 

  dbcAMP Neurite extension 

Increased NSE 

160 

  NGF Neurite extension 

Increased NSE 

160 

  bFGF + IGF-I Neurite extension 165 

  Vanadate Neurite extension 166 

SK-N-SH 

neuroblastoma 

Human RA Neurite extension 153 

  TPA Neurite extension 152 

  dbcAMP Neurite extension 167 

  dbcAMP Neurite extension 

Increased NSE 

160 

  NGF Neurite extension 

Increased NSE 

160 

  bFGF + IGF-I Morphological changes 168 

  VIP Neurite extension 153 

IMR32 

neuroblastoma 

Human dbcAMP Neurite extension 154 

  Forskolin Neurite extension 169 

  BrdU Neurite extension 169 

  PGE1  154 

  Sodium butyrate Neurite extension 154 

GOTO 

neuroblastoma 

Human RA Neurite extension 155 

  dbcAMP Neurite extension 

Reduction of N-myc 

mRNA 

155 

  RA + dbcAMP Neurite extension 

Reduction of N-myc 

mRNA 

155 

  BrdU Schwann-like 

(Flat-epithelial cells) 

Increase in S100 protein 

no significant increase of 

glial fibrillary acidic 

protein 

156 

  IFN-γ 

But not IFN-α or β 

Neurite extension 170,171 

 

(Continuing) 
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NG108-15 

neuroblastoma 

x 

glioma hybrid 

Hybrid of 

human & 

mouse 

 

NGF 

Neurite extension 172 

  dbcAMP Neurite extension 173 

  Forskolin Neurite extension 174 

  PGE1 Neurite extension 174 

  Angiotensin II (AT2 

receptor) 

Neurite extension 173 

  KT5823 

(PKG inhibitor) 

Neurite extension 173 

  DMSO Neurite extension 175 

  Serum deprivation Neurite extension 175 

 

PC12 

pheochromocyt

oma 

 

 

Rat 

 

 

NGF 

Neurite extension  

Increase in TH 

Increase in AchE 

activities 

Increase in NF-M mRNA 

(Sympathetic neuron-like) 

146,147 

  dbcAMP Neurite extension 147 

  Acidic FGF Neurite extension 176-178 

  Basic FGF Neurite extension 177 

  Forskolin Neurite extension 179 

  Cholera toxin Neurite extension 180 

  v-ras (oncogene) Neurite extension 181 

  v-src (oncogene) Neurite extension 181 

  Angiotensin II Neurite extension 182 

  8-Br-cGMP Neurite extension 182 

  Vanadate Neurite extension 166 

  pituitary adenylate 

cyclase-activating 

polypeptide 

(PACAP) 

Neurite extension 183 

  GQ1b Neurite extension 184 

  Electronic 

stimulation 

Neurite extension 185 

(PC12h)  VIP Neurite extension 148 

 

 

Upon completion of differentiation, both cell lines possess more of sympathetic 

neuron-like features.  Both cell lines express adenosine A2A receptors 99,130. 

 

Although there are some similarities in characteristics between rat PC12 cells and 

human neuroblastoma cells, there are, nevertheless, several differences between them.  

For instance, PC12 cells are responsive to the addition of low doses of NGF and 

differentiate into sympathetic neuron-like cells 146 while most human neuroblastoma cell 

lines, including SH-SY5Y, either do not respond or respond very poorly to NGF 186.  

12-O-tetradecanoylphorbol 13-acetate (TPA), a PKC activator, alone induces 
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differentiation in SH-SY5Y cells but not in wild-type PC12 cells. 

 

One of the advantages of the use of human neuroblastoma cell lines is the ability to 

avoid species differences in interpretation of the experiment results.  The A3 subtype of 

adenosine receptors, for instance, is known to show different pharmacological responses 

and tissue distribution in the body between rat and human 66,67,187.  For instance, 

certain adenosine receptor antagonists of the methylxanthine class are known to block 

human or sheep adenosine A3 receptor, but not rat A3 receptor 67,188. 

 

1-9.3 Neuronal differentiation 

'Cell differentiation' or 'cellular differentiation' is defined as the process by which  “a 

cell acquires or displays a new stable phenotype without changing its genotype” by 

Ham et al. in 1980 189.  'Neuronal differentiation' is one type of cellular differentiation 

where the cells acquire features characteristic to neuronal cells, i.e., being able to be 

electrically excitable, having axons and dendrites, and expressing neuron-specific 

proteins.  In embryonic development, undifferentiated groups of cells become 

differentiated normally by multi-steps, forming an organ or other tissues at the right 

time in the right places.  This is an essential process for the development of 

multicellular organisms 190, where undifferentiated precursor cells become tissue or 

region-specific cells.  Neurons form from neuroblasts, which originate from the 

neuronal crest 184,191.  This process is called ‘neuronal differentiation’ in the 

physiological sense.  Cellular differentiation is believed to be the total outcome of 

regulated gene expression 190,192.  All cancer cells are undifferentiated or poorly 

differentiated to some degree compared to normal terminally differentiated cells in the 

body and share some of the features with cells on embryonic development.  Some 

neuroblastoma cells and other forms of cancer cells, including teratocarcinoma and 

leukemia cells possess the ability to become less malignant and more differentiated 

morphologically and biochemically upon chemical treatments, or sometimes 

spontaneously.  These processes are also termed ‘differentiation’.  

Pheochromocytoma is a tumour of the sympathetic nervous system composed 

principally of chromaffin cells and found most often in the adrenal medulla 193, and it 

normally occurs in adults in their 40s, unlike neuroblastoma 194.  Neuroblastoma in the 

patients occasionally ‘matures’ into a harmless benign ganglioneuroma 140, that is an in 

vivo, spontaneous neuronal differentiation.  Neuronal differentiation of malignant cells 
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of neuron origin is expected to be a new alternative to, or in combination with, the 

conventional clinical therapies, such as surgical operations, chemotherapy and 

radiotherapy. 

 

In NGF-induced neuronal differentiation of PC12 cells, the activation of the p44/42 

MAPKs cascade has been shown to play a crucial role in differentiation 111,195,196.  Also, 

the inhibition of the p44/42 MAPKs cascade by a selective inhibitor PD098,059 was 

shown to be sufficient in blocking the neuronal differentiation of PC12 cells induced by 

NGF while not affecting the activation of NGF receptors by NGF and cell viability 197.  

Interestingly, the elevation of intracellular cAMP levels has been observed at the same 

time as the activation of the p44/42 MAPKs cascade in NGF-treated PC12 cells 198-200.  

This is suggesting that both the p44/42 MAPKs cascade and the cAMP-PKA system are 

involved in the NGF-induced neuronal differentiation in PC12 cells. 

 

The intense involvement of PKC as well as PKA in neuronal differentiation has been 

described.  PKC was first identified by Nishizuka et al. as a new type of kinase 

activated by diacyl glycerol, a neutral phospholipid, in the presence of Ca2+ in vitro 

104,201.  PKC has been reported to be involved in many cellular events, including cell 

proliferation, carcinogenesis 202 and cellular differentiation, including neuronal 

differentiation 203-205, and the brain and platelets have been shown to have its high 

activities in particular 206.  In many neuroblastoma cell lines, TPA, a direct activator of 

PKC, has been proven to act as an inducer of neuronal differentiation (Table 1-3). 

 

Interestingly, a pattern of expressed G proteins in SH-SY5Y cells, which is similar to 

that in the CNS, has been shown to change after differentiation: Gi was found to be 

significantly increased while Gs being significantly reduced 163. 

 

There have been many indicators used for recognition of neuronal differentiation.  

Some of common ones include: 

a) Neurite extensions 

The presence of neurite extensions (neuronal outgrowth) is one of the major and 

essential differentiation markers for neuronal differentiation that clearly shows whether 

the cells have differentiated or remain undifferentiated.  For this reason, assessment of 
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neurite extension is the most commonly used method to evaluate neuronal 

differentiation 145. 

 

b) Growth arrest 

One of the clear and important features with differentiated cells is the arrest of cell 

growth.  Embryonic and cancer cells can proliferate extremely rapid, but terminally 

differentiated cells, normally do not divide.  After many years of attempts to establish 

the relationship between differentiation and cell proliferation, it was demonstrated that 

most cells cease proliferating before or at the time of differentiation 207, therefore, cell 

growth and differentiation are considered to be mutually exclusive in most cases 208.  

However, it is not certain whether growth arrest is a requirement for differentiation 207. 

 

For instance, when PC12 cells are induced to differentiate by NGF, cells cease 

proliferate and extend neurites.  However, when PC12 cells are stimulated with EGF 

(which alone does not induce differentiation in PC12), cells do not stop proliferating, 

but grow even faster instead.  Interestingly, both NGF and EGF exert activation of the 

p44/42 MAPKs cascade and some other kinases.  They also cause other common 

physiological changes, such as ruffling (changes in the movement of plasma membrane) 

and Na+ / K+ pump 209. 

 

c) Other differentiation markers 

Some proteins, such as S-100 proteins, are only present in neurons, or are expressed 

abundantly in neurons and at very low levels in non-neural tissues or cells.  These 

proteins can be markers for neurons and some of them are useful as markers for 

neuronal differentiation as well, since their expression is zero or very low in 

undifferentiated neuronal cells, and increases as they are induced to differentiate. 

 

d) Neurofilament 

Neurofilament (NF) subunit proteins are assembled to form NF, which is one of the 

major components of the neuronal cytoskeleton.  There are three forms: Light (68 kDa), 

medium (165 kDa) and heavy (200 kDa) neurofilament subunit proteins (NF-L, NF-M 

and NF-H, respectively), each of which is encoded by a separate gene; these proteins 
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can be good markers for neuronal differentiation.  SH-SY5Y cells are known to 

express all three subunits while SK-N-SH cells (another human neuroblastoma cell line 

close to SH-SY5Y) express only NF-L.  In A126-1B2 cells, a subclone of rat PC12 

cells, mRNA for NF-M has been reported to increase immediately and dramatically in 

response to the addition of NGF 210. 

 

e) Neuron-specific enolase 

Neuron-specific enolase (NSE) is also used as a marker for neuronal differentiation.  It 

is one of the isozymes of enolase.  NSE, also termed 14-3-2 protein, has a molecular 

weight of 78 kDa, and is distributed specifically in neuronal cells. Enolase consists of 

two subunits in any of the following combinations, αα, αβ, ββ, αγ, γγ.  The isozymes 

containing γ subunit are neuron-specific (NSE).  The amount of NSE has been reported 

to increase in the CNS when learning 211.  Undifferentiated SK-N-SH, SH-SY5Y, 

SK-N-MC and IMR32 neuroblastoma cells have been reported to contain low levels of 

NSE while SK-N-SH and SH-SY5Y cells treated with NGF or dbcAMP have shown a 

small but significant increase in this enzyme 160. 

 

f) Tyrosine hydroxylase (TH) 

TH, also termed tyrosine 3-monooxygenase, is a key and rate-determining enzyme in 

the biosynthesis of noradrenaline 212.  It is found in brain and adrenal medulla 212 and 

intracellular TH levels have been reported with differentiation of IMR32 cells 

(5-bromo-2'-deoxyuridine (BrdU)-induced) 213 and PC12 cells (hypoxia-induced) 214. 

 

1-9.4 Various inducers of neuronal differentiation 

Many different substances can induce differentiation in neuroblastoma cells and PC12 

cells (Table 1-3).  They range from growth factors, neurotrophic factors and vitamin A 

derivatives, to metal salts, an inhibitor of DNA synthesis and cAMP analogues.  These 

inducers of differentiation act by different mechanisms. 

 

 

a) All-trans retinoic acid (RA) 

RA is thought to act through its specific nuclear receptors to induce differentiation.  
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RA has shown to be a natural modulator of cellular differentiation (morphogen): when 

RA is administered to an embryo of a Xenopus at an early stage of development, a 

headless tadpole may be developed; when RA is given to a chicken at the early stage at 

the front side of the bud of a leg, it may have doubled legs 215.  RA is also known as an 

inducer of differentiation for leukemia cells. 

 

b) NGF 

NGF supports the survival of, and promotes the differentiation of, sensory and 

sympathetic neurons, and has been widely used to differentiate PC12 cells 146,216.  

PC12 cells show a drastic morphological change within a few days upon NGF treatment 

((50 – 100 ng/ml), See Chapter 3).  However, NGF does not seem to be a good inducer 

of differentiation for many of the human neuroblastoma cell lines including SH-SY5Y 

cells 164,186 although there are some reports on differentiation of SH-SY5Y cells by NGF 

217. 

 

c) cAMP and its analogues 

cAMP also plays an essential role in neuronal differentiation in various cell lines 

including PC12 cells 147,180,218.  Generally, treatments of cells that increase their 

intercellular cAMP levels, such as stimulation of GPCRs couple with Gs and 

administration of synthesised cAMP analogues (e.g. dibutyryl cAMP (dbcAMP)), are 

known to induce or assist neuronal differentiation in PC12 cells and other cells 

including human neuroblastoma cells 164,219 by the activation of PKA. 

 

d) Vasoactive intestinal polypeptide (VIP) & Prostaglandin E1 (PGE1) 

The receptor for VIP, a peptide originally found in the digestive system, acting as a 

neuropeptide, belongs to the GPCR superfamily (refer to Fig. 1-3) and is known to be 

coupled to adenylate cyclase positively (i.e. it activates adenylate cyclase).    This 

peptide has been shown to assist neuronal differentiation induced by retinoic acid in 

SH-SY5Y cells through a cAMP-dependent mechanism 219.  PGE1 receptor is another 

member of the GPCR superfamily and it is positively coupled to adenylate cyclase.  

Stimulation of the PEG1 receptor in SH-SY5Y cells also results in differentiation 164. 
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e) Dimethyl sulphoxide (DMSO) 

DMSO has been reported to induce neuronal differentiation in NG108-15 

neuroblastoma (Table 1-3), but it can be an inducer of other types of cellular 

differentiation as well: DMSO induces differentiation of human promyelocytic leukemia 

HL-60 cells into macrophages or granulocytes, and of murine erythroleukemia cells into 

erythroids 220.  DMSO is considered inducing differentiation in an unknown 

mechanism, not by any receptors, possibly by its physical polarity. 

 

f) TPA 

TPA acts as inducers of differentiation to other cell types than neuroblastoma cells, 

including HL-60 cells 220.  This agent would most likely act through the activation of 

cellular PKC. 

 

g) Vanadate & v-Src 

Vanadate has been used as a protein-phosphotyrosine phosphatase inhibitor 221, 

therefore, it is thought that it activates various kinds of protein tyrosine kinases (PTKs), 

including receptor tyrosine kinases (RTKs).  V-Src, a viral version of c-Src (cellular), a 

member of the non-receptor type PTKs, can induce neuronal differentiation in PC12 

cells presumably by its constitutively elevated activity as a tyrosine kinase 222.  This 

may share the same mechanism as vanadate. 

 

h) Ras 

v-ras is a viral version of its cellular counterparts (proto-oncogenes) of the ras family 223, 

including Ha-ras, K-ras and N-ras.  It serves as an ever-activated form of Ha-Ras  

(simply, Ras) protein 223.  Ras is known to activate the p44/42 MAPKs cascade, which 

is considered crucial to induce differentiation.  NGF has been shown to activate Ras, 

and subsequently, p44/42 MAPKs. 

 

i) Pituitary adenylate cyclase-activating polypeptide (PACAP) 

PACAP, a neurotransmitter, has been shown to activate both the cAMP-PKA and the 

Ras-Raf pathways 224. 
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j) Rho, Rac & Cdc42 

It has been documented that several members of the ‘small G proteins’, including Ras 

111,225, Rho 226, Rac 225,227,228 and Cdc42 225,228, are involved in neuronal differentiation.  

Based on homology of amino acid sequences, the small G protein family is categorized 

into four groups, the Ras, Rho, Rab and the other type 229.  Cdc42 and Rac are 

members of the Rho subfamily, sharing about 60% to 70% homology among the 

members 230.. 

 

Rho proteins (RhoA, RhoB and RhoC) have been shown to be ADP-ribosylated by 

Clostridium Botulinum C3 toxin and the biological functions of Rho proteins are 

inhibited by this modification 229,230, just as Gs and Gi/o can be ADP-ribosylated by 

cholera toxin and pertussis toxin, respectively 37.  The Botulinum C3 toxin has been 

shown to induce neurite outgrowth of PC12 cells 231, indicating that the inhibition of 

Rho induces differentiation, on the other hand, controversial results are also known: 

inhibition of Rac activities blocked the growth of axons but not dendrites of Drosophila 

neurons 232.  On the other hand, it has been shown, by using a dominant-negative 

construct, that perturbation of GTPase activities of Rac and Cdc42 in neurons results in 

specific defects in axon and dendrite outgrowth 233. 

 

 

Collectively, it is concluded that cellular differentiation can occur by either known (or 

explainable) or unknown mechanisms.  The known mechanisms include activation of 

PKA, p44/42 MAPKs, PKC, PTKs, NGF receptors and RA receptors, and others (such 

as inhibition of DNA synthesis) and unknown mechanisms occur with DMSO and 

sodium butyrate. 

 

SH-SY5Y cells have been reported to express adenosine A2A receptors 130.  Given the 

fact that the adenosine receptors belong to the GPCR family and can bind to several G 

protein subtypes, it is expected that adenosine, through its specific receptors on, e.g., 

SH-SY5Y cells, has impacts on neuronal differentiation and it can be useful as a tool to 

explore some unknown aspects of neuronal differentiation. 
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1-9.5 Serum deprivation as an inducer of differentiation 

Serum deprivation induces cellular differentiation in various cell lines 234,235 including 

neuroblastoma cells 236,237.   Therefore, serum deprivation is another inducer of 

differentiation of unknown mechanisms.  As early as 1975, Moonen et al. reported that 

serum deprivation had caused morphological changes in newborn rat astroblasts 238.  

On the other hand, serum deprivation could also cause apoptosis in cells, including 

neurons 235,239,240.  Removal of serum from the medium brings a drastic change of 

environment for the cells where there are no growth factors or other essential 

physiological factors available for cells.  Serum deprivation may cause changes in 

various pathways of cellular metabolism, cell cycle status and signaling in signal 

transduction pathways. 

 

Information on the differentiation of glial cells may be useful in understanding the 

mechanisms of serum deprivation in differentiation.  Glial cells are related to neurons, 

comprising largely of macroglias and microglias, and macroglias are further categorised 

into astrocytes, which have projections touching neurites or blood vessels, and 

oligodendrocytes, produce the myelin sheath which surrounds neurites 241-243.  Glial 

cells are an important and major component of the brain (there are more glial cells in 

number in the brain than neurons) 241, sharing with neurons the same origin, neural tube, 

from which both of them differentiate 242.  It was demonstrated that the precursor cells 

differentiated into oligodendrocytes in the absence of serum and into astrocytes in its 

presence 243, suggesting the presence of some factor(s) in serum are deciding the destiny 

of precursor cells. 

 

Serum deprivation, therefore, will be a useful tool to see if there is a possible 

involvement of factors in the serum (or maybe blood in the body) regulating 

differentiation.  However, the mechanisms driving the effects of serum deprivation are 

poorly understood.  Clarification of the differentiation mechanism(s) will contribute to 

clinical options for malignant tumors. 

 

1-9.6 The rationale and aims for the project 

The ultimate goal to be achieved for this series of studies is to add a new effective 

option to the treatment of human neuroblastoma.  With the knowledge from various 

sources of information, the author believes that neuronal differentiation has a vast 
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potential for this ultimate goal.  Therefore, the rational for this project is to better 

understand the mechanism(s) of neuronal differentiation of human neuroblastoma, using 

an adequate human cell line(s).  In summary, the aims of this project include: 

 

1) to establish a differentiation model suitable for analysis, selecting an adequate 

inducer of differentiation, 

2) to examine the possible involvement of GPCRs in the above differentiation model, 

namely, adenosine receptors.  The potential impact of adenosine on differentiation for 

therapeutic applications would be enormous in that the distribution of adenosine 

receptors is widespread in the body, including neuronal cells and tissues, and that 

adenosine is generally viewed as a safe, biologically active substance to the body.  In 

addition, evidence that one member of GPCRs regulates neuronal differentiation would 

presumably extend a possibility that another member of GPCRs can be a substitute for 

the first one. 

3) to clarify the possible involvement of major protein kinases composing the signal 

transduction pathways, such as PKA, in the role of differentiation of the above model, 

which are considered to play crucial roles downstream of adenosine signaling. 

 

 

This thesis examines the effects of adenosine on differentiation of human neuroblastoma 

cells, especially in the serum deprivation-induced differentiation. 
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Chapter 2 
——————————————————————————————————— 

Design & Construction of PCR Primers Specific 

for All Human Adenosine Receptor Subtypes 

 

 

 

 

 

2-1 Introduction 

Determining which subtype(s) of adenosine receptors are expressed in the target cell 

line(s) was required prior to the establishment of a differentiation model system, which 

examines the possible involvement of adenosine receptors in neuronal differentiation.  

For detection of expressed genes of interest in cells or tissues, several different options 

can be used, such as northern blot analysis and RT-PCR for mRNAs, western blot 

analysis for proteins, and pharmacological observations and receptor binding studies for 

functional receptors.  In this chapter, subtype-specific PCR primers for human type 

adenosine receptors were designed and constructed in order to detect mRNA for all four 

subtypes of adenosine receptors expressed in the target human-derived cell lines.  The 

RT-PCR method was chosen due to its high sensitivity 244, specificity (so long as the 

primers were designed adequately) and its non-radioactive use.  The length of putative 

PCR products was designed so that these sets of primers allowed multiplex PCR in one 

tube. 

 

At the time of designing PCR primers for human-type adenosine receptor genes, there 

had been few records of studies carried out, employing PCR for such genes 61,62,68,245-248.  

In all of these studies, PCR was used to detect messages for single subtype only, and no 

attempt was found in the literature to perform multiplex PCR for human adenosine 

receptor genes (Medline 1966-1999).  It was therefore needed to develop a set of PCR 

primers for human-type adenosine receptors that can be used for the multiplex PCR 

purposes, and for the use of quantitation as well while enabling to cope with low 

expression levels at the same time.  Most of the studies employing PCR for human 
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adenosine receptor genes (the A1 
61,62,245, A2A 246, A2B 246,247 and A3 

68,248 subtypes) 

coincidentally generated PCR products with a narrow range of sizes (about 290 to 350 

bp), which was considered not adequate for the future application of multiplex PCR. 

 

2-2 Materials & Methods 

 

2-2.1 Chemicals and reagents 

Please refer to Section 3-2.1 for chemicals and reagents related to cell culture.  See 

also Section 3-2.2 for how cells were obtained and maintained.  Milli-Q water was 

used in all experiments, including making buffers and other aqueous solutions. 

 

2-2.2 PCR primers 

PCR primers for human GAPDH gene (Fig. 2-1) were a kind gift from Ms Rachel de las 

Heras from Associate Professor Gillian Bushell’s laboratory (Griffith University, 

Brisbane, Australia). Unique PCR primers for all four subtypes of human adenosine 

receptor genes were designed by the author of this thesis as described in the following 

section (Section 2.2-3) and synthesised according to the designed sequences by Pacific 

Oligo (New South Wales, Australia). 

 

 

—————————————————————————————————————— 
GTCGCCAGCC GAGCCACATC GCTCAGAACA CCTATGGGGA AGGTGAAGGT CGGAGTCAAC 

GGATTTGGTC GTATTGGGCG CCTGGTCACC AGGGCTGCTT TTAACTCTGG TAAAGTGGAT 

ATTGTTGCCA TCAATGACCC CTTCATTGAC CTCAACTACA TGGTTTACAT GTTCCAATAT 

GATTCCACCC ATGGCAAATT CCATGGCACC GTCAAGGCTG AGAACGGGAA GCTTGTGATC 

AATGGAAATC CCATCACCAT CTTCCAGGAG CGAGATCCCT CCAAAATCAA GTGGGGCGAT 

GCTGGCGCTG AGTACGTCGT GGAGTCCACT GGCGTCTTCA CCACCATGGA GAAGGCTGGG 

GCTCATTTGC AGGGGGGAGC CAAAAGGGTC ATCATCTCTG CCCCCTCTGC TGATGCCCCC 

ATGTTCGTCA TGGGTGTGAA CCATGAGAAG TATGACAACA GCCTCAAGAT CATCAGCAAT 

GCCTCCTGCA CCACCAACTG CTTAGCACCC CTGGCCAAGG TCATCCATGA CAACTTTGGT 

ATCGTGGAAG GACTCATGAC CACAGTCCAT GCCATCACTG CCACCCAGAA GACTGTGGAT 

GGCCCCTCCG GGAAACTGTG GCGTGATGGC CGCGGGGCTC TCCAGAACAT CATCCCTGCC 

TCTACTGGCG CTGCCAAGGC TGTGGGCAAG GTCATCCCTG AGCTGAACGG GAAGCTCACT 

GGCATGGCCT TCCGTGTCCC CACTGCCAAC GTGTCAGTGG TGGACCTGAC CTGCCGTCTA 

GAAAAACCTG CCAAATATGA TGACATCAAG AAGGTGGTGA AGCAGGCGTC GGAGGGCCCC 

CTCAAGGGCA TCCTGGGCTA CACTGAGCAC CAGGTGGTCT CCTCTGACTT CAACAGCGAC 
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ACCCACTCCT CCACCTTTGA CGCTGGGGCT GGCATTGCCC TCAACGACCA CTTTGTCAAG 

CTCATTTCCT GGTATGACAA CGAATTTGGC TACAGCAACA GGGTGGTGGA CCTCATGGCC 

CACATGGCCT CCAAGGAGTA AGACCCCTGG ACCACCAGCC CCAGCAAGAG CACAAGAGGA 

AGAGAGAGAC CCTCACTGCT GGGGAGTCCC TGCCACACTC AGTCCCCCAC CACACTGAAT 

CTCCCCTCCT CACAGTTGCC ATGTAGACCC TTGAAGAGGG GAGGGGCCTA GGGCGCCGCA 

CCTTGTCATG TACCTCAATA AAGTACCTGG GCTTACC 

SQ 2-1  Nucleotide sequence of the human GAPDH gene and the positions of 

PCR primers 

The expected size of PCR products using this pair of PCR primers (shown as 

sequences in the boxes above) is 267 bp. 

Note:   ATG; Initiation codon, AGA; Termination codon 

—————————————————————————————————————— 

 

 

2-2.3 Design of subtype-specific PCR primers for human adenosine receptors 

Human type cDNA sequences of the target genes, namely, the adenosine A1, A2A, A2B 

and A3 receptors, were retrieved electrically from the GenBank database server (URL: 

http://www.ncbi.nlm.nih.gov/Genbank/) via the Internet (See SQ 2-3 – 2-15 in Appendix for 

all retrieved nucleotide sequences).  Five different sources for the A1 subtype 

(Accession Numbers: AB004662, L22214, S45235, S56143 and X68485), three for the 

A2A subtype (Accession Numbers: M97370, S46950 and X68486), two for the A2B 

subtype (Accession Numbers: M97759 and X68487) and three for the A3 subtype 

(Accession Numbers: L20463, L22607 and X769871) were retrieved and used to 

exclude unsuitable regions for primer design. 

 

Nucleotide sequences reported for the same gene, all of which have been accepted by 

GenBank and registered on the database as separate entries with a unique Accession 

Number, can sometimes have variations in sequence (normally, a few nucleotides 

differences within a gene) depending on the source material.  Nucleotide sequences of 

several different origins (as many as possible) for each adenosine receptor subtype on 

the database were retrieved.  Among all the retrieved sequences (within the coding 

regions), only a couple of nucleotides were found to be different within each subtype.  

Therefore, those mismatch sites were excluded from the list of candidate regions for 

PCR primers. 

 

Initial work using PCR primers designed for adenosine receptor gene subtypes based on 

http://www.ncbi.nlm.nih.gov/Genbank/
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the nucleotide sequences containing the areas outside the coding regions within the 

open reading frames (ORFs) (refer to Fig. 2-1), did not work properly. 

 

Subsequent work used only the sequences of coding regions for all the subtypes in order 

to avoid possible unknown adverse actions that affect PCR.  All the retrieved 

nucleotide sequences were aligned, and the positions of the start codon or initiator 

codon (ATG) and stop codons or terminator codons (TGA, TAG or TAA) in each 

sequence were determined.  Then, any sequence outside the coding regions (from 

Initiation to Termination codon) was trimmed and only the coding regions were 

subjected to further designing processes. 

 

In order to design ‘subtype-specific’ PCR primers, all four subtypes were compared by 

aligning sequences between subtypes, utilising an on-line alignment computer program 

‘ClustalW’ (URL: http://www.ebi.ac.uk/clustalw/) in order to identify unique regions with 

no overlap with the other three subtypes (SQ 2-16 in Appendix).  Areas that have more 

than two ‘*’ consecutively (where ‘*’ indicates the site where the nucleotide is identical 

across the subtypes) were identified and excluded from the list of PCR primer 

candidates.  Thus, pre-candidate regions for primer design were obtained. 

 

In PCR, ‘denature’ and ‘annealing’ occurring between the template DNA molecules and 

the primer molecules are the two key states in the process of amplifying gene copies.  

The temperature at which annealing occurs is normally expressed as melting 

temperature (Tm).  Tm is dependent on the length and kind of nucleotide sequence.  

Tm for all primers was set higher than 55C, if possible, to avoid possible 

self-annealing, and lower than 65C to avoid difficulties for the primers to detach from 

the target sequences on the template DNA. 

 

The length of PCR primers is crucial in determining their specificity.  In theory, a 

primer with n nucleotides has a specificity of 1/4n, where ‘n’ is a number of nucleotides 

consisting of the primer molecule, since DNA consists of four different kinds of 

nucleotides.  For example, a PCR primer of 3 nucleotides has a specificity of 1 in 64 (= 

43) chance, and a PCR primer of 15 nucleotides has a specificity of 1 in 1,073,741,824 

(= 415) chance. 

http://www.ebi.ac.uk/clustalw/
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Fig. 2-1  Transcription and translation processes of a gene 

A typical mammalian gene has 7-8 exons spread out over about 16 kb 249,250.  Normally, 

exons are relatively short (about 100 to 200 kbp) and introns are relatively long (about 

one kb).  After the splicing process, the introns are removed.  The coding region 

corresponds to the protein/peptide chain. 

Protein / Peptide 

Genomic DNA 

Gene 

Exon 1 Exon 2 Exon 3 

Intron 1 Intron 2 

Transcription 

Splicing 

Pre-mRNA 

(not matured) Open reading frame 

(ORF) 
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mRNA (matured) 

Coding region 

Translation 
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Therefore, considering the size of a human genome, which is estimated as about 3 x 109 

basepairs (bp) in length, with a PCR primer of 4 nucleotides would match 46,875,000 (= 

3 x 109 / 64) sites on the whole genome.  With a 15 nucleotide primer, it would be only 

2.79 (= 3 x 109 / 1,073,741,824) sites.  The number of nucleotides of PCR primers for 

each of adenosine receptor subtype was set at more than 15 bases (no limit for the upper 

side).  Furthermore, upon designing, it is critical to avoid having any nucleotide 

sequence in PCR primers, especially at their 3’ ends, that would form a DNA double 

chain within the primer or interprimers under the PCR conditions 244.  This will result 

in having primer dimer products. 

 

One of the other important conditions used was GC content (percentage).  It is 

expressed in percentage of G + C in the total nucleotides (A + G + T + C) over a given 

area.  GC content can be a guideline for annealing temperature since the bond between 

G and C is greater than that between A and T.  GC content of all PCR primer 

candidates was set in the range of 25 and 75%. 

 

For each receptor subtype, one representative coding region was selected and subjected 

to primer selection based on its sequence by the use of an on-line computer program 

‘Primer 3’ (URL: http://genome-www2.stanford.edu/cgi-bin/SGD/web-primer).  Unwanted 

regions mentioned above and other parameters, including Tm, length of primer and GC 

content, were also input to the program to be reflected (Tm for all the primer 

candidatures was eventually set around 65C.). 

 

Finally, to ensure that the primer sequences that had been picked up by Primer 3 had 

high enough specificity, the DDBJ FAST E-mail system Version 1.50 251 (URL: 

http://spiral.genes.nig.ac.jp/homology/fasta-e.shtml), an on-line nucleotide sequence 

homology search system, was used to search all the nucleic acid sequence databanks 

available for sequences that are homologous to these chosen primer sequences.  The 

chosen primer sequences did not match unrelated genes on the database, confirming 

they had high specificity. 

 

2-2.4 Extraction of total RNA 

Total RNA was extracted according to Chomczynski and Sacchi 252.  Cultured cells 

were washed carefully with phosphate-buffered saline (PBS) and a mixture of 4 M 

http://genome-www2.stanford.edu/cgi-bin/SGD/web-primer
http://spiral.genes.nig.ac.jp/homology/fasta-e.shtml
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guanidinium thiocyanate, 25 mM sodium citrate, pH 7.0, 0.5% sarcosyl and 0.1 M 

2-mercaptoethanol was added.  A 0.1 volume of 2 M sodium acetate (pH 4.0) was 

added, then the total RNA was extracted from the mixture using phenol / chloroform / 

isoamyl alcohol (125:24:1 in volume) (pH 4.7).  Total RNA was purified with single 

ethanol precipitation and treated with RNase-free DNase I (37C for 1 hr) to digest any 

genomic DNA present.  After the digestion, 10 mM EDTA was added and the solution 

was heated at 100C for 5 min to inactivate DNase I.  RNA was again precipitated with 

ethanol and salt (0.27 M sodium acetate), re-dissolved in nuclease-free water, the 

concentration measured, and the solution was stored at –80C until use. 

 

2-2.5 Electrophoresis of total RNA 

In order to check the quality of total RNA extracted above (Section 2-2.3), 10 or 20 μg 

of total RNA (each lane) was electrophoresised on a 1.5% formalin-denatured agarose 

gel followed by ethydium bromide (EtBr) staining (0.5 μg /ml) (Fig. 2-12).  RNA 

bands on gels were visualised under UV (wave length: 254 nm) and images of bands 

were captured digitally by a CCD camera system (GelPro system, North Reading, 

Maryland, USA). 

 

2-2.6 RT-PCR 

Purified, DNase I-treated, total RNA was transcribed using avian myeloblastosis virus 

reverse transcriptase (AMV-RT) to synthesise single stranded cDNA.  All the PCR 

conditions were optimized as follows as described below.  Conditions for multiplex 

PCR were re-optimised as described in Fig. 2-4.1 after further examination.  PCR was 

carried out on an OmniGene Temperaturecycler (Hybaid, UK) and the temperature for 

the Taq polymerase extension process was set at 72C in all reactions.  The reaction 

mixture (25 µl in total volume) included 1 x reaction buffer (that comes with Taq 

polymerase), 2.0 mM MgCl2, 0.5 mM (each) dNTPs, 200 nM (each) primers and 2.5 

units Taq polymerase with 40 µl mineral oil on top of the solution.  The nucleotide 

sequences of PCR primer pairs and the set of programmed temperature and time 

conditions used were: 

 

For GAPDH gene, primer sequences; 5’- ACAGTCCATGCCATCACTGCC -3',  5’- 

GCCTGCTTCACCACCTTCTTG -3’.  Conditions; For the first 39 cycles; 95C for 50 



- Chapter 2: Design & Construction of PCR Primers… - 

-         -  48 

sec (denaturation), 58C for 60 sec (annealing temperature), 72C for 10 min For the 

last cycle; 95C for 50 sec (denaturation), 58C for 60 sec (annealing temperature), 

72C for 10 min. 

 

For adenosine A1 receptor gene, primer sequences; 5’- 

ACAAGCCCAGCATCCTTACCTACAT -3’, 5’- TTCCAAATCTTAAGGAAGGTGACGC -3’. 

Conditions; for the first 49 cycles; 95C for 50 sec (denaturation), 58C for 60 sec 

(annealing temperature), 72C for 10 min for the last cycle; 95C for 50 sec 

(denaturation), 60C for 60 sec (annealing temperature), 72C for 10 min. 

 

For adenosine A2A receptor gene, primer sequences; 5’- 

GACAGCTGAAGCAGATGGAGAGC -3’, 5’- GAATTGGTGTGGGAGAGGACGAT -3’.  

Conditions; for the first 49 cycles; 95C for 50 sec (denaturation), 58C for 60 sec 

(annealing temperature), 72C for 10 min for the last cycle; 95C for 50 sec 

(denaturation), 60C for 60 sec (annealing temperature), 72C for 10 min. 

 

For adenosine A2B receptor gene, primer sequences; 5’- 

TCCCGCTCAGGTATAAAAGTTTGGT -3’, 5’- CTCGAGTGGTCCATCAGCTCAGT -3’.  

Conditions; for the first 49 cycles; 95C for 50 sec (denaturation), 58C for 60 sec 

(annealing temperature), 72C for 10 min for the last cycle; 95C for 50 sec 

(denaturation), 60C for 60 sec (annealing temperature), 72C for 10 min. 

 

For adenosine A3 receptor gene, primer sequences; 5’- 

ACCTTCCTTTCATGCCAATTTGTTT -3’, 5’- CAGGCTTTGAGGATCAAAAGGTAGG -3’.  

Conditions; for the first 49 cycles; 95C for 50 sec (denaturation), 58C for 60 sec 

(annealing temperature), 72C for 10 min for the last cycle; 95C for 50 sec 

(denaturation), 60C for 60 sec (annealing temperature), 72C for 10 min. 

 

For better performance in PCR, the reaction solutions without the enzyme (Taq 

polymerase) but anything else were pre-incubated at 90C for about 1 min and 

immediately after the enzyme was added to the mixtures, the reactions were started. 
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2-3 Results 

Following the procedure described in Section 2-2.3, subtype-specific PCR primers for 

human adenosine A1, A2A, A2B and A3 receptors were designed and synthesised.  The 

descriptions are shown in Table 2-1. 

 

The quality of total RNA extracted from cultured SH-SY5Y cells by the AGPC method 

was checked on a formalin-denatured agarose gel.  Bands corresponding to 18S and 

28S ribosomal RNA found undegraded, proving that the total RNA was intact (Fig. 

2-2). 

 

In order to avoid the possibility that PCR produces products derived not from mRNA, 

but from genomic DNA, which may be present in mRNA fractions at an order of trace 

amounts, mRNA solution was treated with RNase-free DNase I.  PCR products from 

genomic DNA will give false positive results.  Prior to the treatment, the conditions for 

digestion had been examined.  Using AMV-RT, single-stranded cDNA was synthesized 

from the mRNA (at a 500 ng mRNA scale) after the DNase I treatment. 

 

The quality of newly synthesised single-stranded cDNA was checked by performing 

RT-PCR using primers for GAPDH gene (Fig. 2-2).  mRNA from other cell lines, 

including CHO-K1, CHO-A1, CHO-A2B and HL-60 cells, were also extracted, DNase 

I-digested and cDNA-synthesised in the same manner. 

 

2-3.1 Detection of human adenosine receptor subtypes in the cell lines 

RT-PCR results showed specific single bands with expected sizes of 121, 226, 343 and 

416 bp with the primers for the A1, A2A, A2B and A3 receptors, respectively (Figs. 2-3B 

C, D and E).  RT-PCR was carried out with primers for human GAPDH gene as 

control (Fig 2-3A).  RT-PCR using these subtype-specific primers gave the expected 

sizes of PCR products (121 and 226 bp) and suggested the presence of mRNA (Figs. 

2-3B and 2-3C).  Lanes 2-4 represent total RNA from untreated SH-SY5Y cells (each 

from separate and independent culture).  Lane 1 is the positive control.  As negative 

controls, RT-PCR was performed using the same amount of primers and all other 

conditions, but without template DNA.  It produced no PCR products with any specific 

size larger than about 100 bp (data not shown).  Such small PCR products sometimes 

seen in the absence of template DNA were thought to be products derived from primer 
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dimers or anything similar.  Any PCR without Taq DNA polymerase did not give any 

PCR product at all (data not shown). 

 

Using the PCR primers designed here, both A1 and A2A subtypes were detected in 

serum-starved SH-SY5Y cells and they showed a similar pattern to SH-SY5Y cells 

grown in 10% FBS (data not shown). 

 

——————————————————————————————————— 

Table 2-1  PCR primers designed & synthesized for all adenosine receptor 

subtypes 

 
 

 

Adenosine 

Receptor 

 Subtype 

 

Forward / Reverse primer sequence 

Start position / Length / Tm 

 

 

Predicted 

size of PCR 

product 
 

 

 
 

 

A1 

 

5’-ACAAGCCCAGCATCCTTACCTACAT-3’ 

791 / 25 mer / Tm 65.14 
 
 

5’-TTCCAAATCTTAAGGAAGGTGACGC-3’ 

911 / 25 mer / Tm 65.57 
 

 

 
 

 

121 bp 

 

 

 
 

A2A 

 

5’-GACAGCTGAAGCAGATGGAGAGC-3’ 

617 / 23 mer / Tm 65.05 
 
 

5’- GAATTGGTGTGGGAGAGGACGAT -3’ 

842 /23 mer / Tm 65.68 
 

 

 

 
 

226 bp 

 

 

 
 

A2B 

 

5’- TCCCGCTCAGGTATAAAAGTTTGGT -3’ 

326 / 25 mer / Tm 64.97 
 
 

5’- CTCGAGTGGTCCATCAGCTCAGT -3’ 

668 / 23 mer / Tm 65.29 
 

 

 

 
 

343 bp 

 
 

 
 

A3 

 

5’-ACCTTCCTTTCATGCCAATTTGTTT-3’ 

484 / 25 mer / Tm 64.89 
 

 

5’-CAGGCTTTGAGGATCAAAAGGTAGG-3’ 

899 / 25 mer / Tm 65.27 
 

 
 

 
 

416 bp 

 

 

‘Start position’ is expressed as the number of nucleotide bases from the ‘A’ in 

the initial codon ‘ATG’.  Tm values were calculated based on each of the PCR 

primer sequences using the on-line computer program Primer 3. 



- Chapter 2: Design & Construction of PCR Primers… - 

-         -  51 

 

Fig. 2-2  Quality of total RNA of SH-SY5Y cells extracted with the AGPC 

method 

Total RNA was extracted using the AGPC method as described in Material & Methods 

2-2.3 from cultured untreated SH-SY5Y cells.  20 or 10 μg (Lanes 1 & 2 or 3 & 4, 

respectively) total RNA was separated on a formaldehyde-denatured 1% agarose gel.  

Bands for the 18S and 28S ribosomal RNA show intact total RNA. 

 

——————————————————————————————————— 

 

 

2-4 Conclusions and discussion 

 

Initial attempts to design PCR primers 

Initially, nucleotide sequences including the areas both inside, and outside the coding 

regions, but excluding any sequences outside the ORF (refer to Fig. 2-1) were used for 

the design of PCR primers.  The PCR primers designed and constructed based on those 

regions did not work properly.  No PCR products with the expected sizes, but some 

unknown products that were much smaller than the estimated size were produced 

instead (data not shown).  The reason why the expected PCR products with these 

primers could not be obtained was not clear but this was reproducible. 

28 S 

18 S 

1 2 3 4 
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  (A) GAPDH 

 

 

(B) Adenosine A1 receptor    (C) Adenosine A2A receptor 

 

(D) Adenosine A2B receptor    (E) Adenosine A3 receptor 

 

Fig. 2-3  RT-PCR analysis for the adenosine A1 and A2A receptor subtypes in 

SH-SY5Y cells 

RT-PCR was carried out using the subtype-specific PCR primers.  The specific bands 

with the estimated sizes described above showed the presence of mRNA for the 

adenosine A1 A2A, A2B and A3 subtypes in this cell line.  Lane 1 is a positive control.  

Lanes 2-4 are three independent samples from untreated SH-SY5Y cells.  (Lane M is 

DNA size marker ladders). 
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Conditions, including the amount of template cDNA, PCR primers, Taq DNA 

polymerase, annealing temperatures and time duration, were changed for optimization 

several times. 

 

It was concluded that the PCR itself worked fine under the conditions used, but the 

designed PCR primer sequences were somehow not suitable for detecting the intended 

areas.  This is suggesting that such areas (sequences) do not exist or exist but under the 

detection limit in the mRNA pool.  Since PCR using the same primers but with 

genomic DNA as a template was not performed, the answer to this doubt could not be 

made.  In any case, it seemed that there was no point in pursuing the real causes.  For 

this reason, the design of PCR primers for human type adenosine receptors was 

modified. 

 

Second design of PCR primers 

For the second attempt to design the PCR primers for adenosine receptors, all the 

candidate nucleotide sequences for PCR primers were chosen within the coding regions.  

The results from the sequence homology search showed that there seemed to be no risk 

for subtype specificity (SQ 2-13 – 2-20, Appendix).  Furthermore, these primers did 

not match with any unrelated genes with high homology.  For example, some sequence 

on the database had a good (92%) but not perfect match with one of the designed 

primers.  This sequence was an mRNA sequence derived from a dog (ID#: X14051, 

Positions 940 through 1059), which presumably is a part of the dog adenosine A1 

receptor gene (Positions 25 to 1) (SQ 2-2). 

 

Newly designed PCR primers were tested for their effectiveness using cells known to 

express human type adenosine receptor subtypes as positive controls.  Optimization of 

PCR with the above primers was carried out during the testing process for positive 

controls.  Optimization included concentrations of target template DNA, PCR primers, 

Mg2+ and dNTPs in the reaction solution as well as temperatures and duration of time 

for each PCR step: the denaturing, annealing and extension steps.  Concentrations of 

KCl and other ions in the reaction solution and the pH are also factors that may affect 

the reaction, but these conditions were not altered and the reaction buffer solutions 

attached to the Taq polymerase kits containing these agents were used as supplied. 
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—————————————————————————————————————— 
>>X14051|X14051.1 Canis familiaris RDC7 mRNA for G prote (2271 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 147.4 expect() 0.72 

92.000% identity in 25 nt overlap (25-1:970-994) 

 

                                         20        10  

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     : ::::::::::::::::: :::::  

X14051 

TCGTCTACGCCTTCCGCATCCAGAAGTTCCGGGTCACCTTCCTTAAGATCTGGAATGACC 

     940       950       960       970       980       990  

 

X14051 

ACTTCCGCTGCCAGCCCACGCCCCCCGTCGACGAGGACCCCCCAGAGGAGGCGCCCCA

CG 

    1000      1010      1020      1030      1040      1050  

 

 

SQ 2-2  Example of part of results of FASTA nucleotide sequence homology 

search 

A part of the FASTA nucleotide sequence homology search results between one of the 

designed PCR primers (for the adenosine A1 receptor) and a compared dog mRNA 

sequence for a gene registered as X14051, which is the dog adenosine A1 receptor gene 

sequence, showed 92% homology. 

—————————————————————————————————————— 

 

 

All the sets of PCR primers (for the A1, A2A, A2B and A3 subtypes) gave the estimated 

sizes of PCR products as shown in Fig. 2-3.  Using these PCR primers, SH-SY5Y cells 

were shown to express the A2B subtype of adenosine receptors in addition to the A1 and 

A2A, which were previously reported by others 253.  The mRNA for the A3 receptor was 

also detected a couple of times, but it was not always reproducible while mRNA for all 

the other subtypes plus GAPDH was always detectable from the same template cDNA 

(data not shown).  This may be due to the extremely low levels of expression of the 

subtype in SH-SY5Y cells.  Currently, there has not been any report describing the 

presence of adenosine A3 receptors in this cell line in the literature (Medline as of 9 May 

2003).  The RT-PCR showed the presence of at least, the A1, A2A and A2B receptors at 



- Chapter 2: Design & Construction of PCR Primers… - 

-         -  55 

the mRNA level in SH-SY5Y cells this time.  In a later chapter, it will be proven that 

both the A1 and A2A receptors are present and functional in this cell line by use of their 

selective agonists and antagonists (Chapter 4). 

 

According to the literature, the adenosine A2A receptor is widely expressed in neuronal 

cell lines but not the A1 receptor: in PC12 cells, the adenosine A2A and A2B receptors 

were shown to be present, but the A1 and A3 subtypes were not present using RT-PCR 

254, and in IMR32 cells, the A2 subtype, but not the A1 subtype was expressed 2.  

According to another report, in PC12 cells, the adenosine A2A receptor is functionally 

expressed while the A1 receptor is present, but not functional 255. 

 

However, the adenosine A1 receptor has been shown to be widely expressed in the CNS 

(Section 1-3.3).  Since the SH-SY5Y cells have been shown to express the A1, A2A and 

A2B subtypes here, the cell line will provide a good model where possible different roles 

of adenosine receptors in neuronal differentiation can be studied. 

 

2-4.1 Multiplex PCR 

All these four sets of PCR primers for human type adenosine receptors were designed 

so that multiplex PCR could be performed.  Multiplex PCR is a technique where PCR 

is carried out using more than one pair of PCR primers simultaneously targeting the 

same template DNA in one tube in order to detect the presence of more than one target 

nucleotide sequences.  To allow this, those primers should not have complementary 

sequences to each other in every possible combination to avoid inter-primer annealing 

and subsequent primer dimer formation.  Plus, all the primers to be used 

simultaneously should have the same or very close Tm with their target sequence as the 

temperatures set by the thermocycler (PCR machine) do not distinguish the primer 

molecules in the same reaction tube.  Finally, all the PCR products to be produced by 

those primers must have different sizes in length to distinguish one from the others.  

All these PCR primers designed here in this chapter to detect all four human adenosine 

receptor subtypes were designed and synthesized to meet these conditions (Fig 2-4).  

Multiplex PCR can be useful, however, it needs optimization for the reaction conditions 

256. 
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Several attempts have been made to optimize the set of conditions that enable multiplex 

PCR with two or more sets of the designed primers and it was partially successful.  

Some combination of two sets did give two different PCR products with the expected 

sizes.  However, the yield was lowered, meaning lower sensitivity.  There may have 

been some adverse interaction caused between primer molecules. 

 

In Fig. 2-5 (Lane 2), when the combination of the primers for the A1 and A2A receptors 

was used, the primer mixture could successfully amplify the PCR products with the 

expected sizes (121 and 226 bp), which correspond to the A1 and A2A receptors, 

respectively.  There were no products at 343 or 416 bp, proving they were specific.  

No artifacts were also found except for the product that is very small in size (less than 

100 bp).  These small products were sometimes seen even when only one pair of PCR 

primers was used.  Furthermore, this combination did perform well when the amount 

of template DNA was less than the above (10%) (Lane 6). 

 

When all four sets of primers were used, all PCR products for all subtypes, namely, the 

121, 226, 343 and 416 bp bands, were present (Lane 1), meaning the multiplex PCR 

performed well.  However, when less amount of template DNA was used, the 226, 343 

and 416 bp bands were almost undetectable and only the 121 bp band was seen (Lane 5).  

This shows that the more kinds of primer molecules were used in PCR, the more 

chances there may be that some unexpected interactions that affect polymerase reactions 

negatively will occur.  In general, smaller products in length are usually amplified 

more effectively by Taq polymerase.  This might be the reason for what occurred to 

Lane 5. 

 

For Lanes 3, 4, 7 & 8, the ratio was changed from equal molar (1:1:1:1) to what is 

described in the legend.  Some drastic improvements were attained in Lanes 7 & 8 

(with less template DNA).  However, in Lanes 4 & 8, there was an extra PCR product 

(about just shorter than 100 bp) seen, between the product corresponding to the A1 

receptor and the small PCR product. 

 

In theory, based on the principle of PCR, the amount of PCR products is directly 

proportional to the amount of the initial DNA template if the number of amplification 

cycle and all other conditions are the same. 
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—————————————————————————————————————— 

 

   Expected PCR products (mixture) 
          

 Subtype   PCR products  Length 
          

          

 

      Expected results of agarose gel electrophoresis 
 

 

—————————————————————————————————————— 

 

Fig. 2-4  Scheme of Expected Results of Multiplex PCR with PCR Primers Designed Here 
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Fig. 2-5  An example of results of multiplex PCR using primers for adenosine 

receptors 

Multiplex PCR was performed using mixture of cDNA of CHO-A1, SH-SY5Y, 

CHO-A2B and HL-60 cells as templates, and mixture of all four sets of PCR primers 

for human adenosine receptors at various concentrations.  Programmed annealing 

temperature: 62˚C 

 

Descriptions of lanes: 

 

 M;  Molecular weight size markers 

 

 << Template mixture: A1, A2A, A2B and A3 receptors (Lanes 1 – 4) >> 

 1; Primer mixture: A1, A2A, A2B and A3 receptors, 100 nM each 

 2; Primer mixture: A1 and A2A receptors, 100 nM each 

 3; Primer mixture: A1, A2A (100 nM), A2B and A3 (200 nM) receptors 

 4; Primer mixture: A1, A2A (100 nM), A2B (200 nM) and A3 (400 nM) 

receptors 

 

<< Template mixture: A1, A2A, A2B and A3 receptors (Lanes 5 – 8), 10% of above >> 

 5; Primer mixture: A1, A2A, A2B and A3 receptors, 100 nM each 

 6; Primer mixture: A1 and A2A receptors, 100 nM each 

 7; Primer mixture: A1, A2A (100 nM), A2B and A3 (200 nM) receptors 

 8; Primer mixture: A1, A2A (100 nM), A2B (200 nM) and A3 (400 nM) 

receptors 

 

 Lane:    M     1        2        3       4   5        6       7        8 

500 bp 

400 bp 

300 bp 

200 bp 

100 bp 



- Chapter 2: Design & Construction of PCR Primers… - 

-         -  59 

Therefore, comparing Lanes 1 – 4 with Lanes 5 – 8, the bands in Lanes 5 – 8 should be 

1/10 stronger in intensity than each of those corresponding bands in Lanes 1 – 4.  At 

least, bands in Lanes 5 – 8 should be weaker, or the same in case that the saturation had 

occurred in reaction in Lanes 1 – 4.  The 343 and 416 bp bands in Lane 8 were 

brighter than those corresponding in Lane 5.  This is another line of evidence that 

shows some interactions between primer molecules occurred. 

 

Multiplex PCR using these primers has great potentials in enabling simultaneous 

detection in one tube, which saves time, labour, costs and possible experimental errors.  

The attempts to achieve multiplex PCR have been partially successful, but it needs 

some fine adjustments for better outcomes. 

 

In this chapter, subtype specific PCR primers for each of adenosine receptor genes were 

designed and synthesized.  Use of these primers revealed the presence of the adenosine 

A1, A2A and A2B receptors.  The PCR primers for the A3 receptor detected the presence 

of the mRNA several times but not always reproducible.  It is anticipated that use of 

increased amounts of template cDNA would allow the detection easier and more 

consistent.  Multiplex PCR using PCR primers designed above was partially successful.  

Further optimization would make the technique usable on a practical basis. 

 

Reflecting the fact that there are considerably high levels of mRNAs for the A1 and A2A 

receptors expressed, the possible involvement of these receptors in neuronal 

differentiation will be investigated in the following chapters. 
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Chapter 3 
——————————————————————————————————— 

Induction of Neuronal Differentiation in Human 

Neuroblastoma Cells and Establishment of an SH-SY5Y 

Differentiation Model 

 

 

 

 

 

3-1 Introduction 

 

3-1.1 Neuroblastoma and neuronal differentiation 

Neuroblastoma is one of the most common solid malignancies in childhood 257 and 

accounts for 8-10% of all childhood cancer.  The majority of patients have a very poor 

outcome due to aggressive growth and metastatic spread 257.  The malignant neoplasm 

is composed of anaplastic sympathicoblasts 141.  The prevalence of neuroblastoma is 1 

in 10,000 live births and the ratio is slightly higher in boys than in girls (1.2:1).  In vivo, 

neuroblastoma cells sometimes undergo differentiation spontaneously and become 

non-malignant cells 143.  This process is considered to be ‘differentiation’. 

 

Several different neuroblastoma cell lines, including human neuroblastoma cell lines 

SH-SY5Y, SK-N-SH and IMR32, have been established and used for experimental 

purposes along with PC12 cells, a rat pheochromocytoma cell line, which partly 

resembles neuroblastoma cell lines (see Section 1-9).  Most of these cell lines can be 

induced to differentiate under various types of substances (see Table 1-3), but few of 

these substances have an established mechanism of action.  SH-SY5Y cells are one of 

the human neuroblastoma cell lines that are differentiable upon addition of adequate 

inducers such as retinoic acid 149-152, phorbol ester 149-151 and dbcAMP 151,160,164.  In this 

chapter, effects of various inducers of neuronal differentiation, including RA, NGF and 

adenosine, have been tested on neuronal differentiation of SH-SY5Y cells in order to 

establish a suitable differentiation model.  The SH-SY5Y cell line was found to be 

differentiable by serum deprivation and this chapter discusses optimization of the 
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conditions for differentiation, and characterisation of the differentiation. 

 

3-1.2 Morphological assessment of differentiation 

In establishing a neuronal differentiation model, one or more criteria are required for 

assessing differentiation.  There have been several different types of markers described 

for the purpose of assisting neuronal differentiation; these include protein markers for 

neuronal differentiation, such as TH, NSE, NF-L, NF-M and NF-H (see Chapter 1).  

Other criteria include morphological changes and cell growth arrest.  However, in this 

study, neurite formation/extension was chosen as the main criterion for neuronal 

differentiation since neurite formation is the most basic and essential feature of normal 

neuronal development and differentiation in the body.  Outgrowth of axons is peculiar 

and unique to neurons.  Distinct neurites/dendrites or an axon will be noted if a 

neuronal cancer cell, such as a neuroblastoma cell, differentiates into a cell with more of 

a neuronal property, or an undifferentiated precursor cell of neuronal origin in the 

embryo called neuroblast develops into the final maturity stage cell, neuron.  Since all 

healthy full-functioning neurons, peripheral or central, have a cell body, dendrites and 

axons, it is considered to be a crucial feature.  Neurites of the cells that are 

differentiated have been shown to resemble the axons and dendrites of normal neurons: 

neurites of mouse neuroblastoma C1300 cells induced by differentiation were 

electrically excitable and generated action potentials 145. Neurites of differentiated PC12 

cells induced by NGF have also been reported electrically excitable 258.  Although little 

is known about the mechanism of formation of neurites in PC12 cells to date, it has 

been shown that neurite formation requires protein synthesis but not RNA or DNA 

synthesis 145.  It has been demonstrated that it is Rho, a member of the ‘small’ G 

protein family similar to Ras, regulates the neurites of PC12 cells induced by NGF in 

terms of length and the degree of branching 259. 

 

3-1.3 Cell growth arrest as an assessment of differentiation 

The second major assessment used for this project was cell growth.  Cell growth arrest 

or a reduced rate of cell growth is observed in almost all cells being differentiated 

78,150,236,260.  The state of terminal differentiation is believed to be that part of the ‘cell 

cycle’ called the G0 phase 261.  As described in Chapter 1, an altered state of cell 

growth is an essential feature of cellular differentiation in general, not merely in 

neuronal differentiation.  Moreover, particularly in the case of the differentiation of 
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malignant cells, cell growth arrest after ‘differentiation’ therapy is the most desired 

event in the patient’s body.  Therefore, it was decided that the neuronal differentiation 

in this project must satisfy the two major criteria: neurite formation and cell growth 

arrest.  Other features, such as appearance of, or increases in marker proteins found in 

neuronal cells will also be assessed. 

 

3-2 Materials & Methods 

 

3-2.1 Chemicals and reagents 

FALCON® culture flasks (Surface areas: 25 cm2, 80 cm2 and 175 cm2) and disposal 

plastic pipettes were purchased from Macalaster Bicknell (New Haven, Connecticut, 

USA).  6 and 12 well-plates were obtained from COSTAR (USA).  Cell culture media 

DMEM and RPMI 1640, phosphate-buffered saline (PBS), 0.4% trypan blue solution, 

trypsin (0.25%)-EDTA (0.02% as EDTA-4Na) solution (in PBS), GlutaMax I, 

non-essential fatty acid solution, pyruvic acid, gentamycin and pre-stained protein size 

markers were purchased from GIBCO (Carlsbad, USA).  Bovine serum albumin 

(BSA), guanidine thiocyanate, heparin, mouse nerve growth factor (NGF), all 

trans-retinoic acid (RA), ethanol, dimethyl sulfoxide (DMSO), phenylmethylsulfonyl 

fluoride (PMSF), N,N,N’,N’-tetramethylethylenediamine (TEMED) and Triton X-100 

were purchased from Sigma-Aldrich (St. Louis, USA).  DNase I, avian myeloblastosis 

virus reverse transcriptase (AMV-RT), BsgI, deoxynucleotide mix (dNTPs) and Taq 

DNA polymerase were obtained from Promega (Madison, USA) and QIAGEN (Hilden, 

Germany).  A BCA protein assay kit and a chemiluminescent detection kit, 

SuperSignal ® West Dura Extended Duration Substrate were purchased from PIERCE 

(Rockford, Illinois, USA).  Hyperfilm™ ECL ™ (High performance 

chemiluminescence film) was obtained from Amersham Pharmacia Biotech 

(Buckinghamshire, England).   Polyvinylidenedifluoride (PVDF) membrane sheets, 

Immobilon™-P Transfer Membranes, were purchased from Millipore (Bedford, 

Massachusetts, USA).  Antibody for NF-L (rabbit anti-NF 68 kDa polyclonal antibody, 

Cat. # AB1983) and antibody for both NF-H & NF-M (rabbit anti-NF-H 

(lysine-serine-proline repeat) polyclonal antibody, Cat. # AB1991) were purchased from 

Chemicon International (Temecula, California, USA). 
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3-2.2 Cell culture 

The human neuroblastoma cell lines SH-SY5Y and SK-N-SH, the human leukemia cell 

line HL-60 and the rat pheochromocytoma cell line PC12, were purchased from 

American Type Culture Collection (USA).  Wild type Chinese Hamster Ovary K1 

(CHO-K1) cells, CHO-K1 cells stably transfected with human adenosine A1 receptors 

(CHO-A1) and CHO-K1 cells stably transfected with human adenosine A2B receptors 

(CHO-A2B) were a kind gift from Dr Peter Schofield (Garvan Institute, Sydney, 

Australia).  SH-SY5Y cells were maintained in RPMI 1640 supplemented with 10% 

(v/v) fetal calf serum (FBS), 1 x GlutaMax I and 50 g/ml gentamycin.  SK-N-SH 

cells were maintained in α-MEM supplemented with 10% FBS, 1 x GlutaMax I and 50 

g/ml gentamycin.  HL-60 cells were maintained in suspension culture in PRMI-1640 

supplemented with 10% FBS, 1 x GlutaMax I and 50 g/ml gentamycin.  CHO-K1, 

CHO-A1 and CHO-A2B cells were maintained in PRMI-1640 supplemented with 10% 

FBS, 1 x GlutaMax I and 50 g/ml gentamycin.  PC12 cells were maintained in 

DMEM supplemented with 10% horse serum, 5% fetal bovine serum (FBS), 1 x 

GlutaMax I and 50 g/ml gentamycin.  All cultures were incubated in CO2 incubators 

at 37 C in a humidified atmosphere of air / CO2 (95% / 5%).  Growth medium or 

growth medium containing drugs was changed twice to three times a week.  Cell 

cultures were split at adequate intervals, normally twice a week, before cells became 

confluent. 

 

3-2.3 Cell counting and trypan blue staining 

Adherent cells (monolayer culture) were detached using a trypsin-EDTA.  Cell 

suspensions were diluted appropriately and mixed with equal volume of 0.4% trypan 

blue for staining.  Cells were counted using a hemocytometer and unstained cells were 

classified as living cells, dark blue-stained cells were classified as dead cells. 

 

3-2.4 Differentiation of cells by retinoic acid 

SK-N-SH and SH-SY5Y cells were grown as described above.  RA dissolved in 100% 

ethanol was added to the growth medium at a final concentration of 1, 10 or 50 M and 

cells were grown for up to two weeks.  Morphological changes were assessed at 

various time points and at the end of the treatment.  Exposure of RA solutions to light 

was minimized when handled. 
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3-2.5 Differentiation of cells by NGF 

PC12 and SH-SY5Y cells were grown as described above.  NGF was diluted with PBS 

and added to the growth medium at a final concentration of 50 and 100 ng/ml for three 

days for PC12 cells, and for up to two weeks for SH-SY5Y cells.  In addition, NGF at 

10 ng/ml to 1 g/ml with or without heparin was administered to SH-SY5Y cells for up 

to five weeks.  Morphological changes were assessed at various time points and at the 

end of the treatment. 

 

3-2.6 Differentiation of cells by adenosine 

SH-SY5Y cells were grown as described above.  Adenosine was diluted with PBS and 

added to the growth medium at a final concentration of 1, 10 and 100 M for up to 

seven days.  Morphological changes were assessed at various time points and at the 

end of the treatment. 

 

3-2.7 Differentiation of cells by serum deprivation 

SH-SY5Y cells grown in normal conditions were maintained either in conventional 

culture flasks or in 12 well plates.  Cells were grown in culture flasks for maintaining 

and pre-culturing for assays.  When 12 well plates were used, the cells were seeded at 

a cell density of 50,000 cells per well and allowed to grow overnight in 1 ml growth 

medium containing 10% FBS.  Next day, the medium was carefully removed and was 

replaced with 2 ml of the same growth medium containing 0.5% FBS.  Morphological 

changes were assessed at weeks 1 and 2. 

 

3-2.8 Assessment of neurites 

A neurite is generally defined as a process, the length of which equals or exceeds the 

diameter of the cell body 145.  This definition was used in the assessment of neurites in 

this project. 

 

3-2.9 Evaluation of cell morphology (neuronal differentiation) 

Cells with neurite(s) more than one cell body length were counted as differentiated cells.  

Fields under the light microscope were randomly chosen and at least 200 cells in each 

field were counted.  When there were less than 200 cells in one field, cells in 

neighbouring fields were also counted until the total cell number exceeded 200.  The 
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extent of neuronal differentiation was expressed as the percentage of differentiated cells 

in the population.  In most cases, differentiation was measured in triplicates for each 

treatment.  For microscopy, an inverted microscope Olympus CK2, a microscopic 

camera PM-C35, the automatic exposure photomicrographic system PM-10AK3 

(Olympus, Tokyo, Japan) and colour reversal films FUJICHROME PROVIA 100F 

Daylight (Super fine grain, Professional, RDP III 135, 36) (Fuji Photo Film, Tokyo, 

Japan) were used. 

 

3-2.10 Preparation of total RNA 

Total RNA was prepared as described in Section 2-2.4. 

 

3-2.11 RT-PCR 

RT-PCR was performed as described in Section 2-2.6. 

 

3-2.12 Extraction of proteins 

Total protein was extracted from cultured cells using the cell lysis buffer containing 1% 

SDS, 50 mM Tris HCl, pH 7.4, 5 mM EDTA and 1 mM PMSF.  PMSF was added just 

before use from a 100 mM stock solution dissolved 100% 2-propanol (-20°C).  

Immediately after the buffer was added to the cell suspension, the cell lysate was 

pipetted well to shear chromosomal DNA and incubated at 95°C for 5 min with 

vortexing.  The solutions were stored at -20°C until use. 

 

3-2.13 Measurement of protein samples 

BCA protein assay kit was used to measure protein samples.  The procedure was 

followed according to the manufacturer’s manual.  Briefly, Solution A and Solution B 

were mixed at 50:1 and 200 μl was dispensed in each well on 96 well plates.  Protein 

standards used were 0, 200, 400, 600, 800, 1000 and 1200 μg/ml BSA solutions.  

Protein samples were diluted when necessary.  Standards and samples (10 μl per well) 

were added in duplicates to the reaction solution in each well and incubated at 37°C for 

30 to 60 min.  After the incubation, plates were immediately read by a multiwell plate 

reader (Molecular Devices 250 Max; Software: SoftMax Pro 2.6.1) at a wavelength of 

490 nm.  Sample concentrations were expressed as BSA equivalent calculated from the 

fitted line for the BSA standards. 
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3-2.14 SDS-PAGE 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried 

out as follows.  Polyacrylamide gels (12 – 15%) were prepared.  Protein samples to 

be analysed were standardized such that each lane contained the same amount of protein 

(in μg BSA equivalent).  Sample solutions were mixed with 6 x SDS-PAGE sample 

gel-loading buffer (1 x concentration: 50 mM Tris HCl (pH 6.8), 2% SDS, 0.1% 

bromophenol blue, 10% glycerol, 100 mM DTT (added just before use)), to obtain a 

final concentration of 1 x and heated at 95°C for 5 to 10 min.  Gels were prepared as 

shown below.  Mixtures were applied into each well on the polyacrylamide gel and 

electrophoresised in running buffer (25 mM Tris HCl, 250 mM glycine (electrophoresis 

grade), 0.1% SDS, adjusted to pH 8.3) first at 50V (constant voltage) until all the 

samples and standards entered in the resolving gel, and then at 100 V (constant voltage) 

until the end of run.  Preparation of SDS-polyacrylamide gel: for resolving gels, 

according to the molecular weight(s) of a target protein(s), 7.5%, 10%, 12% or 15% 

acrylamide mix (acrylamide:bis-acrylamide = 29:1 (w/w)) were mixed with 375 mM 

Tris HCl, pH 8.8, 0.1% ammonium persulfate, 0.1% SDS and 0.04% TEMED to 

prepare gels.  For stacking gels, 5% acrylamide mix (acrylamide:bis-acrylamide = 

29:1 (w/w)) was mixed with 125 mM Tris HCl, pH 6.8, 0.1% ammonium persulfate, 

0.1% SDS and 0.1% TEMED to prepare gels. 

 

3-2.15 Western blot 

PVDF membranes were cut to the size that only covers the area of protein samples and 

the size markers separated by SDS-PAGE on the gel, soaked in 100% methanol for 30 

sec, transferred into Milli-Q water for 5 min and transferred into the transfer buffer (10 

mM Na HCO3, 3 mM Na2CO3, pH 9.9 in 20% (v/v) methanol).  Four sheets of filter 

paper (Watman, Maidstone, England) cut to the same size as above were also kept in the 

same transfer buffer until use.  Upon the end of SDS-PAGE, gels were immediately 

transferred into the transfer buffer (pre-chilled at 4°C) and kept soaked with gentle 

shaking for 5 to 10 min.   Two porous plastic filters, four sheets of filter paper, one 

sheet of PVDF membrane and the gel were placed and assembled.  Transfer was 

carried out at 150 mA (constant current) at about 22 - 23 V at 4C overnight. 

 

Upon completion of transfer, the PVDF membrane was immediately soaked in the 

blocking solution (5% skim milk in 20 mM Tris, 136.9 mM NaCl, 0.1% (v/v) Tween 20, 
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pH 7.6 (TBS-T) at room temperature (RT) for one hour.  The SDS polyacrylamide gels 

from which the separated proteins had been transferred to membranes, were stained, 

using Coomassie Brilliant Blue (CBB) staining solution (0.25% CBB R250, 45% 

methanol, 10% glacial acetic acid) and destained with CBB destaining solution (30% 

methanol, 10% acetic acid), to visualize the remaining proteins on the gel in order to 

confirm that the transfer was complete.  The membrane was washed with excess 

TBS-T, once for 30 sec, then for 5 min and 15 min x 3 at RT.  The membrane was 

incubated with the diluted primary antibody in TBS-T containing 5% skim milk (1:500 

or 1:1000 dilution for anti-NF-L antibody and 1:24,000 dilution for anti-NF-H & M) at 

RT for one hour.  The membrane was then washed with excess TBS-T, twice for 30 sec, 

then for 15 min x 4 at RT.  The membrane was incubated with the diluted secondary 

antibody conjugated with horseradish peroxidase in TBS-T containing 5% skim milk 

(1:30,000 dilution) at RT for one hour.  The membrane was then washed with excess 

TBS-T, twice for 30 sec, then for 15 min x 4 at RT. 

 

Detection of the target band(s) was carried out using the chemiluminescent detection kit, 

SuperSignal® West Dura Extended Duration Substrate (Pierce, USA).  The procedure 

was followed according to the manufacture’s manual with a little modification.  

Namely, upon completion of the final wash, membrane was incubated in 2 ml of 

detection solution, consisting of 0.5 ml of Solution A (SuperSignal® Chemiluminescent 

Substrate Ultra Stable Peroxide Solution), Solution B (SuperSignal® Ultra Luminal / 

Enhancer Solution) and 1 ml of Milli-Q water, for about 1 min at RT, avoiding strong 

lighting.  The excess detection solution was removed and the membrane was covered 

with clean cling wrap.  The wrapped membrane was placed in a cassette for X-ray 

films along with the film to be exposed.  Films were exposed for several different 

exposure time (normally, starting with 1 min) to obtain proper images. 

 

Images of bands were captured digitally by a CCD camera-transilluminator system 

(GelPro system, North Reading, Maryland, USA).  Captured bands were assessed for 

their density and areas using a computer software programme Scion Image Version Beta 

4.0.2 (Scion Corporation, Frederick, Maryland, USA). 

 

 

 



- Chapter 3: Neuronal Differentiation of Human Neuroblastoma Cells  - 

-         -  69 

3-3 Results 

 

3-3.1 Differentiation induced by RA in SK-N-SH cells 

SK-N-SH cells were induced to differentiate by adding 1 and 10 M RA (Fig. 3-1).  

No apparent morphological changes were observed in RA-treated cells by day 6.  The 

growth rate for RA-treated cells for the first three days appeared to be similar to that for 

control cells.  However, by day 10, both 1 and 10 M RA-treated cells displayed 

distinct morphological changes (Fig. 3-1D & E) while untreated cells stayed unchanged 

(Fig. 3-1A): most of the cells treated with 1 M RA became long and thin, and some 

had long neurites (Fig. 3-1D).  The growth rate for 10 M RA-treated cells between 

days 6 and 10 was reduced compared to that for the control cells.  On the other hand, 

the growth rate for 1 M RA-treated cells between days 6 and 10 was somewhat 

reduced, but not significantly different to that for control cells.  The cells treated with 

10 M RA displayed a similar trend: however, most of the cells that had gone through 

morphological changes (long and thin cell bodies, and neurites) became compact in cell 

body size (Fig. 3-1E).  In addition, neurites were longer and some were more than four 

cell bodies in length.  On day 11, cells treated with 1 M RA developed the extent of 

differentiation even more than that from day 10; many cells became very compact in 

size and some of the neurites reached nearly six-cell body-length (Fig. 3-1F).  By day 

11, cells treated with 10 M RA started to develop networks with their long neurites and 

most of the cells had differentiated.  A characteristic of neurites of cells treated with 

RA was that most of the differentiated cells had total of two neurites on the opposite 

ends of a cell body and often the cell body was shaped like an oval with two neurites on 

each of the narrow ends.  Only a limited population of differentiated cells had one, 

three or more than three neurites.  Differentiated cells with more than three neurites 

were very rare.  Such cells with this ‘bipolar-type’ differentiation seem similar to PC12 

cells grown in the presence of dbcAMP, not NGF 262. 

 

Ethanol was used to dissolve RA in the above experiments and the possible effects of 

ethanol on differentiation were tested.  Most cells treated with 0.5% ethanol for 10 

days did not display any gross morphological changes, however they were slightly 

smaller, longer and thinner than control cells (Fig. 3-1B), some cells had gone through 

remarkable morphological changes (Fig. 3-1C): a group of cells in an area had become 
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long and thin, and many of them aligned together in the same direction.  A similar 

phenomenon was also observed with cells treated with RA: some of (only a very limited 

number) SK-N-SH cells (and SH-SY5Y cells as well) treated with 1 or 10 M RA 

displayed a ‘river flow’ shape together with the neighbouring cells before most of the 

treated cells underwent differentiation.  There were no such cells any more after the 

differentiation.  This phenomenon could, therefore, be part of the differentiation 

process for some cells.  However, the reason why this happened to ‘some’ cells only 

and not to ‘all’ cells that underwent differentiation is uncertain. 

 

3-3.2 Differentiation induced by RA in SH-SY5Y cells 

SH-SY5Y cells were also induced to differentiate by using 50 M RA.  No apparent 

morphological changes were observed in RA-treated cells by day 4.  There seemed to 

be no difference in the growth rate between RA-treated cells and control cells 

(ethanol-treated) by day 4.  Some cells had started to differentiate by day 8 (Fig. 3-2D).  

The growth rate started to slow down significantly between day 4 and day 8, but still 

delayed cell proliferation was observed.  On day 10, most cells had undergone 

morphological changes: they had become compact in size, thinner and longer, and 

developed long neurites (Fig. 3-2E).  The characteristics of SH-SY5Y cells induced by 

RA were also the same with SK-N-SH cells: the majority of the population was the 

‘bipolar-type’.  It was also observed that some neighbouring cells had merged together 

to form a bigger unit.  Again, in such cells, more than one nucleus in one cell body 

were noticed.  Since both SK-N-SH and SH-SY5Y cells reacted very well and 

similarly to RA stimulation, it was decided to use SH-SY5Y cells as a model human 

neuroblastoma cell line to elucidate neuronal differentiation since SH-SY5Y cells are 

more commonly used in neuronal differentiation studies than SK-N-SH cells, and 

considered more homogeneous than SK-N-SH cells 162. 
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Fig. 3-1  Morphological changes induced by RA in SK-N-SH cells 

SK-N-SH cells were induced to differentiate by RA (1 and 10 μM) for 11 days.  Cells 

were untreated (A), treated with carrier (0.5% ethanol) (B and C), 1 μM RA (D and F) 

or 10 μM RA (E and G) and cells treated with RA at both concentrations displayed 

distinct neuronal differentiation after 10 days.  At day 10, some cells treated with 

ethanol displayed some morphological changes compared to untreated cells. 

 

 

(D) 1 μM RA (day 10) 

 

(E) 10 μM RA (day 10) 

 

(F) 1 μM RA (day 11) 

 

(G) 10 μM RA (day 11) 

 

(B) EtOH (day 10) 

 

(C) EtOH (day 10) 

 

(A) No treatment (day 10) 
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Fig. 3-2  Morphological changes induced by RA in SH-SY5Y cells (Time-course) 

SH-SY5Y cells were induced to differentiate by all-trans retinoic acid (50 μM) for 10 

days.  Cells treated with 50 μM RA displayed distinct neuronal differentiation in a 

time-dependent manner.  At day 8, some of the cells treated with 50 μM RA started to 

display morphological changes. 

 

 

(A) Control (day 0) 

 

(B) 50 μM RA (day 2) 

 

(C) 50 μM RA (day 4) 

 

(D) 50 μM RA (day 8) 

 

(E) 50 μM RA (day 10) 
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3-3.3 Differentiation induced by NGF in SH-SY5Y cells 

NGF is a well-known inducer of neuronal differentiation for PC12 cells (Table 1-3 & 

Section 1-9.4(b)). Whether or not NGF can induce differentiation in human 

neuroblastoma cells, including SH-SY5Y cells, is controversial: SK-N-SH and 

SH-SY5Y cells, demonstrated that NGF had only a slight promoting effect on 

TPA-induced differentiation 152, whereas in another study using two nearly diploid 

adrenergic like human neuroblastoma clones, the KA and SY5Y cell lines, both NGF 

and dbcAMP were shown to extend neurites 263, and in human neuroblastoma 

SK-N-SH-SY5Y cells, NGF was shown to induce differentiation with comparable 

efficiency to RA, dbcAMP and TPA 164. 

 

Attempts were made to induce SH-SY5Y cells to differentiate by NGF.  Since 50 and 

100 ng/ml NGF caused drastic morphological changes in PC12 cells within a day or two 

(data not shown), SH-SY5Y cells were treated first with 50 ng/ml for one week, and 

with 100 ng/ml for two weeks, then, with 100 ng/ml NGF in the presence of heparin for 

up to five weeks.  Furthermore, SH-SY5Y cells were also treated with 1000 ng/ml 

NGF for one week.  None of these conditions induced any apparent morphological 

changes (data not shown).  Moreover, a decrease in cell proliferation was not observed 

during the whole periods of treatment.  Instead, by observation, NGF treated cells 

appeared to grow faster than untreated cells.  It was concluded that NGF does not 

induce differentiation in SH-SY5Y cells under conditions that would induce neuronal 

differentiation in PC12 cells. 

 

Some neuroblastoma cell lines have been shown to be unresponsive to NGF: with 

respect to neurite outgrowth, lines SK-N-SH, SH-SY5Y, LA-N-5, and CHP-126 were 

sensitive, IMR32 was resistant, and SH-EP1, SK-N-MC, MC-IXC, CHP-100, and 

CHP-134 were unresponsive to NGF 264.  Furthermore, NGF neither reduced the 

growth rate nor enhanced survival in any neuroblastoma cell line 264.  NGF’s survival 

promoting effect is one of the most important actions of NGF.  It is interesting that the 

neurite-inducing and survival effects of NGF can be separated, but the available data 

indicates that at least in some neuroblastoma cell lines, the NGF signals are probably 

impaired.  For example, wild-type SH-SY5Y cells were shown to be unresponsive to 

NGF, but cells transfected with the high-affinity NGF receptor trkA differentiated in 
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response to NGF 165,186. 

 

3-3.4 Differentiation induced by adenosine in SH-SY5Y cells 

The possibility that adenosine acts as an inducer of neuronal differentiation in 

SH-SY5Y cells was investigated.  SH-SY5Y cells were treated with 1, 10 and 100 M 

adenosine for up to 7 days.  At days 1, 2, 3, 5 and 7, morphological differences 

between control and treated cells were not observed.  In addition, there was no 

difference seen in growth rate between control and 1 or 10 M adenosine-treated cells.  

The growth rate of cells treated with 100 M adenosine was similar to that of control 

cells. 

 

3-3.5 Differentiation induced by serum deprivation in SH-SY5Y cells 

Human neuroblastoma SH-SY5Y cells were induced to differentiate by serum 

deprivation (0.5% FBS) for two weeks (Fig. 3-3).  Just like cells induced to 

differentiate with RA, cells became thinner and longer, smaller in size, and some cells 

merged together, which was also sometimes observed in cells treated with RA.  In 

addition, the neurites of those cells induced by serum deprivation were very similar to 

the neurites of cells induced by RA; in both cases most cells became bipolar.  Growth 

in 1.0% serum was also examined, and was found to induce differentiation in this cell 

line as well.  However, differentiation took more than two weeks and the extent of 

morphological change was somewhat less than with 0.5% serum (data not shown).  

Growth in medium containing no serum was also tested.  In this case, cells were 

induced to differentiate fairly promptly, but many cells were found to die after only 

short time periods.  The time required for cells to reach maximal differentiation varied 

from flask to flask, and from area to area in a flask (data not shown).  Therefore, it was 

concluded that 0.5% serum was the most suitable condition for examining the 

differentiation by serum deprivation with this cell line. 

 

With 0.5% serum treatment for two weeks, differentiated cells developed distinct, very 

long and thin neurites and they often formed a network that connected many of the 

neighboring cells.  Generally, the size of undifferentiated cells became smaller and 

more compact.  At around day 7, cells were halfway to maximum differentiation with 

respect to the ratio of differentiated cells in the whole population. Although those 
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changes were not as significant as at day 14, cells under serum deprivation were 

morphologically different from untreated cells.  It was therefore concluded that 7 days 

was an adequate time point to evaluate the potentiation or suppression of differentiation, 

if any, under this differentiation model system. 

 

 

—————————————————————————————————————— 

 

Fig. 3-3  Neuronal differentiation induced by serum deprivation in SH-SY5Y 

cells 

SH-SY5Y cells were induced to differentiate by serum deprivation (0.5% serum) for 

14 days.  (A) Control cells (with 10% serum) maintained their original 

undifferentiated morphological features at day 14.  (B) Serum-starved cells 

underwent drastic morphological changes and displayed many thin and long neurite 

extensions and smaller cell bodies.  The presence of neuronal networks was also 

noticed. 

 

(A)  Control cells at day 14 (10% FBS) 

(x 200) 

 (x 200) 

(B) Serum deprivation at day 14 (0.5% FBS) 
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In preliminary experiments, growth of SH-SY5Y cells appeared to be considerably reduced by 

serum deprivation, and the presence of more dead cells in the serum deprived population was 

noted by observation, therefore, the effects of serum deprivation on cell growth and cell survival 

were investigated in a separate experiment.  At day 7, the number of cells treated with 0.5% 

FBS was found to be approximately half the number of control cells (10% FBS).  At this point, 

the average percentage of trypan blue-negative cells was 98.9 ± 0.2% and 89.7 ± 1.4% (mean ± 

S.E.M.) for the control and tested cells, respectively, and it was found that the majority of 

treated cells were still intact. 
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Fig. 3-4  Effects of serum deprivation on the growth of SH-SY5Y cells 

SH-SY5Y cells were treated with serum deprivation (0.5% FBS) for 7 days.  The 

growth of treated cells was reduced and the number of cells at day 7 was 

approximately half of that of control cells (10% FBS).  Bars represent mean values ± 

S.E.M..  Unpaired t-Test (two-sided) was used for statistical significance and the cell 

number of control cells was significantly greater than that of treated cells (p < 0.05).  

This experiment was carried out in four independent repeats for each group.  (The 

average percentage of trypan blue-negative cells was 98.9% for the control cells and 

89.7% for the serum deprived cells.) 

Note: * indicates statistically significant compared to control with p < 0.05 
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To further characterise the differentiation of SH-SY5Y cells induced by serum 

deprivation, the expression of various differentiation marker proteins were examined. 

 

Western blot analysis using an antibody against NF-L and one that recognises both 

NF-H and NF-M was performed.  There was little change in the expression of NF-L 

over the period of differentiation induced by serum deprivation (Fig. 3-4); it appears 

that NF-L protein was abundantly present, differentiated or not.  Western blot analysis 

revealed that the levels of NF-H protein increased about 1.5-fold after the serum 

deprivation treatment for 7 days and about 2-fold after 14 days (Fig. 3-5).  Another 

interesting finding is that the levels of NF-M protein were lower in serum-deprived cells 

(Fig. 3-5). 

 

 

—————————————————————————————————————— 

 

Fig. 3-5  Expression of NF-L by western blotting analysis 

Total protein was extracted, using SDS cell lysis buffer, from control untreated 

SH-SY5Y cells or cells treated with 0.5% FBS for either 7 or 14 days.  SDS-PAGE 

(12%) was performed under reducing conditions and the separated proteins were 

transferred onto a PVDF membrane overnight at 4ºC.  The membrane was treated 

first with anti-human NF-L antibody (1:500 dilution) and then with anti-rabbit IgG 

antibody-HRP (1:20,000 dilution).  Bands were detected using chemiluminescence 

and exposed to X-ray / chemiluminescence film.  Bands were digitally scanned and 

analysed by the use of a densitometric computer software application.  (Lanes 1-3; 

untreated SH-SY5Y cells (10% FBS, control), Lanes 4-6; SH-SY5Y cells treated with 

0.5% FBS for 7 days, Lanes 7-9; SH-SY5Y cells treated with 0.5% FBS for 14 days.) 

 

Lane:  1        2       3       4        5       6      7       8       9 

68 kDa 
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Fig. 3-6  Expression of NF-H & NF-M (western blotting and densitometric 

analysis) 

Total protein was extracted, using SDS cell lysis buffer, from control untreated 

SH-SY5Y cells and cells treated with 0.5% FBS for either 7 or 14 days.  SDS-PAGE 

(10%) was performed under reducing conditions and the separated proteins were 

transferred onto a PVDF membrane overnight at 4ºC.  The membrane was treated 

first with anti-human NF-H (+ NF-M) antibody (1:24,000 dilution) and then with 

anti-rabbit IgG antibody-HRP (1:30,000 dilution).  Bands were detected using 

chemiluminescence and exposed to X-ray / chemiluminescence films.  Bands were 

digitally scanned and analysed by the use of a densitometric computer software 

application.  (Lanes 1-3; untreated SH-SY5Y cells (10% FBS, control), Lanes 4-6; 

SH-SY5Y cells treated with 0.5% FBS for 7 days, Lanes 7-9; SH-SY5Y cells treated 

with 0.5% FBS for 14 days, 200 kDa = NF-H, 165 kDa = NF-M) 

Lane:  1     2       3       4        5       6       7       8       9 

 

200 kDa 

165 kDa 
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3-4 Discussion 

 

3-4.1 Differentiation induced by RA in SK-N-SH and SH-SY5Y cells 

Both SK-N-SH and SH-SY5Y cells reacted very well and similarly to each other to the 

RA stimulation, in terms of morphological changes and reduced cell growth rate.  In 

RA-induced differentiation of both SK-N-SH and SH-SH5Y cells, the growth rate 

seemed to slow down when they started to differentiate.  However, it was not clear 

whether the cells differentiating were the cells whose growth rate was reduced or 

completely stopped, or even not affected, since the growth rate reflected the whole 

population in the flask or well. 

 

According to the literature, both cell lines have been shown to be induced to 

differentiate by the same types of inducers of differentiation besides RA, such as TPA 

149-152 and dbcAMP 151,160,164,167.  This means either one of the cell lines could be used to 

represent the other in terms of responses to various inducers of neuronal differentiation.  

Therefore, SH-SY5Y cells were chosen for a model human neuroblastoma cell line to 

characterise neuronal differentiation since SH-SY5Y cells are more commonly used in 

neuronal differentiation studies than SK-N-SH cells, and are regarded as more 

homogeneous than SK-N-SH cells 162, although no neuroblastoma cell lines are 

completely homogeneous in characteristics 145,162,265.  RA was first selected as an 

inducer of neuronal differentiation for examining the effects of adenosine on 

differentiation because it has already been confirmed to induce neuronal differentiation 

in these particular cell lines, plus, the signal transduction pathway of RA-RA receptors 

has been relatively well studied so that adenosine effects on neuronal differentiation in 

these cell lines, if any, would be clarified easily as additional modifications to the 

original pathway.  However, ethanol was used as a carrier for RA, and it was found 

that ethanol alone had effects on differentiation. 

 

3-4.2 Effects of ethanol 

Treatment of cells with ethanol alone at a concentration of 0.5% caused some limited 

but distinct morphological changes.  GAPDH gene is one of the so-called 

‘house-keeping’ genes and widely used as a ‘control gene’ or ‘reference gene’ 266,267 

along with the β-actin gene 268,269 and the cyclophilin gene 270 in northern blot analysis 

and PCR.  These genes are expressed moderately to abundantly and are normally 
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regarded as being expressed constitutively, and not affected, or affected to only a 

negligible extent, by various stimuli, including growth factors, cytokines, neurotrophic 

factors and other chemical drugs.  Preliminary, the RT-PCR results revealed that 

ethanol has effects on the expression of GAPDH, suggesting also the possibility that it 

alters expression of many other genes (data not shown).  Ethanol has also been 

reported to enhance NGF- and basic FGF-induced neurite outgrowth in PC12 cells 271.  

These reports coincide with the findings in the results (Fig. 3-1C).  Furthermore, a 

long term-exposure of ethanol to neurons can have large impacts on neuronal cells in 

vivo.  Therefore, it was concluded that upon establishing a differentiation model, the 

use of ethanol as a carrier for dissolving other reagents should be avoided or minimized 

in order to avoid the effects of ethanol itself on neuronal cells.  At the concentrations 

of RA used in the differentiation study, the concentrations of ethanol as a carrier were 

found to have effects on differentiation or on expression of other genes.  Hence, the 

NGF-induced differentiation model was examined. 

 

3-4.3 Differentiation induced by NGF in SH-SY5Y cells 

NGF is another potential inducer of neuronal differentiation, the signal transduction 

pathway of which has been extensively studied to date, mainly in PC12 cells 

183,197,272-276.  Therefore, use of NGF as an inducer of differentiation was considered 

suitable to clarify the effects of adenosine, if any, on neuronal differentiation.  

However, whether NGF acts as an inducer of differentiation in human neuroblastoma 

cells is disputed.  The effects of NGF on differentiation in SH-SY5Y cells were 

investigated, and it was found that no substantial morphological changes were seen, 

even at a concentration as high as 1000 ng/ml (Section 3-3.3). 

 

Neuronal cells are rich in glycoconjugates, and they are believed to be involved in the 

development of the nervous system, especially in the formation of the neuronal network 

277.  It has been reported that addition of glycosaminoglycans can greatly enhance the 

differentiation process in PC12 cells 278: PC12 cells have been induced to differentiate 

by treatment with glycosaminoglycans and 1 ng/ml NGF, a concentration at which NGF 

normally can not evoke differentiation in this cell line.  However, experiments showed 

that the SH-SY5Y cells in our laboratory did not differentiate with NGF alone or even 

with the combination of NGF and heparin, conditions that would induce neuronal 

differentiation in PC12 cells 278.  In accordance with the results obtained here, it has 
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been shown that NGF has no effect on the neurite outgrowth in mouse neuroblastoma 

cells 145.  As a result of these experiments, it was concluded that this cell line is not 

responsive enough to NGF in respect of induction of morphological changes.  It was 

speculated that either the SH-SY5Y cells in our laboratory had lost such responsiveness 

to NGF, which happens commonly, or the same cell line used in the report 279 had 

acquired new responsiveness to NGF. 

 

Another crucial point is that SH-SY5Y cells treated with NGF did not stop proliferating 

at all during the treatment.  The fact that NGF did not induce cell growth arrest in 

SH-SY5Y cells is supported by another report 160, which showed that NGF did not have 

a marked effect on the growth of SK-N-SH and SH-SY5Y cells, while treatment with 

dbcAMP caused some cell death. 

 

These data mean that NGF treatment did not satisfy two major features of neuronal 

differentiation: neurite extension and cell growth arrest.  It was concluded that 

neuronal differentiation model with SH-SY5Y cells using these agents were not suitable 

for examining the possible effects of adenosine on differentiation.  Consequently, 

serum deprivation was tested. 

 

3-4.4 Differentiation induced by adenosine in SH-SY5Y cells 

Adenosine has been reported to induce or inhibit neuronal differentiation in different 

models, as described earlier.  To answer to these paradoxical responses of cells to 

adenosine in terms of induction of neuronal differentiation, effects of adenosine on 

neuronal differentiation in this cell line were investigated.  Since, morphologically, 

there was no sign of induction of differentiation of SH-SY5Y cells treated with 1, 10 

and 100 μM adenosine for up to 7 days, as well as clear inhibition of cell growth, it was 

concluded that adenosine alone at the above concentrations does not induce neuronal 

differentiation in SH-SY5Y cells.  The concentration of adenosine in the body has 

been reported to range normally from some hundreds of nM to over 1 μM 7.  On the 

other hand, some article describes the in vitro effects of adenosine on neurons at a 

concentration of 100 μM 4.  Therefore, the concentrations of adenosine used here were 

considered appropriate. 

 

The fact that 100μM adenosine did not induce marked differentiation might be due to 



- Chapter 3: Neuronal Differentiation of Human Neuroblastoma Cells  - 

-         -  82 

the fact that there exists a small amount of adenosine deaminase in serum 280,281 and 

therefore, this may have reduced the levels of adenosine added to the media.  Synthetic 

adenosine ligands, such as CCPA and CGS21680, are not broken down by adenosine 

deaminase and often used in combination with adenosine deaminase to exclude the 

potential influence of endogenous adenosine 80,81,282-287. 

In addition to the above possibility, some neuroblastoma cell lines, such as C1300 

neuroblastoma cells, are known to release adenosine to the growth media 288.  A 

long-period exposure to ‘self-derived’ adenosine may make cells insensitive to the 

‘added’ adenosine for its signaling to some extent.  The amount of adenosine 

administered in chapter 3 might have not been sufficient to stimulate its receptors for 

this reason if SH-SY5Y cells excrete adenosine to the media. 

 

For these above reasons, there still is a possibility that adenosine can induce neuronal 

differentiation in SH-SY5Y cells at higher doses, or that it requires a longer time than 

seven days for adenosine to exert its differentiation-inducing action on the cell line.  

However, in either case, the potential of adenosine to act as an inducer of neuronal 

differentiation on this cell line was considered not large, and thus, the detection of such 

effects, if any, would be difficult.  Another differentiation model for exploring the 

possible effects of adenosine on differentiation was tested. 

 

3-4.5 Differentiation induced by serum deprivation in SH-SY5Y cells 

Serum deprivation was examined as a means to induce differentiation in the cell line, in 

spite of a poor understanding of the induction mechanism.  Preliminary, serum 

concentrations of 0%, 0.5% and 1.0% were examined for their effects on induction of 

neuronal differentiation.  It was found that FBS at 0.5% was best for investigating the 

effects of adenosine and other potential agents.  It was also shown that the time taken 

for the majority of the cell population to begin to differentiate in the presence of 0.5% 

FBS was reproducible, and that the extent of differentiation attained was also similar 

percentage: 25-35% by week 1, and 40-60% by week 2.  The extent of differentiation 

in control cells (untreated and grown in 10% FBS) was normally 5% or less.  

Therefore, this differentiation model was considered useful for investigating effects of 

other agents on differentiation.  It was also found that the type of differentiation, in 

terms of cell morphology, induced by serum deprivation, was the bipolar type as found 

in RA-induced cells.  Furthermore, a small number of cells with a larger cell body and 
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more than one nucleus were also seen in the differentiated population.  Taken together, 

it seems that there are some similarities in features between cells differentiated by RA 

and serum deprivation, although different mechanisms of induction of differentiation 

may be involved. 

 

Serum deprivation does cause major cellular events, such as cell growth arrest, cellular 

differentiation and cell death, depending on the cell type and other conditions involved.  

However, very little about the mechanism(s) is currently known due to the presence of 

too many known and unknown substances in the serum.  Since serum is what remains 

from the whole blood after the blood has spontaneously clotted (the activation of 

platelets, therefore it lacks fibrinogen while plasma does not), and all the blood cells 

have been removed, including erythrocytes, leukocytes and lymphocytes, serum 

contains many inorganic substances, including ions (salts), vitamins, and trace elements, 

and organic substances (the majority is protein, such as albumins and globulins), 

including amino acids, sugars, fats, cholesterol, various kinds of hormones (e.g. insulin 

and steroid hormones) and growth factors (e.g. PDGF) 289-294.  The fact that serum 

deprivation induced differentiation in SH-SY5Y cells indicates the presence of factor(s) 

in the serum (presumably growth factors?) that regulate cell growth and cellular 

differentiation.  Absence of these factors would turn on the ‘switch’, or turn off the 

‘inhibitory switch’ to induce cells into the state of differentiation.  Whatever the factors 

are, it seems likely that the factors convey signals to the cell nucleuses by known or 

unknown signal transduction pathways.  This could be only one pathway or a 

combination of several pathways. 

 

3-4.6 Expression of NF subunit proteins in differentiation 

It was found that the serum deprivation-induced differentiation model involved 

increases in NF-H, one of the marker proteins for neuronal differentiation.  It also 

became clear that the other components of NF, NF-M and NF-L displayed a different 

expression pattern to that of NF-H in this serum deprivation model.  These findings are 

intriguing.  Although NF is comprised of NF-H, M and L subunit proteins, these three 

proteins are separate proteins encoded by separate genes.  The results obtained here 

also show that they are regulated differently.  NF subunit proteins as well as TH, 

another marker protein for neuronal differentiation, have been shown to be the targets of 

PKA and CaMKII, but although the role of the phosphorylated form of NF is generally 
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thought to be the active state, little is known about the significance of this 

phosphorylation in neuronal cells to date 108.  NF is believed to help support and 

strengthen the axons of nerve cells 295.  In addition, the expression of NF subunit 

proteins is also regulated differently from cell to cell: it has been reported that 

SK-N-MC, a human neuroblastoma cell line, expresses only NF-L while SH-SY5Y cells 

express all three, NF-H, M and L, meaning more neuronally differentiated 158.  

Differentiation of SH-SY5Y cells induced by TPA has been reported to increase NF-H 

protein levels 161.  Furthermore, SH-SY5Y cells induced to differentiate by two-day 

treatment of either RA or dbcAMP have been shown to increase the levels of NF-H and 

NF-M 296.  BE-(2)-C cells, a subclone of human neuroblastoma SK-N-BE(2) cells, 

have been shown to increase NF-M protein levels when induced to differentiate by RA 

whilst they have been shown to decrease NF-M protein levels when induced to 

differentiate into non-neuronal-like cells (large, flat, epithelial-like) by BrdU 162.  In 

PC12 cells induced to differentiate by hyperoxia, levels of NF-M protein have been 

reported to increase along with TH, another marker for neuronal differentiation 214.  In 

NGF-induced PC12 cells, NF-L gene has been shown to be induced at the transcription 

level 297.  NGF-induced expression of NF-L has also been shown to be partially 

inhibited by PD098,059  297.  In A126-1B2 and 123.7 cells, two mutant lines of PC12 

cells that are deficient in PKA (not in the parental PC12 cell line) and responsive to RA 

for differentiation, RA induced differentiation along with the expression of the mRNAs 

for NF-M and GAP-43, another marker for neuronal differentiation 210. 

 

3-4.7 The use of DMSO and its potential effects on differentiation 

The use of DMSO as a carrier in the growth medium must be treated with extreme care 

as DMSO per se is an inducer of differentiation in some cell lines (e.g. human leukemia 

HL60 cells, see Chapter 1).  However, complete avoidance of contact of cells with 

DMSO can be difficult and impractical as almost all the cell lines are kept frozen for 

store using very high concentrations of DMSO (normally 5-10% (v/v)) as an 

indispensable freezing agent 157.  In addition, DMSO is a good solvent 298 for many 

chemical compounds including various adenosine ligands, protein kinase inhibitors and 

other chemicals and reagents used in this series of research work.  DMSO also 

possesses a convenient physical property: it can be mixed with water or ethanol at any 

ratio.  Therefore, the use of DMSO cannot be avoided, but must be minimized. 
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Possible effects of DMSO on differentiation were carefully examined and low 

concentrations that have negligible effects on differentiation were chosen before 

carrying out such experiments, involving use of DMSO.  DMSO at 1% did not cause 

any apparent morphological changes only for short period of time (1 – 2 days), however, 

exposure of the cells to DMSO at the same concentration for longer periods, sometimes 

caused morphological changes with similar features to those seen with cells treated with 

serum deprivation (data not shown).  DMSO at 0.5% did not cause any apparent 

morphological changes compared to untreated cells even after 3 weeks of culture (data 

not shown).   In all experiments carried out in Chapters 4, 5 and 6, the concentration 

of DMSO in growth media was kept under 1/400 volume of the media, which is a final 

concentration of 0.25%.  DMSO alone has been reported to induce differentiation in 

rat neuroblastoma x glioma hybrid NG108-15 cells at the concentration as low as 1.5% 

175 

 

Having established the serum deprivation-induced differentiation model using 

SH-SY5Y cells, the study focuses on the possible effects of adenosine on neuronal 

differentiation in the following chapter. 
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Chapter 4 
——————————————————————————————————— 

Adenosine Analogues and Enhancement of 

Differentiation 

 

 

 

 

 

4-1 Introduction 

The VIP receptor is one of the members of the GPCR superfamily and coupled to 

adenylate cyclase positively via Gs.  Stimulation of VIP receptors has been shown to 

induce neuronal differentiation in rat adrenal pheochromocytoma PC12 cells 148 and has 

been implicated to enhance the neuronal differentiation by RA in human SH-SY5Y cells 

as well 148.  Signalling from the VIP receptor may share signaling through the 

adenosine A2A receptor in view of neuronal differentiation.  Moreover, dbcAMP has 

been shown to induce neuronal differentiation in both SH-SY5Y and PC12 cells 

147,151,160,164.  Collectively, activation of PKA appears to be sufficient to cause neuronal 

differentiation in these cell lines.  Adenosine has been shown to assist neuronal 

differentiation in PC12 cells induced by NGF 78,299.  An adenosine analogue NECA, a 

non-selective agonist, enhances neurite extension induced by NGF in PC12 cells, but on 

its own, it does not induce neuronal differentiation in this cell line 98.  On the other 

hand, adenosine has been shown to inhibit neuronal differentiation in sensory neurons 

(adult mouse dorsal root ganglion neurons) 4.  This inconsistency may partly be due to 

the receptor subtype(s) expressed in the cells of interest and possibly be due to the 

presence of a signal transduction pathway(s) attached to the adenosine receptor(s). 

 

Among several different differentiation models tested in Chapter 3, the serum 

deprivation-induced model was selected to examine the adenosine signaling-involving 

differentiation.  Since SH-SY5Y cells express both the adenosine A1 and A2A receptors 

(Chapter 2), selective agonists for each adenosine receptor subtype were used to 

investigate their impact on the serum deprivation-induced differentiation.  Based on 



- Chapter 4: Adenosine Analogues and Differentiation - 

-         -  88 

the currently perceived role of intracellular cAMP in neuronal differentiation, 

stimulation of adenosine A2A receptors would be expected to enhance differentiation and 

stimulation of adenosine A1 receptors would be expected to suppress differentiation.  

Simultaneous co-stimulation of the A1 and A2A receptors was also carried out to 

examine whether or not there would be additive, synergistic or other effects on 

differentiation.  Subtype-specific antagonists were also used to confirm whether or not 

the effects of selective agonists on differentiation would be reversible. 

 

4-2 Materials & Methods 

 

4-2.1 Chemicals and reagents 

FALCON® culture flasks (25 cm2, 80 cm2, 175 cm2) and disposal plastic pipettes were 

purchased from Macalaster Bicknell (New Haven, Connecticut, USA).  12 well-plates 

were obtained from Corning Life Sciences (Acton, Maryland, USA).  RPMI 1640, 

PBS, trypsin, GlutaMax I, non-essential fatty acid solution, pyruvic acid and 

gentamycin were purchased from GIBCO (Carlsbad, USA).  Forskolin, CCPA, 

CGS15943, CGS21680, DPCPX and guanidine thiocyanate were purchased from 

Sigma-Aldrich (St. Louis, USA). 

 

4-2.2 Cell culture 

Cells were maintained as described in Section 3-2.2. 

 

4-2.3 Differentiation of cells by serum deprivation 

Cells were induced to differentiate on 12 well plates, as described in Section 3-2.7. 

 

4-2.4 Drug preparations and administration 

CCPA, CGS15943, CGS21680 and DPCPX were dissolved in DMSO and either used 

right after preparation or kept at –80C protected from light until use.  Adenosine 

deaminase was diluted in PBS just before adding to the culture and added to the culture 

at the final concentration of 0.5 units per ml.  Cells grown in normal conditions were 

seeded on 12 well plates at a cell density of 50,000 cells per well and allowed to grow 

overnight in 1 ml growth medium containing 10% FBS.  The next day, the medium 

was carefully removed and replaced with 3.2 ml of the same growth medium containing 
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0.5% FBS.  Adenosine receptor ligands were added to the culture in 1/400 of the 

volume of the growth medium (0.25% (v/v)). 

 

4-2.5 Evaluation of cell morphology 

Evaluation of cell morphology was carried out as described in Section 3-2.7. 

 

4-2.6 Data analysis 

Data were analyzed for statistical significance using unpaired t-test (assuming unequal 

variances, two-tail) against control, and ANOVA (analysis of variance) 300-306.  For 

comparison between two groups (control and test), unpaired t-test (assuming unequal 

variances, two-tail) was used.  For comparison between control and other test groups, 

ANOVA and unpaired t-test (assuming unequal variances, two-tail) were used. 

 

4-3 Results 

 

4-3.1 Differentiation enhancement by adenosine receptor agonists in SH-SY5Y cells 

SH-SY5Y cells were treated with either CCPA (selective adenosine A1 receptor agonist) 

or CGS21680 (selective adenosine A2A receptor agonist) during the process of 

differentiation induced by serum deprivation (0.5% serum) and assessed for 

morphological change, as described in Sections 3-2.7, 3-2.8 and 3-2.9.  All the 

adenosine receptor ligands, including antagonists, were dissolved in DMSO.  In 

preliminary tests, it was found that 0.25 and 0.5% DMSO had no effect on 

differentiation during serum deprivation for at least 2 weeks (data not shown).  Cells 

cultured under serum deprivation, both with and without drug treatment, displayed 

morphological changes (Figs. 4-1A, B, C and D).  At day 7, control cells were 27% 

differentiated.  Cells treated with 10 and 30 nM CCPA seemed to show no further 

differentiation above that of control cells, but 100 nM CCPA showed 41% 

differentiation.  In particular, 100 nM CCPA, 10 and 30 nM CGS21680-treated cells 

exhibited 41% (1.5-fold), 45% (1.7-fold) and 47% (1.8-fold) differentiation 

(respectively) over the control and this was statistically significant (p < 0.05) (Fig. 4-2).  

The effects of the combination of CCPA and CGS21680 were also examined.  The 

combination of 100 nM CCPA and 30 nM CGS21680 gave 64% differentiation 

compared to the control cells which were 35% differentiated, and this was statistically 

significant (p < 0.001) (Fig. 4-2C). 
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4-3.2 Effect of adenosine receptor antagonists 

To confirm that the promoting effects of adenosine receptor agonists are operating 

through their specific receptors, an experiment with their selective antagonists was 

performed.  The enhancement of differentiation seen in Fig. 4-2 was reversed to the 

control level by the addition of selective and competitive adenosine receptor antagonists 

DPCPX and CGS15943. After 7 days, control, 1 μM DPCPX plus 100 nM CCPA 

treatments and 1 μM CGS15943 plus 30 nM CGS21680 treatment displayed 31, 35 and 

35% differentiation, respectively i.e., no statistically significant difference.  These 

antagonists alone at the above concentrations did not affect the extent of the serum 

deprivation-induced differentiation (data not shown). 

 

 
—————————————————————————————————————————— 

Fig. 4-1  Effects of adenosine receptor agonists on differentiation induced by 

serum deprivation 

SH-SY5Y cells were induced to differentiate by serum deprivation (0.5% serum) for 7 

days with or without selective adenosine receptor agonists.  Cells were treated with 

carrier (0.25% DMSO, control) (A), 100 nM CCPA (B), 10 nM CGS21680 (C) or 30 

nM CGS21680 (D) and gave 27%, 41%, 45% and 47% differentiation, respectively, 

after 7 days. 
 

 

(A) 

(x 100) 

 

(x 100) 

(B) 

 

(C) 

(x 100) 

 

(D) 

(x 100) 
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Fig. 4-2  Dose-response effects of adenosine receptor ligands on differentiation 

SH-SY5Y cells were induced to differentiate according to the method in Fig. 3.   

Cells were treated with adenosine receptor ligands as indicated below for 7 days (A) or 

12 days (B).  In (C), the experiment was repeated in the same manner with 100 nM 

CCPA alone, 30 nM CGS21680 alone and in combination for 7 days.  The extent of 

differentiation is expressed as the percentage of differentiated cells in the population.  

Bars represent mean values ± S.E.M. from three independent experiments.  Data were 

analysed for statistical significance using ANOVA. 

 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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Fig. 4-3  Effect of adenosine receptor antagonists on differentiation 

SH-SY5Y cells were induced to differentiate in the presence of selective and 

competitive adenosine receptor antagonists DPCPX (the A1 receptor agonist) and 

CGS15943 (the A2A receptor agonist) according to the method in Fig. 3.   The 

experiment was repeated in the same manner as with CCPA and CGS21680 in 

combination.  The extent of differentiation is expressed as the percentage of 

differentiated cells in the population.  Bars represent mean values ± S.E.M. from three 

independent experiments.  Data were analysed for statistical significance using 

ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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4-4 Discussion 

Contrary to the initial prediction, both the adenosine A1 and A2A receptor agonists were 

shown to enhance the differentiation induced by serum deprivation in human 

neuroblastoma SH-SY5Y cells. 

 

In Fig. 4-2A, increased differentiation by 100 nM CCPA in the cells was observed and 

antagonized by excess DPCPX (Fig. 4-3), indicating that this effect of CCPA was 

specific to the adenosine A1 receptor.  This was unexpected in that the adenosine A1 

receptor is normally coupled to the cAMP-PKA system negatively in many different 

types of cells 42,63,65,107,246,307,308 and elevated levels of intracellular cAMP would be 

expected to induced or assist neuronal differentiation (See Chapter 1). 

 

Moreover, simultaneous co-stimulation of adenosine A1 and A2A receptors also resulted 

in enhancement of differentiation under serum deprivation against control, and the 

extent of differentiation was as great as that caused by DPCPX or CGS21680 alone.  

The combination of DPCPX and CGS21680 should display less differentiation than that 

obtained by either DPCPX or CGS21680 alone if cAMP solely determines 

differentiation and the adenosine A2A receptor is coupled to adenylate cyclase positively.  

It is very likely that the A2A receptor is coupled to adenylate cyclase positively in this 

cell line 130,309-311.  Collectively, the adenosine A1 receptor in this model may not be 

coupled to adenylate cyclase. 

 

Of all the subtypes of adenosine receptors, the A1 receptor does not seem to couple to 

adenylate cyclase in all cases.  The A1 receptor does not couple to adenylate cyclase in 

virgin guinea pig uterus smooth muscle cells 312.  Very interestingly, in pregnant guinea 

pig uterus smooth muscle cells, the A1 receptor has been shown to couple to adenylate 

cyclase and another effector, presumably PLC, that exerted an increased inositol 

phosphate production 313.  Adenosine receptors in rabbit hearts have also been shown 

not to couple to adenylate cyclase.  In the heart, adenosine A1 receptors have been 

reported to be associated with PKC activation through presumably Gi and/or Go (Gi/o) 

120,314-316.  The adenosine A1 receptor transfected into CHO cells has also been shown 

to couple with PKC 317.  In rat kidneys, the activation of adenosine receptors by 

adenosine resulted in the activation of PKC, which was completely abolished by the 

administration of chelerythrine, and was shown to protect kidneys from ischemic 
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re-perfusion 318.  Gq has been shown to be able to couple to some of adenosine receptor 

subtypes.  The activation of PKC by adenosine A2B receptors via Gq, not Gi/o, has also 

been demonstrated 119,319.  Two separate studies have reported that the A2A receptor 

activates PKC 320,321. 

 

In Fig. 4-2B, increased differentiation caused by 30 and 100 nM CGS21680 was 

observed.  Again, this was antagonized by a selective adenosine A2A receptor 

antagonist, CGS15943 (Fig. 4-3), showing the action of CGS21680 had occurred 

through the A2A receptor.  It has been strongly implicated that the adenosine A2A 

receptor in SH-SY5Y cells is coupled to adenylate cyclase positively in other reports 

130,309-311.  Moreover, other related cell lines, such as PC12 cells and human 

neuroblastoma IMR32 cells, possess adenosine A2A receptors, and stimulation of the 

A2A subtype in such cells has been reported to increase intracellular cAMP levels 2,322.  

Therefore, this enhancement by CGS21680 is likely to be mediated by cAMP alone or 

cAMP plus other mediator(s) that is activated by the adenosine A2A receptor, possibly 

PKC and/or p44/42 MAPKs.  The use of a PKA inhibitor in combination with 

CGS21680 would help decide whether cAMP is the only mediator that enhances the 

differentiation induced by serum deprivation. 

 

In neuronal differentiation induced by NGF in PC12 cells, the role of Go appears to be 

important: the expression of Go correlates exactly with the timing of neurite outgrowth 

323.  Go mediates signals from the GPCRs to adenylate cyclase, but it can also activate 

other signaling pathways, including PKC and p44/42 MAPKs.  This may explain the 

enhancement of differentiation by CCPA alone and the combination of CCPA and 

CGS21680, but not by CGS21680 alone in this model since it is very unlikely that the 

A2A receptor is coupled to Go in SH-SY5Y cells.  However, CGS21680 still can 

activate other pathways to potentiate differentiation, or, if the activation of p44/42 

MAPKs by Go were crucial to enhance differentiation, the A2A receptor would stimulate 

the p44/42 MAPKs cascade somewhere downstream the pathway after Go. 

 

There is a report describing that Go may have important effects on neuronal 

differentiation other than suppressing adenylate cyclase in one neuronal cell line 324.  

In F11 cells, cAMP induced neurite outgrowth and also activated CREB.  Use of an 

inhibitor of PKA reduced both neurite outgrowth and the CREB activity.  However, 
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expression of the alpha subunit of Go decreased the average length of neurite outgrowth 

and inhibited the CREB activity, but increased the number of neurite(s) per cell.  

Furthermore, an active mutant of the alpha subunit of Go, which had lost GTPase 

activity and thus could not bind to Gβγ, gave similar results.  All these data suggests 

that 1) the alpha subunit of Go represents the action of Go protein in regulation of 

neurite outgrowth in F11 cells, and Gβγ is not involved, and that 2) Go does not 

necessarily block neurite outgrowth, 3) inhibition of CREB does not necessarily lead to 

blockage of neurite outgrowth, and 4) Go can regulate the pattern of neurites. 

 

Collectively, these results imply that the enhancement of differentiation under serum 

deprivation caused by selective adenosine agonists involves more than just the 

cAMP-PKA pathway, especially for the A1 receptor.  The A1 receptor may couple to 

p44/42 MAPK and/or PKC, both of which are considered to play an important role in 

neuronal differentiation along with PKA.  In this context, an interesting observation 

using primary neuronal cultures has been reported.  It was shown that no coupling 

occurs between PKA and p44/42 MAPKs, where activation of PKA activates p44/42 

MAPKs in the cells from seven days-old animals, but there was coupling observed 

between PKA and p44/42 MAPKs in cells from one day-old animals 325, showing that in 

neuronal cells in different physiological conditions, signal transduction pathways can be 

linked differently.  SH-SY5Y cells under serum deprivation might have developed a 

different signal transduction system to that in the normal condition. 

 

Experiments using selective protein kinase inhibitors are crucial to further investigate 

the mechanism(s) of the enhancement of differentiation by adenosine receptor agonists, 

which will be explored in the next chapter. 
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Chapter 5 
——————————————————————————————————— 

Involvement of Protein Kinases in Serum 

Deprivation-induced Differentiation 

 

 

 

 

 

5-1 Introduction 

Signal transduction pathways are pathways that lead to the cell nuclei from plasma 

membranes, conveying various kinds of external signaling.  Signals through these 

signal transduction pathways regulate both physiological and pathological responses, 

such as cell proliferation, cellular differentiation, cell survival, programmed cell death 

(apoptosis) and carcinogenesis.  This chapter examines the commitment of key protein 

kinases that play major roles in signal transduction pathways leading to differentiation 

in the previous serum deprivation-induced differentiation model. 

 

Studies on neuronal differentiation of PC12 cells induced by NGF have been intensively 

performed and the knowledge on the mechanisms of that has been accumulated greatly 

in the past 20 some years.  However, little is known about the mechanism(s) of 

differentiation induced by serum deprivation in neuroblastoma cells.  During neuronal 

differentiation induced by several different types of inducers, intracellular cAMP often 

plays an important role 147,148,164,219,263.  Since elevated levels of intracellular cAMP can 

activate PKA, the possible involvement of PKA in differentiation induced by serum 

deprivation with or without the presence of selective adenosine receptor agonists was 

investigated. 

 

The classical p44 and p42 MAPKs (ERK1 and ERK2, respectively), initially identified 

as serine-threonine kinases activated by growth factors (e.g. EGF and PDGF) or 

hormones (e.g. insulin and isoproterenol), respectively, through GPCRs (refer to 

Fig.1-10) 326, are now identified as protein kinases involving a wider context: neuronal 
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differentiation, activation of and secretion by immunocytes, long-term potentiation 

(LTP) in hippocampus 112.  The classical MAPK cascade is one of the most basic and 

important signal transduction pathways widely used for various responses to 

extracellular stimuli and major cellular events, which even include stimuli not related to 

cell growth, such as adhesion and shear stress 327,328.  Protein biosynthesis and 

phospholipase A2 (PLA2) activation leading to eicosanoids, including prostaglandins 

and leukotrienes, are located downstream of p44/42 MAPKs 110,114,329,330.  Recently, 

several studies have revealed that the activation of the p44/42 MAPKs cascade is 

important in NGF-induced differentiation in PC12 cells 111,195-197.  Activation of p44/42 

MAPKs by all four adenosine receptor subtypes in CHO cells has also been reported 107.  

With this background, the possible involvement of p44/42 MAPKs in differentiation 

induced by serum deprivation was investigated. 

 

On the other hand, a direct prolonged activator of PKC, TPA, induces neuronal 

differentiation in many neuroblastoma cell lines, including SH-SY5Y, SK-N-SH, 

IMR32 cells and many other neuroblastoma cell lines 149,150,161,162.  Activation of PKC 

has also been observed in NGF-induced differentiation of PC12 cells 331,332.  

Furthermore, activation of PKC has also been reported to enhance neurite outgrowth in 

primary neurons 333.  Apart from the involvement of PKC in neuronal differentiation, 

PKC has been shown to be involved in many cellular responses to extracellular stimuli 

and major cellular events including cell proliferation 334-336, which means PKC is tightly 

connected to the growth factor receptors-p44/42 MAPKs cascade as well.  Thus, the 

possible involvement of PKA, p44/42 MAPKs and PKC in the serum 

deprivation-induced differentiation model plus in the enhancement of differentiation by 

CCPA and CGS21680 as observed in Chapter 4 was examined in this chapter. 

 

5-2 Materials & Methods 

 

5-2.1 Chemicals & reagents 

Culture flasks (25 cm2, 80 cm2 and 175 cm2), disposal plastic pipettes were purchased 

from FALCON (USA). 12 well-plates were obtained from COSTAR (USA).  RPMI 

1640, PBS, trypsin, GlutaMax I, non-essential fatty acid solution, pyruvic acid, 

gentamycin were purchased from GIBCO (Carlsbad, USA).  NGF, heparin, CCPA, 

CGS21680, chelerythrine chloride, H-89, PD098,059, guanidine thiocyanate were 
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purchased from Sigma-Aldrich (St. Louis, USA).  DNase I, AMV-RT (avian 

myeloblastosis virus reverse transcriptase), dNTPs (deoxynucleotide mix), Taq DNA 

polymerase were obtained from Promega (Madison, USA) and QIAGEN (Hilden, 

Germany). 

 

 

—————————————————————————————————————— 

 

Fig. 5-1  Structures of chelerythrine, H-89 and PD098,059 

(Chelerythrine chloride: C21H18NO4Cl   FW 383.8; H-89: C20H20BrN3O2S 2HCl          

FW 519.3; PD098,059: C16H13NO3   FW 267.3) 

—————————————————————————————————————— 

 

 

5-2.2 Cell culture 

Cells were maintained as described in Section 3-2.2. 

 

5-2.3 Differentiation of cells by serum deprivation 

Cells were induced to differentiate as described in Section 3-2.7. 
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either used right after preparation or kept at –80C protected from light until use.  

Adenosine deaminase was diluted in PBS just before adding to the culture first and then 

added to the culture at the final concentration of 0.25 units per ml.  Cells grown in 

normal conditions were seeded on 12 well plates at a cell density of 50,000 cells per 

well and allowed to grow overnight in 1 ml growth medium containing 10% FBS.  The 

next day, the medium was carefully removed and replaced with 3.2 ml of the same 

growth medium containing 0.5% FBS.  Drugs were added to the culture in 1/400 of the 

volume of the growth medium (0.25% (v/v)) such that the desired concentrations were 

obtained.  For kinase inhibitor experiments, cells were first treated with adequate 

concentrations of kinase inhibitors for 20 to 30 minutes and followed by adenosine 

receptor ligands. 

 

5-2.5 Evaluation of cell morphology 

Evaluation of cell morphology was carried out as described in Section 3-2.7. 

 

5-2.6 Data analysis 

Data were analyzed for statistical significance using unpaired t-test (assuming unequal 

variances, two-tail) against control, and ANOVA. 

 

5-3 Results 

 

5-3.1 Effects of PKA inhibitor on differentiation enhancement by adenosine receptor 

agonists 

The possible involvement of PKA activation in the enhancement of differentiation due 

to adenosine receptor agonists was examined.  In a preliminary study, it was found that 

H-89 alone at concentrations normally used with cultured cells (1 – 10 μM) 337-341, 

caused a considerable increase in the differentiation by serum deprivation in this cell 

line.  However, 10 μM H-89 was found to be extremely cytotoxic for SH-SY5Y cells, 

and almost all the cells treated with H-89 at this concentration died within a few days 

under serum deprivation (0.5% FBS) despite this being within the range of 

concentrations normally used 337-341.  Dose-response experiment with the kinase 

inhibitor revealed that 1 nM H-89 had no apparent effect on differentiation, and 100 nM 

showed a tendency towards an enhancing effect on differentiation (p < 0.1, Fig. 5-2A).  
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Although H-89 at high concentrations itself enhanced the differentiation induced by 

serum deprivation in this cell line, it did not affect the enhancement caused by 

CGS21680 (Fig. 5-2B).  The extent of differentiation seen in cells treated with 10 nM 

H-89 alone was 63% and that for 100 nM CCPA + 10 nM H-89 and 30 nM CGS21680 + 

10 nM H-89 was not statistically significant (p < 0.1) from cells with H-89 alone (75% 

and 86%, respectively).  The promoting effects by the combination of CCPA and 

CGS21680 (71%, not significant) were not seen in the presence of 10 nM H-89. 

 

5-3.2 Effects of MAPKK inhibitor on differentiation enhancement by adenosine receptor 

agonists 

To investigate the possibility of a p44/42 MAPKs cascade involvement, the effects of 

PD098,059 on the enhancement of differentiation by selective adenosine agonists were 

examined.  Again, it was found that 100 nM and 1 μM PD098,059, concentrations that 

are commonly used, caused a considerable increase in the differentiation induced by 

serum deprivation in this cell line (Fig. 5-3A).  To avoid the possible masking effects, 

10 nM was used for this experiment.  At this concentration, there was not a statistically 

significant difference between control cells and cells treated with 10 nM PD098,059 

(data not shown).  The results showed that, with 10 nM PD098,059, there was not any 

further promoting effects of adenosine receptor agonists in 100 nM CCPA-treated, 30 

nM CGS21680-treated or both treated cells (Fig. 5-3B).  In the presence of higher 

concentrations of PD098,059 (1 and 10 μM), the effects of adenosine agonists on 

differentiation were not observed (Figs. 5-4A & B, respectively). 

 

5-3.3 Effects of PKC inhibitor on differentiation enhancement by adenosine receptor 

agonists 

The selective PKC inhibitor chelerythrine chloride alone, at concentrations between 1 

nM and 100 nM, did not affect the differentiation induced by serum deprivation (Fig. 

5-5).  However, 1 μM chelerythrine decreased differentiation to 18% compared with 

34% seen in control cells (49% reduction, statistically significant (p < 0.05)) (Fig. 5-5).  

In combination with 100 nM chelerythrine, control, 100 nM CCPA, 30 nM CGS21680 

and 100 nM CCPA + 30 nM CGS21680 treatments induced 31%, 38% (not statistically 

significant), 34% (not statistically significant) and 40% (not statistically significant) 

(respectively) differentiation (Fig. 5-6A).  With the higher concentration of 1 μM 

chelerythrine, control, 100 nM CCPA, 30 nM CGS21680 and 100 nM CCPA + 30 nM 
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CGS21680 treatments gave 10%, 14% (not statistically significant), 14% (not 

statistically significant), 14% (not statistically significant) (respectively) differentiation 

(Fig. 5-6B), demonstrating that chelerythrine is very potent in suppressing any 

enhancement caused by A1 or A2A receptor agonists as well as suppressing the 

differentiation by serum deprivation itself. 
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(A) 

(B)  

 

Fig. 5-2  Effects of a selective PKA inhibitor, H-89 on differentiation 

According to the method in Section 3-2.7, SH-SY5Y cells were induced to 

differentiate by serum deprivation with or without the concentrations of H-89 indicated 

in the figure (A).   Effects of CCPA and CGS21680 on differentiation in the presence 

of 10 nM H-89 were also investigated (B).  The extent of differentiation is expressed 

as the percentage of differentiated cells in the population.  Bars represent mean values 

± S.E.M. from three independent experiments.  Data were analysed for statistical 

significance using ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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(A) 

(B) 

Fig. 5-3  Effect of a selective p44/42 MAPKK inhibitor, PD098.059 on 

differentiation 

According to the method in Section 3-2.7, SH-SY5Y cells were induced to 

differentiate by serum deprivation with or without various concentrations of 

PD098,059 indicated in the figure (A).  Effects of CCPA and CGS21680 on 

differentiation in the presence of 10 nM PD098,059 were also investigated (B).  The 

extent of differentiation is expressed as the percentage of differentiated cells in the 

population.  Bars represent mean values ± S.E.M. from three independent 

experiments.  Data were analysed for statistical significance using ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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(A) 

(B) 

 

Fig. 5-4  Effects of a selective MAPKK inhibitor (1 &10 µM) on differentiation 

According to the method in Section 3-2.7, SH-SY5Y cells were induced to 

differentiate by serum deprivation, and effects of CCPA and CGS21680 on 

differentiation in the presence of 1 (A) or 10 μM (B) PD098,059 were investigated.  

The extent of differentiation is expressed as the percentage of differentiated cells in the 

population.  Bars represent mean values ± S.E.M. from three independent 

experiments.  Data were analysed for statistical significance using ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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Fig. 5-5  Effects of a selective PKC inhibitor on differentiation 

SH-SY5Y cells were induced to differentiate according to the method in Section 3-2.7, and 

effects of chelerythrine on differentiation were investigated.  The extent of differentiation 

is expressed as the percentage of differentiated cells in the population.  Bars represent mean 

values ± S.E.M. from three independent experiments.  Data were analysed for statistical 

significance using ANOVA. 

Note: N.S.   indicates statistically not significant compared to control. 

†        indicates statistically significant compared to control with p < 0.1 

*        indicates statistically significant compared to control with p < 0.05 

**      indicates statistically significant compared to control with p < 0.01 

***    indicates statistically significant compared to control with p < 0.001 
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(A) 

 

(B) 

Fig. 5-6  Effects of a PKC inhibitor on differentiation enhancement 

According to the method in Section 3-2.7, SH-SY5Y cells were induced to 

differentiate by serum deprivation, and effects of CCPA and CGS21680 on 

differentiation in the presence of 100 nM (A) or 1 μM (B) chelerythrine were 

investigated.  The extent of differentiation is expressed as the percentage of 

differentiated cells in the population.  Bars represent mean values ± S.E.M. from three 

independent experiments.  Data were analysed for statistical significance using 

ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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(A) 

(B) 

Fig. 5-7  Effects of forskolin on differentiation in the presence of H-89 

According to the method in Section 3-2.7, SH-SY5Y cells were induced to 

differentiate by serum deprivation, and effects of forskolin on differentiation in the 

presence of 10 (A) or 100 nM (B) H-89 for one week were investigated.   The extent 

of differentiation is expressed as the percentage of differentiated cells in the population.  

Bars represent mean values ± S.E.M. from three independent experiments.  Data were 

analysed for statistical significance using ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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5-4 Discussion 

The data demonstrated in this chapter, taken together with the results from Chapter 4 

suggest that there exist different mechanisms for the induction of serum 

deprivation-induced differentiation in SH-SY5Y cells and for the enhancement of 

differentiation in this model caused by CCPA and CGS21680. 

 

5-4.1 H-89 and serum deprivation-induced neuronal differentiation 

In Fig. 5-2A, the PKA inhibitor H-89 alone increased serum deprivation-induced 

differentiation in a dose-dependent manner (Control, 32%; 1 nM H-89, 36%; 10 nM 

H-89, 39%; 100 nM H-89, 48%).  In a preliminary examination, 1 μM H-89 showed 

88% differentiation while control cells were 34% differentiated.  This shows that the 

inhibition of PKA activity plays a large role in this serum deprivation-induced 

differentiation model, but in the opposite way to the dbcAMP-induced differentiation in 

SH-SY5Y 151,160,164, IMR32 154 and PC12 cells 218,342.  It is possible that serum 

deprivation triggers differentiation because it removes from the growth media certain 

factor(s) that continuously stimulate the activation of PKA or some component(s) of 

signal transduction pathways downstream of PKA in the cells.  Therefore, the 

mechanisms by which serum deprivation induces differentiation in SH-SY5Y cells may 

partly be due to the inhibition of PKA.  Potential factor(s) in serum that could 

stimulate the cAMP-PKA signaling pathway will include growth factors, such as IGF-I, 

-II, insulin and PDGF.  They can do so in a way that they act through the activation of 

their RTKs, activating p44/42 MAPKs and CREB.  The fact that the use of H-89 

potentiated differentiation was in agreement with the fact that the adenosine A1 receptor 

enhanced it (Fig. 4-2A & C) given that reduction of intracellular cAMP levels was the 

only determiner.  However, this does not exclude the possibility that the A1 receptor 

can couple to other signaling components. 

 

5-4.2 H-89 and adenosine receptor-mediated enhancement of differentiation 

In Fig. 5-2B, there was no further enhancement of differentiation caused by CCPA in 

the presence of 10 nM H-89 whilst the enhancement was seen in the absence of H-89 

(Fig. 4-2A & C).  In contrast, there was a tendency of further enhancement by 

CGS21680 in the presence of 10 nM H-89 (p < 0.1), implicating a possibility that 

activation of PKA through the A2A receptor was contributing to the enhancement.  On 

the other hand, the promoting effects of the A2A receptor in combination with CCPA 
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were not observed, indicating part of, or the whole promoting effects of the A2A receptor 

on differentiation were antagonised by the stimulation of the A1 receptor, which again 

suggests the involvement of activation of PKA in the A2A receptor-induced enhancement 

of differentiation. 

 

5-4.3 PD098,059 and serum deprivation-induced neuronal differentiation 

In NGF-induced differentiation of PC12 cells, activation of p44/42 MAPKs has been 

reported vital for induction of differentiation 196,197,343.  Thus, a possible involvement 

of p44/42 MAPKs in the serum deprivation-induced differentiation of SH-SY5Y cells 

was investigated.  In a separate experiment from Fig. 5-4, 1 and 10 μM PD098,059 

potentiated differentiation greatly, resulting in 69% (p < 0.05) and 76% (p < 0.001) 

(respectively) differentiation compared to 30% in control cells (p < 0.001).  It should 

be noted that the inhibition of p44/42 MAPKs did contribute to the enhancement of 

differentiation in this model, not the stimulation of p44/42 MAPKs, making a clear 

contrast to the mechanism by which PC12 cells are induced to differentiate by NGF.  

This phenomenon was similar to what happened with the PKA inhibitor H-89 (Fig. 5-2).  

These two results implicate a possible link between the activation of PKA and p44/42 

MAPKs.  The mechanisms for the serum deprivation-induced and the 

PD098,059-induced enhancement of differentiation may be explained by the lack of 

stimulation from growth factors in the serum. 

 

5-4.4 Possible involvement of p44/42 MAPKs in adenosine receptors-mediated 

enhancement of differentiation 

Apart from the cAMP-PKA system, several other signal transduction pathways, such as 

PLC-PKC, Ca2+-CaM, PI3K-PDK and the p44/42 MAPKs cascade (refer to Chapter 1), 

are known to be activated by adenosine receptors to date 107,120,124,344,345.  Among such 

reports, interestingly, it has been shown that, in CHO cells stably transfected separately 

with human adenosine A1, A2A, A2B and A3 receptor genes, stimulation of each of these 

subtypes with NECA, a non-selective adenosine receptor agonist, resulted in activation 

of p44/42 MAPKs cascade, despite the different cAMP responses among the subtypes 

107.  Presumably, the A1 and A3 receptors could activate the MAPKs cascade in the 

same way as muscarinic M2 and M4 receptors, both of which are known to be coupled to 

Gi/o (refer to Fig. 1-3). 
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This is an interesting finding considering the different regulations of cAMP by each of 

four adenosine receptor subtypes since activation of PKA normally leads to suppression 

of p44/42 MAPKs across many different types of cells 346-351 excluding neuronal and 

endocrine-related cells 343,347,352.  This means that, at least in these transfected CHO 

cells, it is either 1) the adenosine A2A and A2B receptors were not coupled to adenylate 

cyclase positively via Gs, 2) the A2A and A2B receptors were functionally coupled to 

adenylate cyclase positively, but the intensity of the signaling produced by the 

activation of other factors, such as PKC, to activate p44/42 MAPKs overcame the 

intensity of the signaling to suppress p44/42 MAPKs created by PKA, 3) due to the 

transfection procedures or some other unknown mechanisms accompanied by 

transfection, the intracellular signal transduction system of the transfected CHO cells 

became that of a neuronal cell type, namely by the expression of B-Raf protein. 

 

Nevertheless, this study shows that any of adenosine receptor subtype could potentially 

activate the p44/42 MAPKs signaling pathway, independent of the mode of coupling to 

adenylate cyclase. 

 

5-4.5 p44/42 MAPKs and neuronal differentiation of PC12 induced by NGF 

NGF has many biological activities through its tyrosine kinase-type receptor (confer Fig. 

1-3), including induction of neuronal differentiation, cell survival and cell growth, 

among which, effects on neuronal differentiation have been shown to use the p44/42 

MAPKs cascade: differentiation of PC12 cells by NGF was completely blocked by the 

p44/42 MAPKK inhibitor PD098,095, without affecting the activation of trkA, the high 

affinity NGF receptor, or altering cell viability, implying that the neuro-survival action 

of NGF can be separated from that of the differentiation-inducing action, and that the 

differentiation process involves and requires the activation of p44/42 MAPKs while the 

neuro-survival process does not require it 197.  This study indicates that, among several 

different actions of NGF, the differentiation-inducing effect requires activation of 

p44/42 MAPKs.  Recently, it has been shown that p44/42 MAPKs activation is crucial 

in neuronal differentiation induced by cAMP in PC12 cells and that this involved the 

activation of B-Raf protein and one of the Ras protein-related proteins, Rap1 343, thus, 

suggesting that the cAMP-PKA signaling is linking to the p44/42 MAPKs cascade and 

that the MAPKs cascade is also important in PKA-mediated differentiation. 
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5-4.6 Chelerythrine and serum deprivation-induced neuronal differentiation 

Using a selective PKC inhibitor chelerythrine, the possible involvement of PKC in 

differentiation of SH-SY5Y cells was examined.  In Fig. 5-5, 1 μM chelerythrine alone 

greatly suppressed the differentiation (10% vs. 30% (control)).  This strongly indicates 

that the differentiation induced by serum deprivation in this cell line involves and 

requires activation of PKC for induction of differentiation.  In spite of different 

conditions, all these data are in good accordance with a report where the differentiation 

of SH-SY5Y cells induced by TPA was blocked by a selective PKC inhibitor 

3-[N-(dimethylamino)propyl-3-indolyl]-4-[3-indolyl]maleimide) (GF109203X) in a 

dose-dependent fashion 353 in the presence of serum.  This study, as well as many other 

reports, shows that the SH-SY5Y cell line responses to external stimuli that activate 

cellular PKC and is induced to differentiate, the action of which can be blocked by a 

selective PKC inhibitor chelerythrine.  On the other hand, serum deprivation induced 

neuronal differentiation in this cell line, which was greatly reduced by chelerythrine in a 

dose-dependent manner.  It can be concluded that serum deprivation induced neuronal 

differentiation in SH-SY5Y cells by a mechanism where activation of PKC plays a 

major role. 

 

In the literature, most of the reported types of adenosine receptors involving activation 

of PKC in the heart are the A1 or A3 120,314-316,344,354.  This seems reasonable in that 

GPCRs coupled to Gq or G11 (a member of the Gq family) have been reported to activate 

the PLC-β-PKC signaling pathway 355-359, and GPCRs that are not coupled to Gq or G11, 

but Gi or Go, have been shown to sometimes cross-talk to ‘Gq/11-coupled receptors’ 

360-363 although ‘Gi/o-coupled receptors’ themselves normally do not seem to activate 

PKC directly (Gi may induce activation of PKC directly in platelets 364).  It is very 

likely that both the adenosine A1 and A3 receptors possess the potential capability to 

activate PKC in this differentiation model. 

 

Apart from the adenosine receptors in the heart, coupling of adenosine receptors 

involving activation of the PLC-PKC signaling pathway in DDT1 MF-2 smooth muscle 

cells (the A1 receptor) 365,366, CHO cells transfected human adenosine A1 receptor gene 

317,367 and PC12 cells (the A2A receptor) 321 has been described.  In the case of the 

adenosine A2A receptor, on the contrary, it has not been clear yet how Gs can activate 

PKC, but it appears to be one of the G protein-G protein interaction mechanisms.  
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Taken together, signal transduction pathways for the adenosine A1 and A2A receptors 

leading to neuronal differentiation in SH-SY5Y cells have been proposed (Fig. 5-9).  

The A1 receptor may have three potential routs of exerting neuronal differentiation via 

PKC: 1) the Gi/o → Gβγ → PKC, 2) the Gi/o → other GPCR(s) with Gq/11 → PKC, and 

3) the Gq/11 → PKC pathways. 

 

5-4.7 Serum deprivation and PKC 

Since serum stimulation has been reported to induce the activation of PKC 368, serum 

deprivation would be assumed to suppress its activity.  In this differentiation model, 

serum deprivation induced neuronal differentiation and so it does in other cell lines 

235,238.  Would the activation of PKC be suppressed in this model?  If so, the use of a 

PKC inhibitor should enhance differentiation.  Considering the fact that several studies 

have been reported that the activation of PKC contributes to induction of neuronal 

differentiation in neuronal cells (see Table 1-3) and that the use of chelerythrine 

reduced differentiation in this model, it was concluded that the activation of PKC was 

involved in neuronal differentiation in this model and that serum deprivation was likely 

to activate PKC.  Moreover, based on general knowledge concerning signal 

transduction pathways in many different types of cells, the possibility that the activation 

of p44/42 MAPKs occurred following activation of PKC in this model is considered 

very likely.  This possibility will be discussed later. 

 

PKC forms a family and currently, there are 12 PKC isozymes known, the conventional 

type α, βI, βII and γ, the novel type δ (delta), ε (epsilon), η (eta), θ (theta) and μ (myu), 

and the atypical type ζ (zeta) and λ (lamda) 369.  Some of them have been reported to 

be related to neuronal differentiation and some, not 370.  Among these PKC isozymes, 

at least, PKC epsilon has been shown to enhance neuronal differentiation induced by 

NGF and PKC delta has been shown not to enhance it 333.  The connection between 

serum deprivation and activation of PKC is known: PKCα has been shown to increase 

its expression on serum deprivation 371 although other members of the PKC family seem 

to be activated upon serum addition and inactivated upon the removal of serum 320.  

Therefore, PKC delta will be one of the candidates responsible for the induction of 

differentiation under serum deprivation. 
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Fig. 5-8  Proposed signal transduction pathways for the adenosine A1 and A2A 

receptors leading to neuronal differentiation in SH-SY5Y cells 

Adenosine can activate the A1 and A2A receptors.  The A1 receptor can be coupled to 

Gi/Go or Gq/G11, each of which can activate PKC differently.  Activated Gi/Go may 

cross-talk with other GPCRs that are coupled to Gq/11, which again can activate PKC.  

The A2A receptor can activate PKC via Gs, Golf or other G protein(s) that belong to the 

Gq family.  Activated PKC induces gene expression of genes possessing TRE in the 

promoter region by activated AP-1 transcription factor by PKC.  PKC can regulate 

functions of many other target proteins by phosphorylation.  As a result of that, 

neuronal differentiation is induced. 

—————————————————————————————————————— 
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  (2)     Cross-talk  →  Other GPCRs with Gq/11 
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  (3)  The A2A receptor  →   Gs, Golf  or other G protein(s)?  →  Interaction 
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More interestingly, two new proteins, ‘Serum deprivation response’ (SDR) protein and 

‘SDR-related gene product that binds to C-kinase (= PKC)’ (SRBC) protein were 

isolated as being specific to the serum deprivation state 372,373 and they are implicated to 

be the substrates for PKC 373,374.  This means that signals from constitutively expressed 

or serum deprivation-induced members of the PKC family can be transmitted 

downstream mediated by SDR or SRBC protein in the state of serum deprivation.  This 

implicates a strong tie between the kinase and the state of no serum. 

 

5-4.8 Connection between PKC and p44/42 MAPKs 

Experiments using PD098,059 revealed that the serum deprivation-induced 

differentiation involved suppression of p44/42 MAPKs in this model.  PKC has been 

reported to activate p44/42 MAPKs in many different cell types including non-neuronal 

cells 326,375-377 and neuronal cells including SH-SY5Y 186,378,379 and PC12 cells 380,381 or 

even in cell-free system 351.  Hence, the enhancement of differentiation caused by 

CCPA or CGS21680 by the activation of PKC is likely to activate p44/42 MAPKs and 

affect differentiation.  The experiments showed that there was no further enhancement 

of differentiation by either CCPA or CGS21680 in the presence of PD098,059 in this 

model.  This suggests that activation of PKC and the subsequent activation of p44/42 

MAPKs by these adenosine agonists may be the mechanism for the enhancement of 

differentiation.  What makes the situation more complicated is the cross-talk between 

different pathways.  Gs, Gi, Go and Gq all have the ability to elicit the classical p44/42 

MAPKs 382.  However, in most cases, activated mutants of Gq and Gi do not lead to the 

activation of p44/42 MAPKs 31. 

 

5-4.9 From adenosine receptors to the p44/42 MAPKs cascade in SH-SY5Y cells 

Adenosine receptor-mediated activation of p44/42 MAPKs in SH-SY5Y cells needs to 

consider signaling component(s) lying between adenosine receptors and the p44/42 

MAPKs cascade (refer to Fig. 1-10), more specifically, between G proteins coupled to 

adenosine receptors and Raf-1 kinase, which is the first protein kinase in the p44/42 

MAPKs cascade.  Since PKC is normally activated by the either PLC-β or PLC-γ, the 

activation of these enzymes is important in PKC activation.  PLC-β is coupled to 

GPCRs via Gq/G11 while PLC-γ is coupled with RTKs, such as growth factor receptors.  

Possible signal transduction pathways through the adenosine receptors leading to 

differentiation in SH-SY5Y cells will be discussed. 
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5-4.10 G proteins and PKC activation 

It is generally accepted that G protein-coupled receptors have the capability of 

associating with more than one type of G protein.  One example is that while most of 

the actions of the prototype β2-adrenergic receptor are mediated through Gs and the 

cAMP-PKA signaling pathway, beta-adrenergic receptors can also couple to Gi and 

transmit signals downstream 383. This also applies to some of the adenosine receptor 

subtypes.  In transfected CHO cells, the human adenosine A1 receptor directly 

stimulates pertussis toxin-sensitive increases in inositol phosphate production 317.  At 

the same time, inhibition of forskolin-induced cAMP production by the A1 receptor has 

been observed 317 indicating at least two different systems being linked to the A1 

receptor, namely, the cAMP-PKA and the PLC-PKC pathways.  Evidence that the A1 

receptor is coupled to Go and Gq in addition to Gi, has also been reported 384,385.  

Recently, it has been unveiled that the majority of the A2A receptor population is 

coupled to Golf α protein in the striatum 386 in addition to Gs and that the stimulation of 

the A2A receptors coupled to Golf results in elevation of cAMP just as those with Gs.  

Furthermore, the desensitisation effects of the adenosine A2A receptors on the adenosine 

A1 receptor in striatum, where neurons are co-expressing both the A1 and A2A receptors, 

has been shown to occur by the activation of PKC, which was blocked by chelerythrine 

387.  Taken together, it may be that Golf has the ability to mediate signals from the A2A 

receptor to PKC in striatum.  Since SH-SY5Y cells have been shown to express both 

the A1 and A2A receptors at the mRNA level (Chapter 2) and to have both of them 

functioning (Chapters 4 & 5), this cell line has similar properties to those of striatal 

neurons.  The A2B receptor has been implicated to be coupled to Gq in the human mast 

cell line HMC-1 119 as well as the classical Gs.  It has been reported that four major 

human PACAP receptor splice variants, all of which are considered to be functional 

receptors for PACAP in the body, which is a polypeptide that has high homology in 

amino acid sequence to VIP and has been shown to act as an inducer of neuronal 

differentiation, has been shown to activate both adenylate cyclase and PLC 388, 

implicating that the receptors possess the ability to couple to both Gs and Gq/11.  

Furthermore, in striatal nerve terminals, the adenosine A2A receptor has been 

demonstrated to be linked with two signaling pathways: the cAMP-PKA pathway and 

the PKC pathway via a cholera toxin-insensitive G protein, implicating Gq/11 
389.  The 

data obtained here implicate that the adenosine A2A receptor in SH-SY5Y cells under 

serum deprivation is coupled to Gq/11 or other similar G protein, being responsible for 
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the activation of PKC. 

 

It is possible that the adenosine A1 and A2A receptors in SH-SY5Y cells can couple to 

Gq in addition to Gi/o or Gs and that stimulation of these subtypes leads to the activation 

of PKC.  If the activation of PKC accounts mostly for the induction or enhancement of 

neuronal differentiation with or without serum deprivation in this cell line, it would 

offer an explanation for: 1) in the presence of 10% FBS, the cell line is induced to 

differentiate upon the addition of TPA 168, 2) stimulation of adenosine A1 or A2A 

receptors enhance differentiation in this SH-SY5Y model, 3) use of the PKC inhibitor 

chelerythrine suppressed the extent of serum deprivation-induced differentiation in the 

cell line and 4) low concentrations of chelerythrine inhibited the enhancement of 

differentiation by adenosine agonists CCPA and CGS21680 without affecting the basal 

differentiation by serum deprivation. 

 

For the A1 receptor, the possible types of G proteins coupling to the receptor are the Gi, 

Go, Gq and G11.  Gi and Go have been shown to activate the MAPKs cascade via Gβγ, 

which derives from Gi or Go, and Ras.  Gq and G11 have been shown to activate the 

MAPKs cascade via PLC-β, DAG and Ca2+, PKC, and Raf-1.  For the A2A receptor, 

the possible types of G proteins coupling to the receptor are the Gs, Golf, Gq and G11.  

Gs or Golf has not been reported to activate the MAPKs cascade via Gβγ (derived from 

Gs or Golf) and Ras just as for GI, which is possible in theory.  If the A2A receptor is 

coupled to Gq or G11, it can activate the MAPKs cascade in the same way as above.  

Gs/olf may also have interactions with other GPCRs coupling to Gq/11, which in turn 

activates PLC-β-PKC signaling pathway. 

 

Importantly, in neuronal cells, activation of PKA can activate B-raf and, subsequently, 

p44/42 MAPKs whilst activation of PKA in non-neuronal cells normally serves to 

suppress p44/42 MAPKs (Fig. 5-10). 

 

In summary, in the case of the A1 receptor, two signaling pathways are possible: 1) A1 

receptor → Gi/o → Gβγ → Ras → Raf-1 → MEK1/2 → p44/42 MAPKs, 2) A1 

receptor → Gq/11 → PLC-β → DAG & Ca2+ → PKC → Raf-1 → MEK1/2 → 

p44/42 MAPKs.  In the case of the A2A receptor, four signaling pathways are possible: 
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1) A2A receptor →  Gs/olf →  adenylate cyclase →  cAMP →  PKA →  Rap1 → 

B-Raf → MEK1/2 → p44/42 MAPKs, 2) A2A receptor → Gs/olf → Gβγ → Ras → 

Raf-1 → MEK1/2 → p44/42 MAPKs, 3) A2A receptor →Gs/olf → interaction with 

other GPCRs coupled to Gq/11 → PLC-β → DAG & Ca2+ → PKC → Raf-1 → 

MEK1/2 → p44/42 MAPKs, 4) A2A receptor → Gq/11 → PLC-β → DAG & Ca2+ 

→ PKC → Raf-1 → MEK1/2 → p44/42 MAPKs. 

 

In both cases (the A1 and A2A receptors), there are many possibilities to activate p44/42 

MAPKs.  The hypothesis that the signaling requires activation of both PKC and 

p44/42 MAPKs at the same time for enhancing differentiation in serum 

deprivation-induced model was examined. 

 

5-4.11 Chelerythrine and adenosine receptor-mediated enhancement of differentiation 

In the experiment with a PKC inhibitor (Fig. 5-5), 100 nM chelerythrine had no effect 

on differentiation.  However, in combination with CCPA or CGS21680, it suppressed 

the enhancing effects of these compounds on differentiation (Fig. 5-6A), indicating 

these agonists might involve PKC signaling at the post receptor level, possibly via some 

members of the G protein family. 

 

As discussed in 4 Discussion, adenosine receptors in the heart have been reported to be 

coupled to PKC, most likely via Gq/11 and PLC-β.  The data shown in this chapter 

strongly support that the A1 and A2A receptors of SH-SY5Y cells in this model are 

linked to PKC, and that the activation of PKC is necessary for the enhancement of 

differentiation in the serum deprivation model. 
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Fig. 5-9  Differences in signal transduction pathways between non-neuronal and 

neuronal cells 

There are differences in signal transduction pathways in cross-talk between PKA and 

p44/42 MAPKs (the classical MAPK) between non-neuronal and neuronal cells, which 

can cause different cellular events from the same stimuli 343,347.  Above is the 

simplified scheme depicting the difference in the pathway.  In almost all neuronal 

cells including central and peripheral neurons, B-raf protein is expressed in the cytosol 

in addition to Raf-1 protein whereas in non-neuronal cells, there is no B-raf expressed.  

Raf-1 protein in neuronal cells can be suppressed by the activation of PKA, however, 

the activation of B-raf overwhelms Raf-1, resulting in the activation of p44/42 

MAPKs. 

——————————————————————————————————— 

 

 

5-4.12 Discrepancy in signal transduction leading to enhancement of differentiation – 

Predictions and the results 

In order to examine whether the hypothesis proposed here was reasonable, a comparison 

was made between the putative and the actual results of enhancement of neuronal 

differentiation exerted by CCPA and CGS21680 as described in Tables 5-1A, B and C.  

Since PKC has been shown to activate Raf-1 directly by phosphorylation and 

subsequently p44/42 MAPKs in many cell types, including NIH/3T3 326,390,391, Rat-1 326 

fibroblasts and PC12 cells 391, it was considered that PKC can activate Raf-1 in 

SH-SY5Y cells as well. 

Non-neuronal cell 

External stimuli  →  cAMP ↑  →  PKA ↑ 

 

  → Raf-1 ↓  →  p44/42 MAPKs ↓ 

 

  →  Cell growth arrest / Differentiation / Apoptosis 

Neuronal cell 

External stimuli  →  cAMP ↑  →  PKA ↑ 

 

  →  B-Raf ↑  →  p44/42 MAPKs ↑ 

 

  →  Cell growth arrest / Neuronal differentiation / 

        Cell survival 

Note: 

↑; Activation or increases 

↓; Inhibition or decreases 
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The assumption proposed here is that the enhancement of differentiation in this serum 

deprivation-induced differentiation model requires activation of either PKC or p44/42 

MAPKs.  The reason for this is that, it appears to be crucial for p44/42 MAPKs to be 

activated in order for the neuroblastoma cells to be induced to differentiate.  Since 

PKC can activate the p44/42 MAPKs cascade, PKC could be a substitute for p44/42 

MAPKs.  As for PKA, its differentiation-inducing effects in neuronal cells may be 

divided into two categories: 1) the MAPKs cascade activating effects via B-Raf, and 2) 

the MAPKs-independent effects, including ones through CREB activation.  If the 

effects 2) were crucial for the development of neuronal differentiation in this cell line, 

co-activation of either PKC or p44/42 MAPKs and PKA would be required.  If not, 

activation of PKA would not be necessary so long as there is activation of PKC or 

p44/42 MAPKs. 

 

a) CCPA-treated SH-SY5Y cells 

PKC was considered activated while PKA being suppressed (Table 5-1C).  In the case 

of ‘CCPA-None’, enhancement of differentiation was present due to PKC and thus, the 

regulated (both activated and potentially suppressed) components of signal transduction 

pathways ruled by PKC.  In ‘CCPA-Chelerythrine’, enhancement of differentiation 

was not present due to the inhibition of PKC by chelerythrine present.  In 

‘CCPA-PD098,059’, enhancement of differentiation by CCPA was absent due to the 

inhibition of MEK1/2 by PD098,059 and of the subsequent p44/42 MAPKs because 

p44/42 MAPKs are situated downstream of one of the PKC signaling pathways, proving 

that one or some of components under the control of p44/42 MAPKs are required for 

enhancement of differentiation by CCPA.  In ‘CCPA-H-89’, there must have been 

activation of PKC and suppression of PKA, the situation of which was very similar to 

that of ‘CCPA-None’.  Yet, there was no enhancement of differentiation there.  This is 

difficult to explain. 

 

b) CGS21680-treated SH-SY5Y cells 

In ‘CGS21680-None’, there were activation of PKA and activation of PKC, and 

enhancement of differentiation by CGS21680 was observed.  In ‘CGS21680-H-89’, 

the activation of PKC by CGS21680 contributed to the enhancement of differentiation 

while activation of PKA was blocked by H-89.   
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Table 5-1  Presence/absence of enhancement of differentiation induced by 

CCPA and/or CGS21680 in the presence/absence of protein kinase inhibitors 

 

(A) Prediction 

 Agonists 

 

CCPA 

 

CGS21680 

CCPA + 

CGS21680 

 

Protein 

kinase 

inhibitor 

None No Yes No 

H-89 No No No 

PD098,059 No Yes No 

Chelerythrine No Yes No 

 

(B) Actual results 

 Agonists 

 

CCPA 

 

CGS21680 

CCPA + 

CGS21680 

 

Protein 

kinase 

inhibitor 

None Yes Yes Yes 

H-89 No Yes No 

PD098,059 No No No 

Chelerythrine No No No 

 

(C) Comparison 

 Agonists 

 

CCPA 

 

CGS21680 

CCPA + 

CGS21680 

 

 

 

 

 

 

 

 

 

 

 

Protein 

kinase 

inhibitor 

 

 

None 

 <<Yes >> 
 

PKC 

→ MAPKs 
 

-PKA 

→ None 

 <<Yes >> 
 

PKA + PKC 

→ MAPKs 

 <<Yes >> 
 

2x PKC 

→ MAPKs 

 

 

H-89 

<< No >> 
 

PKC 

→ MAPKs 
 

-PKA 

→ None 

 <<Yes >> 
 

PKA + PKC 

→ MAPKs 

<< No >> 
 

2x PKC 

→ MAPKs 

 

 

PD098,059 

<< No >> 
 

PKC 

→ MAPKs 
 

-PKA 

→ None 

<< No >> 
 

PKA + PKC 

→ MAPKs 

<< No >> 
 

2x PKC 

→ MAPKs 

 

 

Chelerythrine 

<< No >> 
 

PKC 

→ MAPKs 
 

-PKA 

→ None 

<< No >> 
 

PKA + PKC 

→ MAPKs 

<< No >> 
 

2x PKC 

→ MAPKs 
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Tables 5-1 Presence/absence of enhancement of differentiation induced by CCPA 

and/or CGS21680 in the presence/absence of protein kinase 

inhibitors 

Green and red colours represent the match and a mismatch, respectively, between the 

predicted and the actual results about the enhancement of differentiation for each 

case. 

 

—————————————————————————————————————— 

 

 

In ‘CGS21680-Chelerythrine’, activation of PKC was blocked by chelerythrine and 

enhancement of differentiation was absent.  The contribution of activation of PKA 

seems negligible in the enhancement of differentiation.  In ‘CGS21680-PD098,059’, 

most likely, for the same reason that the activation of p44/42 MAPKs was blocked by 

PD098,059, part of PKC signaling was blocked and therefore, enhancement of 

differentiation by CGS21680 was not observed. 

 

c) CCPA+CGS21680-treated SH-SY5Y cells 

In ‘CCPA+CGS21680-None’, the activation of PKA by CGS21680 is considered to 

have been neutralised by CCPA and the increased activation of PKC caused by both 

agonists is considered to have been responsible for the enhancement of neuronal 

differentiation.  In ‘CCPA+CGS21680-Chelerythrine’, activation of PKC was blocked 

by chelerythrine and enhancement of differentiation was absent. In 

‘CCPA+CGS21680-PD098,059’, part of PKC signaling was blocked by PD098,059 and 

enhancement of differentiation was not present. In ‘CCPA+CGS21680-H-89’, 

enhancement of differentiation by both agonists through expected activation of PKC 

was not seen.  Again, the reason for this was not clear. 

 

d) Outcome 

The assumption that activation of either PKC or p44/42 MAPKs is required was in 

accordance with the actual results and could explain them well.  However, the other 

part of the assumption that the activation of PKA is optional so long as there is 

activation of either PKC or p44/42 MAPKs was not correct according to the actual 

results.  It was found that the activation of PKA was also a requirement for 

enhancement of differentiation by CCPA or CGS21680.  This shows that the p44/42 

MAPKs-independent actions of PKA, presumably the activation of CREB, will be 
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necessary for the adenosine A1 and A2A receptors-mediated enhancement of 

differentiation under serum deprivation.  The connection between the PKA and the 

p44/42 MAPKs signaling pathways in SH-SY5Y cells will be discussed. 

 

5-4.13 Connection between the PKA and the p44/42 MAPKs signaling pathways 

In PC12 cells induced to differentiate with NGF, the activation of PKA as well as PKC 

and p44/42 MAPKs has been observed 205,271,392-394.  A direct interaction between PKA 

and p44/42 MAPKs in neuronal differentiation has been reported: it was found that, 

when PC12 cells were treated with NGF and blocked to be induced to differentiate by 

use of PD098,059, the activation of PKA elicited by a selective adenosine A2A receptor 

agonist CGS21680 or forskolin and the subsequent activation of CREB were shown to 

rescue this blockage at the MAPK cascade 123.  This report shows that the activation of 

CREB necessary for the induction of differentiation is required to be phosphorylated by 

either p44/42 MAPKs or PKA. 

 

This means three possibilities about the mechanism: 1) as mentioned above p44/42 

MAPKs are essential for neuronal differentiation, therefore, activated PKA must have 

been able to act as p44/42 MAPKs in order to compensate the ‘missing’ signals.  2) 

p44/42 MAPKs are essential only for PC12 cells to induce the ‘NGF-type’ neuronal 

differentiation.  Since the NGF receptor (TrkA) has been shown to activate numerous 

kinases and other regulatory proteins, the p44/42 MAPKs signaling pathway is only one 

important component. Somehow, the activation of PKA and its downstream signaling 

could mimic, but was not exactly the same, the MAPKs’ signaling, leading to a 

neuronal differentiation that is little different to the original ‘NGF-induced’ 

differentiation. 3) Activation of PKA was nearly enough to induce neuronal 

differentiation and only a portion of signals that had been activated by NGF were 

needed to complete.  Interestingly, this shows that NGF-induced activation of p44/42 

MAPKs is very important, but can be substituted by activation of PKA, plus, in this 

differentiation model, downstream of NGF and its receptor is p44/42 MAPKs, and PKA 

is located further downstream of p44/42 MAPKs.  In non-neuronal cells, elevation of 

intercellular cAMP levels is known to suppress p44/42 MAPKs activation 329,346.  In 

NIH/3T3 and rat-1 fibroblasts, elevation of intracellular cAMP levels has been reported 

to result in inhibition of p42 MAPK activation induced by PDGF, EGF and insulin 

treatment 326.  The mechanism for this is a direct interaction occurring between PKA 
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and Raf-1 (MAPKKK) where PKA inactivates Raf-1 protein by phosphorylating the 

kinase domain necessary for activating the next MAPKK enzyme (MEK1/2), which 

activates p44/42 MAPKs 395.  It has been shown differently, however, in LNCaP 

prostate cancer cells where elevation of intracellular cAMP potentiated the activation of 

p44/42 MAPKs induced by EGF, IL-6 and serum in a PKA and Rap1-dependent 

manner 396.  This ‘positive-positive’ interaction between PKA and p44/42 MAPKs is 

more evident in neuronal cells (Fig. 5-10).  In neuronal cells, PKA can activate p44/42 

MAPKs through the activation of B-Raf protein, the expression levels of which are high 

in neuronal cells and low in non-neuronal cells, of course, Raf-1 cannot transmit signals 

343.  Increased levels of cAMP inhibit p44/42 MAPKs activation together with cell 

proliferation in fibroblasts, while cAMP induces activation of p44/42 MAPKs in PC12 

cells 346.  Therefore, the relationship between PKA and p44/42 MAPKs is determined 

by the cellular context. 

 

The possible link between PKA and p44/42 MAPKs in the SH-SY5Y cell line may 

explain the similar effects on differentiation seen with H-89 and PD098,095 alone.  

However, the results obtained here from experiments using kinase inhibitors, have not 

provided sufficient evidence to prove the direct link between PKA and p44/42 MAPKs 

where either of them sits upstream of the other. 

 

In any case, the article suggests that either PKA itself of part of its downstream is 

located downstream of p44/42 MAPKs or both of them share at lease similar signaling. 

 

5-4.14 Complexity of gene regulation by protein kinases via CREB 

Activation of CREB is generally accepted to be one of the main mechanisms for PKA to 

exert its biological actions, through which (CREB) the expression of a group of genes 

can be regulated.  Cellular events, including neuronal differentiation, are most likely to 

be regulated by PKA.  Recent studies have also revealed that p44/42 MAPKs and p38 

MAPK can phosphorylate CREB via mitogen- and stress-activated kinase-1 (MSK1), 

another protein kinase situated downstream of, and controlled by p44/42 MAPKs and 

p38 MAPK.  Furthermore, among those genes containing CRE are another 

transcription factor genes, such as c-fos gene, which regulate their own target genes. 

 

There are many transcription factors other than CREB, and they are regulated likewise.  
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In addition, what also should be taken into consideration is the interaction between each 

protein kinase (Fig. 5-11).  This adds up even more complexity to the signal 

transduction system for understanding. 

 

In the matrix (Table 5-1C), the activation of PKC and the subsequent p44/42 MAPKs 

seemed to be almost vital for CCPA and CGS21680 to be able to elicit potentiation of 

differentiation in the serum deprivation model.  However, on the other hand, the 

blockage of PKA by H-89 also showed no further enhancement of differentiation except 

for the ‘CGS21680-H-89’ case, which would have most likely involved higher levels of 

cAMP, i.e., reduced levels of inhibitory actions of H-89 on PKA.  As just been 

discussed above, CREB, which is one of the most important components of PKA 

signaling, is regulated by PKC positively.  If activation of CREB was vital to the 

enhancement of differentiation by adenosine agonists, CREB should be regulated 

positively by either PKA or PKC.  If the degree of activation of CREB were to affect 

its functions in addition to being just activated, then, CREB would require to be 

phosphorylated by both PKA and PKC, resulting in phosphorylation on different sites. 

 

The results from this chapter support this possibility occurring in this serum deprivation 

model and may help understand the mechanisms of differentiation induced by serum 

deprivation and enhanced by stimulated adenosine receptors. 

 

As discussed earlier, positive involvement of these key kinases PKA, p44/42 MAPKs 

and PKC is important for induction of neuronal differentiation mainly in PC12 cells.  

Table 5-1C suggests that inhibition, not activation of PKA and p44/42 MAPKs are very 

important in the differentiation induced by serum deprivation. 
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Fig. 5-10  Regulation of gene expression by CREB in neuron – One example of 

complexity 

The diagram depicts the regulation of gene expression of a group of genes controlled 

by CREB transcription factor by binding to the CRE site in the promoter region.  

CREB is regulated both positively and negatively by phosphorylation by various 

protein kinases, responding to a variety of external stimuli.  PKA, PKC and CaMKII 

phosphorylate CREB at different phosphorylation sites, resulting in different effects on 

CREB activity.  CREB is inactivated when it is dephosphorylated, or when it is 

phosphorylated by CaMKII while CREB is in an active state and capable of inducing 

transcription of its target genes when it is phosphorylated by either PKA or PKC 202,397. 
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5-4.15 Neuronal differentiation and signaling of cell growth 

Normally, neuronal differentiation occurs when cells cease proliferation as discussed 

earlier.  This may be due to the phase of the cell cycle that the differentiated or 

differentiating cells are in (Fig. 5-12).  In such a state of cell cycle, it is assumed that 

the expression of the group of genes responsible for cell proliferation is switched off, 

suppressed or modified.  However, it is still unclear whether cell growth arrest or 

reduced cell growth rate is a requirement for induction of neuronal differentiation.  

However, it seems certain that signals to stop cell growth favour induction of neuronal 

differentiation in many neuronal cells.  In PC12 cells, addition of NGF to the growth 

media stops cell proliferation and initiates neuronal outgrowth 146.  In SH-SY5Y cells, 

RA prevents cells from proliferating and induces neuronal differentiation 149-152.  

Serum deprivation itself stops cell proliferation and it is assumed that it inhibits the 

inhibition of p44/42 MAPKs, both of which are, therefore, considered to contribute to 

the induction or enhancement of neuronal differentiation.  In some neuroblastoma cells, 

BrdU, an inhibitor of DNA synthesis used clinically for cancer treatment, has been 

shown to induce neuronal differentiation 156,169 (See also Table 1-3).  Therefore, the 

significance of inhibition of p44/42 MAPKs in contributing positively to differentiation 

induced by serum deprivation might be the inhibitory signals of cell growth, and the 

very signals that are required for induction of or the enhancement of differentiation may 

come somewhere else, or it may derive from the inhibition of p44/42 MAPKs since they 

are potentially connected to many other signaling pathways. 

 

There are many reports about the importance and necessity of activation of p44/42 

MAPKs in NGF-induced PC12 cells NGF 123,197,273,343,346,392.  While the activation of 

p44/42 MAPKs is considered ‘essential’ in the induction of neuronal differentiation in 

PC12 by NGF 197,273,392, there is, on the other hand, a controversial report that the 

activation of p44/42 MAPKs is not necessary for neuronal differentiation (neurite 

extension) in PC12D cells, a subline of PC12 cells 40.  Another interesting study about 

how p44/42 MAPKs are involved in neuronal differentiation is as follows: both NGF 

and EGF are known to be able to exert activation of p44/42 MAPKs in PC12 cells 111, 

however, NGF does induce neuronal differentiation whereas EGF does not, and EGF 

does lead to proliferation of cells whereas NGF leads to cell growth arrest 398.   
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Fig. 5-11  The cell cycle 

It is considered that the eukaryotic somatic cells proliferating go around the cycle as 

they proliferate as shown above and the cells that do not proliferate rest in either the G1 

or G0 phase depending on the state of cells 118,399.  Terminally differentiated cells, such 

as neurons and myocytes, have lost the ability to proliferate and are believed to be in 

the G0 phase while cells that do possess the ability to divide but are resting are 

considered to be in the G1 phase.  In some limited cases, cells in the Go phase can go 

back to the cell cycle from G1 phase and vice versa.  Even yeast cells are considered 

to go around a similar cell cycle to the above one as well. 

Note: G0; Gap 0, G1; Gap 1, S; DNA synthesis, G2; Gap 2, M; Mitosis 

 

—————————————————————————————————————— 

 

 

The largest difference in signal transduction between the EGF- and NGF-treated cells 

was that the activation of p44/42 MAPKs induced by EGF was transient and that of 

p44/42 MAPKs induced by NGF sustained much longer 398.  In order for p44/42 

MAPKs to be able to contribute to neuronal differentiation in PC12 cells, there should 

be a mechanism that somehow enables the expression to last long. 

 

In addition, the enhancement of differentiation caused by the A1 and A2A receptors 

disappeared in the presence of a p44/42 MAPKs inhibitor PD098,059. This 

phenomenon indicates that those CCPA and CGS21680’s enhancing effects occurred 

using the p44/42 MAPKs cascade and activation of this cascade was a requirement for 

this enhancement.  However, the strange thing was that the differentiation induced by 

serum deprivation itself was greatly potentiated by PD098,059 alone, in a 

dose-dependent manner.  This mode of involvement of PD098,059 is very different 

from that with chelerythrine. 

 

G0 phase 

G1 phase 

M phase 

S phase 

G2 phase 
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Due to the nature of the experiments, differentiation never occurs equally and evenly to 

every single cell.  For instance, when the extent of differentiation is 30%, that means 

that there are 30% differentiated cells and 70% undifferentiated cells in number, and in 

those 30% differentiated cells, there are differentiated cells with a variety of degrees of 

differentiation.  Thus, some limited amount of variation in the extent of differentiation 

in these models is inevitable.  Compared to the extent of differentiation greatly 

enhanced by PD098,059 alone above the baseline of serum deprivation-induced 

differentiation, the ‘expected’ enhancement of differentiation by CCPA or CGS21680, 

which was not observed, would have been much smaller.  Therefore, the enhancement 

caused by CCPA or CGS21680 might have been there, but it just could not be detected.  

If that were the case, the enhancement would not have been affected by the presence of 

PD098,059, meaning that the mechanism(s) of this enhancement would involve PKC, 

but not p44/42 MAPKs, which means the serum deprivation-induced differentiation 

itself involves activation of PKC and suppression of p44/42 MAPK elicited by the 

absence of serum in the medium, and the enhancement of this differentiation caused by 

CCPA and CGS21680 only involves activation of PKC. 

 

In this chapter, contrary to the conventional wisdom, inhibition, not activation, of PKA 

or p44/42 MAPKs has been shown to enhance neuronal differentiation induced by 

serum deprivation in SH-SY5Y cells whereas blocking of PKC greatly reduced the 

extent of neuronal differentiation in the model.  PKC was considered playing a crucial 

role in serum deprivation-induced differentiation in SH-SY5Y cells. 

 

However, the mechanisms by which adenosine receptor agonists enhanced 

differentiation in this model were shown to be different to those of serum 

deprivation-induced differentiation itself: both the A1 and A2A receptors were shown to 

require activation of either PKC or p44/42 MAPKs, and PKA for allowing the 

enhancement of differentiation to occur.  This mechanism was similar to that 

NGF-induced of PC12 cells utilise (Table 5-2).  Furthermore, activation of PKA also 

seemed required for the adenosine A1 and A2A receptor-mediated enhancement of 

differentiation in the model. 
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Table 5-2  Observed or involved signal transduction pathways in different 

neuronal differentiation models 

 
   

 Serum deprivation-induced 

differentiation in SH-SY5Y cells 

NGF-induced differentiation in 

PC12 cells 

   

PKA Inhibition Activation 

   

p44/42 MAPKs 

(ERKs1/2) 

Inhibition Activation / 

Independent 

   

PKC Activation Activation 
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Fig. 5-12  Proposed PLC-PKC signal transduction pathway coupled to the 

adenosine receptors in SH-SY5Y cells 

The stimulation of the A1 and A2A receptors followed by the binding of adenosine 

(Ado) or its analogues (agonists) is considered activating PLC-β through Gq/11 or Gi/o 

for the A1 receptor, and potentially Gs, Golf or other G protein(s) for the A2A receptor.  

The activation of PLC-β breaks down PI located in the plasma membrane into DAG 

and IP3.  Together with elevated levels of Ca2+, which is released from the ER by IP3, 

DAG activates PKC. Activated PKC regulates transcription factors by phosphorylation, 

such as AP-1 and CREB, and phosphorylates its many other target proteins and alters 

the function(s) of its targets.  PKC can also stimulate the p44/42 MAPKs signal 

transduction pathway through Raf-1 and B-Raf.  Elevated levels of Ca2+ also activate 

CaMKII, which targets proteins including myosin light chain (MLC), transcription 

factors, including CREB, and many other proteins 22,100,122,400. 

+ 
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Chapter 6 
——————————————————————————————————— 

Neuronal Differentiation Induced by a PKA 

Inhibitor under Normal Serum Condition 

 

 

 

 

 

6-1 Introduction 

In Chapter 5, inhibition of either the p44/42 MAPKs cascade or the cAMP-PKA 

pathway in SH-SY5Y cells by the use of two selective protein kinase inhibitors clearly 

displayed increased differentiation induced by serum deprivation.  However, as 

discussed earlier in this thesis, in PC12 cells, stimulation of the p44/42 MAPKs cascade 

or the cAMP-PKA system normally induces or assists induce neuronal differentiation.  

Reflecting the paradoxical results from experiments with the PKA inhibitor H-89 under 

serum deprivation (Chapter 5), where H-89 alone induced considerable differentiation.  

This chapter examines the role of PKA in neuronal differentiation of SH-SY5Y cells at 

normal serum concentrations (10%).  In addition, the effects of selective adenosine 

receptor agonists on neuronal differentiation, if any, induced by H-89, will be 

investigated. 

 

6-2 Materials & Methods 

 

6-2.1 Chemicals & reagents 

Forskolin was purchased from Sigma-Aldrich (St. Louis, USA). 
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Fig. 6-1  Structure of forskolin 

(C22H34O7   FW 410.5) 

 

——————————————————————————————————— 

 

 

6-2.2 Cell culture 

Cells were maintained as described in Section 3-2.2. 

 

6-2.3 Drug preparation and administration 

Forskolin, CCPA, CGS21680, chelerythrine and H-89 were dissolved in DMSO and 

either used right after preparation or kept at –80C protected from light until use.  

Adenosine deaminase was diluted in PBS just before adding to the culture first and then 

added to the culture at the final concentration of 0.25 units per ml.  Cells grown in 

normal conditions were seeded on 12 well plates at a cell density of 50,000 cells per 

well and allowed to grow overnight in 1 ml growth medium containing 10% FBS.  The 

next day, the medium was carefully removed and replaced with 3.2 ml of fresh growth 

medium (containing 10% FBS).  H-89 at indicated concentrations was added to the 

growth medium intended to induce differentiation.  For both H-89 and chelerythrine, 

cells were first treated with indicated concentrations of kinase inhibitors for 20 to 30 

minutes and followed by adenosine receptor ligands if added.  All the drugs were 

added to the culture in 1/400 of the volume of the growth medium (0.25% (v/v)) such 

that the desired concentrations were obtained. 

 

6-2.4 Evaluation of cell morphology 

Evaluation of cell morphology was carried out as described in Section 3-2.7. 
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6-2.5 Data analysis 

Data were analyzed for statistical significance using unpaired t-test (assuming unequal 

variances, two-tail) against control, and ANOVA. 

 

6-3 Results 

The effects of H-89 at various concentrations on neuronal differentiation of SH-SY5Y 

cells were examined.  Cells treated with 10 and 20 μM H-89 in the presence of 10% 

FBS went through drastic morphological changes as early as day 1 (Fig. 6-2C and D), 

whereas control cells (10% FBS, no H-89) remained undifferentiated (Fig. 6-2A).  

Cells treated with 1 μM H-89 were only partially differentiated (Fig. 6-2B).  The 

extent of differentiation of cells treated with 10 and 20 μM H-89 continued to increase 

with time over the three days of treatment while control cells remained unchanged.  

However, there were many more dead cells observed on days 4 and 5 in cells treated 

with higher concentrations of H-89 (10 and 20 μM) than on days 1 and 2 (data not 

shown).  Cells treated with 1 μM H-89, on the other hand, seemed unchanged or 

slightly reversed on day 3.  Therefore, it was concluded that either day 1 or 2 was the 

best time to evaluate the differentiation induced by H-89 (10 or 20 μM) in the presence 

of 10% FBS in this cell line. 

 

The relationship between the concentration of H-89 and differentiation was examined in 

Fig. 6-3.  A clear dose-response relationship was obtained between 1 and 20 μM.  

Cells treated with 1 μM H-89 for 2 days were statistically significantly differentiated 

(12%).  At 20 μM, H-89 induced 44% differentiation in SH-SY5Y cells while control 

cells remained less than 5% differentiated (day 2). 

 

In differentiation induced by H-89 under 10% FBS, expression of marker proteins for 

differentiation were examined by use of western blot analysis.  In Fig. 6-3, a sharp 

decrease in the NF-H levels was noted in differentiated cells while the NF-L levels 

changed much less. 

 

Interestingly, in this H-89-induced differentiation model, it was found that the 

expression of NF-H and NF-M was greatly suppressed compared to control cells, while 

the expression of NF-L was only slightly affected (Fig. 6-4), making a sharp contrast 

with the previous serum deprivation-induced differentiation model. 
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In Fig. 6-5, it was examined whether or not the effects of H-89 on induction of 

differentiation occurred due to the inhibition of intracellular PKA activity alone.  Cells 

treated with 10 μM H-89 alone were induced to differentiate (40%) in one day while 

control cells maintained just over 5% differentiation.  Forskolin at 1, 3, and 10 μM 

added simultaneously with H-89 failed to suppress the differentiation induced by H-89, 

however 30 μM forskolin suppressed differentiation down at 14%. 

 

The effects of adenosine receptor agonists on the H-89 induced differentiation were 

studied in Fig. 6-6.  Cells induced to differentiate by 10 μM H-89 did not show any 

further enhancement in the presence of adenosine A1 or A2A agonists, specifically, CCPA 

(100 nM and 1 μM) and CGS21680 (30 nM and 100 nM), respectively.  These 

concentrations include the ones at which they induced further enhancement of 

differentiation under serum deprivation (Fig. 4-2). 

 

In previous experiments, chelerythrine suppressed differentiation of SH-SY5Y cells 

induced by serum deprivation, and suppressed the potentiation of differentiation exerted 

by adenosine receptor agonists.  In Fig. 6-7, possible suppressive effects of 

chelerythrine on the H-89-induced differentiation were studied.  It was shown that 

chelerythrine both at 100 nM and 1 μM did not show any suppressive effects on 

differentiation.  A chelerythrine concentration of 1 μM greatly suppressed 

differentiation induced by serum deprivation (Fig. 5-5). 
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Fig. 6-2  Effects of H-89 on neuronal differentiation under normal serum 

condition 

SH-SY5Y cells were treated, under normal serum condition (10%), with carrier (0.5% 

DMSO) (A, E & I), 1 μM H-89 (B, F & J), 10 μM H-89 (C, G & K) or 20 μM H-89 (D, 

H & L) for 3 days.  (A, B, C & D) show cells from day 1, (E, F, G & H), day 2, and (I, 

J, K & L), day 3.  Cells treated with H-89 displayed morphological changes as early 

as day 1 (C & D).  Cells treated with 10 or 20 μM H-89 in particular showed a 

distinct differentiated form throughout these three days. 
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Fig. 6-3  Effect of a PKA inhibitor on neuronal differentiation in the presence of 

10% FBS 

SH-SY5Y cells were treated in the presence of 10% FBS, with 0.5% DMSO, 1, 10 or 

20 μM H-89 for 2 days.  The extent of differentiation is expressed as the percentage 

of differentiated cells in the population.  Bars represent mean values ± S.E.M. from 

three independent experiments.  Data from treatments were analyzed against control 

(0.5% DMSO, 10% FBS) using t-Test (unpaired). 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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Fig. 6-4  Expression of NF-L, -M & -H in H-89-induced SH-SY5Y cells 

Total protein was extracted, using SDS cell lysis buffer, from control untreated 

SH-SY5Y cells (10% FBS) and cells treated with 10 μM H-89 (10% FBS) for 24 hr.  

SDS-PAGE (10%) was performed under reductive conditions and the separated protein 

was transferred (the wet method) onto a PVDF membrane overnight at 4ºC.  The 

membrane was bound firstly with a mixture of anti-human NF-L antibody (1:1,000 

dilution) and anti-human NF-H (+ NF-M) antibody (1:24,000 dilution), and then with 

anti-rabbit IgG antibody-HRP complex (1:30,000 dilution).  Bands were detected 

using chemiluminescence and exposed to X-ray / chemiluminescence films.  Bands 

were digitally scanned and analysed by the use of a computer software application for 

densitometric analysis.  (Lanes 1-3; untreated SH-SY5Y cells (10% FBS, control), 

Lanes 4-6; SH-SY5Y cells treated with 10 μM H-89 (10% FBS) for 24 hr) 
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Fig. 6-5  Antagonism of forskolin on the H-89-induced differentiation in 

SH-SY5Y cells (10% FBS) 

SH-SY5Y cells were treated in the presence of 10% FBS, with 0.25% DMSO or 10 

μM H-89, and with 1, 3, 10 and 30 μM forskolin for 1 day.  The extent of 

differentiation is expressed as the percentage of differentiated cells in the population.  

Bars represent mean values ± S.E.M. from three independent experiments.  Data 

from were analysed for statistical significance against control (0.25% DMSO in the 

presence of 10% FBS) using t-Test (unpaired). 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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Fig. 6-6  Effects of adenosine receptor agonists on H-89 inhibitor-induced 

differentiation (10% FBS) 

SH-SY5Y cells were treated in the presence of 10% FBS, with 0.5% DMSO or 10 μM 

H-89, and with or without CCPA or CGS21680 at indicated concentrations for 2 days.  

The extent of differentiation is expressed as the percentage of differentiated cells in the 

population.  Bars represent mean values ± S.E.M. from three independent 

experiments.  Data from treatments were analyzed against control (10 μM H-89 in the 

presence of 10% FBS) using t-Test (unpaired). 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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Fig. 6-7  Effects of a PKC inhibitor on H-89-induced differentiation (10% FBS) 

SH-SY5Y cells were treated in the presence of 10% FBS, with 0.5% DMSO or 10 μM 

H-89, and with 100 nM and 1 μM chelerythrine for 2 days.  The extent of 

differentiation is expressed as the percentage of differentiated cells in the population.  

Bars represent mean values ± S.E.M. from three independent experiments.  Data 

from treatments were analyzed against control (10 μM H-89 in the presence of 10% 

FBS) using t-Test (unpaired). 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 
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6-4 Discussion 

Effects of H-89 on differentiation of SH-SY5Y cells in the presence of 10% FBS were 

investigated.  Surprisingly, contrary to the assumption that the stimulation of PKA 

assists neuronal differentiation, H-89 (20 μM) alone exerted a prompt and distinct 

differentiation (44% at day 2) in SH-SY5Y cells in the presence of the normal serum 

concentration.  Similar results were obtained in Fig. 5-2, where cells treated with H-89 

under serum deprivation had enhanced differentiation.  These data strongly suggest 

that SH-SY5Y cells are most likely to have been induced to differentiate mainly due to 

the inhibition of cellular PKA activity under both conditions.  However, activation of 

PKA has been observed to induce or enhance neuronal differentiation 147,218,237,401,402.  

The role of PKA in differentiation in SH-SY5Y cells is more complex and requires 

more detailed investigation. 

 

Fig. 6-9 describes the overall roles of PKA in the cAMP-PKA signal transduction 

pathway.  Activation of either adenylate cyclase or PKA regulates many target proteins 

by phosphorylation on their serine / threonine residue(s) 398.  These target proteins 

include transcription factors, such as CREB, controlling the gene expression of their 

own target genes that have specific DNA sequences (called CRE) in the promoter region, 

such as c-fos 403-405 and c-jun 404,406 genes.  cAMP or activation of PKA in many 

non-neuronal cells eventually leads to cell growth arrest, apoptosis (programmed cell 

death), differentiation and many other cellular and tissue events, whereas in neuronal 

cells, it often induces or promotes neuronal differentiation without inducing cell death 

154. 

 

Among the target genes under control of CREB, there are c-fos and c-jun 

proto-oncogenes, both of which belong to the group of genes termed ‘immediate early 

genes’, which also includes c-rel and c-myc 208.  Gene products of c-fos and c-jun, 

c-Fos and c-Jun proteins, respectively, are transcription factor units 404,407, which can 

form a heterodimer called AP-1 (or AP1) 408,409.  AP-1 was first identified as a factor 

that activates the transcription of metallothioneine gene and the binding site for AP-1 

has been shown to be present in SV40 virus as well 410.  Very interestingly, AP-1, as a 

transcription factor, can regulate gene expression of its target genes possessing TRE 

sequence in their promoter regions 404.  TRE sequence was originally identified as the 

DNA sequence that a specific protein (AP-1) binds to after the treatment of cells with 
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TPA, a direct activator of PKC 208.  In other words, TPA’s target genes overlap some of 

PKA’s target genes, meaning there is a possibility that gene expression of a group of 

genes responsible for neuronal differentiation, is regulated by both PKA and PKC that 

one of them can compensate for the other. 

 

One of the greatest differences in the mechanism between serum deprivation-induced 

and H-89-induced differentiation was the responsiveness to the administration of 

chelerythrine.  The differentiation induced by serum deprivation was suppressed by 

chelerythrine whilst the one induced by high concentrations of H-89 was not.  

Collectively, the serum deprivation model was PKC-involved, and the H-89 model was 

not PKC-involved, but both models were PKA-involved.  In 10% FBS, SH-SY5Y cells 

do not differentiate whereas in 0.5% FBS, they do.  Moreover, it was shown that use of 

H-89 further increased differentiation in the serum deprivation model, and H-89 induced 

differentiation in 10% FBS.  There is a different mechanism in SH-SY5Y cells in 

normal serum conditions with respect to PKA compared to PC12 cells, which are 

induced to differentiate by dbcAMP, and compared to SH-SY5Y cells under serum 

deprivation where they are further induced to differentiate by CGS21680. 

 

One large difference in the conditions for induction of differentiation between the serum 

deprivation-induced and the high concentration H-89-induced differentiation models 

was the presence or absence of 10% FBS.  Data from a series of experiments carried 

out in Chapters 3, 4, 5, and 6 showed serum in the culture media as a key regulating 

factor of differentiation.  Interestingly, it has been reported that in TPA-induced 

neuronal differentiation of SH-SY5Y cells, the presence of serum is a requirement for 

differentiation 165,411.  It was found that TPA both in the presence and absence of serum 

could induce activation of p44/42 MAPKs, but the stimulation by TPA without serum 

could not induce differentiation in SH-SY5Y cells 186.  This means that the presence of 

some other factor(s), in addition to the activation of PKC, is necessary to exert 

differentiation in SH-SY5Y cells.  It appears that activation of p44/42 MAPKs is not 

necessarily required to exert differentiation in some cases 40.   
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Fig. 6-8  The cAMP-PKA signal transduction pathway 
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Fig. 6-8  The cAMP-PKA signal transduction pathway 

GPCRs positively coupled to adenylate cyclase through Gs or forskolin, a natural 

activator of adenylate cyclase, can activate adenylate cyclase, leading to an increase in 

production of cellular cAMP from ATP 33.  cAMP or its analogues such as dbcAMP 

can activate PKA.  PKA, in turn, regulates its target proteins by phosphorylation on 

their serine or threonine residue(s) 33.  Such target proteins include CREB, a 

transcription factor regulating gene expression of its target genes with CRE consensus 

DNA sequence with the cofactor CBP.  Such group of genes includes c-fos and c-jun 

proto-oncogenes, the gene products of which act as another transcription factors for 

other genes 208,405,409.  Thus, activation of PKA leads to diverse cellular and tissue 

events listed in the figure.  A selective PKA inhibitor H-89 blocks the actions of PKA.  

(Specific DNA sequences in the promoter or enhancer regions to which transcription 

factors bind in order to regulate the gene expression, such as CRE, GRE, SRE and 

TRE, are called ‘response elements’.) 

 

——————————————————————————————————— 

 

 

However, in most cases, activation of p44/42 MAPKs is a requirement, and it is possible 

to bypass the activation of p44/42 MAPKs to convey similar signaling by other protein 

kinases.  In the case of the enhancement of differentiation by CCPA or CGS21680 in 

the serum deprivation model, the data showed activation of p44/42 MAPKs was a 

requirement (Fig. 5-4). 

 

As mentioned before, in PC12 cells, it is well known that the activation of PKA induces 

or enhances neuronal differentiation 147,204,205,218.  Furthermore, administration of 

dbcAMP, which directly activates PKA, has been reported to induce or enhance 

neuronal differentiation in human neuroblastoma cell lines 155,160,213,263,296,412, a mouse 

neuroblastoma cell line 236,237 and several different rat cell lines (B65, B103 and B104) 

as well 145. 

 

Different inducers of differentiation often utilise the same, but sometimes different 

mechanisms in induction of neuronal differentiation (confer Table 1-3).  cAMP is a 

common second messenger (or an inducer itself in the case of dbcAMP) in induction of 

neuronal differentiation, shared by different types of inducers of differentiation.  For 

instance, in the case of RA-induced differentiation in SH-SY5Y cells, accumulation of 

cAMP has been observed after the RA treatment 164, and in another report, it was shown 

that this may have been partly because the number of VIP receptors, one of the GPCRs, 

which is positively coupled to adenylate cyclase, increased after the treatment of 

SH-SY5Y cells with RA 219.  However, there would be a doubt that cAMP is the ‘one 
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and only’ second messenger in RA-induced differentiation since NB2a mouse 

neuroblastoma cells differentiated by dbcAMP alone and NB2a cells differentiated by 

RA alone have been reported to be morphologically different: morphological changes 

induced by RA included the formation of an elaborate network of branching neurites in 

NB2a cells.  In contrast, neurites induced by dbcAMP or serum deprivation were 

bipolar and unbranching 236. 

 

Therefore, it can be said that in RA-induced differentiation, activation of PKA may play 

a large role contributing the process, but other signal transduction pathway(s) through 

activation of RA receptors as a transcription factor, for instance, would also be 

important to make the differentiation unique to the RA-induced one.  Since RA sends 

signals after binding to the RA receptor by regulating expression of its target genes for 

the RA-RA receptor complex to bind to the specific DNA sequences in the promoter 

region, it is considered that this regulation of gene expression by RA contribute to the 

development of neuronal differentiation as well as the regulation of gene expression by 

PKA. 

 

In the serum deprivation-induced differentiation model, it was shown that there was an 

involvement of PKA, PKC and p44/42 MAPKs in the differentiation, as well as 

adenosine signaling through the A1 and A2A receptors.  Obviously, this shows existence 

of several signal transduction pathways affecting differentiation in that model. 

 

On the other hand, in NGF-induced differentiation in PC12 cells, the activation of both 

PKA and PKC is considered to mediate the action of NGF 200.  Interestingly, in 

5-BrdU-induced differentiated IMR32 cells (human neuroblastoma cells), the basal 

levels of adenylate cyclase have been shown to be twice as high as the untreated, 

undifferentiated control cells 2, showing that higher levels of intracellular cAMP may 

also contribute to maintaining the differentiated stage as well as the induction of 

neuronal differentiation.  An important point is that the activation of PKA and the 

activation of PKC in PC12 cells stand in the same direction towards differentiation 

whereas in the serum deprivation model in this study, the inhibition of PKA and the 

activation of PKC may be in the same direction. 

 

As discussed above, in both RA-induced and NGF-induced differentiation situations, 
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PKA seems to play an essential role, let alone in the case of a differentiation induced by 

dbcAMP alone.  The activation of PKA would be, therefore, an almost universal and 

crucial mechanism, contributing to the induction of neuronal differentiation in many 

neuroblastoma cell lines and PC12 cells. 

 

In contrast to the importance of PKA activation in neuronal differentiation, it was 

clearly shown that the inhibition of PKA by the use of H-89, not the activation of PKA, 

did induce differentiation in SH-SY5Y cells in a dose-dependent manner as early as day 

2 (Fig. 6-2). 

 

Regarding the selectivity of H-89 as a PKA inhibitor, H-89 has been reported to have a 

potent and selective inhibitory action against PKA, with an inhibition constant of 0.048 

+/- 0.008 μM.  H-89 exhibited a weak inhibitory action against other kinases (Table 

6-1) 413. 

 

 
—————————————————————————————————————— 

 

Table 6-1  Effects of H-89 on various protein kinase activities in vitro 

(Modified from Table I in the original article by Chijiwa, T. et al 1990 413) 

 

  

                  Kinase Ki [μM] 

  

  

    PKA   0.048 ± 0.008 

    PKG   0.48 ± 0.13 

    PKC   31.7 ± 15.9 

    Myosin light chain kinase   28.3 ± 17.5 

    CaMKII   29.7 ± 8.1 

    Casein kinase I   38.3 ± 6.0 

    Casein kinase II   136.7 ± 17.0 

  

 

—————————————————————————————————————— 

 

 

The data show that H-89 is highly selective for PKA among all other protein kinases 

tested, except for PKG, for which H-89 is only ten times less selective than for PKA, 

while it is more than 590 times more selective for PKA compared to all the others.  
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Therefore, the differentiation-inducing action of H-89 at 10 or 20 μM on SH-SY5Y cells 

is considered to be based on inhibition of either PKA alone, or PKA plus PKG in case 

PKG is involved in regulation of differentiation in this cell line. 

 

MSK-1, which was not included for testing for H-89’s inhibitory activities in the above 

study, is known to be one of the important components of the signal transduction 

network, connecting the p44/42 MAPKs cascade and the SAPK signaling pathway.  

H-89 at 10 μM has been reported to inhibit one of the actions of MSK1, and at 20 μM or 

above, it showed non-specific inhibition against other protein kinases, such as p44/42 

MAPKs 414.  Experiments using 10 μM H-89 (Fig. 6-6), therefore, may allow the 

possibility that it will inhibit MSK1 in these experiments.  In order to answer the 

question that whether the neuronal differentiation induced by 10 μM H-89 in SH-SY5Y 

cells was due to the inhibition of PKA or other protein kinase(s), including PKG and 

MSK1, the following experiment was conducted.  In Fig. 6-5, the extent of 

differentiation was considerably reduced by the addition of 30 μM forskolin.  This 

suggests that the effect of high concentrations of H-89 in the presence of serum on 

induction of differentiation was at least partly due to the inhibition of the intrinsic PKA 

activity.  The potential effects of forskolin alone at the concentrations used on 

differentiation were also examined.  It was shown that forskolin alone at 10, 30 and 

100 μM did not induce differentiation at least for one day in SH-SY5Y cells in the 

presence of 10% serum (Fig. 6-9).  As for forskolin, normally, the concentration of 30 

μM is near the higher end of the range of concentration for cell culture uses 415-417, and 

nevertheless, it did not evoke any apparent morphological changes in SH-SY5Y cells.  

In the case of SH-SY5Y cells, 1 μM forskolin has been reported to increase the 

adenylate cyclase activity by about five times compared to the untreated cells 418. 

 

To summarize, in this H-89-induced differentiation model (in the presence of 10% FBS), 

the activation of PKA by high concentrations of forskolin did not induce differentiation 

within 24 hr whereas the inhibition of PKA by high concentrations of H-89 (10 – 20 

μM), caused differentiation within 24 hr.  On the other hand, in the serum deprivation 

model, the conditions where the activity of cellular PKA would have been considered 

very low, the differentiation took about one week or more to achieve about 30% or more 

differentiation, and comparatively very low concentrations of H-89 (10 nM – 100 nM) 

enhanced the differentiation induced by serum deprivation. 
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——————————————————————————————————— 

 

Fig. 6-9  Effects of forskolin on differentiation (10% FBS) 

In the presence of 10% FBS, high concentrations (10, 30 and 100 μM) of H-89 were 

shown not to have effects on differentiation at day 1 while 10 μM H-89 induced early 

differentiation. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 

——————————————————————————————————— 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

100

Control (0.25% DMSO) 10 uM forskolin 30 uM forskolin 100 uM forskolin 10 uM H-89

%
 D

if
fe

re
n

ti
a

ti
o

n
 (

a
b

so
lu

te
)

***

N.S. N.S. N.S.



- Chapter 6: Differentiation Model by a PKA inhibitor - 

-         -  153 

Table 6-2 depicts the differences between the two different models used: the serum 

deprivation-induced and the high concentration H-89-induced differentiation models. 

The mechanism of differentiation for the two models is different.  The two models are 

not merely different in the responsiveness to chelerythrine, but in expression of NF-H 

and other features as well, such as time course.  On the other hand, in both serum 

deprivation and H-89 induced differentiation models, it was the ‘bipolar’ type 

differentiation.  Hence, these models are at least different from the PC12’s 

NGF-induced differentiation model, in which the differentiated cells display something 

like ‘halo’ 147,218.  The typical examples of those cells are illustrated below (Fig. 6-10). 

 

 
—————————————————————————————————————— 

 

Fig. 6-10  The typical examples of cells induced to differentiate in different 

models. 

Typical examples of SH-SY5Y cells induced to differentiate by serum deprivation or 

high concentrations of H-89 in the presence of 10% serum (A) and PC12 cells induced 

to differentiate by NGF (B) are illustrated above. 

 

——————————————————————————————————— 

 

 

The length and the number of neurites appears to be controlled by activation of small G 

protein RhoA 259, and neurite length is similar in both cases (serum deprivation and 

H-89 models). 

 

One of the great differences between the two models in terms of the involvement of 

signal transduction pathways is the responsiveness to chelerythrine administration.  In 

(A) (B) 

The bipolar type The halo type 
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the serum deprivation-induced model, the use of chelerythrine led to the suppression of 

differentiation while chelerythrine at the same concentration had no effects on 

differentiation in the high concentration H-89-induced model.  In addition, the 

enhancement of differentiation under serum deprivation caused by adenosine receptor 

agonists was inhibited by chelerythrine (Fig. 5-6).  Whereas, in this H-89-induced 

differentiation model, the involvement of PKC was not shown in induction of this rapid 

differentiation, as chelerythrine had no effect, and the adenosine agonists CCPA and 

CGS21680 did not affect differentiation (Fig. 6-6). 

 

Activation of PKC contributed to differentiation in the serum deprivation model as 

observed in TPA-induced differentiation in SH-SY5Y cells 149,150 whereas PKC was 

shown to be not involved in differentiation in the H-89 model.  The administration of 

adenosine agonists in the H-89 model could have exerted activation of PKC and yet 

they did not enhance differentiation. 

 

In this chapter, induction of neuronal differentiation based on neurite outgrowth in 

SH-SY5Y cells was demonstrated by use of a selective PKA inhibitor H-89 at 1 μM or 

higher in the presence of 10% FBS.  In addition, it was shown that the mechanism for 

this H-89-induced differentiation was different to that by which the differentiation was 

induced by serum deprivation in many respects.  Especially, the difference in 

expression of NF-H protein was remarkable between the two differentiation situations.  

Furthermore, this mechanism must differ from the one by which dbcAMP or its other 

analogues induce differentiation in many kinds of neuroblastoma cell lines as well as 

PC12 cells.  By comparing the serum deprivation-induced and high concentrations of 

H-89-induced models with other reported models in the literature, it was concluded that 

these two differentiation models may be different to those reported, including PC12’s 

NGF or dbcAMP-induced models and SH-SY5Y’s RA or TPA-induced ones.  These 

new differentiation models proposed in this series of study will widen the choice of 

study models and add further opportunities to explore a different mechanism to known 

conventional ones in the area of neuronal differentiation. 
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Table 6-2  Comparison between different differentiation models 

 

               

Differentiation model 

 

Features 

 

Serum deprivation-induced 

 

 

High conc. H-89-induced 

 

Time course 

 

 

1 week or longer 

 

 

Within 1 day 

 

 

Maximum differentiation 

 

 

About 30% (1 week) 

 

 

About 40% (1 day) 

 

Differentiation type of 

neurites: branching or 

unbranching? 

 

Unbranching, bipolar 

 

Unbranching, bipolar 

 

Is PKA suppressed? 

 

 

Possibly, yes 

 

 

Yes 

 
 

Does additional H-89 enhance 

 differentiation? 

 

Yes, but very low 

concentrations are enough. 

 

Yes, but higher 

concentrations are necessary 

 

Minimum conc. of H-89 that 

affects differentiation 

 

10 nM 

 

1 μM 

 

Involvement of PKA? 

 

 

Yes 

(Inhibition) 

 

Yes 

(Inhibition) 

 

Involvement of PKC? 

 

 

Yes 

(Stimulation) 

 

No 

 
 

Involvement of  

p44/42 MAPKs? 

 

Yes 

(Inhibition) 

 
? (Not tested) 

 

 

Marker protein NF-L 

 

 

Unchanged 

(Inconsistent) 

 

Unchanged – slightly 

decreased 

 

Marker protein NF-M 

 

 

Slightly increases 

 

 

Unchanged 

 

 

Marker protein NF-H 

 

 

Increases 

 

 

Decreases 

 
 

Enhancement by CCPA 

(The A1 agonist)? 

 

Yes 

 

 

No 

 

 

Enhancement by CGS21680 

(The A2A agonist)? 

 

Yes 

 

 

No 
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Chapter 7 
——————————————————————————————————— 

General Discussions and Conclusions 

 

 

 

 

 

This chapter reviews the previous chapters, summarises and further discusses, 

particularly, the enhancement of differentiation elicited by adenosine receptor agonists 

and the two differentiation models established in this series of research work. 

 

Adenosine receptors & PKC 

Adenosine is a multifunctional, physiological modulator found abundantly in the body 

that exerts numerous biological actions through four distinct receptor subtypes, all of 

which belong to the GPCR family.  Reflecting its diverse range of actions, adenosine 

has at least four distinct receptors, all four of which have been shown to couple to 

‘multiple’ effector system.  Coupling to the cAMP-PKA system for functional signal 

transduction is very important for adenosine signaling, and many of adenosine actions 

have been explained by activation of this pathway.  Nevertheless, the presence of other 

signal transduction pathways involving other effector components occurs.  

Involvement of PKC in adenosine signaling is considered to be crucial in 

‘pre-conditioning’ in the heart 120,344, an ischemic condition of the heart and the 

subsequent cardiac tolerance to greater ischemic challenges found both in clinical and 

experimental situations.  PKC is known to be one of the key enzymes in cell growth 

25,398 and neuronal differentiation 353 as well as in other signal transduction. 

 

Adenosine receptors and neuronal differentiation 

In respect to neuronal differentiation, the action of adenosine has been controversial: 

adenosine has been demonstrated to induce 2,78, assist but not induce by itself 98, and 

inhibit 4 neuronal differentiation, suggesting the presence of adenosine receptors 

coupling to multiple effector systems in neuronal differentiation.  Neuronal 
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differentiation is controlled via PKA and it is unlikely that adenosine receptors regulate 

neuronal differentiation only via PKA signalling. 

 

Establishing a study model – serum deprivation-induced 

After exploring several differentiation models, a differentiation study model of 

SH-SY5Y cells using serum deprivation was assessed and proven to be useful to 

examine both enhancement and suppression of neuronal differentiation.  The 

differentiation of SH-SY5Y cells induced by serum deprivation involves cell growth 

arrest, changes in cell body size and shape, as well as the development of neurite 

extension.  This differentiation model was also found to express a higher level of 

NF-H, a marker protein for neuronal differentiation, than the control, uninduced 

SH-SY5Y cells.  NF proteins are important in supporting and strengthening axons in 

neurons 295.  Since neurites in differentiated PC12 and neuroblastoma cells are 

considered a counterpart of axons or dendrites in in vivo neurons, this finding in this 

differentiation model is particularly interesting and reasonable. 

 

Establishing a study model – H-89-induced 

In addition to the establishment of the above model, the second differentiation model, 

using SH-SY5Y cells with H-89, was also found and explored.  The phenotype of the 

differentiated cells in both models looked very similar to each other, but it was found 

that they involved different mechanisms.  Intriguingly, there was no apparent 

involvement of adenosine receptors in enhancing differentiation in this model.  By 

comparing both models, the negative involvement of PKA in differentiation was 

observed. 

 

Footnote: Apart from being one of the marker proteins for neuronal differentiation, NF 

proteins are also known to be linked neuronal diseases: A down-regulation of mRNA 

encoding neurofilament proteins and the presence of neurofilament deposits are 

common features of human neurodegenerative diseases, including amyotrophic lateral 

sclerosis (ALS), Parkinson's disease, and Alzheimer's disease 1.  However, whether 

they are the direct cause of these diseases is yet to be answered.  Furthermore, NF 

protein contains several phosphorylation sites and they have been reported to be 

phosphorylated by various kinds of kinases including ones for PKA, PKC, 

cyclin-dependent kinase 5 (Cdk5), p44/42 MAPKs, glycogen synthase kinase-3 

(GSK-3) and γ-type stress-activated protein kinase (SAPKγ) 1.  Interestingly, 

perturbations in phosphorylation of NF proteins are frequently observed in the 

above-mentioned neurodegenerative diseases 1.  This serum deprivation-induced 

differentiation model, therefore, might also be useful for studies in such areas. 
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Mechanisms of the serum deprivation model 

Using the serum deprivation-induced differentiation model, the possible roles of 

adenosine in neuronal differentiation were investigated utilising selective adenosine 

receptor agonists.  Both CCPA (selective A1 receptor agonist) and CGS21680 

(selective A2A receptor agonist) were shown to enhance differentiation despite the 

opposite direction of actions in regulating cAMP levels.  This finding suggests the 

presence of ‘other’ signal transduction pathways than the PKA pathway.  The 

enhancement of differentiation by CCPA and CGS21680 was shown to be blocked by 

selective adenosine receptor antagonists, DPCPX (selective A1 receptor antagonist) and 

CGS15943 (selective A2A receptor antagonist), respectively, proving specific adenosine 

receptor actions.  Simultaneous co-stimulation of adenosine receptors with CCPA and 

CGS21680 also resulted in enhancement of differentiation, indicating that regulation of 

cAMP levels cannot contribute solely to differentiation.  The enhancement caused by 

CCPA and CGS21680 has been shown to be suppressed by a selective PKC inhibitor 

chelerythrine, demonstrating the involvement of PKC in this potentiation. 

 

Mechanisms of adenosine receptor-mediated enhancement 

The enhancement of differentiation caused by the A1 receptor alone and the combination 

of the A1 and A2A receptors was not observed in the presence of a PKA inhibitor H-89 

(Chapter 5).  On the other hand, there was a tendency of enhanced differentiation in 

cells treated with CGS216800.  As for the mechanisms, in cells treated with H-89, the 

activity of cellular PKA was suppressed.  Normally, the adenosine A2A receptor is 

coupled to adenylate cyclase positively.  If the suppression of PKA by H-89 was far 

greater than the stimulation of PKA by CGS21680, the sum of the extent of PKA 

activities would remain almost at the same level and hence the extent of differentiation 

would almost be the same.  If the suppression of PKA by H-89 was not great enough 

compared to the stimulation of PKA by CGS21680, then the sum of extent of PKA 

activity would be considerably reduced and therefore the extent of differentiation would 

also be reduced.  The result in Fig. 7-1 indicates the presence of an enhancement by 

CGS21680 by a different mechanism to PKA signaling, which can be antagonised by 

the simultaneous activation of the A1 receptor. 
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—————————————————————————————————————— 

 

Fig. 7-1  Effects of a PKA inhibitor on differentiation 

SH-SY5Y cells were induced to differentiate according to the method in Fig. 3.  The 

extent of differentiation is expressed as the percentage of differentiated cells in the 

population.  Bars represent mean values ± S.E.M. from three independent 

experiments.  Data from treatments were analyzed against the control using ANOVA. 

Note:     N.S.   indicates statistically not significant compared to control. 

†     indicates statistically significant compared to control with p < 0.1 

*     indicates statistically significant compared to control with p < 0.05 

**    indicates statistically significant compared to control with p < 0.01 

***   indicates statistically significant compared to control with p < 0.001 

 (The same figure as Fig. 5-2B) 

 

—————————————————————————————————————— 

 

 

In Chapter 5, use of various selective protein kinase inhibitors also revealed the 

mechanism(s) of induction of differentiation itself of the two models.  Use of 

chelerythrine displayed the involvement of PKC in induction of differentiation of the 

same cell line induced by serum deprivation, which was a new finding.  This appears 

to be a similar mechanism to some extent to the differentiation induced by TPA in the 

presence of serum.  However, there are differences between the two: 1) the 

TPA-induced model requires the presence of serum as discussed earlier whereas this 

model does not require it, 2) activation of PKA would enhance the differentiation 

induced by TPA whereas in the differentiation induced by serum deprivation, the use of 

H-89 enhanced differentiation (not the adenosine receptor-mediated enhancement).  

Therefore, serum deprivation-induced differentiation was shown to have a distinct 
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mechanism.  Use of chelerythrine also revealed that the adenosine A1 and A2A 

receptors-mediated enhancement of differentiation (serum deprivation-induced) 

involved activation of PKC. 

 

Interactions among PKC, PKA and MAPKs in SH-SY5Y cells 

p44/42 MAPKs are the central enzymes in signal transduction pathways leading to cell 

growth and differentiation in most cells 25,110,114,398.  PD098,059, a selective p44/42 

MAPKs inhibitor (more specifically, it inhibits MEK1/2), alone enhanced the 

differentiation in the model, indicating that the p44/42 MAPKs pathway is negatively 

involved in induction of differentiation in the serum deprivation model.  Adenosine 

receptor agonists did not exert any further enhancement of differentiation in the 

presence of PD098,095, suggesting that adenosine receptor-mediated enhancement of 

differentiation requires activation of p44/42 MAPKs.  Since PKC has been shown to 

interact with other signal transduction pathways, including PKA and p44/42 MAPKs 

pathways, let’s discuss the connection between PKC and other protein kinases. 

 

Literature describes the presence of interaction or cross-talk between various signal 

transduction pathways across different cell types 380,419-422.  The relationship between 

PKA and PKC observed in SH-SY5Y cells in relation to differentiation, seemed like a 

‘negative-positive’ relationship in the serum deprivation model (Chapter 5): the 

activation of PKC was observed and responsible for the differentiation, and use of a 

PKA inhibitor enhanced the base-line differentiation level.  Therefore, inhibition of 

PKA appeared to have increased the activity of PKC, leading to further differentiation. 

 

A report proposes the possibility of a ‘positive-negative’ relationship between PKA and 

PKC in the same cell line SH-SY5Y cells 423: Bcl-2 protein is one of the key proteins 

controlling the cell survival-apoptosis balance.  When SH-SY5Y cells were treated 

with TPA or RA, cells were induced to differentiate and the levels of Bcl-2 protein were 

increased.  The levels of Bcl-2 protein were also increased by the treatment with 

carbachol, a muscarinic acetylcholine receptor (mAChR) agonist, and the effect was 

inhibited by pretreatment with PKC inhibitors staurosporine or calphostin C. In addition, 

a carbachol-induced increase in Bcl-2 protein levels and a transient elevation of 

intracellular Ca2+ levels were inhibited by pretreatment with 4-DAMP 

(4-diphenylacetoxy-N-methylpiperidine), an m3 mAChR antagonist.  In contrast, the 
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levels of Bcl-2 protein were decreased by the treatment with dbcAMP, forskolin or 

cholera toxin, and the effects of dbcAMP were inhibited by pretreatment with a PKA 

inhibitor, H-89.  From these results, it was considered by the author of this article that 

the expression of Bcl-2 protein in SH-SY5Y cells is regulated by PKC and PKA in 

positive and negative manners, respectively. 

 

Taking the ‘homeostasis’ in the body and at the cellular level into consideration, it is 

possible that the ‘positive-negative’ relationship between PKA and PKC in SH-SY5Y 

cells described in the above article can be the same phenomenon in a different mode as 

the ‘negative-positive’ relationship between them in the serum deprivation-induced 

differentiation model. 

 

Another example of cross-talk among PKA, PKC and the classical MAPKs in neuronal 

cells has been described as follows: NGF is known to activate PKC after the activation 

of its specific receptor TrkA, but it has also been shown to activate PKA and that it is 

essential to induce neuronal differentiation in PC12 cells 343.  In cortical neurons, 

phorbol dibutyrate (a PKC activator) and forskolin were both found to activate p44/42 

MAPKs 422. 

 

Extended cross-talk among different kinase pathways has been presented: the 

acetylcholine muscarinic m1 receptor, which belongs to the GPCR superfamily, could 

activate two kinase pathways, p44/42 MAPKs and SAPK/JNK (and the subsequent 

c-Jun).  Furthermore, it was found that GPCRs could activate other members of the 

MAPK family as well, including ERK5 (new member of the family) and three isoforms 

of p38 MAPK (p38α, p38γ and p38δ) 424.  This is one good example of how 

complicatedly these signal transduction pathways cross over.  It suggests that it may be 

a matter of in what ratio in combinations one inducer of differentiation can activate a set 

of signal transduction pathways, and not that which one of them the inducer activates. 

 

Transcription factors in differentiation 

The role of transcription factors or other transcription regulators in differentiation is 

crucial as 1) they are located downstream of each of signal transduction pathways 

leading to neuronal differentiation, and 2) differentiation is considered to be a process 

where old state of cells become phenotypically new state reflecting the results of altered 
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patterns of gene expression, which is controlled by a group of transcription factors.  

Theoretically, two different inputs (external stimuli and the subsequent activation of 

signal transduction pathway(s)) could give rise to the same outcome (new phenotype) 

under the condition that the same set of transcription factors (outputs) were to be 

produced. 

 

There are cases known where a single transcription factor molecule determines cellular 

differentiation: in adipocyte differentiation, transcription factor C/EBPα has been shown 

to increase its expression levels significantly over differentiation, and the activation of 

C/EBPα has been shown to induce differentiation in 3T3-L1 adipoblast cells into 

adipocytes 425.  MyoD, a basic helix-loop-helix protein that had been identified as a 

differentiation factor for myogenesis, has been shown to be a transcription factor 

exclusively for muscle differentiation, acting on the genes with the ‘E box’ sequence, 

forming a heterodimer together with E12 protein 426. 

 

However, such transcription factor(s) exclusively for neuronal differentiation of 

neuroblastoma cells have not yet been found to date.  Instead, activation of common 

transcription factors, such as c-fos and c-jun, has been described in neuronal 

differentiation: increases in gene expression of c-fos in PC12 cells by NGF 427-429, 

A126-1B2 and 123.7 cells, two sublines of PC12 cells by RA 210 and in SH-SY5Y cells 

by TPA 353,430, and increases in gene expression of c-jun in PC12 cells by NGF 431,432 

have been shown.  It has also been shown that constitutive expression of fra-1 gene, a 

member of the c-fos gene family, in PC-12 cells results in pronounced inhibition of 

NGF-induced differentiation 433.  Fra-1 has been shown to interact with gene products 

of other members of the immediate early genes including c-jun 434.  Therefore, it could 

only be safe to say that the increase in c-fos and c-jun expression levels may be 

involved in induction of neuronal differentiation possibly across different differentiation 

models and that it may further require the involvement of some other transcription 

factor(s), including factor(s) possessing inhibitory effects of Fra-1 functions, or other 

protein(s) that can interfere with c-Fos and/or c-Jun proteins due to the broad spectrum 

of responsiveness of c-fos and c-jun genes to various stimuli. 

 

Fra-1 and neuronal differentiation 

Interestingly, Fra-1, a member of the c-Fos family, was first identified as a ‘c-Fos 
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protein related protein’ in rat fibroblasts that was induced by serum stimulation 435.  

Since Fra-1 has the inhibitory effects on neuronal differentiation of PC12 cells, serum 

deprivation is expected to suppress the expression of Fra-1 and the subsequent 

inhibitory effects on the induction of neuronal differentiation of SH-SY5Y cells in the 

serum deprivation-induced model.  In addition, in mouse Y-1 adrenocortical cell line, it 

was shown that the ACTH receptor, a GPCR positively coupled to adenylate cyclase, 

induced the expression of fra-1 both at the mRNA and protein levels 436.  This 

regulation would explain the relationship between the inhibition of PKA by H-89 and 

the induction of neuronal differentiation in the two study models.  On the other hand, 

activation of PKC has also been shown to induce the expression of fra-1 437 and that 

PKC can phosphorylate Fra-1 protein in vitro 438, but such post-translational 

modification of Fra-1 did not change its DNA binding ability 438.  Instead, 

phosphorylation of Fra-1 by p44/42 MAPKs in vitro did increase the DNA binding 

activity of Fra-1 438.  All this regulation of Fra-1 by major protein kinases, such as 

PKA and p44/42 MAPKs, would help understand the complicated network of signal 

transduction pathways in neuronal differentiation as being components connecting 

between protein kinases and genes responsible for neuronal differentiation. 

 

Transcription factors and neuronal differentiation 

Having been discussed in the series of studies in this research work, and in the literature, 

there seems to be a large difference between the neuronal differentiation of SH-SY5Y 

and PC12 cells.  Furthermore, differences even exist among different differentiation 

models in the same cell lines.  Since transcription factors or other transcription 

regulators are usually regulated by the upstream protein kinases, it is vital to understand 

the activation of such kinases to elucidate the mechanisms of neuronal differentiation.  

Given the diversity of the types of neuronal differentiation whilst the common features 

shared among these types are present: the very things controlling neuronal 

differentiation directly, namely, the ‘transcription factors and other transcription 

regulators’ responsible for differentiation, should consist of both differentiation-specific 

and common factors in combination. 

 

Transcription factors exclusively responsible for a particular type of differentiation, 

such as MyoD, have been shown of the possibility to interact with ‘common’ 

transcription factors by association with c-Jun protein 439.  The ‘immediate early 
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genes’, such as c-fos or c-jun, may belong to the latter category, in the role of induction 

of neuronal differentiation.  Transcription factors belonging to the former category 

must be identified.  Currently, several signal transduction pathways and other separate 

protein kinases have been described as being involved in the neuronal differentiation of 

PC12 cells.  However, neuroblastoma is distinct from pheochromocytoma in the 

clinical point of view, and the same thing applies to the cell lines derived from these two 

as well.  It would not be hard to imagine that the mechanism of normal embryonic 

development of neuronal cells/tissues is different from that of neuronal differentiation of 

the above two.  Findings about neuronal differentiation of human neuroblastoma cells 

as to the mechanism are much less than those about PC12 cells, however, this series of 

research work has contributed to expand the knowledge.  Before everything else, the 

work must chiefly be done with the appropriate human neuroblastoma cell lines in order 

to clarify the mechanism of differentiation of neuroblastoma cells, not with PC12 cells. 

 

Meaning of serum deprivation 

The serum deprivation-induced differentiation may be an artificial phenomenon, 

however, several other neuroblastoma cell lines respond likewise besides SH-SY5Y 

cells and there will be some physiological significance in it.  Serum 

deprivation-induced neuronal differentiation is considered to occur due to the lack of 

incoming signals from various growth factors, similar growth stimulatory agents and the 

subsequent cellular responses.  In healthy embryonic development, it is well 

documented that a considerable amount of neurons die in the process and this is not 

restricted to neuronal cells but it extends to other types of cells as well.  One of the 

examples is the formation of fingers: fingers are shaped by elimination of a lump of 

cells lying between destined fingers by programmed cell death (apoptosis) during the 

course of embryonic development 440.  Another example is the loss of the tail of a 

tadpole by apoptic cell death of the cells in the region in the course of development 440.  

In the case of neurons, it has been reported that the amount of neurons that die in the 

embryonic development was about 50% on average and it exceeded as high as 80% 

depending on the regions 440,441.  The significance of such a large amount of neuronal 

cell death still remains unclear, however, the death is considered to occur partly due to 

the lack of neurotrophic factors 442.  It is considered that the amount of neurotrophic 

factors produced during the development in the given regions for the survival of 

neurons is far too small for the number of neurons present, therefore, as a result of 
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competition for limited supply, only a limited number of neurons that have managed to 

receive the signal can survive 441.  This situation may be somewhat similar to the 

serum deprivation model proposed in the present study.  Very interestingly, neurons in 

the course of embryonic development (not fully differentiated) normally display 

differentiation before they die.  The differentiation features include increases in 

neuronal enzyme levels, such as choline acetyltransferase and acetylcholine esterase in 

dying spinal motor neurons, and outgrowth of dendrites in dying chick ciliary ganglion 

441.  Therefore, the serum deprivation-induced neuronal differentiation model proposed 

in this thesis may have physiological significance. 

 

Future directions 

This series of studies has provided evidence that the regulation of PKA, PKC and 

p44/42 MAPKs in SH-SY5Y cells is playing important roles in neuronal differentiation 

induced by serum deprivation.  It was revealed that these protein kinases regulated 

differentiation in a different manner (positively or negatively).  Since protein kinases 

in the signal transduction network normally interact with each other, it is required in 

future that the roles of each of these protein kinases in this differentiation model 

induced by serum deprivation be clarified as to whether they contribute to the 

differentiation process equally, or one or some of them play primary roles in 

differentiation and the other protein kinases are merely being influenced by the others.  

To enable this on a molecular level, it would be necessary to utilise methods, such as 

using anti-sense probes for the target kinase(s) (including PKC isoforms), constructing 

dominant negative forms of the target kinase(s) in addition to the options, including 

using extremely selective kinase inhibitors, and/or utilising other cell lines that lack 

activities of the intended kinase(s).  On the other hand, whether or not Gs and/or Gi/o 

are playing a crucial part in serum deprivation-induced differentiation would be 

answered by introduction of a dominant negative form of such G proteins into 

SH-SY5Y cells. 

 

As for the assessment of neuronal differentiation, the performance may be improved by 

introduction of molecular devices.  Since the major readout that has been used in this 

project was formation of neurite(s), it takes time and effort to evaluate one set of such 

experiments (differentiation), and there has been a limit for the number of repeats (or 

groups) in a single set of experiments.  It would increase the speed for evaluation and 
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the limit for the number of repeats in a set of experiments to a great extent if 

instruments, such as fluorescence-activated cell sorting (FACS) machines, should be 

incorporated to the methods used in this project.  As mentioned earlier in the thesis, 

there are many kinds of markers for differentiation being used, however, several 

markers do not correlate with each other in terms of the extent of neurite extension.  

Therefore, using a combination of markers on FACS would be necessary in order to 

retain a close correlation with morphological changes. 

 

 

This series of research work has lead the author to deeply understanding the neuronal 

differentiation of human neuroblastoma SH-SY5Y cells by serum deprivation and a 

PKA inhibitor H-89.  Adenosine A1 and A2A receptors have been shown to enhance 

differentiation of SH-SY5Y cells in those differentiation models, not by the regulation 

of the classical cAMP, but the activation of PKC and other different mechanisms, and 

also helped further understand the two differentiation models.  The importance of 

activation of PKC in neuronal differentiation of neuroblastoma and PC12 cell has been 

emphasised in this thesis, however, PKC is also important in neurite outgrowth and the 

maintenance of axonal transport in healthy primary mouse dorsal root ganglion (DRG) 

cells as well 443.  These new two differentiation study models proposed in this series of 

study have been shown different to other known differentiation models.  This will add 

new approaches to further understanding of neuronal differentiation in general, and 

clinical application. 
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Fig. 7-2  Proposed signal transduction pathways leading to neuronal 

differentiation in SH-SY5Y cells 

Complicated networks have been shown to occur in connecting between external 

stimuli and neuronal differentiation, consisting of both established signal transduction 

pathways in SH-SY5Y cells and other cells including PC12 cells, neuroblastoma cell 

lines and fibroblasts, and separate protein kinases and other proteins including 

transcription factors are proposed.  Adenosine and its analogues, such as CCPA 

(selective for the A1 receptor) and CGS21680 (selective for the A2A receptor), activate 

the A1 and/or A2A receptors, leading to the activation of various protein kinases in 

addition of the regulation of PKA.  Experimental data presented in this series of 

research work show the significance of PKC in mediating signals from extracellular 

stimuli to neuronal differentiation in SH-SY5Y cells.  PKC has many potential 

signaling pathways downstream, including other important protein kinases, such as 

p44/42 MAPKs and JNK/SAPK, a member of the MAPK family.  PKC regulates 

gene expression of several different groups of genes by regulating major transcription 

factors, including AP-1 (a c-Fos-c-Jun heterodimer), CREB and Elk-1, each of which 

controls a group of genes containing specific DNA sequences (binding sites) termed 

TRE, CRE and SRE, respectively.  TPA, a potent activator of PKC, is considered to 

induce neuronal differentiation in SH-SY5Y cells and other human neuroblastoma cell 

lines through the activation of PKC. The activation of PKC can be inhibited by use of 

chelerythrine.  Another major player PKA is very important in exerting neuronal 

differentiation, mediating extracellular signals to the nuclei via transcription factor 

CREB, which regulates a group of genes possessing CRE.  In non-neuronal cells, 

PKA is known to suppress the activation of the Ras-Raf-1-p44/42 MAPKs signaling 

pathway, however in neuronal cells including SH-SY5Y cells, PKA activates p44/42 

MAPKs through B-Raf, a Raf-1 related protein kinase.  PKA can also activate another 

main protein kinase p38 MAPK, another member of the MAPK family.  PKA 

regulates gene expression of a group of genes with CREB. Forskolin is an activator of 

AC and subsequently acts as a potent activator of PKA.  It can induce neuronal 

differentiation in several different neuronal cell lines.  dbcAMP is involved in 

neuronal differentiation by activating PKA.  H-89 has relatively high selectivity for 

inhibition of PKA, however, it can also induce differentiation in SH-SY5Y cells on its 

own.  CREB is also regulated by other protein kinases by phosphorylation, including 

PKC and CaMKII, which is regulated by intracellular Ca2+ and calmodulin protein (a 

Ca2+ binding protein).  Another key player p44/42 MAPKs regulate cell proliferation 

and many other cellular events including neuronal differentiation.  p44/42 MAPKs 

regulate gene expression of a group of genes possessing SRE, one of the most 

important genes of which is c-fos gene. p44/42 MAPKs also regulate gene expression 

of other groups of genes possessing the specific binding site for c-Myc-Max complex 

and C/EBPβ (NF-IL6).  PD098,059 inhibits activation of MEK1/2 and thus, it inhibits 

the downstream components of MEK1/2 as well, including p44/42 MAPKs.  PI3K, a 

recent member of the signal transduction system, is a potential player in neuronal 

differentiation.  It involves many downstream signaling pathways, one of which is 

one type of PKC (atypical PKC).  The GC-PKG signaling pathway may also be 

involved in induction of neuronal differentiation at least in PC12 cells partly by 

regulating its direct downstream components and partly by interfering the AC-PKA 

signaling pathway.  PKG is potentially blocked by use of H-89.  MSK-1 is a protein 

kinase that can be activated by both p44/42 MAPKs and p38 MAPK.  H-89 has also 

been shown to inhibit MSK-1.  Activation of proto-oncogene products, such as Ras 

and c-Src, has the ability to induce neuronal differentiation by activating their 

downstream signal transduction components.  In SH-SY5Y cells, c-Src and c-SrcN, a 

variant form of c-Src, have also been pointed out to be involved in neuronal 

differentiation induced by TPA. 
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Note: Numbers in blue indicate positions where arrows/lines are connected from afar 

in the diagram. 

 

References: 

22,24,25,31,33,37,41,100,102,110-118,147,149-152,155,160,164,167,169,179,181,183,197,202,222,223,272-276,326,327,329,343,346,3

47,390,391,395-397,403,414,425,444-470 

(Refer also to Table 1-3 and other parts of Chapter 1 concerning signal transduction) 

 

Abbreviation: α(11); G protein α11 subunit, α(i); G protein αi subunit, α(o); G protein 

αo subunit, α(oil); G protein αolf subunit, α(q); G protein αq subunit, α(s); G protein αs 

subunit, AC; adenylate cyclase, Ad A(1)R; adenosine A1 receptor, Ad A(2A)R; 

adenosine A2A receptor, aPKC; atypical PKC, CaM; calmodulin, CaMKII; 

calcium-calmodulin-dependent kinase, cPLA2; cytosolic phospholipase A2, C/EBPβ; 

CCAAT/enhancer-binding protein β (= NF-IL6), CRE; cAMP response element, 

CREB; cAMP response element binding protein, DAG; diacylglycerol, Gβγ; G 

protein β and γ subunits (complex), GC; guanylate cyclase, JNK (SAPK); c-Jun 

N-terminal kinase (stress-activated protein kinase), LT; leukotriene, MEK1/2; MAPK 

and ERK kinase 1/2, MLK; myosin light chain, MSK-1; mitogen- and stress-activated 

kinase-1, NF-IL6; nuclear factor for IL-6 expression (= C/EBPβ), PDE; 

phosphodiesterase, PDK1; 3’-phosphoinositide-dependent kinase, PG; prostaglandin, 

PI3K; phosphatidylinositol 3-kinase, PKB; protein kinase B, PKG; protein kinase G; 

RTK; receptor tyrosine kinase, SRE; serum response element,  TRE; TPA response 

element 
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SQ 2-3  Retrieved nucleotide sequence of the adenosine A1 receptor gene (1) 

A retrieved nucleotide sequence for the human adenosine A1 receptor gene (Accession Number; 

AB004662) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 

 

ATGCCGCCCT CCATCTCAGC TTTCCAGGCC GCCTACATCG GCATCGAGGT GCTCATCGCC 

CTGGTCTCTG TGCCCGGGAA CGTGCTGGTG ATCTGGGCGG TGAAGGTGAA CCAGGCGCTG 

CGGGATGCCA CCTTCTGCTT CATCGTCTCG CTGGCGGTGG CTGATGTGGC CGTGGGTGCC 

CTGGTCATCC CCCTCGCCAT CCTCATCAAC ATTGGGCCAC AGACCTACTT CCACACCTGC 

CTCATGGTTG CCTGTCCGGT CCTCATCCTC ACCCAGAGCT CCATCCTGGC CCTGCTGGCA 

ATTGCTGTGG ACCGCTACCT CCGGGTCAAG ATCCCTCTCC GGTACAAGAT GGTGGTGACC 

CCCCGGAGGG CGGCGGTGGC CATAGCCGGC TGCTGGATCC TCTCCTTCGT GGTGGGACTG 

ACCCCTATGT TTGGCTGGAA CAATCTGAGT GCGGTGGAGC GGGCCTGGGC AGCCAACGGC 

AGCATGGGGG AGCCCGTGAT CAAGTGCGAG TTCGAGAAGG TCATCAGCAT GGAGTACATG 

GTCTACTTCA ACTTCTTTGT GTGGGTGCTG CCCCCGCTTC TCCTCATGGT CCTCATCTAC 

CTGGAGGTCT TCTACCTAAT CCGCAAGCAG CTCAACAAGA AGGTGTCGGC CTCCTCCGGC 

GACCCGCAGA AGTACTATGG GAAGGAGCTG AAGATCGCCA AGTCGCTGGC CCTCATCCTC 

TTCCTCTTTG CCCTCAGCTG GCTGCCTTTG CACATCCTCA ACTGCATCAC CCTCTTCTGC 

CCGTCCTGCC ACAAGCCCAG CATCCTTACC TACATTGCCA TCTTCCTCAC GCACGGCAAC 

TCGGCCATGA ACCCCATTGT CTATGCCTTC CGCATCCAGA AGTTCCGCGT CACCTTCCTT 

AAGATTTGGA ATGACCATTT CCGCTGCCAG CCTGCACCTC CCATTGACGA GGATCTCCCA 

GAAGAGAGGC CTGATGACTA G 
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SQ 2-4  Retrieved nucleotide sequence of the adenosine A1 receptor gene (2) 

A retrieved nucleotide sequence for the human adenosine A1 receptor gene (Accession Number; 

L22214) from GenBank used for design of subtype-specific PCR primers. 
(Note; ATG: the start codon, TAG: the stop codon) 

 

ATGAGTGTCA GAAGTGTGAA GGGTGCCTGT TCTGAATCCC AGAGCCTCCT CTCCCTCTGT 

GAGGCTGGCA GGTGAGGAAG GGTTTAACCT CACTGGAAGG AATCCCTGGA GCTAGCGGCT 

GCTGAAGGCG TCGAGGTGTG GGGGCACTTG GACAGAACAG TCAGGCAGCC GGGAGCTCTG 

CCAGCTTTGG TGACCTTGGG CCGGGCTGGG AGCGCTGCGG CGGGAGCCGG AGGACTATGA 

GCTGCCGCGC GTTGTCCAGA GCCCAGCCCA GCCCTACGCG CGCGGCCCGG AGCTCTGTTC 

CCTGGAACTT TGGGCACTGC CTCTGGGACC CCTGCCGGCC AGCAGGCAGG ATGGTGCTTG 

CCTCGTGCCC CTTGGTGCCC GTCTGCTGAT GTGCCCAGCC TGTGCCCGCC ATGCCGCCCT 

CCATCTCAGC TTTCCAGGCC GCCTACATCG GCATCGAGGT GCTCATCGCC CTGGTCTCTG 

TGCCCGGGAA CGTGCTGGTG ATCTGGGCGG TGAAGGTGAA CCAGGCGCTG CGGGATGCCA 

CCTTCTGCTT CATCGTGTCG CTGGCGGTGG CTGATGTGGC CGTGGGTGCC CTGGTCATCC 

CCCTCGCCAT CCTCATCAAC ATTGGGCCAC AGACCTACTT CCACACCTGC CTCATGGTTG 

CCTGTCCGGT CCTCATCCTC ACCCAGAGCT CCATCCTGGC CCTGCTGGCA ATTGCTGTGG 

ACCGCTACCT CCGGGTCAAG ATCCCTCTCC GGTACAAGAT GGTGGTGACC CCCCGGAGGG 

CGGCGGTGGC CATAGCCGGC TGCTGGATCC TCTCCTTCGT GGTGGGACTG ACCCCTATGT 

TTGGCTGGAA CAATCTGAGT GCGGTGGAGC GGGCCTGGGC AGCCAACGGC AGCATGGGGG 

AGCCCGTGAT CAAGTGCGAG TTCGAGAAGG TCATCAGCAT GGAGTACATG GTCTACTTCA 

ACTTCTTTGT GTGGGTGCTG CCCCCGCTTC TCCTCATGGT CCTCATCTAC CTGGAGGTCT 

TCTACCTAAT CCGCAAGCAG CTCAACAAGA AGGTGTCGGC CTCCTCCGGC GACCCGCAGA 

AGTACTATGG GAAGGAGCTG AAGATCGCCA AGTCGCTGGC CCTCATCCTC TTCCTCTTTG 

CCCTCAGCTG GCTGCCTTTG CACATCCTCA ACTGCATCAC CCTCTTCTGC CCGTCCTGCC 

ACAAGCCCAG CATCCTTACC TACATTGCCA TCTTCCTCAC GCACGGCAAC TCGGCCATGA 

ACCCCATTGT CTATGCCTTC CGCATCCAGA AGTTCCGCGT CACCTTCCTT AAGATTTGGA 

ATGACCATTT CCGCTGCCAG CCTGCACCTC CCATTGACGA GGATCTCCCA GAAGAGAGGC 

CTGATGACTA GACCCCGCCT TCCGCTCCCA CCAGCCCACA TCCAGTGGGG TCTCAGTCCA 

GTCCTCACAT GCCCGCTGTC CCAGGGGTCT CCCTGAGCCT GCCCCAGCTG GGCTGTTGGC 

TGGGGGCATG GGGGAGGCTC TGAAGAGATA CCCACAGAGT GTGGTCCCTC CACTAGGAGT 

TAACTACCCT ACACCTCTGG GCCCTGCAGG AGGCCTGGGA GGGCAAGGGT CCTACGGAGG 

GACCAGGTGT CTAGAGGCAA CAGTGTTCTG AGCCCCCACC TGCCTGACCA TCCCATGAGC 

AGTCCAGCGC TTCAGGGCTG GGCAGGTCCT GGGGAGGCTG AGACTGCAGA GGAGCCACCT 

GGGCTGGGAG AAGGTGCTTG GGCTTCTGCG GTGAGGCAGG GGAGTCTGCT TGTCTTAGAT 

GTTGGTGGTG CAGCCCCAGG ACCAAGCTTA AGGAGAGGAG AGCATCTGCT CTGAGACGGA 

TGGAAGGAGA GAGGTTGAGG ATGCACTGGC CTGTTCTGTA GGAGAGACTG GCCAGAGGCA 

GCTAAGGGGC AGGAATCAAG GAGCCTCCGT TCCCACCTCT GAGGACTCTG GACCCCAGGC 

CATACCAGGT GCTAGGGTGC CTGCTCTCCT TGCCCTGGGC CAGCCCAGGA TTGTACGTGG 

GAGAGGCAGA AAGGGTAGGT TCAGTAATCA TTTCTGATGA TTTGCTGGAG TGCTGGCTCC 

ACGCCCTGGG GAGTGAGCTT GGTGCGGTAG GTGCTGGCCT CAAACAGCCA CGAGGTGGTA 

GCTCTGAGCC CTCCTTCTTG CCCTGAGCTT TCCGGGGAGG AGCCTGGAGT GTAATTACCT 

GTCATCTGGG CCACCAGCTC CACTGGCCCC CGTTGCCGGG CCTGGACTGT CCTAGGTGAC 

CCCATCTCTG CTGCTTCTGG GCCTGATGGA GAGGAGAACA CTAGACATGC CAACTCGGGA 

GCATTCTGCC TGCCTGGGAA CGGGGTGGAC GAGGGAGTGT CTGTAAGGAC TCAGTGTTGA 

CTGTAGGCGC CCCTGGGGTG GGTTTAGCAG GCTGCAGCAG GCAGAGGAGG AGTACCCCCC 

TGAGAGCATG TGGGGGAAGG CCTTGCTGTC ATGTGAATCC CTCAATACCC CTAGTATCTG 

GCTGGGTTTT CAGGGGCTTT GGAAGCTCTG TTGCAGGTGT CCGGGGGTCT AGGACTTTAG 

GGATCTGGGA TCTGGGGAAG GACCAACCCA TGCCCTGCCA AGCCTGGAGC CCCTGTGTTG 

GGGGGCAAGG TGGGGGAGCC TGGAGCCCCT GTGTGGGAGG GCGAGGCGGG GGAGCCTGGA 

GCCCCTGTGT GGGAGGGCGA GGCGGGGGAT CCTGGAGCCC CTGTGTCGGG GGGCGAGGGA 

GGGGAGGTGG CCGTCGGTTG ACCTTCTGAA CATGAGTGTC AACTCCAGGA CTTGCTTCCA 

AGCCCTTCCC TCTGTTGGAA ATTGGGTGTG CCCTGGCTCC CAAGGGAGGC CCATGTGACT 

AATAAAAAAC TGTGAACCCT 
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SQ 2-5  Retrieved nucleotide sequence of the adenosine A1 receptor gene (3) 

A retrieved nucleotide sequence for the human adenosine A1 receptor gene (Accession Number; 

S45235) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 

 

GAGCTCTGCC AGCTTTGGTG ACCTTGGGTG CTTGCCTCGT GCCCCTTGGT GCCCGTCTGC 

TGATGTGCCC AGCCTGTGCC CGCCATGCCG CCCTCCATCT CAGCTTTCCA GGCCGCCTAC 

ATCGGCATCG AGGTGCTCAT CGCCCTGGTC TCTGTGCCCG GGAACGTGCT GGTGATCTGG 

GCGGTGAAGG TGAACCAGGC GCTGCGGGAT GCCACCTTCT GCTTCATCGT GTCGCTGGCG 

GTGGCTGATG TGGCCGTGGG TGCCCTGGTC ATCCCCCTCG CCATCCTCAT CAACATTGGG 

CCACAGACCT ACTTCCACAC CTGCCTCATG GTTGCCTGTC CGGTCCTCAT CCTCACCCAG 

AGCTCCATCC TGGCCCTGCT GGCAATTGCG GTGGACCGCT ACCTCCGGGT CAAGATCCCT 

CTCCGGTACA AGATGGTGGT GACCCCCCGG AGGGCGGCGG TGGCCATAGC CGGCTGCTGG 

ATCCTCTCCT TCGTGGTGGG ACTGACCCCT ATGTTTGGCT GGAACAATCT GAGTGCGGTG 

GAGCGGGCCT GGGCAGCCAA CGGCAGCATG GGGGAGCCCG TGATCAAGTG CGAGTTCGAG 

AAGGTCATCA GCATGGAGTA CATGGTCTAC TTCAACTTCT TTGTGTGGGT GCTCCCCCCG 

CTTCTCCTCA TGGTCCTCAT CTACCTGGAG GTCTTCTACC TAATCCGCAA GCAGCTCAAC 

AAGAAGGTGT CGGCCTCCTC CGGCGACCCG CAGAAGTACT ATGGGAAGGA GCTGAAGATC 

GCCAAGTCGC TGGCCCTCAT CCTCTTCCTC TTTGCCCTCA GCTGGCTGCC TTTGCACATC 

CTCAACTGCA TCACCCTCTT CTGCCCGTCC TGCCACAAGC CCAGCATCCT TACCTACATT 

GCCATCTTCC TCACGCACGG CAACTCGGCC ATGAACCCCA TTGTCTATGC CTTCCGCATC 

CAGAAGTTCC GCGTCACCTT CCTTAAGATT TGGAATGACC ATTTCCGCTG CCAGCCTGCA 

CCTCCCATTG ACGAGGATCT CCCAGAAGAG AGGCCTGATG ACTAGACCCG CCTTCCGCTC 

CCACCAGCCC ACATCCAGTG GGGTCTCAGT CCAGTCCTCA CATGCCCGCT GTCCCAGGGG 

TCTCCCTGAG CCTGCCCCAG CTGGGCTGTT GGCTGGGGGC ATGGGGGAGG CTCTGAAGAG 

ATACCCACAG AGTGTGGTCC CTCCACTAGG AGTTAACTAC CCTACACCTC TGGGCCCTGC 

AGGAGGC 
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SQ 2-6  Retrieved nucleotide sequence of the adenosine A1 receptor gene (4) 

A retrieved nucleotide sequence for the human adenosine A1 receptor gene (Accession Number; 

S56143) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 
 

CGCAGGATGG TGCTTGCCTC GTGCCCCTTG GTGCCCGTCT GCTGATGTGC CCAGCCTGTG 

CCCGCCATGC CGCCCTCCAT CTCAGCTTTC CAGGCCGCCT ACATCGGCAT CGAGGTGCTC 

ATCGCCCTGG TCTCTGTGCC CGGGAACGTG CTGGTGATCT GGGCGGTGAA GGTGAACCAG 

GCGCTGCGGG ATGCCACCTT CTGCTTCATC GTCTCGCTGG CGGTGGCTGA TGTGGCCGTG 

GGTGCCCTGG TCATCCCCCT CGCCATCCTC ATCAACATTG GGCCACAGAC CTACTTCCAC 

ACCTGCCTCA TGGTTGCCTG TCCGGTCCTC ATCCTCACCC AGAGCTCCAT CCTGGCCCTG 

CTGGCAATTG CTGTGGACCG CTACCTCCGG GTCAAGATCC CTCTCCGGTA CAAGATGGTG 

GTGACCCCCC GGAGGGCGGC GGTGGCCATA GCCGGCTGCT GGATCCTCTC CTTCGTGGTG 

GGACTGACCC CTATGTTTGG CTGGAACAAT CTGAGTGCGG TGGAGCGGGC CTGGGCAGCC 

AACGGCAGCA TGGGGGAGCC CGTGATCAAG TGCGAGTTCG AGAAGGTCAT CAGCATGGAG 

TACATGGTCT ACTTCAACTT CTTTGTGTGG GTGCTGCCCC CGCTTCTCCT CATGGTCCTC 

ATCTACCTGG AGGTCTTCTA CCTAATCCGC AAGCAGCTCA ACAAGAAGGT GTCGGCCTCC 

TCCGGCGACC CGCAGAAGTA CTATGGGAAG GAGCTGAAGA TCGCCAAGTC GCTGGCCCTC 

ATCCTCTTCC TCTTTGCCCT CAGCTGGCTG CCTTTGCACA TCCTCAACTG CATCACCCTC 

TTCTGCCCGT CCTGCCACAA GCCCAGCATC CTTACCTACA TTGCCATCTT CCTCACGCAC 

GGCAACTCGG CCATGAACCC CATTGTCTAT GCCTTCCGCA TCCAGAAGTT CCGCGTCACC 

TTCCTTAAGA TTTGGAATGA CCATTTCCGC TGCCAGCCTG CACCTCCCAT TGACGAGGAT 

CTCCCAGAAG AGAGGCCTGA TGACTAGACC CCGCCTTCCG CTCCCACCAG CCCACATCCA 

GTGGGGTCTC AGTCCAGTCC TCACATGCCC GCTGTCCCAG GGGTCTCCCT GAGCCTGCCC 

CAGCTGGGCT GTTGGCTGGG GGCATGGGGG AGGCTCTGAA GAGATACCCA CAGAGTGTGG 

TCCCTCCACT AGGAGTTAAC TACCCTACAC CTCTGGGCCC TGCAGGAGGC CTGGGAGGGA 

AGGGTCCTAC GGAGGGACCA GGTGTCTAGA 
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SQ 2-7  Retrieved nucleotide sequence of the adenosine A1 receptor gene (5) 

A retrieved nucleotide sequence for the human adenosine A1 receptor gene (Accession Number;  

X68485) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 
 

CGCATTTGTG TTTTAATAAA AGAATCTGGA AGATAAATAG TCTTGAAGAG AGACAAAGGA 

AGGAAAATTT AAATCCTTAG ATTCAAGCAG AAGAATTCCA TGTGGAAGGT TTGGGTTGTT 

GTTGTTGTTG TTTGGTGTGT TTTTTGTTTT TTTGTTTTTT TGTTTTTTTT TGAGATGGAG 

TCTCGCTGTG TTACCGGGAG CGACAGAGCC GCACGGCCGA GTCGAGTCCC AGCCAGCTAC 

CATCCCTCTG GAGCTTACCG GCCGGCCTTG GCTTCCCCAG GAATCCCTGG AGCTAGCGGC 

TGCTGAAGGC GTCGAGGTGT GGGGGCACTT GGACAGAACA GTCAGGCAGC CGGGAGCTCT 

GCCAGCTTTG GTGACCTTGG GTGCTTGCCT CGTGCCCCTT GGTGCCCGTC TGCTGATGTG 

CCCAGCCTGT GCCCGCCATG CCGCCCTCCA TCTCAGCTTT CCAGGCCGCC TACATCGGCA 

TCGAGGTGCT CATCGCCCTG GTCTCTGTGC CCGGGAACGT GCTGGTGATC TGGGCGGTGA 

AGGTGAACCA GGCGCTGCGG GATGCCACCT TCTGCTTCAT CGTGTCGCTG GCGGTGGCTG 

ATGTGGCCGT GGGTGCCCTG GTCATCCCCC TCGCCATCCT CATCAACATT GGGCCACAGA 

CCTACTTCCA CACCTGCCTC ATGGTTGCCT GTCCGGTCCT CATCCTCACC CAGAGCTCCA 

TCCTGGCCCT GCTGGCAATT GCTGTGGACC GCTACCTCCG GGTCAAGATC CCTCTCCGGT 

ACAAGATGGT GGTGACCCCC CGGAGGGCGG CGGTGGCCAT AGCCGGCTGC TGGATCCTCT 

CCTTCGTGGT GGGACTGACC CCTATGTTTG GCTGGAACAA TCTGAGTGCG GTGGAGCGGG 

CCTGGGCAGC CAACGGCAGC ATGGGGGAGC CCGTGATCAA GTGCGAGTTC GAGAAGGTCA 

TCAGCATGGA GTACATGGTC TACTTCAACT TCTTTGTGTG GGTGCTGCCC CCGCTTCTCC 

TCATGGTCCT CATCTACCTG GAGGTCTTCT ACCTAATCCG CAAGCAGCTC AACAAGAAGG 

TGTCGGCCTC CTCCGGCGAC CCGCAGAAGT ACTATGGGAA GGAGCTGAAG ATCGCCAAGT 

CGCTGGCCCT CATCCTCTTC CTCTTTGCCC TCAGCTGGCT GCCTTTGCAC ATCCTCAACT 

GCATCACCCT CTTCTGCCCG TCCTGCCACA AGCCCAGCAT CCTTACCTAC ATTGCCATCT 

TCCTCACGCA CGGCAACTCG GCCATGAACC CCATTGTCTA TGCCTTCCGC ATCCAGAAGT 

TCCGCGTCAC CTTCCTTAAG ATTTGGAATG ACCATTTCCG CTGCCAGCCT GCACCTCCCA 

TTGACGAGGA TCTCCCAGAA GAGAGGCCTG ATGACTAGAC CCCGCCTTCC GCTCCCACCG 

CCCACATCCA GTGGGGTCTC AGTCCAGTCC TCACATGCCC GCTGTCCCAG GGGTCTCCCT 

GAGCCTGCCC CAGCTGGGCT GTTGGCTGGG GGCATGGGGG AGGCTCTGAA GAGATACCCA 

CAGAGTGTGG TCCCTCCACT AGGAGTTAAC TACCCTACAC CTCTGGGCCC TGCAGGAGGC 

CTGGGAGGGC AAGGGTCCTA CGGAGGGACC AGGTGTCTAG AGGCAACAGT GTTCTGAGCC 

CCCACCTGCC TGACCATCCC ATGAGCAGTC CAGAGCTTCA GGGCTGGGCA GGTCCTGGGG 

AGGCTGAGAC TGCAGAGGAG CCACCTGGGC TGGGAGAAGG TGCTTGGGCT TCTGCGGTGA 

GGCAGGGGAG TCTGCTTGTC TTAGATGTTG GTGGTGCAGC CCCAGGACCA AGCTTAAGGA 

GAGGAGAGCA TCTGCTCTGA GACGGATGGA AGGAGAGAGG TTGAGGATGC ACTGGCCTGT 

TCTGTAGGAG AGACTGGCCA GA 
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SQ 2-8  Retrieved nucleotide sequence of the adenosine A2A receptor gene (1) 

A retrieved nucleotide sequence for the human adenosine A2A receptor gene (Accession 

Number; M97370) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TGA: the stop codon) 
 

GGCACGAGGC TGGCTGAGCC ATGATGCTGC TGCCAGAACC CCTGCAGAGG GCCTGGTTTC 

AGGAGACTCA GAGTCCTCTG TGAAAAAGCC CTTGGAGAGG CGCCCCAGCA GGGCTGCACT 

TGGCTCCTGT GAGGAAGGGG CTCAGGGTCT GGGCCCCTCC GCCTGGGCCG GGCTGGGAGC 

CAGGCGGGCG GCTGGGCTGC AGCAATGGAC CGTGAGCTGG CCCAGCCCGC GTCCGTGCTG 

AGCCTGCCTG TCGTCTGTGG CCATGCCATC ATGGGCTCCT CGGTGTACAT CACGGTGGAG 

CTGGCCATTG CTGTGCTGGC CATCCTGGGC AATGTGCTGG TGTGCTGGGC CGTGTGGCTC 

AACAGCAACC TGCAGAACGT CACCAACTAC TTTGTGGTGT CACTGGCGGC GGCCGACATC 

GCAGTGGGTG TGCTCGCCAT CCCCTTTGCC ATCACCATCA GCACCGGGTT CTGCGCTGCC 

TGCCACGGCT GCCTCTTCAT TGCCTGCTTC GTCCTGGTCC TCACGCAGAG CTCCATCTTC 

AGTCTCCTGG CCATCGCCAT TGACCGCTAC ATTGCCATCC GCATCCCGCT CCGGTACAAT 

GGCTTGGTGA CCGGCACGAG GGCTAAGGGC ATCATTGCCA TCTGCTGGGT GCTGTCGTTT 

GCCATCGGCC TGACTCCCAT GCTAGGTTGG AACAACTGCG GTCAGCCAAA GGAGGGCAAG 

AACCACTCCC AGGGCTGCGG GGAGGGCCAA GTGGCCTGTC TCTTTGAGGA TGTGGTCCCC 

ATGAACTACA TGGTGTACTT CAACTTCTTT GCCTGTGTGC TGGTGCCCCT GCTGCTCATG 

CTGGGTGTCT ATTTGCGGAT CTTCCTGGCG GCGCGACGAC AGCTGAAGCA GATGGAGAGC 

CAGCCTCTGC CGGGGGAGCG GGCACGGTCC ACACTGCAGA AGGAGGTCCA TGCTGCCAAG 

TCACTGGCCA TCATTGTGGG GCTCTTTGCC CTCTGCTGGC TGCCCCTACA CATCATCAAC 

TGCTTCACTT TCTTCTGCCC CGACTGCAGC CACGCCCCTC TCTGGCTCAT GTACCTGGCC 

ATCGTCCTCT CCCACACCAA TTCGGTTGTG AATCCCTTCA TCTACGCCTA CCGTATCCGC 

GAGTTCCGCC AGACCTTCCG CAAGATCATT CGCAGCCACG TCCTGAGGCA GCAAGAACCT 

TTCAAGGCAG CTGGCACCAG TGCCCGGGTC TTGGCAGCTC ATGGCAGTGA CGGAGAGCAG 

GTCAGCCTCC GTCTCAACGG CCACCCGCCA GGAGTGTGGG CCAACGGCAG TGCTCCCCAC 

CCTGAGCGGA GGCCCAATGG CTATGCCCTG GGGCTGGTGA GTGGAGGGAG TGCCCAAGAG 

TCCCAGGGGA ACACGGGCCT CCCAGACGTG GAGCTCCTTA GCCATGAGCT CAAGGGAGTG 

TGCCCAGAGC CCCCTGGCCT AGATGACCCC CTGGCCCAGG ATGGAGCAGG AGTGTCCTGA 

TGATTCATGG AGTTTGCCCC TTCCTAAGGG AAGGAGATCT TTATCTTTCT GGTTGGCTTG 

ACCAGTCACG TTGGGAGAAG AGAGAGAGTG CCAGGAGACC CTGAGGGCAG CCGGTTCCTA 

CTTTGGACTG AGAGAAGGGA GCCCCAGGCT GGAGCAGCAT GAGGCCCAGC AAGAAGGGCT 

TGGGTTCTGA GGAAGCAGAT GTTTCATGCT GTGAGGCCTT GCACCAGGTG GGGGCCACAG 

CACCAGCAGC ATCTTTGCTG GGCAGGGCCC AGCCCTCCAC TGCAGAAGCA TCTGGAAGCA 

CCACCTTGTC TCCACAGAGC AGCTTGGGCA CAGCAGACTG GCCTGGCCCT GAGACTGGGG 

AGTGGCTCCA ACAGCCTCCT GCCACCCACA CACCACTCTC CCTAGACTCT CCTAGGGTTC 

AGGAGCTGCT GGGCCCAGAG GTGACATTTG ACTTTTTTCC AGGAAAAATG TAAGTGTGAG 

GAAACCCTTT TTATTTTATT ACCTTTCACT CTCTGGCTGC TGGGTCTGCC GTCGGTCCTG 

CTGCTAACCT GGCACCAGAG CCTCTGCCGG GGAGCCTCAG GCAGTCCTCT CCTGCTGTCA 

CAGCTGCCAT CCACTTCTCA GTCCCAGGGC CATCTCTTGG AGTGACAAAG CTGGGATCAA 

GGACAGGGAG TTGTAACAGA GCAGTGCCAG AGCATGGGCC CAGGTCCCAG GGGAGAGGTT 

GGGGCTGGCA GGCCACTGGC ATGTGCTGAG TAGCGCAGAG CTACCCAGTG AGAGGCCTTG 

TCTAACTGCC TTTCCTTCTA AAGGGAATGT TTTTTTCTGA GATAAAATAA AAACGAGCCA 

CATCGTGTTT TAAGCTTGTC CAAATGAAAA AAAAAAAAAA AAA 
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SQ 2-9  Retrieved nucleotide sequence of the adenosine A2A receptor gene (2) 

A retrieved nucleotide sequence for the human adenosine A2A receptor gene (Accession 

Number; S46950) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TGA: the stop codon) 

 
AATTTTCAGC TGTTCTTTGC TCAATAATAA CTTTTTTATC ACCAAGATAT CTCTCTAAGT 
TTTTGACATA TTCCTCATTT GTTTTGATAA AAGTTTTCTT ATTTTCTTAG AAAAATAAGT 
TACTAAAAGT CATATATCAT TGTATATCTT CAAAATATTG CTTAAAACTA GGACTTGTAT 
TTAAATGTTT TTTCTTCTTA AAGACAATTT GCAGGTGCCC TCAGGAACCC TGAAGCTGGG 
CTGAGCCATG ATGCTGCTGC CAGAACCCCT GCAGAGGGCC TGGTTTCAGG AGACTCAGAG 
TCCTCTGTGA AAAAGCCCTT GGAGAGCGCC CCAGCAGGGC TGCACTTGGC TCCTGTGAGG 
AAGGGGCTCA GGGGTCTGGG CCCCTCCGCC TGGGCCGGGC TGGGAGCCAG GCGGGCGGCT 
GGGCTGCAGC AATGGACCGT GAGCTGGCCC AGCCCGCGTC CGTGCTGAGC CTGCCTGTCG 
TCTGTGGCCA TGCCCATCAT GGGCTCCTCG GTGTACATCA CGGTGGAGCT GGCCATTGCT 
GTGCTGGCCA TCCTGGGCAA TGTGCTGGTG TGCTGGGCCG TGTGGCTCAA CAGCAACCTG 
CAGAACGTCA CCAACTACTT TGTGGTGTCA CTGGCGGCGG CCGACATCGC AGTGGGTGTG 
CTCGCCATCC CCTTTGCCAT CACCATCAGC ACCGGGTTCT GCGCTGCCTG CCACGGCTGC 
CTCTTCATTG CCTGCTTCGT CCTGGTCCTC ACGCAGAGCT CCATCTTCAG TCTCCTGGCC 
ATCGCCATTG ACCGCTACAT TGCCATCCGC ATCCCGCTCC GGTACAATGG CTTGGTGACC 
GGCACGAGGG CTAAGGGCAT CATTGCCATC TGCTGGGTGC TGTCGTTTGC CATCGGCCTG 
ACTCCCATGC TAGGTTGGAA CAACTGCGGT CAGCCAAAGG AGGGCAAGAA CCACTCCCAG 
GGCTGCGGGG AGGGCCAAGT GGCCTGTCTC TTTGAGGATG TGGTCCCCAT GAACTACATG 
GTGTACTTCA ACTTCTTTGC CTGTGTGCTG GTGCCCCTGC TGCTCATGCT GGGTGTCTAT 
TTGCGGATCT TCCTGGCGGC GCGACGACAG CTGAAGCAGA TGGAGAGCCA GCCTCTGCCG 
GGGGAGCGGG CACGGTCCAC ACTGCAGAAG GAGGTCCATG CTGCCAAGTC ACTGGCCATC 
ATTGTGGGGC TCTTTGCCCT CTGCTGGCTG CCCCTACACA TCATCAACTG CTTCACTTTC 
TTCTGCCCCG ACTGCAGCCA CGCCCCTCTC TGGCTCATGT ACCTGGCCAT CGTCCTCTCC 
CACACCAATT CGGTTGTGAA TCCCTTCATC TACGCCTACC GTATCCGCGA GTTCCGCCAG 
ACCTTCCGCA AGATCATTCG CAGCCACGTC CTGAGGCAGC AAGAACCTTT CAAGGCAGCT 
GGCACCAGTG CCCGGGTCTT GGCAGCTCAT GGCAGTGACG GAGAGCAGGT CAGCCTCCGT 
CTCAACGGCC ACCCGCCAGG AGTGTGGGCC AACGGCAGTG CTCCCCACCC TGAGCGGAGG 
CCCAATGGCT ACGCCCTGGG GCTGGTGAGT GGAGGGAGTG CCCAAGAGTC CCAGGGGAAC 
ACGGGCCTCC CAGACGTGGA GCTCCTTAGC CATGAGCTCA AGAGAGTGTG CCCAGAGCCC 
CCTGGCCTAG ATGACCCCCT GGCCCAGGAT GGAGCAGGAG TGTCCTGATG ATTCATGGAG 
TTTGCCCCTT CCTAAGGGAA GGAGATCTTT ATCTTTCTGG TTGGCTTGAC CAGTCACGTT 
GGGAGAAGAG AGAGAGTGCC AGGAGACCCT GAGGGCAGCC GGTTCCTACT TTGGACTGAG 
AGAAGGGAGC CCCAGGCTGG AGCAGCATGA GGCCCAGCAA GAAGGGCTTG GGTTCTGAGG 
AAGCAGATGT TTCATGCTGT GAGGCCTTGC ACCAGGTGGG GGCCACAGCA CCAGCAGCAT 
CTTTGCTGGG CAGGGCCCAG CCCTCCACTG CAGAAGCATC TGGAAGCACC ACCTTGTCTC 
CACAGAGCAG CTTGGGCACA GCAGACTGGC CTGGCCCTGA GACTGGGGAG TGGCTCCAAC 
AGCCTCCTGC CACCCACACA CCACTCTCCC TAGACTCTCC TAGGGTTCAG GAGCTGCTGG 
GCCCAGAGGT GACATTTGAC TTTTTTTCCA GGAAAAATGT AAGTGTGAGG AAACCCTTTT 
TATTTTATTA CCTTTCACTC TCTGGCTGCT GGGTCTGCCG TCGGTCCTGC TGCTAACCTG 
GCACCAGAGC CTCTGCCCGG GGAGCCTCAG GCAGTCCTCT CCTGCTGTCA CAGCTGCCAT 
CCACTTCTCA GTCCCAGGGC CATCTCTTGG AGTGACAAAG CTGGGATCAA GGACAGGGAG 
TTGTAACAGA GCAGTGCCAG AGCATGGGCC CAGGTCCCAG GGGAGAGGTT GGGGCTGGCA 
GGCCACTGGC ATGTGCTGAG TAGCGCAGAG CTACCCAGTG AGAGGCCTTG TCTAACTGCC 
TTTCCTTCTA AAGGGAATGT TTTTTTCTGA GATAAAATAA AAACGAGCCA CA 
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SQ 2-10  Retrieved nucleotide sequence of the adenosine A2A receptor gene (3) 

A retrieved nucleotide sequence for the human adenosine A2A receptor gene (Accession 

Number; X68486) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TGA: the stop codon) 

 
CATCACCTTT TTTTAAGTAG TAAGAATAAA GCCACTGTAT GATTCTCTTA ATAGCTATAC 
ATTAATCCTG TTTTTAGTGC TGACTGGGCC AGCCTTCCGG GAACTGGAGT CTGTCTCTTT 
CAGTGCTTTT TTGTTTTTTG TTGGTTTTTT CGAGACGGGG TCGATCACGG CTCACCACAG 
CCTTAACCTC CAGGGCTCCA GCAATCCTCC CACCTCAGCC TCCTGAGTAG CTGGGACCAC 
AGGTGTGTGC CACCATCTCC AGCAGTTTGT TTATTTATTT TTTCTTTTTT TTTTTTTGGT 
AGAAATGGGC TTTTCGCCCA TGTTGCCCAA GCTGGTCTTG CACTTCTGGG CTGAAGCAAT 
CCTCTCGCCT TGGCCTCCCA GAGCCTTGGG ATTACAGAAT CATGGGTGAG AGCTGGCATG 
GCCCCTAGAG GTCATTTGGG GTCCAGCTGC CTCACCGTAT CAATGAGGAA ACTGAGGCCC 
AGAAAAGAAA AGCATTTTTG CCCAGAGTCC CTCAGAAAAA AACAGACCAC ATCTGATCCT 
TGGCCCTGAG TCCAGAGTGG GAGGCACCGT GACAACAATG CGCAGAGCAG GGAATGCAGG 
GAGCCATGGA TAGTGCTGGG GTGCCTCAGG AACCCTGAAG CTGGGCTGAG CCATGATGCT 
GCTGCCAGAA CCCCTGCAGA GGGCCTGGTT TCAGGAGACT CAGAGTCCTC TGTGAAAAAG 
CCCTTGGAGA GCGCCCCAGC AGGGCTGCAC TTGGCTCCTG TGAGGAAGGG GCTCAGGGGT 
CTGGGCCCCT CCGCCTGGGC CGGGCTGGGA GCCAGGCGGG CGGCTGGGCT GCAGCAATGG 
ACCGTGAGCT GGCCCAGCCC GCGTCCGTGC TGAGCCTGCC TGTCGTCTGT GGCATGCCCA 
TCATGGGCTC CTCGGTGTAC ATCACGGTGG AGCTGGCCAT TGCTGTGCTG GCCATCCTGG 
GCAATGTGCT GGTGTGCTGG GCCGTGTGGC TCAACAGCAA CCTGCAGAAC GTCACCAACT 
ACTTTGTGGT GTCACTGGCG GCGGCCGACA TCGCAGTGGG TGTGCTCGCC ATCCCCTTTG 
CCATCACCAT CAGCACCGGG TTCTGCGCTG CCTGCCACGG CTGCCTCTTC ATTGCCTGCT 
TCGTCCTGGT CCTCACGCAG AGCTCCATCT TCAGTCTCCT GGCCATCGCC ATTGACCGCT 
ACATTGCCAT CCGCATCCCG CTCCGGTACA ATGGCTTGGT GACCGGCACG AGGGCTAAGG 
GCATCATTGC CATCTGCTGG GTGCTGTCGT TTGCCATCGG CCTGACTCCC ATGCTAGGTT 
GGAACAACTG CGGTCAGCCA AAGGAGGGCA AGAACCACTC CCAGGGCTGC GGGGAGGGCC 
AAGTGGCCTG TCTCTTTGAG GATGTGGTCC CCATGAACTA CATGGTGTAC TTCAACTTCT 
TTGCCTGTGT GCTGGTGCCC CTGCTGCTCA TGCTGGGTGT CTATTTGCGG ATCTTCCTGG 
CGGCGCGACG ACAGCTGAAG CAGATGGAGA GCCAGCCTCT GCCGGGGGAG CGGGCACGGT 
CCACACTGCA GAAGGAGGTC CATGCTGCCA AGTCACTGGC CATCATTGTG GGGCTCTTTG 
CCCTCTGCTG GCTGCCCCTA CACATCATCA ACTGCTTCAC TTTCTTCTGC CCCGACTGCA 
GCCACGCCCC TCTCTGGCTC ATGTACCTGG CCATCGTCCT CTCCCACACC AATTCGGTTG 
TGAATCCCTT CATCTACGCC TACCGTATCC GCGAGTTCCG CCAGACCTTC CGCAAGATCA 
TTCGCAGCCA CGTCCTGAGG CAGCAAGAAC CTTTCAAGGC AGCTGGCACC AGTGCCCGGG 
TCTTGGCAGC TCATGGCAGT GACGGAGAGC AGGTCAGCCT CCGTCTCAAC GGCCACCCGC 
CAGGAGTGTG GGCCAACGGC AGTGCTCCCC ACCCTGAGCG GAGGCCCAAT GGCTATGCCC 
TGGGGCTGGT GAGTGGAGGG AGTGCCCAAG AGTCCCAGGG GAACACGGGC CTCCCAGACG 
TGGAGCTCCT TAGCCATGAG CTCAAGGGAG TGTGCCCAGA GCCCCCTGGC CTAGATGACC 
CCCTGGCCCA GGATGGAGCA GGAGTGTCCT GATGATTCAT GGAGTTTGCC CCTTCCTAAG 
GGAAGGAGAT CTTTATCTTT CTGGTTGGCT TGACCAGTCA CGTTGGGAGA AGAGAGAGAG 
TGCCAGGAGA CCCTGAGGGC AGCCGGTTCC TACTTTGGAC TGAGAGAAGG GAGCCCCAGG 
CTGGAGCAGC ATGAGGCCCA GCAAGAAGGG CTTGGGTTCT GAGGAAGCAG ATGTTTCATG 
CTGTGAGGCC TTGCACCAGG TGGGGGCCAC AGCACCAGCA GCAGCATCTT TCTGGGCAGG 
CCCAGCCCTC CACTGCAGAA GCATCTGGAA GCACCACCTT GTCTCCACAG AGCAGCTTGG 
GCACAGCAGA CTGGCCTGGC CCTGAGACTG GGGAGTGGCT CCAACAGCCT CCTGCCACCC 
ACACACCACT CTCCCTAGAC TCTCCTAGGG TTCAGGAGCT GCTGGGCCCA GAGGTGACAT 
TTGACTTTTT TCCAGGAAAA ATGTAAGTGT GAGGAAACCC CTTTTATTTT ATTACCTTTC 
ACTCTCTGGC TGCTGGGTCT GCCGTCGGTC CTGCTGCTAA CCTGGCAGCA GAGCCTCTGC 
CCGGGGAGCC TCAGGCAGTC CTCTCCTGCT GTCACAGCTG CCATCCACTT CTCAGTCCCA 
GGGCCATCTC TTGGAGTGAC AAAGCTGGGA TCAAGGACAG GGAGTTGTAA CAGAGCAGTG 
CCAGAGCATG GGCCCAGGTC CCAGGGGAGA GGTTGGGGCT GGCAGGCCAC TGGCATGTGC 
TGAGTAGCGC AGAGCTACCC AGTGAGAGGC CTTGTCTAAC TGCCTTTCCT TCTAAAGGGA 
ATGTTTTTTT CTGAGATAAA ATAAAAACGA GCCACATCGT GTTTTAAG 
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SQ 2-11  Retrieved nucleotide sequence of the adenosine A2B receptor gene (1) 

A retrieved nucleotide sequence for the human adenosine A2B receptor gene 

(Accession Number; : M97759) from GenBank used for design of subtype-specific 

PCR primers. 

(Note; ATG: the start codon, TGA: the stop codon) 

 
CCCAGCCCCG AGGCTCAGAA GCGGCAGGCG GAGGCGCGGT CCGGGCGCTA TGGCCATGCC 

CGGCGGGTCT CACGCGGCTG CCCCTCGCCC GGCGCGCCTT CGGTAGGGGG CGCCCGGGGC 

CCAGCTGGCC CGGCCATGCT GCTGGAGACA CAGGACGCGC TGTACGTGGC GCTGGAGCTG 

GTCATCGCCG CGCTTTCGGT GGCGGGCAAC GTGCTGGTGT GCGCCGCGGT GGGCACGGCG 

AACACTCTGC AGACGCCCAC CAACTACTTC CTGGTGTCCC TGGCTGCGGC CGACGTGGCC 

GTGGGGCTCT TCGCCATCCC CTTTGCCATC ACCATCAGCC TGGGCTTCTG CACTGACTTC 

TACGGCTGCC TCTTCCTCGC CTGCTTCGTG CTGGTGCTCA CGCAGAGCTC CATCTTCAGC 

CTTCTGGCCG TGGCAGTCGA CAGATACCTG GCCATCTGTG TCCCGCTCAG GTATAAAAGT 

TTGGTCACGG GGACCCGAGC AAGAGGGGTC ATTGCTGTCC TCTGGGTCCT TGCCTTTGGC 

ATCGGATTGA CTCCATTCCT GGGGTGGAAC AGTAAAGACA GTGCCACCAA CAACTGCACA 

GAACCCTGGG ATGGAACCAC GAATGAAAGC TGCTGCCTTG TGAAGTGTCT CTTTGAGAAT 

GTGGTCCCCA TGAGCTACAT GGTATATTTC AATTTCTTTG GGTGTGTTCT GCCCCCACTG 

CTTATAATGC TGGTGATCTA CATTAAGATC TTCCTGGTGG CCTGCAGGCA GCTTCAGCGC 

ACTGAGCTGA TGGACCACTC GAGGACCACC CTCCAGCGGG AGATCCATGC AGCCAAGTCA 

CTGGCCATGA TTGTGGGGAT TTTTGCCCTG TGCTGGTTAC CTGTGCATGC TGTTAACTGT 

GTCACTCTTT TCCAGCCAGC TCAGGGTAAA AATAAGCCCA AGTGGGCAAT GAATATGGCC 

ATTCTTCTGT CACATGCCAA TTCAGTTGTC AATCCCATTG TCTATGCTTA CCGGAACCGA 

GACTTCCGCT ACACTTTTCA CAAAATTATC TCCAGGTATC TTCTCTGCCA AGCAGATGTC 

AAGAGTGGGA ATGGTCAGGC TGGGGTACAG CCTGCTCTCG GTGTGGGCCT ATGATCTAGG 

CTCTCGCCTC TTCCAGGAGA AGATACAAAT CCACAAGAAA CAAAGAGGAC ACGGCTGGTT 

TTCATTGTGA AAGATAGCTA CACCTCACAA GGAAATGGAC TGCCTCTCTT GAGCACTTCC 

CTGGAGCTAC CACGTATCTA GCTAATATGT ATGTGTCAGT AGTAGCACCA AGGATTGACA 

AATATATTTA TGATCTATTC AGCTGCTTTT ACTGTGTGGA TTATGCCAAC AGCTTGAATG 

GATTCTAACA GACTCTTTTG TTTTTAAAAG TCTGCCTTGT TTATGGTGGA AAATTACTGA 

AACTATTTTA CTGTGAAACA GTGTGAACTA TTATAATGCA AATACTTTTT AACTTAGAGG 

CAATGGAAAA ATAAAAGTTG ACTGTACTAA AAATGTATAC TTGTTGCCAG GAAGGTGACC 

TCAAAAATTA AAAGTATAAT TATTCGGCCG GGCATGGTGG CTCACACCTG TAATTCCAGC 

ACTTTGGGAG GCCAAGGCAG GCGGATCACG AGGTCAGGAG TTCAAAACCA GCCTGTCCAA 

TATAGTG 
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SQ 2-12  Retrieved nucleotide sequence of the adenosine A2B receptor gene (2) 

A retrieved nucleotide sequence for the human adenosine A2B receptor gene 

(Accession Number; : X68487) from GenBank used for design of subtype-specific 

PCR primers. 

(Note; ATG: the start codon, TGA: the stop codon) 

 
GGGCAATTTG TTAGTTATCC GCCGCCACCA AGACGCGGCA CGGCGCCTGG ACCGGAGGGG 

CCCCGCGCGG GCGCGAACTT TGGGCTCGGG CGAGTGGGTG GTGCTCCGCC CAGCCCGAGA 

CGGGCGGGCG CGCGGGCCAA TGGGTGCCGC CTCTTGGCCG CGGGGGGCCC CGACCCGTGG 

GTCCCGGCCA CCAGCGCCCC AGCCCCGAGG CTCAGAAGCG GCAGGCGGAG GCGCGGTCCG 

GGCGCTATGG CCATGCCCGG CGGGTCTCAC GCGGCTGCCC CTCGCCCGGC GCGCCTTCGG 

TAGGGGGCGC CCGGGGCCCA GCTGGCCCGG CCATGCTGCT GGAGACACAG GACGCGCTGT 

ACGTGGCGCT GGAGCTGGTC ATCGCCGCGC TTTCGGTGGC GGGCAACGTG CTGGTGTGCG 

CCGCGGTGGG CACGGCGAAC ACTCTGCAGA CGCCCACCAA CTACTTCCTG GTGTCCCTGG 

CTGCGGCCGA CGTGGCCGTG GGGCTCTTCG CCATCCCCTT TGCCATCACC ATCAGCCTGG 

GCTTCTGCAC TGACTTCTAC GGCTGCCTCT TCCTCGCCTG CTTCGTGCTG GTGCTCACGC 

AGAGCTCCAT CTTCAGCCTT CTGGCCGTGG CAGTCGACAG ATACCTGGCC ATCTGTGTCC 

CGCTCAGGTA TAAAAGTTTG GTCACGGGGA CCCGAGCAAG AGGGGTCATT GCTGTCCTCT 

GGGTCCTTGC CTTTGGCATC GGATTGACTC CATTCCTGGG GTGGAACAGT AAAGACAGTG 

CCACCAACAA CTGCACAGAA CCCTGGGATG GAACCACGAA TGAAAGCTGC TGCCTTGTGA 

AGTGTCTCTT TGAGAATGTG GTCCCCATGA GCTACATGGT ATATTTCAAT TTCTTTGGGT 

GTGTTCTGCC CCCACTGCTT ATAATGCTGG TGATCTACAT TAAGATCTTC CTGGTGGCCT 

GCAGGCAGCT TCAGCGCACT GAGCTGATGG ACCACTCGAG GACCACCCTC CAGCGGGAGA 

TCCATGCAGC CAAGTCACTG GCCATGATTG TGGGGATTTT TGCCCTGTGC TGGTTACCTG 

TGCATGCTGT TAACTGTGTC ACTCTTTTCC AGCCAGCTCA GGGTAAAAAT AAGCCCAAGT 

GGGCAATGAA TATGGCCATT CTTCTGTCAC ATGCCAATTC AGTTGTCAAT CCCATTGTCT 

ATGCTTACCG GAACCGAGAC TTCCGCTACA CTTTTCACAA AATTATCTCC AGGTATCTTC 

TCTGCCAAGC AGATGTCAAG AGTGGGAATG GTCAGGCTGG GGTACAGCCT GCTCTCGGTG 

TGGGCCTATG ATCTAGGCTC TCGCCTCTTC CAGGAGAAGA TACAAATCCA CAAGAAACAA 

AGAGGACACG GCTGGTTTTC ATTGTGAAAG ATAGCTACAC CTCACAAGGA AATGGACTGC 

CTCTCTTGAG CACTTCCCTG GAGCTACCAC GTATCTAGCT AATATGTATG TGTCAGTAGT 

AGGCTCCAAG GATTGACAAA TATATTTATG ATCTATTCAG CTGCTTTTAC TGTGTGGATT 

ATGCCAACAG CTTGAATGGA TTCTAACAGA CTCTTTTGTT TTTAAAAGTC TGCCTTGTTT 

ATGGTGGAAA ATTACTGAAA CTATTTTACT GTGAAACAGT GTGAACTATT ATAATGCAAA 

TACTTTTTAA CTTAGAGGCA ATGGAAAAAT AAAAGTTGAC TGTACTAAAA ATG 
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SQ 2-13  Retrieved nucleotide sequence of the adenosine A3 receptor gene (1) 

A retrieved nucleotide sequence for the human adenosine A3 receptor gene 

(Accession Number; L20463) from GenBank used for design of subtype-specific 

PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 
 

TCCTTCTGAT TCAGTCCATA TAGAGCTGTC CTACAGCATT CTGGAAACTT GAGGATGTGC 

GGTGCATAAA GGGGCTGGAA GTGACCCACC TGTGATGAGC CCTTTCTAAG GAGAAGGGTT 

TCCAAGAGAT CACCCCACCA GAAAAGGGTA GGAATGAGCA AGTTGGGAAT TTTAGACTGT 

CACTGCACAT GGACCTCTGG GAAGACGTCT GGCGAGAGCT AGGCCCACTG GCCCTACAGA 

CGGATCTTGC TGGCTCACCT GTCCCTGTGG AGGTTCCCCT GGGAAGGCAA GATGCCCAAC 

AACAGCACTA CTCTGTCATT GGCCAATGTT ACCTACATCA CCATGGAAAT TTTCATTGGA 

CTCTGCGCCA TAGTGGGCAA CGTGCTGGTC ATCTGCGTGG TCAAGCTGAA CCCCAGCCTG 

CAGACCACCA CCTTCTATTT CATTGTCTCT CTAGCCCTGG CTGACATTGC TGTTGGGGTG 

CTGGTCATGC CTTTGGCCAT TGTTGTCAGC CTGGGCATCA CAATCCACTT CTACAGCTGC 

CTTTTTATGA CTTGCCTACT GCTTATCTTT ACCCACGCCT CCATCATGTC CTTGCTGGCC 

ATCGCTGTGG ACCGATACTT GCGGGTCAAG CTTACCGTCA GATACAAGAG GGTCACCACT 

CACAGAAGAA TATGGCTGGC CCTGGGCCTT TGCTGGCTGG TGTCATTCCT GGTGGGATTG 

ACCCCCATGT TTGGCTGGAA CATGAAACTG ACCTCAGAGT ACCACAGAAA TGTCACCTTC 

CTTTCATGCC AATTTGTTTC CGTCATGAGA ATGGACTACA TGGTATACTT CAGCTTCCTC 

ACCTGGATTT TCATCCCCCT GGTTGTCATG TGCGCCATCT ATCTTGACAT CTTTTACATC 

ATTCGGAACA AACTCAGTCT GAACTTATCT AACTCCAAAG AGACAGGTGC ATTTTATGGA 

CGGGAGTTCA AGACGGCTAA GTCCTTGTTT CTGGTTCTTT TCTTGTTTGC TCTGTCATGG 

CTGCCTTTAT CTATCATCAA CTGCATCATC TACTTTAATG GTGAGGTACC ACAGCTTGTG 

CTGTACATGG GCATCCTGCT GTCCCATGCC AACTCCATGA TGAACCCTAT CGTCTATGCC 

TATAAAATAA AGAAGTTCAA GGAAACCTAC CTTTTGATCC TCAAAGCCTG TGTGGTCTGC 

CATCCCTCTG ATTCTTTGGA CACAAGCATT GAGAAGAATT CTGAGTAGTT ATCCATCAGA 

GATGACTCTG TCTCATTGAC CTTCAGATTC CCCATCAACA AACACTTGAG GGCCTGTATG 

CCTGGGCCAA GGGATTTTTA CATCCTTGAT TACTTCCACT GAGGTGGGAG CATCTCCAGT 

GCTCCCCAAT TATATCTCCC CCACTCCACT ACTCTCTTCC TCCACTTCAT TTTTCCTTTG 

TCCTTTCTCT CTAATTCAGT GTTTTGGAGG CCTGACTTGG GGACAACGTA TTATTGATAT 

TATTGTCTGT TTTCCTTCTT CCCAATAGAA GAATAAGTCA TGGAGCCTGA AGGGTGCCTA 

GTTGACTTAC TGACAAAAGG CTCTAGTTGG GCTGAACATG TGTGTGGTGG TGACTCATTT 

CCATGCCATT GTGGAATTGA GCAGAGAACC TGCTCTCGGA GGATGCCTAG AAGATGTTGG 

GAACAGAAGA AATAAACTGA GTTTAAGGGG GACTTAAACT GCTGAATTCA CCTGTGGATG 

TTTTTGAGTA AATAAAAGCT AATAGCG 
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SQ 2-14  Retrieved nucleotide sequence of the adenosine A3 receptor gene (2) 

A retrieved nucleotide sequence for the human adenosine A3 receptor gene 

(Accession Number; L22607) from GenBank used for design of subtype-specific 

PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 
 

CGTCCTACAG CATTCTGGAA ACTTGAGGAT GTGCGGTGCA TAAAGGGGCT GGAAGTGACC 

CACCTGTGAT GAGCCCTTTC TAAGGAGAAG GGTTTCCAAG AGATCACCCC ACCAGAAAAG 

GGTAGGAATG AGCAAGTTGG GAATTTTAGA CTGTCACTGC ACATGGACCT CTGGGAAGAC 

GTCTGGCGAG AGCTAGGCCC ACTGGCCCTA CAGACGGATC TTGCTGGCTC ACCTGTCCCT 

GTGGAGGTTC CCCTGGGAAG GCAAGATGCC CAACAACAGC ACTGCTCTGT CATTGGCCAA 

TGTTACCTAC ATCACCATGG AAATTTTCAT TGGACTCTGC GCCATAGTGG GCAACGTGCT 

GGTCATCTGC GTGGTCAAGC TGAACCCCAG CCTGCAGACC ACCACCTTCT ATTTCATTGT 

CTCTCTAGCC CTGGCTGACA TTGCTGTTGG GGTGCTGGTC ATGCCTTTGG CCATTGTTGT 

CAGCCTGGGC ATCACAATCC ACTTCTACAG CTGCCTTTTT ATGACTTGCC TACTGCTTAT 

CTTTACCCAC GCCTCCATCA TGTCCTTGCT GGCCATCGCT GTGGACCGAT ACTTGCGGGT 

CAAGCTTACC GTCAGATACA AGAGGGTCAC CACTCACAGA AGAATATGGC TGGCCCTGGG 

CCTTTGCTGG CTGGTGTCAT TCCTGGTGGG ATTGACCCCC ATGTTTGGCT GGAACATGAA 

ACTGACCTCA GAGTACCACA GAAATGTCAC CTTCCTTTCA TGCCAATTTG TTTCCGTCAT 

GAGAATGGAC TACATGGTAT ACTTCAGCTT CCTCACCTGG ATTTTCATCC CCCTGGTTGT 

CATGTGCGCC ATCTATCTTG ACATCTTTTA CATCATTCGG AACAAACTCA GTCTGAACTT 

ATCTAACTCC AAAGAGACAG GTGCATTTTA TGGACGGGAG TTCAAGACGG CTAAGTCCTT 

GTTTCTGGTT CTTTTCTTGT TTGCTCTGTC ATGGCTGCCT TTATCTATCA TCAACTGCAT 

CATCTACTTT AATGGTGAGG TACCACAGCT TGTGCTGTAC ATGGGCATCC TGCTGTCCCA 

TGCCAACTCC ATGATGAACC CTATCGTCTA TGCCTATAAA ATAAAGAAGT TCAAGGAAAC 

CTACCTTTTG ATCCTCAAAG CCTGTGTGGT CTGCCATCCC TCTGATTCTT TGGACACAAG 

CATTGAGAAG AATTCTGAGT AGTTATCCAT CAGAGATGAC TCTGTCTCAT TGACCTTCAG 

ATTCCCCATC AACAAACACT TGAGGGCCTG TATGCCTGGG CCAAGGGATT TTTACATCCT 

TGATTACTTC CACTGAGGTG GGAGCATCTC CAGTGCTCCC CAATTATATC TCCCCCACTC 

CACTACTCTC TTCCTCCACT TCATTTTTCC TTTGTCCTTT CTCTCTAATT CAGTGTTTTG 

GAGGCCTGAC TTGGGGACAA CGTATTATTG ATATTATTGT CTGTTTTCCT TCTTCCCAAT 

AGAAGAATAA GTCATGGAGC CTGAAGGGTG CCTAGTTGAC TTACTGACAA AAGGCTCTAG 

TTGGGCTGAA CATGTGTGTG GTGGTGACTC ATTTCCATGC CATTGTGGAA TTGAGCAGAG 

AACCTGCTCT CGGAGGATGC CTAGAAGATG TTGGGAACAG AAGAAATAAA CTGAGTTTAA 

GGGGGACTTA AACTGCTGAA TTCACCTGTG GATGTTTTTG AGTAAATAAA AGCTAATAG 
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SQ 2-15  Retrieved nucleotide sequence of the adenosine A3 receptor gene (3) 

A retrieved nucleotide sequence for the human adenosine A3 receptor gene (Accession Number; 

X76981) from GenBank used for design of subtype-specific PCR primers. 

(Note; ATG: the start codon, TAG: the stop codon) 
 

CGAATTCGGG GGACATCTGT TTGGGGAACT AAGAGCAGCA GCACTTTCAG ATTCAGTCCA 

TATAGAGCTG TCCTACAGCA TTCTGGAAAC TTGAGGATGT GCGGTGCATA AACGGGCTGG 

AAGTGACCCA CCTGTGATGA GCCCTTTCTA AGGAGAAGGG TTTCCAAGAG ATCACCCCAC 

CAGAAAAGGG TAGGAATGAG CAAGTTGGGA ATTTTAGACT GTCACTGCAC ATGGACCTCT 

GGGAAGACGT CTGGCGAGAG CTAGGCCCAC TGGCCCTACA GACGGATCTT GCTGGCTCAC 

CTGTCCCTGT GGAGGTTCCC CTGGGAAGGC AAGATGCCCA ACAACAGCAC TGCTCTGTCA 

TTGGCCAATG TTACCTACAT CACCATGGAA ATTTTCATTG GACTCTGCGC CATAGTGGGC 

AACGTGCTGG TCATCTGCGT GGTCAAGCTG AACCCCAGCC TGCAGACCAC CACCTTCTAT 

TTCATTGTCT CTCTAGCCCT GGCTGACATT GCTGTTGGGG TGCTGGTCAT GCCTTTGGCC 

ATTGTTGTCA GCCTGGGCAT CACAATCCAC TTCTACAGCT GCCTTTTTAT GACTTGCCTA 

CTGCTTATCT TTACCCACGC CTCCATCATG TCCTTGCTGG CCATCGCTGT GGACCGATAC 

TTGCGGGTCA AGCTTACCGT CAGATACAAG AGGGTCACCA CTCACAGAAG AATATGGCTG 

GCCCTGGGCC TTTGCTGGCT GGTGTCATTC CTGGTGGGAT TGACCCCCAT GTTTGGCTGG 

AACATGAAAC TGACCTCAGA GTACCACAGA AATGTCACCT TCCTTTCATG CCAATTTGTT 

TCCGTCATGA GGATGGACTA CATGGTATAC TTCAGCTTCC TCACCTGGAT TTTCATCCCC 

CTGGTTGTCA TGTGCGCCAT CTATCTTGAC ATCTTTTACA TCATTCGGAA CAAACTCAGT 

CTGAACTTAT CTAACTCCAA AGAGACAGGT GCATTTTATG GACGGGAGTT CAAGACGGCT 

AAGTCCTTGT TTCTGGTTCT TTTCTTGTTT GCTCTGTCAT GGCTGCCTTT ATCTCTCATC 

AACTGCATCA TCTACTTTAA TGGTGAGGTA CCACAGCTTG TGCTGTACAT GGGCATCCTG 

CTGTCCCATG CCAACTCCAT GATGAACCCT ATCGTCTATG CCTATAAAAT AAAGAAGTTC 

AAGGAAACCT ACCTTTTGAT CCTCAAAGCC TGTGTGGTCT GCCATCCCTC TGATTCTTTG 

GACACAAGCA TTGAGAAGAA TTCTGAGTAG TTATCCATCA GAGATGACTC TGTCTCATTG 

ACCTTCAGAT TCCCCATCAA CAAACACTTG AGGGCCTGTA TGCCTGGGCC AAGGGATTTT 

TACATCCTTG ATTACTTCCA CTGAGGTGGG AGCATCTCCA GTGCTCCCCA ATTATATCTC 

CCCCACTCCA CTACTCTCTT CCTCCACTTC ATTTTTCCTT TGTCCTTTCT CTCTAATTCA 

GTGTTTTGGA GGCCTGACTT GGGGACAACG TATTATTGAT ATTATTGTCT GTTTTCCTTC 

TTCCCAATAG AAGAATAAGT CATGGAGCCT GAAGGGTGCC TAGTTGACTT ACTGACAAAA 

GGCTCTAGTT GGGCTGAACA TGTGTGTGGT GGTGACTCAT TTCCATGCCA TTGTGGAATT 

GAGCAGAGAA CCTGCTCTCG GAGGATGCCT AGGAGATGTT GGGAACAGAA GAAATAAACT 

GAGTTTAAGG GGGACTTAAA CTGCTGAATT C 
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SQ 2-16  Results of alignment of human adenosine receptor subtypes by 

CLUSTAL W (1.7) multiple sequence alignment program 

 

—————————————————————————————————————————————————————————————————————————————— 

 Name     Sequence   

        Position 
—————————————————————————————————————————————————————————————————————————————— 

 

A1-003      ATGCCGCCCTCCATCTCAGCTTTC-CA--GGCCG------CCTACATCGGCATCGAGGTG 51 

A1-005      ATGCCGCCCTCCATCTCAGCTTTC-CA--GGCCG------CCTACATCGGCATCGAGGTG 51 

A1-002      ATGCCGCCCTCCATCTCAGCTTTC-CA--GGCCG------CCTACATCGGCATCGAGGTG 51 

A1-004      ATGCCGCCCTCCATCTCAGCTTTC-CA--GGCCG------CCTACATCGGCATCGAGGTG 51 

A1-001      ATGCCGCCCTCCATCTCAGCTTTC-CA--GGCCG------CCTACATCGGCATCGAGGTG 51 

A3-001      ATGCCCAACAACAGCACTACTCTGTCATTGGCCAATGTTACCTACATCACCATGGAAATT 60 

A3-003      ATGCCCAACAACAGCACTGCTCTGTCATTGGCCAATGTTACCTACATCACCATGGAAATT 60 

A3-002      ATGCCCAACAACAGCACTGCTCTGTCATTGGCCAATGTTACCTACATCACCATGGAAATT 60 

A2a-002     ----------------ATGGGCTC--------CTCGGT---GTACATCACGGTGGAGCTG 33 

A2a-003     ATGCCCA-------TCATGGGCTC--------CTCGGT---GTACATCACGGTGGAGCTG 42 

A2a-001     ATGCCCA-------TCATGGGCTC--------CTCGGT---GTACATCACGGTGGAGCTG 42 

A2b-001     ATGC----------TGCTGGAGACACA--GGACGCGCT---GTACGTGGCGCTGGAGCTG 45 

A2b-002     ATGC----------TGCTGGAGACACA--GGACGCGCT---GTACGTGGCGCTGGAGCTG 45 

                                                    *               ***   * **   *  

 

A1-003      CTCATCGCCCTGGTCTCTGTGCCC-----GGGAACGTGCTGGTGATCTGGGCGGTGAAGG 106 

A1-005      CTCATCGCCCTGGTCTCTGTGCCC-----GGGAACGTGCTGGTGATCTGGGCGGTGAAGG 106 

A1-002      CTCATCGCCCTGGTCTCTGTGCCC-----GGGAACGTGCTGGTGATCTGGGCGGTGAAGG 106 

A1-004      CTCATCGCCCTGGTCTCTGTGCCC-----GGGAACGTGCTGGTGATCTGGGCGGTGAAGG 106 

A1-001      CTCATCGCCCTGGTCTCTGTGCCC-----GGGAACGTGCTGGTGATCTGGGCGGTGAAGG 106 

A3-001      TTCAT-----TGGACTCTGCGCCATAGTGGGCAACGTGCTGGTCATCTGCGTGGTCAAGC 115 

A3-003      TTCAT-----TGGACTCTGCGCCATAGTGGGCAACGTGCTGGTCATCTGCGTGGTCAAGC 115 

A3-002      TTCAT-----TGGACTCTGCGCCATAGTGGGCAACGTGCTGGTCATCTGCGTGGTCAAGC 115 

A2a-002     GCCATTGCTGTGCTGGCCATCCTG-----GGCAATGTGCTGGTGTGCTGGGCCGTGTGGC 88 

A2a-003     GCCATTGCTGTGCTGGCCATCCTG-----GGCAATGTGCTGGTGTGCTGGGCCGTGTGGC 97 

A2a-001     GCCATTGCTGTGCTGGCCATCCTG-----GGCAATGTGCTGGTGTGCTGGGCCGTGTGGC 97 

A2b-001     GTCATCGCCGCGCTTTCGGTGGCG-----GGCAACGTGCTGGTGTGCGCCGCGGTG-GGC 99 

A2b-002     GTCATCGCCGCGCTTTCGGTGGCG-----GGCAACGTGCTGGTGTGCGCCGCGGTG-GGC 99 

                ***       *     *              ** ** ********    *   *   **  *  

 

A1-003      TGAAC-CAGGCGCTGCGGGATGCCACCTTCTGCTTCATCGTGTCGCTGGCGGTGGCTGAT 165 

A1-005      TGAAC-CAGGCGCTGCGGGATGCCACCTTCTGCTTCATCGTGTCGCTGGCGGTGGCTGAT 165 

A1-002      TGAAC-CAGGCGCTGCGGGATGCCACCTTCTGCTTCATCGTCTCGCTGGCGGTGGCTGAT 165 

A1-004      TGAAC-CAGGCGCTGCGGGATGCCACCTTCTGCTTCATCGTCTCGCTGGCGGTGGCTGAT 165 

A1-001      TGAAC-CAGGCGCTGCGGGATGCCACCTTCTGCTTCATCGTGTCGCTGGCGGTGGCTGAT 165 

A3-001      TGAAC-CCCAGCCTGCAGACCACCACCTTCTATTTCATTGTCTCTCTAGCCCTGGCTGAC 174 

A3-003      TGAAC-CCCAGCCTGCAGACCACCACCTTCTATTTCATTGTCTCTCTAGCCCTGGCTGAC 174 

A3-002      TGAAC-CCCAGCCTGCAGACCACCACCTTCTATTTCATTGTCTCTCTAGCCCTGGCTGAC 174 

A2a-002     TCAAC-AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCCGAC 147 

A2a-003     TCAAC-AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCCGAC 156 

A2a-001     TCAAC-AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCCGAC 156 

A2b-001     ACGGCGAACACTCTGCAGACGCCCACCAACTACTTCCTGGTGTCCCTGGCTGCGGCCGAC 159 

A2b-002     ACGGCGAACACTCTGCAGACGCCCACCAACTACTTCCTGGTGTCCCTGGCTGCGGCCGAC 159 

                  *         ***  *      ****   **  **  * ** ** ** **   *** **  

 

A1-003      GTGGCCGTGGGTGCCCTGGTCATCCCCCTCGCCATCCTCATCAACATTGGG--C--CACA 221 

A1-005      GTGGCCGTGGGTGCCCTGGTCATCCCCCTCGCCATCCTCATCAACATTGGG--C--CACA 221 

A1-002      GTGGCCGTGGGTGCCCTGGTCATCCCCCTCGCCATCCTCATCAACATTGGG--C--CACA 221 

A1-004      GTGGCCGTGGGTGCCCTGGTCATCCCCCTCGCCATCCTCATCAACATTGGG--C--CACA 221 

A1-001      GTGGCCGTGGGTGCCCTGGTCATCCCCCTCGCCATCCTCATCAACATTGGG--C--CACA 221 

A3-001      ATTGCTGTTGGGGTGCTGGTCATGCCTTTGGCCATTGTTGTCAGCCT-GGG--CATCACA 231 

A3-003      ATTGCTGTTGGGGTGCTGGTCATGCCTTTGGCCATTGTTGTCAGCCT-GGG--CATCACA 231 

A3-002      ATTGCTGTTGGGGTGCTGGTCATGCCTTTGGCCATTGTTGTCAGCCT-GGG--CATCACA 231 

A2a-002     ATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACCGGGTTCTGCGC- 206 

A2a-003     ATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACCGGGTTCTGCGC- 215 

A2a-001     ATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACCGGGTTCTGCGC- 215 

A2b-001     GTGGCCGTGGGGCTCTTCGCCATCCCCTTTGCCATCACCATCAGCCTGGGCTTCTGCAC- 218 

A2b-002     GTGGCCGTGGGGCTCTTCGCCATCCCCTTTGCCATCACCATCAGCCTGGGCTTCTGCAC- 218 

              * ** ** **       * * *** **  * *****      *** *    **   *  * *  
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A1-003      GACCTACTTCCACACCTGCCTCATGGTTGCCTGTCCGGTCCTCATCCTCACCCAGAGCTC 281 

A1-005      GACCTACTTCCACACCTGCCTCATGGTTGCCTGTCCGGTCCTCATCCTCACCCAGAGCTC 281 

A1-002      GACCTACTTCCACACCTGCCTCATGGTTGCCTGTCCGGTCCTCATCCTCACCCAGAGCTC 281 

A1-004      GACCTACTTCCACACCTGCCTCATGGTTGCCTGTCCGGTCCTCATCCTCACCCAGAGCTC 281 

A1-001      GACCTACTTCCACACCTGCCTCATGGTTGCCTGTCCGGTCCTCATCCTCACCCAGAGCTC 281 

A3-001      ATCC-ACTTCTACAGCTGCCTTTTTATGACTTGCCTACTGCTTATCTTTACCCACGCCTC 290 

A3-003      ATCC-ACTTCTACAGCTGCCTTTTTATGACTTGCCTACTGCTTATCTTTACCCACGCCTC 290 

A3-002      ATCC-ACTTCTACAGCTGCCTTTTTATGACTTGCCTACTGCTTATCTTTACCCACGCCTC 290 

A2a-002     -TG--CCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTGGTCCTCACGCAGAGCTC 263 

A2a-003     -TG--CCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTGGTCCTCACGCAGAGCTC 272 

A2a-001     -TG--CCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTGGTCCTCACGCAGAGCTC 272 

A2b-001     -TG--ACTTCTACGGCTGCCTCTTCCTCGCCTGCTTCGTGCTGGTGCTCACGCAGAGCTC 275 

A2b-002     -TG--ACTTCTACGGCTGCCTCTTCCTCGCCTGCTTCGTGCTGGTGCTCACGCAGAGCTC 275 

                     ** * **  ******  *   *  * **      * **   *  * ** **   *** 

 

A1-003      CATCCTGGCCCTGCTGGCAATTGCTGTGGACCGCTACCTCCGGGTCAAGATCCCTCTCCG 341 

A1-005      CATCCTGGCCCTGCTGGCAATTGCTGTGGACCGCTACCTCCGGGTCAAGATCCCTCTCCG 341 

A1-002      CATCCTGGCCCTGCTGGCAATTGCTGTGGACCGCTACCTCCGGGTCAAGATCCCTCTCCG 341 

A1-004      CATCCTGGCCCTGCTGGCAATTGCTGTGGACCGCTACCTCCGGGTCAAGATCCCTCTCCG 341 

A1-001      CATCCTGGCCCTGCTGGCAATTGCGGTGGACCGCTACCTCCGGGTCAAGATCCCTCTCCG 341 

A3-001      CATCATGTCCTTGCTGGCCATCGCTGTGGACCGATACTTGCGGGTCAAGCTTACCGTCAG 350 

A3-003      CATCATGTCCTTGCTGGCCATCGCTGTGGACCGATACTTGCGGGTCAAGCTTACCGTCAG 350 

A3-002      CATCATGTCCTTGCTGGCCATCGCTGTGGACCGATACTTGCGGGTCAAGCTTACCGTCAG 350 

A2a-002     CATCTTCAGTCTCCTGGCCATCGCCATTGACCGCTACATTGCCATCCGCATCCCGCTCCG 323 

A2a-003     CATCTTCAGTCTCCTGGCCATCGCCATTGACCGCTACATTGCCATCCGCATCCCGCTCCG 332 

A2a-001     CATCTTCAGTCTCCTGGCCATCGCCATTGACCGCTACATTGCCATCCGCATCCCGCTCCG 332 

A2b-001     CATCTTCAGCCTTCTGGCCGTGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAG 335 

A2b-002     CATCTTCAGCCTTCTGGCCGTGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAG 335 

             **** *      * *****   * **  * *** * *** *      **     *      ** * 

 

A1-003      GTACAAGATGGTGGTGACCCCCCGGAGGGCGGCGGTGGCCATAGCCGGCTGCTGGATCCT 401 

A1-005      GTACAAGATGGTGGTGACCCCCCGGAGGGCGGCGGTGGCCATAGCCGGCTGCTGGATCCT 401 

A1-002      GTACAAGATGGTGGTGACCCCCCGGAGGGCGGCGGTGGCCATAGCCGGCTGCTGGATCCT 401 

A1-004      GTACAAGATGGTGGTGACCCCCCGGAGGGCGGCGGTGGCCATAGCCGGCTGCTGGATCCT 401 

A1-001      GTACAAGATGGTGGTGACCCCCCGGAGGGCGGCGGTGGCCATAGCCGGCTGCTGGATCCT 401 

A3-001      ATACAAGAGGGTCACCACTCACAGAAGAATATGGCTGGCCCTGGGCCTTTGCTGGCTGGT 410 

A3-003      ATACAAGAGGGTCACCACTCACAGAAGAATATGGCTGGCCCTGGGCCTTTGCTGGCTGGT 410 

A3-002      ATACAAGAGGGTCACCACTCACAGAAGAATATGGCTGGCCCTGGGCCTTTGCTGGCTGGT 410 

A2a-002     GTACAATGGCTTGGTGACCGGCACGAGGGCTAAGGGCATCATTGCCATCTGCTGGGTGCT 383 

A2a-003     GTACAATGGCTTGGTGACCGGCACGAGGGCTAAGGGCATCATTGCCATCTGCTGGGTGCT 392 

A2a-001     GTACAATGGCTTGGTGACCGGCACGAGGGCTAAGGGCATCATTGCCATCTGCTGGGTGCT 392 

A2b-001     GTATAAAAGTTTGGTCACGGGGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCT 395 

A2b-002     GTATAAAAGTTTGGTCACGGGGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCT 395 

              ** **       *     **         *               * * *        **** *  * 

 

A1-003      CTCCTTCGTGG--TGGGACTGACCCCTATGTTTGGCTGGAACAATCTGAGTGCGGTGGAG 459 

A1-005      CTCCTTCGTGG--TGGGACTGACCCCTATGTTTGGCTGGAACAATCTGAGTGCGGTGGAG 459 

A1-002      CTCCTTCGTGG--TGGGACTGACCCCTATGTTTGGCTGGAACAATCTGAGTGCGGTGGAG 459 

A1-004      CTCCTTCGTGG--TGGGACTGACCCCTATGTTTGGCTGGAACAATCTGAGTGCGGTGGAG 459 

A1-001      CTCCTTCGTGG--TGGGACTGACCCCTATGTTTGGCTGGAACAATCTGAGTGCGGTGGAG 459 

A3-001      GTCATTCCTGG--TGGGATTGACCCCCATGTTTGGCTGGAACA------------TGAAA 456 

A3-003      GTCATTCCTGG--TGGGATTGACCCCCATGTTTGGCTGGAACA------------TGAAA 456 

A3-002      GTCATTCCTGG--TGGGATTGACCCCCATGTTTGGCTGGAACA------------TGAAA 456 

A2a-002     GTCGTT--TGCCATCGGCCTGACTCCCATGCTAGGTTGGAACA----------ACTGCGG 431 

A2a-003     GTCGTT--TGCCATCGGCCTGACTCCCATGCTAGGTTGGAACA----------ACTGCGG 440 

A2a-001     GTCGTT--TGCCATCGGCCTGACTCCCATGCTAGGTTGGAACA----------ACTGCGG 440 

A2b-001     TGCCTT--TGGCATCGGATTGACTCCATTCCTGGGGTGGAACAGTA--AAGACAGTGCCA 451 

A2b-002     TGCCTT--TGGCATCGGATTGACTCCATTCCTGGGGTGGAACAGTA--AAGACAGTGCCA 451 

                * **  **    * **   **** **  *  * ** *******               **    
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A1-003      CGGGC--CTGGGCAGCCAAC-----GGCAGCA-------TGGGGGAGCC--------CGT 497 

A1-005      CGGGC--CTGGGCAGCCAAC-----GGCAGCA-------TGGGGGAGCC--------CGT 497 

A1-002      CGGGC--CTGGGCAGCCAAC-----GGCAGCA-------TGGGGGAGCC--------CGT 497 

A1-004      CGGGC--CTGGGCAGCCAAC-----GGCAGCA-------TGGGGGAGCC--------CGT 497 

A1-001      CGGGC--CTGGGCAGCCAAC-----GGCAGCA-------TGGGGGAGCC--------CGT 497 

A3-001      CTGAC--CT---CAGAGTAC-----CACAGAAA------TGTCACCTTC--------CTT 492 

A3-003      CTGAC--CT---CAGAGTAC-----CACAGAAA------TGTCACCTTC--------CTT 492 

A3-002      CTGAC--CT---CAGAGTAC-----CACAGAAA------TGTCACCTTC--------CTT 492 

A2a-002     TCAGC-------CAAAGGA----GGGCAAGAACCACTCCC-AGGGCTGCGGGGAGGGCCA 479 

A2a-003     TCAGC-------CAAAGGA----GGGCAAGAACCACTCCC-AGGGCTGCGGGGAGGGCCA 488 

A2a-001     TCAGC-------CAAAGGA----GGGCAAGAACCACTCCC-AGGGCTGCGGGGAGGGCCA 488 

A2b-001     CCAACAACTG--CACAGAACCCTGGGATGGAACCACGAATGAAAGCTGC------TGCCT 503 

A2b-002     CCAACAACTG--CACAGAACCCTGGGATGGAACCACGAATGAAAGCTGC------TGCCT 503 

                  *         **    *             * *                  *           *  

 

A1-003      GATCAAGTGCGAGTTCGAGAAGGTCATCAGCATGGAGTACATGGTCTACTTCAACTTCTT 557 

A1-005      GATCAAGTGCGAGTTCGAGAAGGTCATCAGCATGGAGTACATGGTCTACTTCAACTTCTT 557 

A1-002      GATCAAGTGCGAGTTCGAGAAGGTCATCAGCATGGAGTACATGGTCTACTTCAACTTCTT 557 

A1-004      GATCAAGTGCGAGTTCGAGAAGGTCATCAGCATGGAGTACATGGTCTACTTCAACTTCTT 557 

A1-001      GATCAAGTGCGAGTTCGAGAAGGTCATCAGCATGGAGTACATGGTCTACTTCAACTTCTT 557 

A3-001      --TCA--TGCCAATTTGTTTCCGTCATGAGAATGGACTACATGGTATACTTCAGCTTCCT 548 

A3-003      --TCA--TGCCAATTTGTTTCCGTCATGAGAATGGACTACATGGTATACTTCAGCTTCCT 548 

A3-002      --TCA--TGCCAATTTGTTTCCGTCATGAGGATGGACTACATGGTATACTTCAGCTTCCT 548 

A2a-002     AGTGGCCTGTCTCTTTGAGGATGTGGTCCCCATGAACTACATGGTGTACTTCAACTTCTT 539 

A2a-003     AGTGGCCTGTCTCTTTGAGGATGTGGTCCCCATGAACTACATGGTGTACTTCAACTTCTT 548 

A2a-001     AGTGGCCTGTCTCTTTGAGGATGTGGTCCCCATGAACTACATGGTGTACTTCAACTTCTT 548 

A2b-001     TGTGAAGTGTCTCTTTGAGAATGTGGTCCCCATGAGCTACATGGTATATTTCAATTTCTT 563 

A2b-002     TGTGAAGTGTCTCTTTGAGAATGTGGTCCCCATGAGCTACATGGTATATTTCAATTTCTT 563 

               *      **     ** *     **  *      ***   ******** ** ****  *** * 

 

A1-003      TGTGTGGGTGCTGCCCCCGCTTCTCCTCATGGTCCTCATCTACCTGGAGGTCTTCTACCT 617 

A1-005      TGTGTGGGTGCTGCCCCCGCTTCTCCTCATGGTCCTCATCTACCTGGAGGTCTTCTACCT 617 

A1-002      TGTGTGGGTGCTGCCCCCGCTTCTCCTCATGGTCCTCATCTACCTGGAGGTCTTCTACCT 617 

A1-004      TGTGTGGGTGCTGCCCCCGCTTCTCCTCATGGTCCTCATCTACCTGGAGGTCTTCTACCT 617 

A1-001      TGTGTGGGTGCTCCCCCCGCTTCTCCTCATGGTCCTCATCTACCTGGAGGTCTTCTACCT 617 

A3-001      CACCTGGATTTTCATCCCCCTGGTTGTCATGTGCGCCATCTATCTTGACATCTTTTACAT 608 

A3-003      CACCTGGATTTTCATCCCCCTGGTTGTCATGTGCGCCATCTATCTTGACATCTTTTACAT 608 

A3-002      CACCTGGATTTTCATCCCCCTGGTTGTCATGTGCGCCATCTATCTTGACATCTTTTACAT 608 

A2a-002     TGCCTGTGTGCTGGTGCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGC 599 

A2a-003     TGCCTGTGTGCTGGTGCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGC 608 

A2a-001     TGCCTGTGTGCTGGTGCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGC 608 

A2b-001     TGGGTGTGTTCTGCCCCCACTGCTTATAATGCTGGTGATCTACATTAAGATCTTCCTGGT 623 

A2b-002     TGGGTGTGTTCTGCCCCCACTGCTTATAATGCTGGTGATCTACATTAAGATCTTCCTGGT 623 

                  **   *  *     ** **  *   * ***       ****   *       ****       

 

A1-003      AATCCGCAAGCAGCT----CAACAAGAA------------GGTGTCGGCCTC-CTCCGGC 660 

A1-005      AATCCGCAAGCAGCT----CAACAAGAA------------GGTGTCGGCCTC-CTCCGGC 660 

A1-002      AATCCGCAAGCAGCT----CAACAAGAA------------GGTGTCGGCCTC-CTCCGGC 660 

A1-004      AATCCGCAAGCAGCT----CAACAAGAA------------GGTGTCGGCCTC-CTCCGGC 660 

A1-001      AATCCGCAAGCAGCT----CAACAAGAA------------GGTGTCGGCCTC-CTCCGGC 660 

A3-001      CATTCGGAACAAACT----CAGTCTGAA------------CTTATCTAACTC-CAAAGA- 650 

A3-003      CATTCGGAACAAACT----CAGTCTGAA------------CTTATCTAACTC-CAAAGA- 650 

A3-002      CATTCGGAACAAACT----CAGTCTGAA------------CTTATCTAACTC-CAAAGA- 650 

A2a-002     GGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCACGGTC 659 

A2a-003     GGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCACGGTC 668 

A2a-001     GGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCACGGTC 668 

A2b-001     GGCCTGCAGGCAGCTTCAGCGCACTGAG------------CTGATGGACCACTCGAGGAC 671 

A2b-002     GGCCTGCAGGCAGCTTCAGCGCACTGAG------------CTGATGGACCACTCGAGGAC 671 

                   *      * **     *      **                          *    *    *   
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A1-003      GACCCGCAGAAGTACTATGGGAAGGAGCTGAAGATCGCCAAGTCGCTGGCCCTCATCCTC 720 

A1-005      GACCCGCAGAAGTACTATGGGAAGGAGCTGAAGATCGCCAAGTCGCTGGCCCTCATCCTC 720 

A1-002      GACCCGCAGAAGTACTATGGGAAGGAGCTGAAGATCGCCAAGTCGCTGGCCCTCATCCTC 720 

A1-004      GACCCGCAGAAGTACTATGGGAAGGAGCTGAAGATCGCCAAGTCGCTGGCCCTCATCCTC 720 

A1-001      GACCCGCAGAAGTACTATGGGAAGGAGCTGAAGATCGCCAAGTCGCTGGCCCTCATCCTC 720 

A3-001      GACAGGTGCATTT--TATGGACGGGAGTTCAAGACGGCTAAGTCCTTGTTTCTGGTTCTT 708 

A3-003      GACAGGTGCATTT--TATGGACGGGAGTTCAAGACGGCTAAGTCCTTGTTTCTGGTTCTT 708 

A3-002      GACAGGTGCATTT--TATGGACGGGAGTTCAAGACGGCTAAGTCCTTGTTTCTGGTTCTT 708 

A2a-002     CACAC-TGCA----------GAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGTG 708 

A2a-003     CACAC-TGCA----------GAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGTG 717 

A2a-001     CACAC-TGCA----------GAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGTG 717 

A2b-001     CACCC-TCCA----------GCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTG 720 

A2b-002     CACCC-TCCA----------GCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTG 720 

              **        *                **** *  *    ** *****   **     *  *  *  

 

A1-003      TTCCTCTTTGCCCTCAGCTGGCTGCCTTTGCACATCCTCAACTGCATCACCCTCTTCTG- 779 

A1-005      TTCCTCTTTGCCCTCAGCTGGCTGCCTTTGCACATCCTCAACTGCATCACCCTCTTCTG- 779 

A1-002      TTCCTCTTTGCCCTCAGCTGGCTGCCTTTGCACATCCTCAACTGCATCACCCTCTTCTG- 779 

A1-004      TTCCTCTTTGCCCTCAGCTGGCTGCCTTTGCACATCCTCAACTGCATCACCCTCTTCTG- 779 

A1-001      TTCCTCTTTGCCCTCAGCTGGCTGCCTTTGCACATCCTCAACTGCATCACCCTCTTCTG- 779 

A3-001      TTCTTGTTTGCTCTGTCATGGCTGCCTTTATCTATCATCAACTGCATCATCTACTT-TA- 766 

A3-003      TTCTTGTTTGCTCTGTCATGGCTGCCTTTATCTATCATCAACTGCATCATCTACTT-TA- 766 

A3-002      TTCTTGTTTGCTCTGTCATGGCTGCCTTTATCTCTCATCAACTGCATCATCTACTT-TA- 766 

A2a-002     GGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACTTTCTTCT-- 766 

A2a-003     GGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACTTTCTTCT-- 775 

A2a-001     GGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACTTTCTTCT-- 775 

A2b-001     GGGATTTTTGCCCTGTGCTGGTTACCTGTGCATGCTGTTAACTGTGTCACTCTTTTCCAG 780 

A2b-002     GGGATTTTTGCCCTGTGCTGGTTACCTGTGCATGCTGTTAACTGTGTCACTCTTTTCCAG 780 

                  * ***** **     *** * **   *         * *****  ***       **     

 

A1-003      -------CCCGTCCTGCCACAAGCCCAGC--ATCCTTACCTACATTGCCATCTTCCTCAC 830 

A1-005      -------CCCGTCCTGCCACAAGCCCAGC--ATCCTTACCTACATTGCCATCTTCCTCAC 830 

A1-002      -------CCCGTCCTGCCACAAGCCCAGC--ATCCTTACCTACATTGCCATCTTCCTCAC 830 

A1-004      -------CCCGTCCTGCCACAAGCCCAGC--ATCCTTACCTACATTGCCATCTTCCTCAC 830 

A1-001      -------CCCGTCCTGCCACAAGCCCAGC--ATCCTTACCTACATTGCCATCTTCCTCAC 830 

A3-001      -------ATGGTGAGG----TACCACAGC--TTG-TGCTGTACATGGGCATCCTGCTGTC 812 

A3-003      -------ATGGTGAGG----TACCACAGC--TTG-TGCTGTACATGGGCATCCTGCTGTC 812 

A3-002      -------ATGGTGAGG----TACCACAGC--TTG-TGCTGTACATGGGCATCCTGCTGTC 812 

A2a-002     ---GCCCCGACTGCAG--CCACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTC 821 

A2a-003     ---GCCCCGACTGCAG--CCACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTC 830 

A2a-001     ---GCCCCGACTGCAG--CCACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTC 830 

A2b-001     CCAGCTCAGGGTAAAA--ATAAGCCCAAG--TGGGCAATGAATATGGCCATTCTTCTGTC 836 

A2b-002     CCAGCTCAGGGTAAAA--ATAAGCCCAAG--TGGGCAATGAATATGGCCATTCTTCTGTC 836 

                          *             * *                  *   * * ***  * **  * 

 

A1-003      GCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGT 890 

A1-005      GCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGT 890 

A1-002      GCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGT 890 

A1-004      GCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGT 890 

A1-001      GCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGT 890 

A3-001      CCATGCCAACTCCATGATGAACCCTATCGTCTATGCCTATAAAATAAAGAAGTTCAAGGA 872 

A3-003      CCATGCCAACTCCATGATGAACCCTATCGTCTATGCCTATAAAATAAAGAAGTTCAAGGA 872 

A3-002      CCATGCCAACTCCATGATGAACCCTATCGTCTATGCCTATAAAATAAAGAAGTTCAAGGA 872 

A2a-002     CCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCA 881 

A2a-003     CCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCA 890 

A2a-001     CCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCA 890 

A2b-001     ACATGCCAATTCAGTTGTCAATCCCATTGTCTATGCTTACCGGAACCGAGACTTCCGCTA 896 

A2b-002     ACATGCCAATTCAGTTGTCAATCCCATTGTCTATGCTTACCGGAACCGAGACTTCCGCTA 896 

              **    *** **      * ** **  *   **** ** *      *       * ***      

 



- Appendix - 

-         -  213 

 

 

 

 

 

A1-003      CACCTTCCTTAAGATTTG---------------------------------GAATGACC- 916 

A1-005      CACCTTCCTTAAGATTTG---------------------------------GAATGACC- 916 

A1-002      CACCTTCCTTAAGATTTG---------------------------------GAATGACC- 916 

A1-004      CACCTTCCTTAAGATTTG---------------------------------GAATGACC- 916 

A1-001      CACCTTCCTTAAGATTTG---------------------------------GAATGACC- 916 

A3-001      AACCTACCTTTTGATCCT---------------------------------CAAAGCCT- 898 

A3-003      AACCTACCTTTTGATCCT---------------------------------CAAAGCCT- 898 

A3-002      AACCTACCTTTTGATCCT---------------------------------CAAAGCCT- 898 

A2a-002     GACCTTCCGCAAGATCATTCGCAGCCACGTCCTGAGGCAGCAAGAACCTTTCAAGGCAGC 941 

A2a-003     GACCTTCCGCAAGATCATTCGCAGCCACGTCCTGAGGCAGCAAGAACCTTTCAAGGCAGC 950 

A2a-001     GACCTTCCGCAAGATCATTCGCAGCCACGTCCTGAGGCAGCAAGAACCTTTCAAGGCAGC 950 

A2b-001     CACTTTTCACAAAATTAT-------------------C------------TCCAGGTA-- 923 

A2b-002     CACTTTTCACAAAATTAT-------------------C------------TCCAGGTA-- 923 

              ** *   *      **                                              * *     

 

A1-003      ----------------ATTTC-----CGC-TGCCAGCC------TGCACCTC-------- 940 

A1-005      ----------------ATTTC-----CGC-TGCCAGCC------TGCACCTC-------- 940 

A1-002      ----------------ATTTC-----CGC-TGCCAGCC------TGCACCTC-------- 940 

A1-004      ----------------ATTTC-----CGC-TGCCAGCC------TGCACCTC-------- 940 

A1-001      ----------------ATTTC-----CGC-TGCCAGCC------TGCACCTC-------- 940 

A3-001      ----------------GTGTG-----GTC-TGCCATCC------CTCTGATT-------- 922 

A3-003      ----------------GTGTG-----GTC-TGCCATCC------CTCTGATT-------- 922 

A3-002      ----------------GTGTG-----GTC-TGCCATCC------CTCTGATT-------- 922 

A2a-002     TGGCACCAGTGCCCGGGTCTTGGCAGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCG 1001 

A2a-003     TGGCACCAGTGCCCGGGTCTTGGCAGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCG 1010 

A2a-001     TGGCACCAGTGCCCGGGTCTTGGCAGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCG 1010 

A2b-001     -----------------TCTT-----CTC-TGCCA---------AGCAGAT--------- 942 

A2b-002     -----------------TCTT-----CTC-TGCCA---------AGCAGAT--------- 942 

                                 * *          * ** **             *    *          

 

A1-003      ------------------------------------------------------------ 

A1-005      ------------------------------------------------------------ 

A1-002      ------------------------------------------------------------ 

A1-004      ------------------------------------------------------------ 

A1-001      ------------------------------------------------------------ 

A3-001      ------------------------------------------------------------ 

A3-003      ------------------------------------------------------------ 

A3-002      ------------------------------------------------------------ 

A2a-002     TCTCAACGGCCACCCGCCAGGAGTGTGGGCCAACGGCAGTGCTCCCCACCCTGAGCGGAG 1061 

A2a-003     TCTCAACGGCCACCCGCCAGGAGTGTGGGCCAACGGCAGTGCTCCCCACCCTGAGCGGAG 1070 

A2a-001     TCTCAACGGCCACCCGCCAGGAGTGTGGGCCAACGGCAGTGCTCCCCACCCTGAGCGGAG 1070 

A2b-001     ---------------GTCAAGAGTGGG--------------------------------- 954 

A2b-002     ---------------GTCAAGAGTGGG--------------------------------- 954 

                                                                         

 

A1-003      ---CCATTG--------------------------------------------------A 947 

A1-005      ---CCATTG--------------------------------------------------A 947 

A1-002      ---CCATTG--------------------------------------------------A 947 

A1-004      ---CCATTG--------------------------------------------------A 947 

A1-001      ---CCATTG--------------------------------------------------A 947 

A3-001      ---CTTTGG--------------------------------------------------A 929 

A3-003      ---CTTTGG--------------------------------------------------A 929 

A3-002      ---CTTTGG--------------------------------------------------A 929 

A2a-002     GCCCAATGGCTATGCCCTGGGGCTGGTGAGTGGAGGGAGTGCCCAAGAGTCCCAGGGGAA 1121 

A2a-003     GCCCAATGGCTATGCCCTGGGGCTGGTGAGTGGAGGGAGTGCCCAAGAGTCCCAGGGGAA 1130 

A2a-001     GCCCAATGGCTACGCCCTGGGGCTGGTGAGTGGAGGGAGTGCCCAAGAGTCCCAGGGGAA 1130 

A2b-001     ----AATGG-TCA-------GGCTGG----------------------------GG--TA 972 

A2b-002     ----AATGG-TCA-------GGCTGG----------------------------GG--TA 972 

                     * *                                                            * 
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A1-003      CG------------------------------AGGATCTCCCAGAAGAGAG--------- 968 

A1-005      CG------------------------------AGGATCTCCCAGAAGAGAG--------- 968 

A1-002      CG------------------------------AGGATCTCCCAGAAGAGAG--------- 968 

A1-004      CG------------------------------AGGATCTCCCAGAAGAGAG--------- 968 

A1-001      CG------------------------------AGGATCTCCCAGAAGAGAG--------- 968 

A3-001      C-------------------------------ACAAGCATTGAGAAGAA----------- 947 

A3-003      C-------------------------------ACAAGCATTGAGAAGAA----------- 947 

A3-002      C-------------------------------ACAAGCATTGAGAAGAA----------- 947 

A2a-002     CACGGGCCTCCCAGACGTGGAGCTCCTTAGCCATGAGCTCAAGGGAGTGTGCCCAGAGCC 1181 

A2a-003     CACGGGCCTCCCAGACGTGGAGCTCCTTAGCCATGAGCTCAAGGGAGTGTGCCCAGAGCC 1190 

A2a-001     CACGGGCCTCCCAGACGTGGAGCTCCTTAGCCATGAGCTCAAGAGAGTGTGCCCAGAGCC 1190 

A2b-001     CA---GCCT---------------------------GCTCTCG---GTGTG--------- 990 

A2b-002     CA---GCCT---------------------------GCTCTCG---GTGTG--------- 990 

             *                                           *          *              

 

A1-003      -----GCCT-GATGACTAG------------------------------ 981 

A1-005      -----GCCT-GATGACTAG------------------------------ 981 

A1-002      -----GCCT-GATGACTAG------------------------------ 981 

A1-004      -----GCCT-GATGACTAG------------------------------ 981 

A1-001      -----GCCT-GATGACTAG------------------------------ 981 

A3-001      --------T-TCTGAGTAG------------------------------ 957 

A3-003      --------T-TCTGAGTAG------------------------------ 957 

A3-002      --------T-TCTGAGTAG------------------------------ 957 

A2a-002     CCCTGGCCTAGATGACCCCCTGGCCCAGGATGGAGCAGGAGTGTCCTGA 1230 

A2a-003     CCCTGGCCTAGATGACCCCCTGGCCCAGGATGGAGCAGGAGTGTCCTGA 1239 

A2a-001     CCCTGGCCTAGATGACCCCCTGGCCCAGGATGGAGCAGGAGTGTCCTGA 1239 

A2b-001     ----GGCCT--ATGA---------------------------------- 999 

A2b-002     ----GGCCT--ATGA---------------------------------- 999 

                       *    ***                                   

 

 

 

 

 

 

 

—————————————————————————————————————— 

 

Symboles & codes used in this diagram: 

 

GenBank Accession Numbers for adenosine A1 receptor 

A1-001; AB004662, A1-002; L22214, A1-003; S45235, A1-004; S56143 

A1-005; X68485 

 

GenBank Accession Numbers for adenosine A2A receptor 

A2a-001; M97370, A2a-002; S46950 , A2a-003; X68486 

 
GenBank Accession Numbers for adenosine A2B receptor 

A2b-001; M97759, A2b-002; X68487 

 
GenBank Accession Numbers for adenosine A3 receptor 

A3-001; L20463, A3-002; L22607, A3-003; X76981 

 
 

*; position where the nucleotide is identical between subtypes and among 

sequences from different sorces for the same subtype 
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SQ 2-17  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (1) 

- PCR primer sequence for human adenosine A1 receptor (L): 

5’-ACAAGCCCAGCATCCTTACCTACAT-3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 25 nt 

 

searching /db/DNA.DATA/b/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/b/ddbjpri.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/b/ddbjmam.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/b/ddbjvrt.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjvrt.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 544703 

0:============================================================ 

22 46 0:= one = represents 9079 library sequences 

24 77 1:* 

26 174 31:* 

28 585 338:* 

30 1730 2054:* 

32 4133 7941:* 

34 9540 21535:==* 

36 26136 44227:=== * 

38 42807 73091:===== * 

40 69949 101955:======== * 

42 86313 124628:========== * 

44 77429 137476:========= * 

46 73081 140023:========= * 

48 74144 134056:========= * 

50 68811 122327:======== * 

52 65997 107546:======== * 

54 61837 91863:======= * 

56 58551 76734:======= * 
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58 57955 62997:======* 

60 40493 51031:=====* 

62 28997 40912:====* 

64 23134 32537:===* 

66 20420 25716:==* 

68 15135 20228:==* 

70 11289 15852:=* 

72 9206 12387:=* 

74 8975 9657:=* 

76 6793 7517:* 

78 4031 5843:* 

80 3041 4537:* 

82 2477 3471:* 

84 1618 2749:* 

86 1291 2127:* 

88 1062 1646:* inset = represents 10 library sequences 

90 682 1274:* 

92 463 985:* :=======================================* 

94 270 762:* :=========================== * 

96 265 590:* :=========================== * 

98 235 457:* :======================== * 

100 167 353:* :================= * 

102 129 273:* :============= * 

104 72 212:* :======== * 

106 54 164:* :====== * 

108 27 127:* :=== * 

110 20 98:* :== * 

112 14 76:* :== * 

114 11 59:* :== * 

116 9 45:* := * 

118 20 35:* :== * 

>120 38 27:* :==*= 

1230092210 residues in 1477105 sequences 

statistics extrapolated from 50000 to 1490658 sequences 

Expectation_n fit: rho(ln(x))= 4.1396+/-0.000242; mu= 11.3656+/- 0.020; 

mean_var=46.0168+/- 8.488, 0's: 1729 Z-trim: 11 B-trim: 1302 in 1/85 

Kolmogorov-Smirnov statistic: 0.5499 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2600.790 

The best scores are: initn init1 opt z-sc E(1490658) 

AC105940|AC105940.2 Homo sapiens chro (77202) [f] 125 125 125 148.8 0.018 

AX548738|AX548738.1 Sequence 23 from (2900) [f] 125 125 125 168.9 0.036 

L22214|L22214.1 Human adenosine A1 re (2900) [f] 125 125 125 168.9 0.036 

BC026340|BC026340.1 Homo sapiens, Sim (2756) [f] 125 125 125 169.2 0.037 

AK095060|AK095060.1 Homo sapiens cDNA (2456) [f] 125 125 125 169.9 0.037 

X68485|X68485.1 H.sapiens mRNA for A1 (1942) [f] 125 125 125 171.3 0.039 

S56143|S56143.1 Homo sapiens A1 adeno (1290) [f] 125 125 125 173.8 0.043 

S45235|S45235.1 A1 adenosine receptor (1267) [f] 125 125 125 173.9 0.043 

AY136746|AY136746.1 Homo sapiens aden ( 981) [f] 125 125 125 175.5 0.046 

I34775|I34775.1 Sequence 20 from pate ( 981) [f] 125 125 125 175.5 0.046 

AR044910|AR044910.1 Sequence 20 from ( 981) [f] 125 125 125 175.5 0.046 

I54999|I54999.1 Sequence 20 from pate ( 981) [f] 125 125 125 175.5 0.046 

AB004662|AB004662.1 Homo sapiens mRNA ( 981) [f] 125 125 125 175.5 0.046 

——————————————————————————————————————————————— 
 

>>AC105940|AC105940.2 Homo sapiens chromosome 1 clone RP (77202 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 148.8 expect() 0.018 

100.000% identity in 25 nt overlap (1-25:107071-107095) 

 

                                             10        20  

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

AC1059 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

           107050    107060    107070    107080    107090    107100 

 

AC1059 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

           107110    107120    107130    107140    107150    107160 

 

>>AX548738|AX548738.1 Sequence 23 from Patent WO02061087 (2900 nt) 
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initn: 125 init1: 125 opt: 125 Z-score: 168.9 expect() 0.036 

100.000% identity in 25 nt overlap (1-25:1201-1225) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

AX5487 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

             1180      1190      1200      1210      1220      1230 

 

AX5487 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

             1240      1250      1260      1270      1280      1290 

 

>>L22214|L22214.1 Human adenosine A1 receptor (ADORA1) m (2900 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 168.9 expect() 0.036 

100.000% identity in 25 nt overlap (1-25:1201-1225) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

L22214 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

             1180      1190      1200      1210      1220      1230 

 

L22214 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

             1240      1250      1260      1270      1280      1290 

 

>>BC026340|BC026340.1 Homo sapiens, Similar to adenosine (2756 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 169.2 expect() 0.037 

100.000% identity in 25 nt overlap (1-25:1047-1071) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

BC0263 ACTGCATCACCCTCTTCTGCCAGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

      1020      1030       1040      1050      1060      1070  

 

BC0263 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

      1080      1090       1100      1110      1120      1130  

 

>>AK095060|AK095060.1 Homo sapiens cDNA FLJ37741 fis, cl (2456 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 169.9 expect() 0.037 

100.000% identity in 25 nt overlap (1-25:1017-1041) 

 

                                              10        20 

                                      ACAAGCCCAGCATCCTTACCTACAT  

                                      :::::::::::::::::::::::::  

AK0950 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

         990      1000      1010      1020      1030      1040  

 

AK0950 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

        1050      1060      1070      1080      1090      1100  

>>X68485|X68485.1 H.sapiens mRNA for A1 adenosine recept (1942 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 171.3 expect() 0.039 

100.000% identity in 25 nt overlap (1-25:1228-1252) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

X68485 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

      1200      1210      1220      1230      1240      1250  

 

X68485 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

      1260      1270      1280      1290      1300      1310  

 

>>S56143|S56143.1 Homo sapiens A1 adenosine receptor mRN (1290 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 173.8 expect() 0.043 

100.000% identity in 25 nt overlap (1-25:857-881) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  
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                                     :::::::::::::::::::::::::  

S56143 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

        830       840       850       860       870       880  

 

S56143 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

        890       900       910       920       930       940  

 

>>S45235|S45235.1 A1 adenosine receptor [human, brain hi (1267 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 173.9 expect() 0.043 

100.000% identity in 25 nt overlap (1-25:875-899) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

S45235 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

          850       860       870       880       890       900  

 

S45235 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

          910       920       930       940       950       960  

 

>>AY136746|AY136746.1 Homo sapiens adenosine receptor A1 (981 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.5 expect() 0.046 

100.000% identity in 25 nt overlap (1-25:791-815) 

 

                                              10        20 

                                      ACAAGCCCAGCATCCTTACCTACAT  

                                      :::::::::::::::::::::::::  

AY1367 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

               770       780       790       800       810       820 

 

AY1367 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

               830       840       850       860       870       880 

 

>>I34775|I34775.1 Sequence 20 from patent US 5599671. (981 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.5 expect() 0.046 

100.000% identity in 25 nt overlap (1-25:791-815) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

I34775 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

              770       780       790       800       810       820 

 

I34775 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

              830       840       850       860       870       880 

>>AR044910|AR044910.1 Sequence 20 from patent US 5817760 (981 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.5 expect() 0.046 

100.000% identity in 25 nt overlap (1-25:791-815) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

AR0449 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

              770       780       790       800       810       820 

 

AR0449 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

              830       840       850       860       870       880 

 

>>I54999|I54999.1 Sequence 20 from patent US 5646156. (981 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.5 expect() 0.046 

100.000% identity in 25 nt overlap (1-25:791-815) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

I54999 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

              770       780       790       800       810       820 

 

I54999 
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TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

              830       840       850       860       870       880 

 

>>AB004662|AB004662.1 Homo sapiens mRNA for adenosine A1 (981 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.5 expect() 0.046 

100.000% identity in 25 nt overlap (1-25:791-815) 

 

                                             10        20 

                                     ACAAGCCCAGCATCCTTACCTACAT  

                                     :::::::::::::::::::::::::  

AB0046 ACTGCATCACCCTCTTCTGCCCGTCCTGCCACAAGCCCAGCATCCTTACCTACATTGCCA 

              770       780       790       800       810       820 

 

AB0046 TCTTCCTCACGCACGGCAACTCGGCCATGAACCCCATTGTCTATGCCTTCCGCATCCAGA 

              830       840       850       860       870       880 
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SQ 2-18  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (2) 

- PCR primer sequence for human adenosine A1 receptor (R): 

5’-TTCCAAATCTTAAGGAAGGTGACGC-3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 25 nt 

 

searching /db/DNA.DATA/b/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/b/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/b/ddbjpri.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/b/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/b/ddbjmam.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/b/ddbjvrt.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjvrt.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/b/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/b/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 547160 

0:============================================================ 

22 106 0:= one = represents 9120 library sequences 

24 145 1:* 

26 306 31:* 

28 856 334:* 

30 2588 2028:* 

32 6793 7840:* 

34 17594 21261:==* 

36 35196 43665:====* 

38 58181 72161:=======* 

40 79305 100659:========= * 

42 69702 123043:======== * 

44 73385 135728:========= * 

46 74709 138242:========= * 

48 69819 132351:======== * 

50 67506 120771:======== * 

52 69096 106178:======== * 

54 66607 90694:======== * 

56 60233 75758:======= * 
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58 44827 62196:===== * 

60 31653 50382:==== * 

62 25843 40391:=== * 

64 22575 32123:===* 

66 18161 25389:==* 

68 13985 19971:==* 

70 11425 15650:=* 

72 8536 12229:=* 

74 7184 9535:=* 

76 5225 7421:* 

78 3775 5768:* 

80 3181 4479:* 

82 2263 3426:* 

84 1764 2714:* 

86 1106 2100:* 

88 879 1625:* inset = represents 14 library sequences 

90 749 1257:* 

92 664 973:* :=======================================* 

94 387 753:* :============================ * 

96 279 582:* :==================== * 

98 211 451:* :================ * 

100 131 349:* :========== * 

102 76 270:* :====== * 

104 59 209:* :===== * 

106 57 162:* :===== * 

108 37 125:* :=== * 

110 21 97:* :== * 

112 16 75:* :== * 

114 7 58:* := * 

116 30 45:* :===* 

118 9 35:* := * 

>120 34 27:* :=*= 

1230092210 residues in 1477105 sequences 

statistics extrapolated from 50000 to 1471699 sequences 

Expectation_n fit: rho(ln(x))= 3.9461+/-0.00025; mu= 13.3414+/- 0.020; 

mean_var=42.0256+/- 7.367, 0's: 1766 Z-trim: 23 B-trim: 2971 in 1/82 

Kolmogorov-Smirnov statistic: 0.5345 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2287.340 

The best scores are: initn init1 opt z-sc E(1471699) 

AC105940|AC105940.2 Homo sapiens chro (77202) [r] 125 125 125 153.7 0.0095 

L22214|L22214.1 Human adenosine A1 re (2900) [r] 125 125 125 173.7 0.019 

AX548738|AX548738.1 Sequence 23 from (2900) [r] 125 125 125 173.7 0.019 

BC026340|BC026340.1 Homo sapiens, Sim (2756) [r] 125 125 125 174.0 0.02 

AK095060|AK095060.1 Homo sapiens cDNA (2456) [r] 125 125 125 174.7 0.02 

X68485|X68485.1 H.sapiens mRNA for A1 (1942) [r] 125 125 125 176.2 0.021 

S56143|S56143.1 Homo sapiens A1 adeno (1290) [r] 125 125 125 178.6 0.023 

S45235|S45235.1 A1 adenosine receptor (1267) [r] 125 125 125 178.8 0.023 

I34775|I34775.1 Sequence 20 from pate ( 981) [r] 125 125 125 180.3 0.025 

AB004662|AB004662.1 Homo sapiens mRNA ( 981) [r] 125 125 125 180.3 0.025 

AY136746|AY136746.1 Homo sapiens aden ( 981) [r] 125 125 125 180.3 0.025 

AR044910|AR044910.1 Sequence 20 from ( 981) [r] 125 125 125 180.3 0.025 

I54999|I54999.1 Sequence 20 from pate ( 981) [r] 125 125 125 180.3 0.025 

X14051|X14051.1 Canis familiaris RDC7 (2271) [r] 85 85 107 147.4 0.72 

AR044894|AR044894.1 Sequence 3 from p ( 60) [r] 85 85 107 169.6 1.6 

I34759|I34759.1 Sequence 3 from paten ( 60) [r] 85 85 107 169.6 1.6 

I54983|I54983.1 Sequence 3 from paten ( 60) [r] 85 85 107 169.6 1.6 

——————————————————————————————————————————————— 
 

>>AC105940|AC105940.2 Homo sapiens chromosome 1 clone RP (77202 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 153.7 expect() 0.0095 

100.000% identity in 25 nt overlap (25-1:107167-107191) 

 

                                         20        10  

                                   - GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

AC1059 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

107140 107150 107160 107170 107180 107190  
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AC1059 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

107200 107210 107220 107230 107240 107250  

 

>>L22214|L22214.1 Human adenosine A1 receptor (ADORA1) m (2900 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 173.7 expect() 0.019 

100.000% identity in 25 nt overlap (25-1:1297-1321) 

 

                                         20        10 

                                  -- GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

L22214 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

1270 1280 1290 1300 1310 1320  

 

L22214 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

1330 1340 1350 1360 1370 1380  

 

>>AX548738|AX548738.1 Sequence 23 from Patent WO02061087 (2900 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 173.7 expect() 0.019 

100.000% identity in 25 nt overlap (25-1:1297-1321) 

 

                                         20        10 

                                 --- GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

AX5487 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

1270 1280 1290 1300 1310 1320  

 

AX5487 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

1330 1340 1350 1360 1370 1380  

 

>>BC026340|BC026340.1 Homo sapiens, Similar to adenosine (2756 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 174.0 expect() 0.02 

100.000% identity in 25 nt overlap (25-1:1143-1167) 

 

                                         20        10 

                                ---- GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

BC0263 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

1120 1130 1140 1150 1160 1170  

 

BC0263 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

1180 1190 1200 1210 1220 1230  

 

>>AK095060|AK095060.1 Homo sapiens cDNA FLJ37741 fis, cl (2456 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 174.7 expect() 0.02 

100.000% identity in 25 nt overlap (25-1:1113-1137) 

 

                                         20        10 

                               ----- GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

AK0950 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

1090 1100 1110 1120 1130 1140  

 

AK0950 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGGTGTCTAGAGGCAAC 

1150 1160 1170 1180 1190 1200  

>>X68485|X68485.1 H.sapiens mRNA for A1 adenosine recept (1942 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 176.2 expect() 0.021 

100.000% identity in 25 nt overlap (25-1:1324-1348) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

X68485 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

1300 1310 1320 1330 1340 1350  

 

X68485 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

1360 1370 1380 1390 1400 1410  

 

>>S56143|S56143.1 Homo sapiens A1 adenosine receptor mRN (1290 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 178.6 expect() 0.023 
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100.000% identity in 25 nt overlap (25-1:953-977) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

S56143 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

930 940 950 960 970 980  

 

S56143 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

990 1000 1010 1020 1030 1040  

 

>>S45235|S45235.1 A1 adenosine receptor [human, brain hi (1267 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 178.8 expect() 0.023 

100.000% identity in 25 nt overlap (25-1:971-995) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

S45235 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

950 960 970 980 990 1000 

 

S45235 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

1010 1020 1030 1040 1050 1060 

 

>>I34775|I34775.1 Sequence 20 from patent US 5599671. (981 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 180.3 expect() 0.025 

100.000% identity in 25 nt overlap (25-1:887-911) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

I34775 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

860 870 880 890 900 910  

 

I34775 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

920 930 940 950 960 970  

 

>>AB004662|AB004662.1 Homo sapiens mRNA for adenosine A1 (981 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 180.3 expect() 0.025 

100.000% identity in 25 nt overlap (25-1:887-911) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

AB0046 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

860 870 880 890 900 910  

 

AB0046 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

920 930 940 950 960 970  

>>AY136746|AY136746.1 Homo sapiens adenosine receptor A1 (981 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 180.3 expect() 0.025 

100.000% identity in 25 nt overlap (25-1:887-911) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

AY1367 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

860 870 880 890 900 910  

 

AY1367 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

920 930 940 950 960 970  

 

>>AR044910|AR044910.1 Sequence 20 from patent US 5817760 (981 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 180.3 expect() 0.025 

100.000% identity in 25 nt overlap (25-1:887-911) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  
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                                     :::::::::::::::::::::::::  

AR0449 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

860 870 880 890 900 910  

 

AR0449 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

920 930 940 950 960 970  

 

>>I54999|I54999.1 Sequence 20 from patent US 5646156. (981 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 180.3 expect() 0.025 

100.000% identity in 25 nt overlap (25-1:887-911) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     :::::::::::::::::::::::::  

I54999 TTGTCTATGCCTTCCGCATCCAGAAGTTCCGCGTCACCTTCCTTAAGATTTGGAATGACC 

860 870 880 890 900 910  

 

I54999 ATTTCCGCTGCCAGCCTGCACCTCCCATTGACGAGGATCTCCCAGAAGAGAGGCCTGATG 

920 930 940 950 960 970  

 

>>X14051|X14051.1 Canis familiaris RDC7 mRNA for G prote (2271 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 147.4 expect() 0.72 

92.000% identity in 25 nt overlap (25-1:970-994) 

 

                                         20        10 

                              ------ GCGTCACCTTCCTTAAGATTTGGAA  

                                     : ::::::::::::::::: :::::  

X14051 TCGTCTACGCCTTCCGCATCCAGAAGTTCCGGGTCACCTTCCTTAAGATCTGGAATGACC 

940 950 960 970 980 990  

 

X14051 ACTTCCGCTGCCAGCCCACGCCCCCCGTCGACGAGGACCCCCCAGAGGAGGCGCCCCACG 

1000 1010 1020 1030 1040 1050  

 

>>AR044894|AR044894.1 Sequence 3 from patent US 5817760. (60 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 169.6 expect() 1.6 

92.000% identity in 25 nt overlap (25-1:13-37) 

 

                       20        10 

            ------ GCGTCACCTTCCTTAAGATTTGGAA  

                   : ::::::::::::::::: :::::  

AR0448 TCCAGAAGTTCCGGGTCACCTTCCTTAAGATCTGGAATGACCACTTCCGCTGCCAGCCCA 

               10        20        30        40        50        60 

 

>>I34759|I34759.1 Sequence 3 from patent US 5599671. (60 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 169.6 expect() 1.6 

92.000% identity in 25 nt overlap (25-1:13-37) 

 

                       20        10 

            ------ GCGTCACCTTCCTTAAGATTTGGAA  

                   : ::::::::::::::::: :::::  

I34759 TCCAGAAGTTCCGGGTCACCTTCCTTAAGATCTGGAATGACCACTTCCGCTGCCAGCCCA 

               10        20        30        40        50        60 

 

>>I54983|I54983.1 Sequence 3 from patent US 5646156. (60 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 169.6 expect() 1.6 

92.000% identity in 25 nt overlap (25-1:13-37) 

 

                       20        10 

            ------ GCGTCACCTTCCTTAAGATTTGGAA  

                   : ::::::::::::::::: :::::  

I54983 TCCAGAAGTTCCGGGTCACCTTCCTTAAGATCTGGAATGACCACTTCCGCTGCCAGCCCA 

               10        20        30        40        50        60 
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SQ 2-19  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (3) 

- PCR primer sequence for human adenosine A2A receptor (L): 

5’-GACAGCTGAAGCAGATGGAGAGC-3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 23 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 526671 

0:============================================================ 

22 449 0:= one = represents 8778 library sequences 

24 295 1:* 

26 581 29:* 

28 2102 314:* 

30 4477 1909:* 

32 13521 7381:*= 

34 28361 20016:==*= 

36 50774 41107:====*= 

38 62793 67935:=======* 

40 57992 94763:======= * 

42 63109 115837:======== * 

44 68353 127779:======== * 

46 66103 130146:======== * 

48 70245 124600:========= * 

50 69454 113698:======== * 

52 71411 99959:========= * 

54 46049 85383:====== * 

56 36325 71321:===== * 

58 38974 58553:===== * 

60 29450 47431:==== * 
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62 22851 38026:=== * 

64 16957 30242:== * 

66 14794 23902:==* 

68 11037 18801:==* 

70 8579 14734:=* 

72 6592 11513:=* 

74 5597 8976:=* 

76 3845 6986:* 

78 3310 5431:* 

80 2718 4217:* 

82 1736 3226:* 

84 1105 2555:* 

86 873 1977:* 

88 632 1530:* inset = represents 7 library sequences 

90 491 1184:* 

92 338 916:* :=======================================* 

94 290 709:* :=======================================* 

96 162 548:* :======================== * 

98 125 424:* :================== * 

100 104 328:* :=============== * 

102 61 254:* :========= * 

104 41 197:* :====== * 

106 32 152:* :===== * 

108 25 118:* :==== * 

110 14 91:* :== * 

112 6 71:* := * 

114 5 55:* := * 

116 12 42:* :== * 

118 1 33:* := * 

>120 21 25:* :===* 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1385505 sequences 

Expectation_n fit: rho(ln(x))= 3.7846+/-0.000236; mu= 16.6990+/- 0.020; 

mean_var=50.4098+/- 9.465, 0's: 1700 Z-trim: 13 B-trim: 3287 in 2/84 

Kolmogorov-Smirnov statistic: 0.5648 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2887.460 

The best scores are: initn init1 opt z-sc E(1385505) 

AP000355|AP000355.1 Homo sapiens geno (99965) [f] 115 115 115 127.1 0.3 

X68486|X68486.1 H.sapiens mRNA for A2 (2988) [f] 115 115 115 145.8 0.91 

S46950|S46950.1 adenosine A2 receptor (2572) [f] 115 115 115 146.6 0.95 

AX147447|AX147447.1 Sequence 1 from P (2567) [f] 115 115 115 146.6 0.96 

BC013780|BC013780.1 Homo sapiens, ade (2518) [f] 115 115 115 146.7 0.96 

X14052|X14052.1 Canis familiaris RDC8 (2419) [f] 115 115 115 146.9 0.97 

AX548740|AX548740.1 Sequence 25 from (2403) [f] 115 115 115 147.0 0.98 

M97370|M97370.1 Human adenosine recep (2383) [f] 115 115 115 147.0 0.98 

M91214|M91214.1 Rattus norvegicus ade (2373) [f] 115 115 115 147.0 0.98 

S47609|S47609.1 Rattus sp. A2 adenosi (2141) [f] 115 115 115 147.6 1 

L08102|L08102.1 Rattus norvegicus (cl (2092) [f] 115 115 115 147.7 1 

U40771|U40771.1 Human A2a adenosine r (1906) [f] 115 115 115 148.2 1 

Y13345|Y13345.1 Mus musculus Adora2a (1800) [f] 115 115 115 148.5 1.1 

AF228684|AF228684.1 Rattus norvegicus (1335) [f] 115 115 115 150.1 1.2 

AY136747|AY136747.1 Homo sapiens aden (1239) [f] 115 115 115 150.5 1.2 

I34776|I34776.1 Sequence 22 from pate (1239) [f] 115 115 115 150.5 1.2 

AR044911|AR044911.1 Sequence 22 from (1239) [f] 115 115 115 150.5 1.2 

I55000|I55000.1 Sequence 22 from pate (1239) [f] 115 115 115 150.5 1.2 

Y13346|Y13346.1 Mus musculus mRNA for (1233) [f] 115 115 115 150.5 1.2 

——————————————————————————————————————————————— 
 

>>AP000355|AP000355.1 Homo sapiens genomic DNA, chromoso (99965 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 127.1 expect() 0.3 

100.000% identity in 23 nt overlap (1-23:77953-77975) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AP0003 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

          77930     77940     77950     77960     77970     77980  
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AP0003 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

          77990     78000     78010     78020     78030     78040  

 

>>X68486|X68486.1 H.sapiens mRNA for A2a adenosine recep (2988 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 145.8 expect() 0.91 

100.000% identity in 23 nt overlap (1-23:1510-1532) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

X68486 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

    1480      1490      1500      1510      1520      1530  

 

X68486 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

    1540      1550      1560      1570      1580      1590  

 

>>S46950|S46950.1 adenosine A2 receptor [human, hippocam (2572 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 146.6 expect() 0.95 

100.000% identity in 23 nt overlap (1-23:1106-1128) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

S46950 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

        1080      1090      1100      1110      1120      1130  

 

S46950 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

        1140      1150      1160      1170      1180      1190  

 

>>AX147447|AX147447.1 Sequence 1 from Patent WO0136632. (2567 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 146.6 expect() 0.96 

100.000% identity in 23 nt overlap (1-23:1105-1127) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AX1474 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

         1080      1090      1100      1110      1120      1130  

 

AX1474 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

         1140      1150      1160      1170      1180      1190 

 

>>BC013780|BC013780.1 Homo sapiens, adenosine A2a recept (2518 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 146.7 expect() 0.96 

100.000% identity in 23 nt overlap (1-23:1003-1025) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

BC0137 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

            980       990      1000      1010      1020      1030  

 

BC0137 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

           1040      1050      1060      1070      1080      1090  

>>X14052|X14052.1 Canis familiaris RDC8 mRNA for G prote (2419 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 146.9 expect() 0.97 

100.000% identity in 23 nt overlap (1-23:911-933) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

X14052 TCTACTTGCGGATCTTCCTAGCAGCTCGGCGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

              890       900       910       920       930       940 

 

X14052 TGCCTGGGGAGCGGGCTCGGTCCACGCTGCAGAAGGAGGTCCACGCTGCCAAGTCACTGG 

              950       960       970       980       990      1000 

 

>>AX548740|AX548740.1 Sequence 25 from Patent WO02061087 (2403 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 147.0 expect() 0.98 
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100.000% identity in 23 nt overlap (1-23:898-920) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AX5487 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

       870       880       890       900       910       920  

 

AX5487 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

       930       940       950       960       970       980  

 

>>M97370|M97370.1 Human adenosine receptor (A2) gene, co (2383 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 147.0 expect() 0.98 

100.000% identity in 23 nt overlap (1-23:878-900) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

M97370 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

       850       860       870       880       890       900  

 

M97370 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

       910       920       930       940       950       960  

 

>>M91214|M91214.1 Rattus norvegicus adenosine receptor m (2373 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 147.0 expect() 0.98 

100.000% identity in 23 nt overlap (1-23:887-909) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

M91214 TCTACCTACGGATTTTTCTGGCGGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAGCCCC 

        860       870       880       890       900       910  

 

M91214 TGCCAGGGGAGCGGACTCGGTCCACGCTGCAGAAGGAGGTCCACGCTGCCAAGTCCCTGG 

        920       930       940       950       960       970  

 

>>S47609|S47609.1 Rattus sp. A2 adenosine receptor mRNA, (2141 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 147.6 expect() 1 

100.000% identity in 23 nt overlap (1-23:676-698) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

S47609 TCTACCTACGGATTTTTCTGGCGGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAGCCCC 

         650       660       670       680       690       700  

 

S47609 TGCCAGGGGAGCGGACTCGGTCCACGCTGCAGAAGGAGGTCCACGCTGCCAAGTCCCTGG 

         710       720       730       740       750       760  

>>L08102|L08102.1 Rattus norvegicus (clone A2DT35) A2 ad (2092 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 147.7 expect() 1 

100.000% identity in 23 nt overlap (1-23:602-624) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

L08102 TCTACCTACGGATTTTTCTGGCGGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAGCCCC 

             580       590       600       610       620       630  

 

L08102 TGCCAGGGGAGCGGACTCGGTCCACGCTGCAGAAGGAGGTCCACGCTGCCAAGTCCCTGG 

             640       650       660       670       680       690  

 

>>U40771|U40771.1 Human A2a adenosine receptor subtype ( (1906 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 148.2 expect() 1 

100.000% identity in 23 nt overlap (1-23:370-392) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  
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                                     :::::::::::::::::::::::  

U40771 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

     340       350       360       370       380       390  

 

U40771 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

     400       410       420       430       440       450  

 

>>Y13345|Y13345.1 Mus musculus Adora2a gene, exon 2. (1800 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 148.5 expect() 1.1 

100.000% identity in 23 nt overlap (1-23:621-643) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

Y13345 TCTACCTAAGGATTTTTTTGGCAGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAACCCC 

              600       610       620       630       640       650 

 

Y13345 TACCAGGGGAGCGGACTCGCTCCACACTGCAGAAGGAAGTCCACGCCGCCAAGTCCCTGG 

              660       670       680       690       700       710 

 

>>AF228684|AF228684.1 Rattus norvegicus A2A adenosine re (1335 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.1 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:636-658) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AF2286 TCTACCTACGGATTTTTCTGGCGGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAGCCCC 

         610       620       630       640       650       660  

 

AF2286 TGCCAGGGGAGCGGACTCGGTCCACGCTGCAGAAGGAGGTCCACGCTGCCAAGTCCCTGG 

         670       680       690       700       710       720  

 

 

 

>>AY136747|AY136747.1 Homo sapiens adenosine receptor A2 (1239 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.5 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:617-639) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AY1367 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

        590       600       610       620       630       640  

 

AY1367 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

        650       660       670       680       690       700  

>>I34776|I34776.1 Sequence 22 from patent US 5599671. (1239 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.5 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:617-639) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

I34776 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

        590       600       610       620       630       640  

 

I34776 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

        650       660       670       680       690       700  

 

>>AR044911|AR044911.1 Sequence 22 from patent US 5817760 (1239 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.5 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:617-639) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

AR0449 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

        590       600       610       620       630       640  
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AR0449 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

        650       660       670       680       690       700  

 

>>I55000|I55000.1 Sequence 22 from patent US 5646156. (1239 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.5 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:617-639) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

I55000 TCTATTTGCGGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCTC 

        590       600       610       620       630       640 

 

I55000 TGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGG 

        650       660       670       680       690       700  

 

>>Y13346|Y13346.1 Mus musculus mRNA for adenosine A2a re (1233 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 150.5 expect() 1.2 

100.000% identity in 23 nt overlap (1-23:602-624) 

 

                                             10        20  

                                     GACAGCTGAAGCAGATGGAGAGC  

                                     :::::::::::::::::::::::  

Y13346 TCTACCTAAGGATTTTTTTGGCAGCCCGGAGACAGCTGAAGCAGATGGAGAGCCAACCCC 

             580       590       600       610       620       630  

 

Y13346 TACCAGGGGAGCGGACTCGCTCCACACTGCAGAAGGAAGTCCACGCCGCCAAGTCCCTGG 

             640       650       660       670       680       690  
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SQ 2-20  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (4) 

- PCR primer sequence for human adenosine A2A receptor (R): 

5’- GAATTGGTGTGGGAGAGGACGAT -3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 23 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 548548 

0:============================================================ 

22 57 0:= one = represents 9143 library sequences 

24 136 1:* 

26 170 29:* 

28 444 314:* 

30 1651 1908:* 

32 4654 7378:* 

34 10081 20007:==* 

36 25324 41091:=== * 

38 42830 67908:===== * 

40 72159 94725:======== * 

42 74377 115790:========= * 

44 63700 127727:======= * 

46 64367 130093:======== * 

48 68687 124549:======== * 

50 59907 113652:======= * 

52 58871 99919:======= * 

54 58333 85348:======= * 

56 55404 71292:=======* 

58 44649 58529:===== * 

60 32811 47412:==== * 
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62 23751 38010:=== * 

64 21169 30230:===* 

66 17931 23893:==* 

68 12920 18793:==* 

70 9987 14728:=* 

72 8578 11508:=* 

74 8639 8973:* 

76 4933 6984:* 

78 3919 5428:* 

80 2823 4215:* 

82 2179 3224:* 

84 1572 2554:* 

86 1197 1976:* 

88 810 1529:* inset = represents 10 library sequences 

90 658 1183:* 

92 497 916:* :=======================================* 

94 397 708:* :=======================================* 

96 238 548:* :======================== * 

98 136 424:* :============== * 

100 92 328:* :========== * 

102 94 254:* :========== * 

104 64 197:* :======= * 

106 25 152:* :=== * 

108 26 118:* :=== * 

110 10 91:* := * 

112 13 71:* :== * 

114 1 55:* := * 

116 5 42:* := * 

118 2 33:* := * 

>120 17 25:* :==* 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1384946 sequences 

Expectation_n fit: rho(ln(x))= 3.8222+/-0.000228; mu= 13.4027+/- 0.019; 

mean_var=44.2626+/- 8.635, 0's: 1886 Z-trim: 14 B-trim: 1267 in 1/82 

Kolmogorov-Smirnov statistic: 0.6046 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2141.770 

The best scores are: initn init1 opt z-sc E(1384946) 

AP000355|AP000355.1 Homo sapiens geno (99965) [r] 115 115 115 136.6 0.089 

X68486|X68486.1 H.sapiens mRNA for A2 (2988) [r] 115 115 115 156.7 0.22 

S46950|S46950.1 adenosine A2 receptor (2572) [r] 115 115 115 157.6 0.23 

AX147447|AX147447.1 Sequence 1 from P (2567) [r] 115 115 115 157.6 0.23 

BC013780|BC013780.1 Homo sapiens, ade (2518) [r] 115 115 115 157.7 0.23 

X14052|X14052.1 Canis familiaris RDC8 (2419) [r] 115 115 115 157.9 0.24 

AX548740|AX548740.1 Sequence 25 from (2403) [r] 115 115 115 158.0 0.24 

M97370|M97370.1 Human adenosine recep (2383) [r] 115 115 115 158.0 0.24 

U40771|U40771.1 Human A2a adenosine r (1906) [r] 115 115 115 159.3 0.25 

I34776|I34776.1 Sequence 22 from pate (1239) [r] 115 115 115 161.8 0.28 

AR044911|AR044911.1 Sequence 22 from (1239) [r] 115 115 115 161.8 0.28 

I55000|I55000.1 Sequence 22 from pate (1239) [r] 115 115 115 161.8 0.28 

AY136747|AY136747.1 Homo sapiens aden (1239) [r] 115 115 115 161.8 0.28 

AC018878|AC018878.8 Homo sapiens BAC (99965) [f] 95 95 101 115.5 1.3 

——————————————————————————————————————————————— 

 

>>AP000355|AP000355.1 Homo sapiens genomic DNA, chromoso (99965 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 136.6 expect() 0.089 

100.000% identity in 23 nt overlap (23-1:78156-78178) 

 

                                       20        10  

                                   - ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

AP0003 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

       78130     78140     78150     78160     78170     78180  

 

AP0003 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

       78190     78200     78210     78220     78230     78240  

 

>>X68486|X68486.1 H.sapiens mRNA for A2a adenosine recep (2988 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 156.7 expect() 0.22 
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100.000% identity in 23 nt overlap (23-1:1713-1735) 

 

                                       20        10  

                                  -- ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

X68486 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

           1690      1700      1710      1720      1730      1740  

 

X68486 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

           1750      1760      1770      1780      1790      1800  

 

>>S46950|S46950.1 adenosine A2 receptor [human, hippocam (2572 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 157.6 expect() 0.23 

100.000% identity in 23 nt overlap (23-1:1309-1331) 

 

                                       20        10  

                                 --- ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

S46950 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

     1280      1290      1300      1310      1320      1330  

 

S46950 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

     1340      1350      1360      1370      1380      1390  

 

>>AX147447|AX147447.1 Sequence 1 from Patent WO0136632. (2567 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 157.6 expect() 0.23 

100.000% identity in 23 nt overlap (23-1:1276-1298) 

 

                                       20        10  

                                ---- ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

AX1474 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

        1250      1260      1270      1280      1290      1300  

 

AX1474 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

        1310      1320      1330      1340      1350      1360  

 

>>BC013780|BC013780.1 Homo sapiens, adenosine A2a recept (2518 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 157.7 expect() 0.23 

100.000% identity in 23 nt overlap (23-1:1206-1228) 

 

                                       20        10  

                               ----- ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

BC0137 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

        1180      1190      1200      1210      1220      1230  

 

BC0137 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

        1240      1250      1260      1270      1280      1290  

>>X14052|X14052.1 Canis familiaris RDC8 mRNA for G prote (2419 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 157.9 expect() 0.24 

100.000% identity in 23 nt overlap (23-1:1114-1136) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

X14052 CATGCCCCACTCTGGCTCATGTACCTGACCATCGTCCTCTCCCACACCAATTCTGTTGTG 

          1090      1100      1110      1120      1130      1140  

 

X14052 AATCCCTTCATCTATGCCTACCGCATCCGTGAGTTTCGCCAGACCTTCCGCAAGATCATT 

          1150      1160      1170      1180      1190      1200  

 

>>AX548740|AX548740.1 Sequence 25 from Patent WO02061087 (2403 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 158.0 expect() 0.24 

100.000% identity in 23 nt overlap (23-1:1101-1123) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  
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                                     :::::::::::::::::::::::  

AX5487 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

             1080      1090      1100      1110      1120      1130 

 

AX5487 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

             1140      1150      1160      1170      1180      1190 

>>M97370|M97370.1 Human adenosine receptor (A2) gene, co (2383 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 158.0 expect() 0.24 

100.000% identity in 23 nt overlap (23-1:1081-1103) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

M97370 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

             1060      1070      1080      1090      1100      1110 

 

M97370 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

             1120      1130      1140      1150      1160      1170 

 

>>U40771|U40771.1 Human A2a adenosine receptor subtype ( (1906 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 159.3 expect() 0.25 

100.000% identity in 23 nt overlap (23-1:573-595) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

U40771 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

            550       560       570       580       590       600  

 

U40771 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

            610       620       630       640       650       660  

 

>>I34776|I34776.1 Sequence 22 from patent US 5599671. (1239 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 161.8 expect() 0.28 

100.000% identity in 23 nt overlap (23-1:820-842) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

I34776 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

     790       800       810       820       830       840  

 

I34776 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

     850       860       870       880       890       900  

 

>>AR044911|AR044911.1 Sequence 22 from patent US 5817760 (1239 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 161.8 expect() 0.28 

100.000% identity in 23 nt overlap (23-1:820-842) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

AR0449 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

     790       800       810       820       830       840  

 

AR0449 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

     850       860       870       880       890       900  

 

>>I55000|I55000.1 Sequence 22 from patent US 5646156. (1239 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 161.8 expect() 0.28 

100.000% identity in 23 nt overlap (23-1:820-842) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

I55000 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

     790       800       810       820       830       840  

 

I55000 
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AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

     850       860       870       880       890       900  

 

>>AY136747|AY136747.1 Homo sapiens adenosine receptor A2 (1239 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 161.8 expect() 0.28 

100.000% identity in 23 nt overlap (23-1:820-842) 

 

                                       20        10  

                              ------ ATCGTCCTCTCCCACACCAATTC  

                                     :::::::::::::::::::::::  

AY1367 CACGCCCCTCTCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTG 

     790       800       810       820       830       840  

 

AY1367 AATCCCTTCATCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATT 

     850       860       870       880       890       900  

 

>>AC018878|AC018878.8 Homo sapiens BAC clone RP11-297N12 (99965 nt) 

initn: 95 init1: 95 opt: 101 Z-score: 115.5 expect() 1.3 

95.455% identity in 22 nt overlap (2-23:73815-73836) 

 

                                             10        20  

                             ------ GAATTGGTGTGGGAGAGGACGAT  

                                     :: :::::::::::::::::::  

AC0188 AAACTGCTCATGCCCTCTTTTCAAGTAGTCAAGTGGTGTGGGAGAGGACGATGCATGTGA 

        73790     73800     73810     73820     73830     73840  

 

AC0188 TGGCAGCTAGGAGCATGAGCCACGACCATCAAAGCAGGCACAGGACAGTGACCAGGCCAT 

        73850     73860     73870     73880     73890     73900  
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SQ 2-21  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (5) 

- PCR primer sequence for human adenosine A2B receptor (L): 

5’- TCCCGCTCAGGTATAAAAGTTTGGT -3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 25 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 538702 

0:============================================================ 

22 109 0:= one = represents 8979 library sequences 

24 177 1:* 

26 273 29:* 

28 924 313:* 

30 2368 1901:* 

32 4906 7351:* 

34 10016 19936:==* 

36 22570 40943:=== * 

38 35402 67664:==== * 

40 52821 94385:====== * 

42 76016 115374:========= * 

44 72782 127269:========= * 

46 67647 129626:======== * 

48 62228 124102:======= * 

50 62440 113244:======= * 

52 58232 99560:======= * 

54 57377 85042:======= * 

56 52352 71036:====== * 

58 44225 58319:===== * 

60 41737 47242:=====* 
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62 37076 37874:====* 

64 22445 30121:===* 

66 17654 23807:==* 

68 15013 18726:==* 

70 13432 14675:=* 

72 9482 11467:=* 

74 6931 8940:* 

76 5460 6959:* 

78 4760 5409:* 

80 3601 4200:* 

82 2720 3213:* 

84 1909 2545:* 

86 1518 1969:* 

88 1245 1524:* inset = represents 12 library sequences 

90 796 1179:* 

92 590 912:* :=======================================* 

94 486 706:* :=======================================* 

96 397 546:* :================================== * 

98 321 423:* :=========================== * 

100 213 327:* :================== * 

102 143 253:* :============ * 

104 95 196:* :======== * 

106 64 152:* :====== * 

108 52 117:* :===== * 

110 27 91:* :=== * 

112 32 70:* :=== * 

114 24 54:* :== * 

116 13 42:* :== * 

118 5 33:* := * 

>120 36 25:* :==* 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1379975 sequences 

Expectation_n fit: rho(ln(x))= 4.1479+/-0.000238; mu= 10.3010+/- 0.020; 

mean_var=36.7688+/- 7.302, 0's: 1900 Z-trim: 29 B-trim: 4042 in 3/82 

Kolmogorov-Smirnov statistic: 0.5819 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2463.350 

The best scores are: initn init1 opt z-sc E(1379975) 

X68487|X68487.1 H.sapiens mRNA for A2 (1733) [f] 125 125 125 188.1 0.0069 

AX548742|AX548742.1 Sequence 27 from (1733) [f] 125 125 125 188.1 0.0069 

M97759|M97759.1 Human adenosine A2b r (1687) [f] 125 125 125 188.3 0.0069 

BC025722|BC025722.1 Homo sapiens, ade (1564) [f] 125 125 125 188.8 0.007 

AR044912|AR044912.1 Sequence 24 from ( 999) [f] 125 125 125 191.9 0.0074 

AY136748|AY136748.1 Homo sapiens aden ( 999) [f] 125 125 125 191.9 0.0074 

I55001|I55001.1 Sequence 24 from pate ( 999) [f] 125 125 125 191.9 0.0074 

I34777|I34777.1 Sequence 24 from pate ( 999) [f] 125 125 125 191.9 0.0074 

M91466|M91466.1 Rattus norvegicus A2b (1859) [f] 116 116 116 172.8 0.046 

I20961|I20961.1 Sequence 1 from paten (1859) [f] 116 116 116 172.8 0.046 

U05673|U05673.1 Mus musculus Balb/C c (1076) [f] 116 116 116 176.6 0.049 

AF084241|AF084241.1 Rattus norvegicus ( 356) [f] 116 116 116 184.1 0.056 

——————————————————————————————————————————————— 
 

>>X68487|X68487.1 H.sapiens mRNA for A2b adenosine recep (1733 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 188.1 expect() 0.0069 

100.000% identity in 25 nt overlap (1-25:658-682) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

X68487 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

630       640       650       660       670       680  

 

X68487 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

690       700       710       720       730       740  

 

>>AX548742|AX548742.1 Sequence 27 from Patent WO02061087 (1733 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 188.1 expect() 0.0069 

100.000% identity in 25 nt overlap (1-25:658-682) 
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                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

AX5487 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

630       640       650       660       670       680  

 

AX5487 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

690       700       710       720       730       740  

 

>>M97759|M97759.1 Human adenosine A2b receptor (ADORA2) (1687 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 188.3 expect() 0.0069 

100.000% identity in 25 nt overlap (1-25:461-485) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

M97759 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

              440       450       460       470       480       490 

 

M97759 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

              500       510       520       530       540       550 

 

>>BC025722|BC025722.1 Homo sapiens, adenosine A2b recept (1564 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 188.8 expect() 0.007 

100.000% identity in 25 nt overlap (1-25:412-436) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

BC0257 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

             390       400       410       420       430       440  

 

BC0257 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

             450       460       470       480       490       500  

 

>>AR044912|AR044912.1 Sequence 24 from patent US 5817760 (999 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 191.9 expect() 0.0074 

100.000% identity in 25 nt overlap (1-25:326-350) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

AR0449 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

         300       310       320       330       340       350  

 

AR0449 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

         360       370       380       390       400       410  

>>AY136748|AY136748.1 Homo sapiens adenosine receptor A2 (999 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 191.9 expect() 0.0074 

100.000% identity in 25 nt overlap (1-25:326-350) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

AY1367 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

         300       310       320       330       340       350  

 

AY1367 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

         360       370       380       390       400       410  

 

>>I55001|I55001.1 Sequence 24 from patent US 5646156. (999 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 191.9 expect() 0.0074 

100.000% identity in 25 nt overlap (1-25:326-350) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

I55001 
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TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

         300       310       320       330       340       350  

 

I55001 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

         360       370       380       390       400       410  

>>I34777|I34777.1 Sequence 24 from patent US 5599671. (999 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 191.9 expect() 0.0074 

100.000% identity in 25 nt overlap (1-25:326-350) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     :::::::::::::::::::::::::  

I34777 TGGCAGTCGACAGATACCTGGCCATCTGTGTCCCGCTCAGGTATAAAAGTTTGGTCACGG 

         300       310       320       330       340       350  

 

I34777 GGACCCGAGCAAGAGGGGTCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATCGGATTGA 

         360       370       380       390       400       410  

 

>>M91466|M91466.1 Rattus norvegicus A2b-adenosine recept (1859 nt) 

initn: 116 init1: 116 opt: 116 Z-score: 172.8 expect() 0.046 

96.000% identity in 25 nt overlap (1-25:433-457) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     ::::::::::::::::: :::::::  

M91466 TGGCTGTCGACCGGTATCTGGCCATTCGCGTCCCGCTCAGGTATAAAGGTTTGGTCACTG 

            410       420       430       440       450       460  

 

M91466 GAACACGAGCAAGAGGGATCATCGCTGTCCTCTGGGTCCTTGCCTTTGGCATTGGACTGA 

            470       480       490       500       510       520  

 

>>I20961|I20961.1 Sequence 1 from patent US 5516894. (1859 nt) 

initn: 116 init1: 116 opt: 116 Z-score: 172.8 expect() 0.046 

96.000% identity in 25 nt overlap (1-25:433-457) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     ::::::::::::::::: :::::::  

I20961 TGGCTGTCGACCGGTATCTGGCCATTCGCGTCCCGCTCAGGTATAAAGGTTTGGTCACTG 

            410       420       430       440       450       460  

 

I20961 GAACACGAGCAAGAGGGATCATCGCTGTCCTCTGGGTCCTTGCCTTTGGCATTGGACTGA 

            470       480       490       500       510       520  

>>U05673|U05673.1 Mus musculus Balb/C clone R13 adenosin (1076 nt) 

initn: 116 init1: 116 opt: 116 Z-score: 176.6 expect() 0.049 

96.000% identity in 25 nt overlap (1-25:359-383) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     ::::::::::::::::: :::::::  

U05673 TGGCTGTCGACCGATATCTGGCCATTCGCGTCCCGCTCAGGTATAAAGGTTTGGTCACTG 

      330       340       350       360       370       380  

 

U05673 GGACACGAGCGAGAGGGATCATTGCTGTCCTCTGGGTCCTTGCCTTTGGCATTGGATTGA 

      390       400       410       420       430       440  

 

>>AF084241|AF084241.1 Rattus norvegicus adenosine A2B re (356 nt) 

initn: 116 init1: 116 opt: 116 Z-score: 184.1 expect() 0.056 

96.000% identity in 25 nt overlap (1-25:199-223) 

 

                                             10        20  

                                     TCCCGCTCAGGTATAAAAGTTTGGT  

                                     ::::::::::::::::: :::::::  

AF0842 TGGCTGTCGACCGGTATCTGGCCATTCGCGTCCCGCTCAGGTATAAAGGTTTGGTCACTG 

      170       180       190       200       210       220  

 

AF0842 GAACACGAGCAAGAGGGATCATCGCTGTCCTCTGGGTCCTTGCCTTTGGCATTGGACTGA 

      230       240       250       260       270       280  
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SQ 2-22  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (6) 

- PCR primer sequence for human adenosine A2B receptor (L): 

5’- CTCGAGTGGTCCATCAGCTCAGT -3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 23 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 533913 

0:============================================================ 

22 105 0:= one = represents 8899 library sequences 

24 444 1:* 

26 966 29:* 

28 797 310:* 

30 1951 1881:* 

32 5093 7273:* 

34 12301 19724:==* 

36 28682 40509:====* 

38 44829 66947:====== * 

40 68520 93385:======== * 

42 73375 114151:========= * 

44 61943 125919:======= * 

46 61015 128252:======= * 

48 62597 122787:======== * 

50 64593 112043:======== * 

52 72135 98505:========= * 

54 64997 84140:======== * 

56 63626 70283:=======* 

58 39593 57701:===== * 

60 29671 46741:==== * 

62 24202 37473:=== * 
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64 21021 29802:===* 

66 15979 23554:==* 

68 12963 18527:==* 

70 10057 14519:=* 

72 8003 11345:=* 

74 6002 8846:* 

76 4703 6885:* 

78 3930 5351:* 

80 3220 4155:* 

82 2582 3179:* 

84 1475 2518:* 

86 1315 1948:* 

88 889 1508:* inset = represents 9 library sequences 

90 750 1166:* 

92 450 902:* :=======================================* 

94 379 698:* :=======================================* 

96 221 540:* :========================= * 

98 144 418:* :================ * 

100 138 323:* :================ * 

102 100 250:* :============ * 

104 54 194:* :====== * 

106 30 150:* :==== * 

108 27 116:* :=== * 

110 9 90:* := * 

112 13 69:* :== * 

114 5 54:* := * 

116 7 42:* := * 

118 0 32:* : * 

>120 29 25:* :==*= 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1365345 sequences 

Expectation_n fit: rho(ln(x))= 3.4279+/-0.000228; mu= 15.5054+/- 0.019; 

mean_var=40.5230+/- 7.685, 0's: 2306 Z-trim: 20 B-trim: 0 in 0/85 

Kolmogorov-Smirnov statistic: 0.5555 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2396.880 

The best scores are: initn init1 opt z-sc E(1365345) 

AC006251|AC006251.3 Homo sapiens chro (99965) [r] 115 115 115 144.3 0.033 

AL354046|AL354046.5 Homo sapiens chro (99965) [f] 115 115 115 144.3 0.033 

AX548742|AX548742.1 Sequence 27 from (1733) [r] 115 115 115 166.1 0.12 

X68487|X68487.1 H.sapiens mRNA for A2 (1733) [r] 115 115 115 166.1 0.12 

M97759|M97759.1 Human adenosine A2b r (1687) [r] 115 115 115 166.3 0.12 

BC025722|BC025722.1 Homo sapiens, ade (1564) [r] 115 115 115 166.7 0.12 

AY136748|AY136748.1 Homo sapiens aden ( 999) [r] 115 115 115 169.1 0.14 

I34777|I34777.1 Sequence 24 from pate ( 999) [r] 115 115 115 169.1 0.14 

AR044912|AR044912.1 Sequence 24 from ( 999) [r] 115 115 115 169.1 0.14 

I55001|I55001.1 Sequence 24 from pate ( 999) [r] 115 115 115 169.1 0.14 

I20962|I20962.1 Sequence 2 from paten ( 159) [r] 115 115 115 179.0 0.24 

AL022398|AL022398.1 Homo sapiens DNA (99965) [r] 85 85 97 116.0 1.2 

——————————————————————————————————————————————— 
 

>>AC006251|AC006251.3 Homo sapiens chromosome 17, clone (99965 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 144.3 expect() 0.033 

100.000% identity in 23 nt overlap (23-1:86993-87015) 

 

                                       20        10  

                                   - ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

AC0062 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

          86970     86980     86990     87000     87010     87020  

 

AC0062 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

          87030     87040     87050     87060     87070     87080  

 

>>AL354046|AL354046.5 Homo sapiens chromosome 17 from PA (99965 nt) 

initn: 115 init1: 115 opt: 115 Z-score: 144.3 expect() 0.033 

100.000% identity in 23 nt overlap (1-23:4004-4026) 
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                                              10        20  

                                   - CTCGAGTGGTCCATCAGCTCAGT  

                                     :::::::::::::::::::::::  

AL3540 GCTGCATGGATCTCCCGCTGGAGGGTGGTCCTCGAGTGGTCCATCAGCTCAGTGCGCTGA 

          3980      3990      4000      4010      4020      4030  

 

AL3540 AGCTGCCTGCAGGCCACCAGGAAGATCTTAATGTAGATCACCAGCATTATAAGCAGTGGG 

          4040      4050      4060      4070      4080      4090  

 

>>AX548742|AX548742.1 Sequence 27 from Patent WO02061087 (1733 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 166.1 expect() 0.12 

100.000% identity in 23 nt overlap (23-1:978-1000) 

 

                                       20        10  

                                  -- ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

AX5487 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

      950        960       970       980       990      1000  

 

AX5487 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

     1010       1020      1030      1040      1050      1060  

 

>>X68487|X68487.1 H.sapiens mRNA for A2b adenosine recep (1733 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 166.1 expect() 0.12 

100.000% identity in 23 nt overlap (23-1:978-1000) 

 

                                       20        10  

                                 --- ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

X68487 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

      950        960       970       980       990      1000  

 

X68487 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

     1010       1020      1030      1040      1050      1060  

 

>>M97759|M97759.1 Human adenosine A2b receptor (ADORA2) (1687 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 166.3 expect() 0.12 

100.000% identity in 23 nt overlap (23-1:781-803) 

 

                                       20        10  

                                ---- ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

M97759 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

              760       770       780       790       800       810 

 

M97759 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

              820       830       840       850       860       870 

 

>>BC025722|BC025722.1 Homo sapiens, adenosine A2b recept (1564 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 166.7 expect() 0.12 

100.000% identity in 23 nt overlap (23-1:732-754) 

 

                                       20        10  

                               ----- ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

BC0257 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

             710       720       730       740       750       760  

 

BC0257 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

             770       780       790       800       810       820  

 

>>AY136748|AY136748.1 Homo sapiens adenosine receptor A2 (999 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 169.1 expect() 0.14 

100.000% identity in 23 nt overlap (23-1:646-668) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

AY1367 
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TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

         620       630       640       650       660       670  

 

AY1367 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

         680       690       700       710       720       730  

 

>>I34777|I34777.1 Sequence 24 from patent US 5599671. (999 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 169.1 expect() 0.14 

100.000% identity in 23 nt overlap (23-1:646-668) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

I34777 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

         620       630       640       650       660       670  

 

I34777 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

         680       690       700       710       720       730  

 

>>AR044912|AR044912.1 Sequence 24 from patent US 5817760 (999 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 169.1 expect() 0.14 

100.000% identity in 23 nt overlap (23-1:646-668) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

AR0449 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

         620       630       640       650       660       670  

 

AR0449 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

         680       690       700       710       720       730  

 

>>I55001|I55001.1 Sequence 24 from patent US 5646156. (999 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 169.1 expect() 0.14 

100.000% identity in 23 nt overlap (23-1:646-668) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

I55001 TTCCTGGTGGCCTGCAGGCAGCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

         620        630       640      650       660       670  

 

I55001 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGGATTTTTGCCCTG 

         680        690       700      710       720       730  

>>I20962|I20962.1 Sequence 2 from patent US 5516894. (159 nt) 

rev-comp initn: 115 init1: 115 opt: 115 Z-score: 179.0 expect() 0.24 

100.000% identity in 23 nt overlap (23-1:82-104) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :::::::::::::::::::::::  

I20962 TTCCTGGTGGCCTCGATTCATCTTCAGCGCACTGAGCTGATGGACCACTCGAGGACCACC 

              60        70        80        90       100       110  

 

I20962 CTCCAGCGGGAGATCCATGCAGCCAAGTCACTGGCCATGATTGTGGGG 

             120       130       140       150  

 

>>AL022398|AL022398.1 Homo sapiens DNA sequence from PAC (99965 nt) 

rev-comp initn: 85 init1: 85 opt: 97 Z-score: 116.0 expect() 1.2 

91.304% identity in 23 nt overlap (23-1:23946-23968) 

 

                                       20        10  

                              ------ ACTGAGCTGATGGACCACTCGAG  

                                     :: ::::::::::::::::: ::  

AL0223 CTTCACAGTGACTGCAGGCAGCTTTAGTACACGGAGCTGATGGACCACTCAAGGACCACC 

       23920     23930     23940     23950     23960     23970  

 

AL0223 CTCCAGTGGGAGATATACACAGCCAAGTCGCTGGCTGTGATGGTGGGGATGTTTGCTCTG 

       23980     23990     24000     24010     24020     24030  
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SQ 2-23  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (7) 

- PCR primer sequence for human adenosine A3 receptor (L): 

5’-ACCTTCCTTTCATGCCAATTTGTTT-3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 25 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 512725 

0:============================================================ 

22 55 0:= one = represents 8546 library sequences 

24 171 1:* 

26 283 29:* 

28 745 317:* 

30 1794 1923:* 

32 4956 7435:* 

34 10803 20164:==* 

36 23565 41412:=== * 

38 35596 68439:===== * 

40 62611 95466:======== * 

42 74169 116696:========= * 

44 70063 128727:========= * 

46 65294 131111:======== * 

48 68944 125524:========= * 

50 64293 114541:======== * 

52 58303 100701:======= * 

54 58350 86016:======= * 

56 65581 71850:========* 

58 51572 58987:======* 

60 46071 47783:=====* 

62 27367 38308:====* 
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64 22792 30466:===* 

66 18571 24080:==* 

68 15478 18940:==* 

70 11085 14843:=* 

72 8776 11598:=* 

74 7387 9043:=* 

76 5720 7038:* 

78 4442 5471:* 

80 2946 4248:* 

82 2323 3250:* 

84 1758 2574:* 

86 1312 1992:* 

88 1041 1541:* inset = represents 13 library sequences 

90 729 1192:* 

92 609 923:* :=======================================* 

94 511 714:* :=======================================* 

96 288 552:* :======================= * 

98 237 427:* :=================== * 

100 152 331:* :============ * 

102 125 256:* :========== * 

104 91 198:* :======= * 

106 66 153:* :====== * 

108 28 119:* :=== * 

110 21 92:* :== * 

112 7 71:* := * 

114 7 55:* := * 

116 8 43:* := * 

118 6 33:* := * 

>120 17 25:* :=* 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1395784 sequences 

Expectation_n fit: rho(ln(x))= 4.4752+/-0.000236; mu= 9.7977+/- 0.020; 

mean_var=45.5596+/- 9.032, 0's: 1940 Z-trim: 17 B-trim: 2848 in 1/85 

Kolmogorov-Smirnov statistic: 0.5532 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2765.920 

The best scores are: initn init1 opt z-sc E(1395784) 

AL390195|AL390195.10 Human DNA sequen (99963) [r] 125 125 125 144.3 0.033 

AX548744|AX548744.1 Sequence 29 from (2241) [f] 125 125 125 169.5 0.058 

BC029831|BC029831.1 Homo sapiens, ade (1812) [f] 125 125 125 170.9 0.06 

X76981|X76981.1 H.sapiens mRNA for ad (1771) [f] 125 125 125 171.1 0.06 

L20463|L20463.1 Human A3 adenosine re (1767) [f] 125 125 125 171.1 0.06 

L22607|L22607.1 Homo sapiens A3 adeno (1739) [f] 125 125 125 171.2 0.06 

L77730|L77730.1 Homo sapiens A3 adeno (1256) [f] 125 125 125 173.4 0.063 

I55002|I55002.1 Sequence 26 from pate ( 957) [f] 125 125 125 175.2 0.066 

AR044913|AR044913.1 Sequence 26 from ( 957) [f] 125 125 125 175.2 0.066 

AY136749|AY136749.1 Homo sapiens aden ( 957) [f] 125 125 125 175.2 0.066 

I34778|I34778.1 Sequence 26 from pate ( 957) [f] 125 125 125 175.2 0.066 

——————————————————————————————————————————————— 
 

>>AL390195|AL390195.10 Human DNA sequence from clone RP1 (99963 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 144.3 expect() 0.033 

100.000% identity in 25 nt overlap (25-1:99441-99465) 

 

                                         20        10  

                                   - AAACAAATTGGCATGAAAGGAAGGT  

                                     :::::::::::::::::::::::::  

AL3901 AGTATACCATGTAGTCCATTCTCATGACGGAAACAAATTGGCATGAAAGGAAGGTGACAT 

            99420     99430     99440     99450     99460     99470 

 

AL3901 TTCTGTGGTACTCTGAGGTCAGTTTCATGTTCCAGCCAAACATGGGGGTCAATCCCACCA 

            99480     99490     99500     99510     99520     99530 

 

>>AX548744|AX548744.1 Sequence 29 from Patent WO02061087 (2241 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 169.5 expect() 0.058 

100.000% identity in 25 nt overlap (1-25:1251-1275) 
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                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

AX5487 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

             1230      1240      1250      1260      1270      1280 

 

AX5487 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

             1290      1300      1310      1320      1330      1340 

 

>>BC029831|BC029831.1 Homo sapiens, adenosine A3 recepto (1812 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 170.9 expect() 0.06 

100.000% identity in 25 nt overlap (1-25:793-817) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

BC0298 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

            770       780       790       800       810       820  

 

BC0298 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

            830       840       850       860       870       880  

 

>>X76981|X76981.1 H.sapiens mRNA for adenosin receptor A (1771 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 171.1 expect() 0.06 

100.000% identity in 25 nt overlap (1-25:817-841) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

X76981 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

        790       800       810       820       830       840  

 

X76981 ATGAGGATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

        850       860       870       880       890       900  

 

>>L20463|L20463.1 Human A3 adenosine receptor mRNA, comp (1767 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 171.1 expect() 0.06 

100.000% identity in 25 nt overlap (1-25:775-799) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

L20463 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

          750       760       770       780       790       800  

 

L20463 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

          810       820       830       840       850       860  

 

>>L22607|L22607.1 Homo sapiens A3 adenosine receptor mRN (1739 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 171.2 expect() 0.06 

100.000% identity in 25 nt overlap (1-25:749-773) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

L22607 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

      720       730       740       750       760       770  

 

L22607 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

      780       790       800       810       820       830  

 

>>L77730|L77730.1 Homo sapiens A3 adenosine receptor (AD (1256 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 173.4 expect() 0.063 

100.000% identity in 25 nt overlap (1-25:302-326) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

L77730 
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AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

             280       290       300       310       320       330  

 

L77730 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

             340       350       360       370       380       390  

 

>>I55002|I55002.1 Sequence 26 from patent US 5646156. (957 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.2 expect() 0.066 

100.000% identity in 25 nt overlap (1-25:484-508) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

I55002 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

           460       470       480       490       500       510  

 

I55002 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

           520       530       540       550       560       570  

 

>>AR044913|AR044913.1 Sequence 26 from patent US 5817760 (957 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.2 expect() 0.066 

100.000% identity in 25 nt overlap (1-25:484-508) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

AR0449 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

           460       470       480       490       500       510  

 

AR0449 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

           520       530       540       550       560       570  

 

>>AY136749|AY136749.1 Homo sapiens adenosine receptor A3 (957 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.2 expect() 0.066 

100.000% identity in 25 nt overlap (1-25:484-508) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

AY1367 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

           460       470       480       490       500       510  

 

AY1367 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

           520       530       540       550       560       570  

>>I34778|I34778.1 Sequence 26 from patent US 5599671. (957 nt) 

initn: 125 init1: 125 opt: 125 Z-score: 175.2 expect() 0.066 

100.000% identity in 25 nt overlap (1-25:484-508) 

 

                                             10        20  

                                   - ACCTTCCTTTCATGCCAATTTGTTT  

                                     :::::::::::::::::::::::::  

I34778 AAACTGACCTCAGAGTACCACAGAAATGTCACCTTCCTTTCATGCCAATTTGTTTCCGTC 

           460       470       480       490       500       510  

 

I34778 ATGAGAATGGACTACATGGTATACTTCAGCTTCCTCACCTGGATTTTCATCCCCCTGGTT 

           520       530       540       550       560       570  
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SQ 2-24  Sequence homology results by DDBJ FASTA E-Mail server Version 1.50 (8) 

- PCR primer sequence for human adenosine A3 receptor (R): 

5’-CAGGCTTTGAGGATCAAAAGGTAGG-3’ 
 
/disk/mserv/DB_SEARCH/SRC/MS_FASTA/WORK/DOUT/20030: 25 nt 

 

searching /db/DNA.DATA/a/ddbjhum10.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum14.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum18.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum4.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum3.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum9.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum16.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum13.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum12.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum11.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum15.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum19.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum8.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum5.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum2.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum6.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum7.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum17.seq 0 library 

searching /db/DNA.DATA/a/ddbjhum1.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjhum.seq 0 library 

searching /db/DNA.DATA/a/ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpri.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod1.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod4.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod2.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod3.seq 0 library 

searching /db/DNA.DATA/a/ddbjrod5.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjrod.seq 0 library 

searching /db/DNA.DATA/a/ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjmam.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat1.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat4.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat2.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat5.seq 0 library 

searching /db/DNA.DATA/a/ddbjpat3.seq 0 library 

searching /db/DNA.DATA/a/new_ddbjpat.seq 0 library 

 

opt E() 

< 20 524271 

0:============================================================ 

22 97 0:= one = represents 8738 library sequences 

24 161 1:* 

26 258 29:* 

28 687 317:* 

30 2016 1925:* 

32 4458 7443:* 

34 9871 20186:==* 

36 26045 41456:=== * 

38 38909 68512:===== * 

40 60819 95568:======= * 

42 76618 116820:========= * 

44 71669 128863:========= * 

46 67782 131251:======== * 

48 74220 125657:========= * 

50 64039 114663:======== * 

52 61903 100808:======== * 

54 58877 86108:======= * 

56 53921 71926:======= * 

58 52395 59050:======* 

60 37425 47834:=====* 
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62 24380 38349:=== * 

64 20136 30499:===* 

66 19279 24105:==* 

68 13784 18961:==* 

70 10547 14859:=* 

72 8375 11611:=* 

74 6769 9052:=* 

76 5118 7046:* 

78 3675 5477:* 

80 2798 4252:* 

82 2266 3253:* 

84 1776 2577:* 

86 1131 1994:* 

88 941 1543:* inset = represents 9 library sequences 

90 721 1194:* 

92 429 924:* :=======================================* 

94 316 715:* :==================================== * 

96 224 553:* :========================= * 

98 198 428:* :====================== * 

100 170 331:* :=================== * 

102 135 256:* :=============== * 

104 66 198:* :======== * 

106 52 153:* :====== * 

108 44 119:* :===== * 

110 23 92:* :=== * 

112 14 71:* :== * 

114 10 55:* :== * 

116 2 43:* := * 

118 2 33:* := * 

>120 22 25:* :==* 

1082303738 residues in 1382880 sequences 

statistics extrapolated from 50000 to 1397268 sequences 

Expectation_n fit: rho(ln(x))= 4.1808+/-0.000235; mu= 11.2725+/- 0.020; 

mean_var=44.8076+/- 9.059, 0's: 1643 Z-trim: 20 B-trim: 2852 in 2/82 

Kolmogorov-Smirnov statistic: 0.5746 (N=29) at 88 

 

FASTA (3.28 September 1999) function [optimized, +5/-4 matrix (5:-4)] ktup: 6 

join: 45, opt: 30, gap-pen: -16/ -4, width: 16 

Scan time: 2316.980 

The best scores are: initn init1 opt z-sc E(1397268) 

AX548744|AX548744.1 Sequence 29 from (2241) [r] 125 125 125 171.7 0.044 

X76981|X76981.1 H.sapiens mRNA for ad (1771) [r] 125 125 125 173.2 0.046 

L20463|L20463.1 Human A3 adenosine re (1767) [r] 125 125 125 173.2 0.046 

L22607|L22607.1 Homo sapiens A3 adeno (1739) [r] 125 125 125 173.3 0.046 

L77730|L77730.1 Homo sapiens A3 adeno (1256) [r] 125 125 125 175.3 0.049 

I55002|I55002.1 Sequence 26 from pate ( 957) [r] 125 125 125 177.0 0.052 

I34778|I34778.1 Sequence 26 from pate ( 957) [r] 125 125 125 177.0 0.052 

AR044913|AR044913.1 Sequence 26 from ( 957) [r] 125 125 125 177.0 0.052 

AY136749|AY136749.1 Homo sapiens aden ( 957) [r] 125 125 125 177.0 0.052 

AL390195|AL390195.10 Human DNA sequen (99963) [f] 110 110 116 134.5 0.12 

BC029831|BC029831.1 Homo sapiens, ade (1812) [r] 116 116 116 159.6 0.26 

S65334|S65334.1 A3 adenosine receptor (1192) [r] 85 85 107 148.8 1.6 

AC012312|AC012312.9 Homo sapiens chro (81288) [f] 96 96 102 114.9 1.8 

——————————————————————————————————————————————— 
 

>>AX548744|AX548744.1 Sequence 29 from Patent WO02061087 (2241 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 171.7 expect() 0.044 

100.000% identity in 25 nt overlap (25-1:1642-1666) 

 

                                         20        10  

                                   - CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

AX5487 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

            1620      1630      1640      1650      1660      1670  

 

AX5487 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

            1680      1690      1700      1710      1720      1730  

 

>>X76981|X76981.1 H.sapiens mRNA for adenosin receptor A (1771 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 173.2 expect() 0.046 

100.000% identity in 25 nt overlap (25-1:1208-1232) 
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                                         20        10  

                                  -- CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

X76981 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

      1180      1190      1200      1210      1220      1230  

 

X76981 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

      1240      1250      1260      1270      1280      1290  

 

>>L20463|L20463.1 Human A3 adenosine receptor mRNA, comp (1767 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 173.2 expect() 0.046 

100.000% identity in 25 nt overlap (25-1:1166-1190) 

 

                                         20        10  

                                 --- CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

L20463 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

        1140      1150      1160      1170      1180      1190  

 

L20463 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

        1200      1210      1220      1230      1240      1250  

 

>>L22607|L22607.1 Homo sapiens A3 adenosine receptor mRN (1739 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 173.3 expect() 0.046 

100.000% identity in 25 nt overlap (25-1:1140-1164) 

 

                                         20        10  

                                ---- CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

L22607 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

    1110      1120      1130      1140      1150      1160  

 

L22607 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

    1170      1180      1190      1200      1210      1220  

 

>>L77730|L77730.1 Homo sapiens A3 adenosine receptor (AD (1256 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 175.3 expect() 0.049 

100.000% identity in 25 nt overlap (25-1:693-717) 

 

                                         20        10  

                               ----- CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

L77730 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

670       680       690       700       710       720  

 

L77730 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

730       740       750       760       770       780  

>>I55002|I55002.1 Sequence 26 from patent US 5646156. (957 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 177.0 expect() 0.052 

100.000% identity in 25 nt overlap (25-1:875-899) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

I55002 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

          850       860       870       880       890       900  

 

I55002 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAG 

          910       920       930       940       950  

 

>>I34778|I34778.1 Sequence 26 from patent US 5599671. (957 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 177.0 expect() 0.052 

100.000% identity in 25 nt overlap (25-1:875-899) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

I34778 
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ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

          850       860       870       880       890       900  

 

I34778 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAG 

          910       920       930       940       950  

 

>>AR044913|AR044913.1 Sequence 26 from patent US 5817760 (957 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 177.0 expect() 0.052 

100.000% identity in 25 nt overlap (25-1:875-899) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

AR0449 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

          850       860       870       880       890       900  

 

AR0449 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAG 

          910       920       930       940       950  

 

>>AY136749|AY136749.1 Homo sapiens adenosine receptor A3 (957 nt) 

rev-comp initn: 125 init1: 125 opt: 125 Z-score: 177.0 expect() 0.052 

100.000% identity in 25 nt overlap (25-1:875-899) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::::::::::::::::::::::::  

AY1367 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTTTTGATCCTCAAAGCCTGTGTGG 

          850       860       870       880       890       900  

 

AY1367 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAG 

          910       920       930       940       950  

 

>>AL390195|AL390195.10 Human DNA sequence from clone RP1 (99963 nt) 

initn: 110 init1: 110 opt: 116 Z-score: 134.5 expect() 0.12 

96.000% identity in 25 nt overlap (1-25:99050-99074) 

 

                                         10        20  

                          ------ CAGGCTTTGAGGATCAAAAGGTAGG  

                                 :: ::::::::::::::::::::::  

AL3901 TCCAAAGAATCAGAGGGATGGCAGACCACACAAGCTTTGAGGATCAAAAGGTAGGTTTCC 

         99030     99040     99050     99060     99070     99080 

 

AL3901 TTGAACTTCTTTATTTTATAGGCATAGACGATAGGGTTCATCATGGAGTTGGCATGGGAC 

         99090     99100     99110     99120     99130     99140 

 

>>BC029831|BC029831.1 Homo sapiens, adenosine A3 recepto (1812 nt) 

rev-comp initn: 116 init1: 116 opt: 116 Z-score: 159.6 expect() 0.26 

96.000% identity in 25 nt overlap (25-1:1184-1208) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     ::::::: :::::::::::::::::  

BC0298 ATGCCTATAAAATAAAGAAGTTCAAGGAAACCTACCTCTTGATCCTCAAAGCCTGTGTGG 

          1160      1170      1180      1190      1200      1210  

 

BC0298 TCTGCCATCCCTCTGATTCTTTGGACACAAGCATTGAGAAGAATTCTGAGTAGTTATCCA 

          1220      1230      1240      1250      1260      1270  

 

>>S65334|S65334.1 A3 adenosine receptor [sheep, hypophys (1192 nt) 

rev-comp initn: 85 init1: 85 opt: 107 Z-score: 148.8 expect() 1.6 

92.000% identity in 25 nt overlap (25-1:1103-1127) 

 

                                         20        10  

                              ------ CCTACCTTTTGATCCTCAAAGCCTG  

                                     :::: :: :::::::::::::::::  

S65334 ATGCTTACAAAATAAAGAAGTTCAAGGAAACCTATCTCTTGATCCTCAAAGCCTGTGTGA 

           1080      1090      1100      1110      1120      1130  

 

S65334 
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TGTGCCAGCCCTCTAAGTCCATGGACCCAAGCACTGAGCAGACTTCTGAGTAGCTATCCA 

           1140      1150      1160      1170      1180      1190  

 

>>AC012312|AC012312.9 Homo sapiens chromosome 5 clone CT (81288 nt) 

initn: 96 init1: 96 opt: 102 Z-score: 114.9 expect() 1.8 

91.667% identity in 24 nt overlap (1-24:167848-167871) 

 

                                             10        20  

                              ------ CAGGCTTTGAGGATCAAAAGGTAGG  

                                     ::::::::::::: ::::::: ::  

AC0123 TGTGGGATTCTTACTCTACTCTGTCAACCACAGGCTTTGAGGACCAAAAGGGAGATAGTA 

    167820    167830    167840    167850    167860    167870  

 

AC0123 ACACTAGATAGAAAAAAAACACTAGGGGCCCGTGATGACTGTGTGGAGCAGAACTAGAGC 

    167880    167890    167900    167910    167920    167930  

 


