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ABSTRACT  
 

Mammalian ALDH3 genes ( ALDH3A1,  ALDH3A2,  ALDH3B1 and  ALDH3B2) encode enzymes 
of  peroxidic  and fatty aldehyde metabolism. ALDH3A1 also plays a major role 
in anterior eye tissue UV - filtration. BLAT  and BLAST  analyses were undertaken 
of several vert ebrate  genomes using rat , chicken and zebrafish  ALDH3- like  
amino acid sequences.  Predicted vertebrate  ALDH3 sequences and structures 
were highly conserved, including residues involved in catalysis, coenzyme 
binding  and enzyme structure  as reported by Liu a nd coworkers (1997) for rat 
ALDH3A1.  Phylogeny studies of human, rat, opossum, platypus, chicken , xenopus 
and zebrafish  ALDH3- like sequences  support ed three hypothese s: (1) the 
mammalian ALDH3A1 gene was generated by a tandem duplication event of an 
ancest ral vertebrate ALDH3A2 gene; (2) multiple mammalian and chicken ALDH3B -
like genes were generated by tandem duplication events within genomes of 
related species; and (3) vertebrate ALDH3A and ALDH3B genes were g enerated 
prior to the appearance of bony  fish  more than 500 million years ag o.  

Key words: aldehyde dehydrogenase; ALDH3; enzyme structure; gene duplication; 
evolution ; aldehyde metabolism  

1.  Introduction  

 The aldehyde  dehydrogenase ( ALDH; EC 1.2.1.3) gene super - family 

( http://aldh.org/superfamily.php ) encodes many ALDHs w hich perform 

diverse roles  in  aldehyde metabolic pathways  in the body , including  

retinoid, lipid, alcohol,  amino acid, neurotransmitter, xenobiotic and 

drug metabolism [1,2] .  The m ammalian ALDH3 gene family has  been  

investigated predominantly because of th e roles  of ALDH3 isozymes  in 

fatty and peroxidic  aldehyde  metabolism , and the high ALDH3 activity 
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levels  in cornea, stomach, hepatoma s and  liver microsomes [3 - 8] .  Four 

major mammalian ALDH3- like  genes and enzymes have been reported including 

ALDH3A1, which  encodes the major corneal, stomach, and hepatoma  isozyme 

[4 - 6] and acts in corneal UV - filtration  [7 - 8] ; AL DH3A2, which  encodes the 

liver microsomal fatty aldehyde dehydrogenase  [9,10] , whic h has  been 

implicated in the Sj šgren - Larsson syn drome [11] ;  ALDH3B1, encoding  a 

human lung, prostate and  kidney cytosolic  ALDH [12,13] ; and  ALDH3B2, 

encoding  a human salivary gland  and placental ALDH  [14] .  

This study  describes  the p redicted sequences, str uctures and phylogeny  

of  vertebrate  ALDH3 genes and enzymes  for  platypus ( Ornithorhynchus 

anatinus) , chicken ( Gallus gallus ), frog ( Xenopus tropicalis ) and zebrafish 

( Danio rerio ) , and compares these resu lts to  those previously report ed for 

human ( Homo sap iens ), rat ( Rattus norvegicus ) and other mammalian  ALDH3 

isozymes . Structures for vertebrate  ALDH3 isozymes  and gene locations for 

ALDH3- like  genes were obtained  us ing data from the respective  genome 

sequence s.  This pap er extends previous studies which exam ined the structure s 

and properties  of opossum  ( Monodelphis domestica )  ALDH3- like  genes and 

proteins [15,16] .  Phylogenetic analyses also describe the relationships and 

potent ial origins of ALDH3A- like  and ALDH3B- like genes  during mammalian and 

vertebrate ev olution .  

2.  Materials and methods  

2.1  Vertebrate  ALDH3 Gene and Enzyme  Identification  

BLAT (BLAST - Like Alignment Tool) in silico  studies were undert aken using 

the UC Santa Cruz genome  browser [ http://geno me.ucsc.edu/cgi - bin/hgBlat ] [17,18]  

with the default settings. GenBank [ http://www.ncbi.nlm.nih.gov/Genbank/ ] and 

UniProtKB/Swiss - Prot Database [ http://au.expasy.org ]  sequences for rat  ALDH3A1, 

ALDH3A2, AL DH3B1 and  ALDH3B2 (Table 1) were  used to interrogate platypus 
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( Ornithorhynchus anatinus),  chicken ( Gallus gallus ) , frog ( Xenopus tropicalis )  

and zebrafish ( Danio rerio )  genome s eque nces [19 - 22] . Gene locations, predi cted 

gene structures and A LDH3 protein subunit sequences were observed for each A LDH 

examined for those regions showing iden tity with the respective  ALDH gene 

products  (Table 1) .  Unless otherwise stated, all residue numbering is as in 

[27], according to t he rat ALDH3A1 sequence.   

2.2  Alignment of Vertebrate  ALDH3 Residues   

 Alignm ents of human ALDH3A1 [23] , AL DH3A2 [11] , AL DH3B1 [12]  and AL DH3B2 

[14] , rat ALDH3A1 [4]  and of other predicted vertebrate  ALDH3A1, ALDH3A2, 

ALDH3B1 and ALDH3B2  sequences  (see Ta bles 1 & 2) were undertaken  using a 

ClustalW - technique  [24]  ( http://www.ebi.ac.uk/clustalw/ ) .  

2.3  Predicted Secondary and Tertiary Structures for Human ALDH3A1,  ALDH3A2, 

ALDH3B1 and ALDH3B2  Subunits  

Predicte d secondary and tertiary structures for human  ALDH3A1, ALDH3A2, 

ALDH3B1 and AL DH3B2 subunits were obtained using  web tools  [25,26]  

( http://swissmodel.expasy.org/workspace ) . The tertiary structure for  r at ALDH3A1 

[27]  served as a ref erence for obtaining these  terti ary structures: human 

ALDH3A1 (residues 4 - 448);  ALDH3A2 (residues 5- 443) , ALDH3B1 (residues 5 - 446) and 

ALDH3B2 (residues 4 - 366)  using the rat AL DH3A1 template at 2.6 • resolution (PDB 

ID 1ad3 B) .  

2.4  Prediction of Transmemb rane Regions for Vertebrate ALDH3  

 Predictions of transmemb rane helices for human, rat , platypus, chicken , 

frog and zebrafish  ALDH3 sequences were conducted using the  web res ources of 

the Center for Biological Sequence Analysi s, Technical University of Denmark 

TMHMM Server v. 2.0 ( http://www.cbs.dtu.dk/services/TMHMM/ ).   

2.5  Phylogenetic Studies and Sequence Divergence  
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Alignments of vertebrate ALDH3  sequences wit h the  nemat ode  ( C. elegans )  

ALDH3 sequence as the ÔoutgroupÕ  were assembled using BioEdit v.5.0.1 and t he 

default settings [28] . Alignment of ambiguous regions, including the amino 

and carboxyl termini, were excluded prior to phylogenetic ana lysis yielding 

alignments  of 261  residues for comparisons of vertebrate ALDH3A1, ALDH3A2, 

ALDH3B1 and ALDH3B2 sequences  (Table s 1 & 2 ). Evolutionary distances were 

calculated using the Kimura option [29]  in TREECON [30] . Phylogenetic trees 

were constructed from evolutionary distan ces using the ne ighbor - joining 

method [31]  and rooted with the C. elegans  ALDH3 sequence  (Reference Sequence 

NM_071144) . Tree topology was reexamined by the boot - strap method (100 

bootstraps were applied) of resampling and only values that were highly 

sign ificant (!9 0) are shown [32] .  Percentage sequence identities for the  

ALDH3 family subunits  examined were determined using the SIM - Alignment tool 

for Protein Sequences  [26]  ( http://au.expasy.org/tools/ sim - prot.html ) .   

3.  Results and Discussion  
 

3.1  Alignments of rat  and human  ALDH3A1, human ALDH3A2, ALDH3B1 and ALDH3B2  

and vertebrate ALDH3B2 amino acid sequences   

Amino acid sequence alignments for  rat  ALDH3A1 [4]  and human ALDH3A1 [23] , 

ALDH3A2 [11] , AL DH3B1 [12]  and AL DH3B2 [14]  are shown in Figure 1. Comparisons 

of the latter four  ALDH sequences with the rat AL DH3A1 seque nce (tertiary 

structure previou sly reported) [27]  enabled identification of key residues which 

may contribute to catalysis , structure  and function .  Table 3  identifies some of 

these  key residues for vertebrate ALDH3A1, ALDH3A2, ALDH3B1 and ALDH3B2 

sequences and the  nematode  ( C. elegans )  ALDH3- like  sequence. Active site 

residues  which are considered essential for catalysis  (Asn114 ; Glu209; Cys243 ; 

Glu 333 ) [ 27,  33, 34]  were  conserved for all of these ALDH3 sequences. Fifteen  

glycine residues were also retained for all  of these  ALDH3 sequences  examined 
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(Table 3 ) which is consistent with the roles propose d by Hempel and coworkers  

[33]  in contr ibuting to the structure of rat AL DH3A1. Two of these conserved 

residues  ( Gly 187 and Gly 211)  are located within the stem of the active site 

funnel. Three proline residues were also retained ( Pro10 3, 31 7 and 34 0) which 

appear to  contribute significantly to rat AL DH3A1 tertiary structure  [27] . In 

addition, a novel dinucleotide - binding motif and NAD(P) binding domain near the 

N- terminal end of the "D helix (188Gly - Ser - Thr - Al a- Val - 193Gly) [27]  was 

pr edominantly retained for the human ALDH3A1,  ALDH3A2, ALDH3B1 and ALDH3B2  

sequences  (Figure 1) .  

Amino acid sequence  alignments for human  ALDH3B1 [12] with mammalian and 

chicken ALDH3B2 - like amino acid sequences  (Table 2) are shown in Figure S1 (see 

supplementary data) . Essential ALDH3 active site, nucleotide phosphate binding 

and structural glycine and proline residues  were predominantly retained for each 

of the vertebrate ALDH3B2 sequences examined, although major differences in 

sequence length were observed, particularly for the primate ALDH3B2 sequences, 

which lacked 81 residues of the N- terminal sequence. In additio n, the horse 

ALDH3B2 sequence lacked a hydrophobic residue near the active site Asn114 

(Phe118 in rat ALDH3A1)  and four residues near the active site Cys residue 

(Cys243 in rat ALDH3A1). Also , chicken ALDH3B2 revealed two  major deleted 

segments in comparis on with the human ALDH3B1 sequence but retained other key 

ALDH3A1 residues .        

Sequence identities for  vertebrate ALDH3 - like sequences  were examined (see 

Table S1 in supplementary data )  with  high levels of sequence identities observed 

for the human, rhe sus monkey, rat, opossum and platypus ALDH3A1 sequences (80 -

98%). Comparisons of sequence  identities between  human, rhesus monkey, rat , 

opossum , platypus, chicken, frog and zebrafish ALDH3A2 sequences  were  also 

examined, with  66- 96% identities being observ ed as well as high le vels of 

identity for more closely  related species (eg. human and rhesus monkey ALDH3A2 
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were 96% identical). Lower pairwise  identities were observed between  ALDH3A1 and 

ALDHA2 sequences from the same mammalian species (69 - 73%),  and  in  comparing 

ALDH3A1 and ALDH3A2  sequences with the human ALDH3B1 and ALDH3B2 sequences (50 -

57%). This supports a prop osal that the identified vertebrate  ALDH sequences  are 

members of the ALDH3 family  but  are products of the same ALDH3 gene sub - class  in 

each c ase  (Table S1) .   

3.2  Predicted Structures for  Human ALDH3A1, ALDH3A2, ALDH3B1 and ALDH3B2   

Predicted secondary structures for human  ALDH3A2, AL DH3B1 and AL DH3B2 

subunits were compared in Figure 1  with the previous ly reported structure for 

rat  ALDH3A1 [27] .  Similar " - helix and #- st rand  locations  were observed  for each  

of the ALDH3 subunits examined . The most significant difference  rel ate d to the 

extra  " - helix at the carboxy - terminus for the human  ALDH3A2 sequence , which 

showed a high probability as a tr ansmembrane sequence  which  was also observed 

for the ch icken ALDH3A2 sequence (Figure 2 ).  Given the reported location of 

human and mouse AL DH3A2 within the liver endoplasmic reticulum  [3,9] , and the 

fact that the C - termini occur on the same face of the dimer [2 7, 35] , it is 

likely t hat this sequence is responsible for  the membrane- bound location for  

this enzy me. In contrast, human  ALDH3A1, ALDH3B1 and ALDH3B2 sequences  showed 

only low p robability regions for transmembrane sequence s, which supports their 

loca tion  within the cytoplasm, as previously reported for rat  ALDH3A1 [4,33] .  

Moreover, AL DH3A1 serves  as a major soluble or Ôcrystal lin - likeÕ corneal protein 

for several mammal s, a nd acts as a UV - filtering agent, protecting anterior eye 

tissues from UV - induced da mage [7,8, 36] .   

Predicted terti ary structures for human  ALDH3A1, AL DH3A2, ALDH3B1 and 

ALDH3B2 were compared with rat AL DH3A1 [27]  (Figure 3 ).   Similar  structure s were 

observed for each enzyme, including  the  3 major domains:  the catalytic domain 

and the NA D binding domain, which are s eparated by the  active site cleft, and an 

oligomerisation domain, which is involved in forming di mers of the active enzyme 
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[27] .  The predicted human ALDH3B2 tertiary structure, however, showed a more 

open conformation, apparent ly resulting from the loss of three helices at the N -

terminus ("1 - "3), in comparison with the h uman ALDH3A1 structure (Figure 3 ).    

3.3  Predicted gene l ocat ions a nd exonic structures for vertebrate  ALDH3- like  

genes  

Table s 1 and 2  summarize the predicted lo cations , sizes and number of 

coding exons  for vertebrate  ALDH3A- like  and ALDH3B- like genes  examined , 

respectively. These were  based on BLAST interrogations of ALDH3- like transcript 

databases ( http://bl ast.ncbi.nlm.nih.gov/Blast.cgi ) usin g the reported sequences 

for rat  and mouse ALDH3A1 [4,37 ] , AL DH3A2 [9] , ALDH3B1 and ALDH3B2  [38 ] , chicken 

ALDH3A2 [39 ]  and zebrafish ALDH3A2  [22]  and BLAT analyses of vertebrate and 

nematode ( Caenorhabditis elegans ) gen omes using the UC Santa Cruz Genome  Browser  

[18]  ( http://genome.ucsc.edu/cgi - bin/hgBlat ) .  

Mammalian  ALDH3A1 and ALDH3A2 genes were located between 26 (mouse) and 

141  (opossum)  kilobases apart on the sam e chromosome (or shotgun contig for 

guinea pig, cat and platypus genomes) but were usually encoded on  opposite 

strands and contained  9 or 10 coding exons  (Table 1) .  ALDH3A2 genes were 

typically  3- 4 times larger than  ALDH3A1 genes  and  identified in all vert ebra te 

genomes examined, whereas  ALDH3A1 genes are  apparently restricted to mammalian 

genomes, including marsupial [opossum ( Monodelphis domestica )] and monotreme 

[platypus ( Ornithorynchus anatinus )] species.   

Mammalian  ALDH3B1 and ALDH3B2 genes were also locat ed on the same 

chromosome (but  different from  the ALDH3A genes), and were 43 (guinea pig) to  

349 (human ) kilobases apart and also  encoded on opposite strands with 7 - 10 

coding exons (Table 2). Mammalian ALDH3B1 genes were typically  3- 5 times larger 

tha n for the ALDH3B2 genes. Single ALDH3B- like genes were identified in lower 

vertebrate genomes, including frog ( Xenopus tropicalis ) and several fish genomes 



 8 

(eg Danio rerio ), which were designated as ALDH3B1 genes for consistency with 

the chicken and mammal ian gene nomenclature  

Predicted sta rt sites for 10  coding  exons were identified for the rat  and 

human ALDH3A1 and  human ALDH3A2 gene s, which were  located in similar or aligned 

positions  in each case , wi th the exception of the exon 9/ 10 boundary , for which 

an extended ALDH3A2 ex on 9 sequence was observed (Figure 1). Comparisons of 

coding exons for the human ALDH3B1 and ALDH3B2 sequences revealed similarities, 

with the exception of c oding exons 1 and 2 and the last exon boundary for the 

human ALDH3B1 sequence , which  were absent from the human ALDH3B2 sequence .       

3.4  Phylog eny and evolution  of vertebrate  ALDH3A and AL DH3B sequences   

A phylogram  (Figure 4 ) was calculated by the pro gr essive alignment of 

vertebrate  ALDH3 amino acid sequences  with a nematode ( C. elegans )  ALDH3- like 

sequence used to ÔrootÕ  the tree, which  clustered  into three main branches , 

corresponding to the ALDH3A1- like, ALDH3A2- like and ALDH3B- l ik e proteins and 

genes. The observed ALDH3A1 sequences  were restr icted to mammals, including 

marsu pial (opossum) [16]  and monotreme (platypus) species, whereas ALDH3A2 - like 

sequences were observed for all vertebrates examined, including several bony 

fish species.  The tandem locations of mammalian ALDH3A- like genes (Table 1), the 

higher levels of identi ties for ALDH3A1 and A LDH3A2 sequences (>69%) (Table S1 ) 

and the phylogram generated from calculating genetic distances for vertebrate 

ALDH3A- like sequences (Figure 4) support an hypothesis that mammalian ALDH3A1 

genes were generated by a tandem duplicatio n of a vertebrate ancestral ALDH3A 

gene, prior to the emergence of mammals during vertebrate evolution.    

In  contrast, mammalian and chicken ALDH3B1 and ALDH3B2 sequences grouped 

together on single  branch es  of the phylogram , indicating that these  genes are  

products of  rece nt species (or related species) gene duplication event s  of an  

ancestral  vertebrate  ALDH3B gene . This is further supported by the tandem 

locations for these genes on mammalian and chicken chromosomes and  the  high 
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l evel (8 8%) o f amino acid s equence identity for the human ALDH3B1  and ALDH3B2 

sequences (Table S1 ). In addition , given that fish  genomes contain ed both 

ALDH3A-  and ALDH3B- like genes, t hese  results also support an hypothesis that the 

common ancestor for ALDH3 gen es predated  the evolu tio nary appearance 

vertebrate s, whi ch has been estimated at  >500 million years ago  [40 ] .  

3.5  Functions of Vertebrate  ALDH3 Isozymes   

 Several metabolic roles have been previously described for 

mammalian ALDH3A1 (Table 4 ) .  These include serving as a detoxi fying agent 

for peroxidic aldehy des in the body  [41,42 ] ; a multifuncti onal protein in 

the eye, including roles  as a corneal and lens ÔcrystallinÕ in several  

mammalian species  [36 ] ;  a protective agent  against oxidative damage in  

the lens and cornea  [43 ] ;  a UV- radiation filter in mammalian anterior eye 

tissues  [6 - 8,44 - 46] ; in cyclophosphamide and related cance r drug 

metabolism [47 ] ; as well as participating in the oxidative stress 

response and cell  homeostasis [48 ] .   

Human ALDH3A2 (also called fatty aldehyde dehydrogenase) plays a 

major role in the body in the metabolism of long chain fatty aldehydes 

and several genetic mutations have been reported in human populations 

which lead to the  recessive Sjš gren - Larss on syndrome ( SLS) [ 10,11] . One 

of th e numerous muta tions which gi ve s rise to the SLS involves Asp - 247 

[33] .  Asp - 247  is conserved in all ALDH3s considered here, with the 

exception of a conservative Glu  substitution  in the chicken 3B1 enzyme.   

Mammalian AL DH3A2 is predominantly locat ed within liver microsom es [3] , 

via a hydrophobic C- terminal transmembra ne helix [9] , a property  which is 

also shared with  chicken  ALDH3A2 ( Figure 2).   

The metabolic role(s) for the ALDH3B- like  genes and p roteins have 

not been described  in mammal s, howe ver it is likely that they perform 
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detoxification roles for endogenous and exogenous aldehydes  in the body, 

particularly in the adrenals and lung ( ALDH3B1) and the epidermis 

( ALDH3B2), where these genes exhibit  high levels  of expression [ 12- 14] .  

However, deletions in various ALDH3B 2 sequences (eg human, chimpanzee, 

rhesus, horse and chicken ALDH3B2) raise questions concerning their 

functional viability.      

4.  Conclusions  

BLAST and BLAT analyse s of several vertebrate genome databases  were 

undertaken using amino  acid sequences reported for rat  ALDH3A1, AL DH3A2 

and ALDH3B1, and for chicken and zebrafish ALDH3A2  enzymes ,  for 

interrogation of vertebrate  genomes. Evide nce is present ed for at least 

four  ALDH3- like  genes  in mammalian genomes , including  two  pairs of 

closely localized  genes on s eparate chromosomes: [ ALDH3A1- ALDH3A2]  and 

[ ALDH3B1- ALDH3B2] . Pre dicted amino acid sequences  and secondary /tertiary  

structures for the vertebrate  ALDH3- like  subunits  showed a high degree of 

si milarity with rat  ALDH3A1, which served as a reference structure  for 

these ALDH isozymes  [27] . Phylogenetic analyses supported three 

hypotheses concerning the molecular evolution of vertebrate ALDH3- like  

genes: (1) the mammalian ALDH3A1 gene was generated by a  tandem 

duplication event of an  ancestral vertebrate ALDH3A2 gene; (2 )  multiple 

mammalian and chicken ALDH3B - like genes were generated by tandem 

duplication events within genomes of related species ; and (3)  vertebrate 

ALDH3A and ALDH3B genes were generated within an ancestral genome, prior 

to the appearance of bony  fish, mor e than 500 million years ago [40 ] .  
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Table 1: Aldehyde  dehydrogenase  ( ALDH3A) genes and enzymes e xamined  
 
GenBank mRNA (or cDNA) IDs identify previously reported sequences  or 
predicted sequences  (see http: //www.ncbi.nlm.nih.gov/Genbank/ ); UNIPROT refer 
to UniprotKB/Swiss - Prot IDs for individual A LDHs (see http://kr.expasy.org ). 
ALDH sequen ces are prov ided by the above  sources . Vertebrate  ALDH3A (AL DH3A1 
and ALDH3A2)  pro tein sequences were obtained from  blast  analyses of 
vertebrate  genome sequences National Center for Biotechnology Information  web 
tools  ( http://blast.ncbi.nlm.nih.gov/Blast.cgi )  and rat AL DH3A1 [4]  and 
ALDH3A2 [9]  sequences .  Predicted exon/intron locations and gene sizes were 
obtained by BL AT interrogations of vertebrate  genomes using the p redicted 
ALDH sequences and UC Santa Cruz web tools ( http://genome.ucsc.edu ) .  
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Table 2 : Aldehyde dehydrogenase ( ALDH3B) genes and enzymes examined  
 
GenBank mRNA (or cDNA) IDs identify previously reported sequences or 
predicted sequences (see http://www.ncbi.nlm.nih.gov/Genbank/ ); UNIPROT refer 
to UniprotKB/Swiss - Prot IDs for individual ALDHs (see http://kr.expasy.org ). 
ALDH sequences are provided by the above sources . Vertebrate  ALDH3B ( ALDH3B1 
and ALDH3B ) protein sequences were obtained from  blast analyses of vertebrate  
genome sequences National Center for Biotechnology Information  web tools  
( http://blast.ncbi.nlm.nih.gov/Blast.cgi ) and rat AL DH3B1 [12 ]  and ALDH3B2 
[14 ]  sequences. Predic ted exon/intron locations and gene sizes were obtained 
by BL AT interrogations of vertebrate  genomes using the p redicted ALDH 
sequences and UC Santa Cruz web tools ( http://genome.ucsc.edu ) .  
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Table 3 : Key aldehyde  dehyd rogenase (A LDH) amino acid residues for mammalian 
ALDH3 sequences.  
 
Sequences examined include: human ALDH3A1 (human 3A1); rat AL DH3A1 (rat 3A1 );  
cow ALDH3A1 (cow 3A1);  opossum AL DH3A1 (opossum 3A1);  human ALDH3A2 (human 
3A2); rat AL DH3A2 (rat 3A2); opossu m ALDH3A2 (opossum 3A2); chicken ALDH3A2 
(chicken 3A2); zebrafish ALDH3A2 (zebrafish 3A2); human  ALDH3B1 (human 3B1); 
human ALDH3B2 (human 3B2); and C.elegans  ALDH3- like sequence (elegans 3 ) .  
Identification of predicted key catalytic and structural amino a cid residues 
is base d on 3D structural studies  for rat AL DH3A1 [27] .  S refers to 
subs trate . See Figure 1 for the complete amino acid sequences for human and 
rat  ALDHs.  
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Table 4 : Major tissue distribution, substrates, functions and gene Ôknock - out 
impacts f or mammalian aldehyde d ehydrogenases (A LDH)  
 
3A1- ALDH3A1; 3A2 - ALDH3A2; 3B1 - ALDH3B1; 3B2 - ALDH3B2 Reference sources are 
identified.  See ALDH function review  in [53].  
 

 
 
Figure 1: Amino acid sequence alignments for human and rat aldehyde dehydrogenases 
ALDH3 sequences (color version) 
   
See Table 1 for sources of ALDH sequences; 3A1 Rat - rat ALDH3A1; 3A1 Human-
human ALDH3A1; 3A2 Human- human ALDH3A2; 3B1 Human- human ALDH3B1; 3B2 Human-
human ALDH3B2; *  shows identical residues;  : shows 2 conse rvative 
substitutions; . shows 3  conservative substitutions; bold font  shows known or 
predicted exon junctions; predicted  or known [27]  #- sheet  (grey shading) and 
" - helix  (yellow shading) secondary structures are shown; key residue 
identification is based on previous 3D studies of rat ALDH3A1 and likely 
predicted roles for  amino acid residues [27 ]: AS- active site residues: 
N, Asn11 4; E, Glu209  and Glu 333 ; and C, Cys243: initiation  methionine s are 
removed ; " - helices and # - sheets are identified as "A, "B or " 10 etc or #0, #1 
etc, respectively, a s identified by Liu and coworkers [27] ; NP binding  refers 
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to coenzyme binding site; note the C - terminal helix  predicted for the human  
ALDH3A2 sequence .  
 

 
 
Figure 2 : Predicted transmemb rane helices for human and chicken aldehyde 
dehydrogenases ALDH3 - like sequences (color version)  
 
See Table 1 for sources of ALDH sequences. The TMHMM web tools of the Cent er 
for Biological Sequence Analysis, Technical University of Denmark TMHMM 
Server plots the probability of the ALDH sequence forming a transmembrane 
helix  (0 - 1) (shown in red  for the relevant amino acid sequences) 
( http://www.cbs.dtu.dk/services/TMHMM/ ). The predicted C - terminal 
transmembr ane helices observed for human and chicken  AL3A2 sequences  are 
identified. Regions of the ALDH sequence predicted to be located inside or 
outside the membrane are shown  in blue  and pink , respectively.  
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Figure 3: Predicted ter tiary structures for human  ALDH3A1, AL DH3A2, ALDH3B1 
and ALDH3B2 sequences (color versi on)   
 
The predicted tertiary structure s were obtained using the SWISS MODEL web 
site ( http://swissmodel.expasy.org/workspace ) and the predicted or known 
amino acid sequences for human ALDH3A1, ALDH3A2,  ALDH3B1 and ALDH3B2 (see 
Table 1); the rainbow color code describes the predicted 3 - D structures from 
the N -  (blue) to C - termini (red); the designation of the t hree domains is 
based on the rat ALDH3A1 structure  [27] .  
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Figure 4: Proposed gene duplication events during the evolution of vertebrate 
aldehyde dehydrogenase ALDH3 (A) and phylogram  of vertebrate and nematode  
aldehyde  dehydrogenase ALDH3 sequences (B)  
 
Each branch of the phylogram is labeled with the species name followed  by an 
abbreviation of the gene name (3A1 - ALDH3A1; 3A2 - ALDH3A2; 3B1 - ALDH3B1; 3B2 -
ALDH3B2; and 3 - C.elegans  ALDH3- like) sequences. Note the clustering into 
three ALDH groups (ALDH3A1, ALDH3A2 and ALDH3) of sequences. A genetic 
distance scale is shown. The nu mber of times a clade (sequences common to a 
node or branch) occurred in the bootstrap replicates are shown. Only 
replicate values of 90 or more which are highly significant are shown with 
100 bootstrap replicates performed in each case. Note the significa nt 
separation of clades  for the mammalian ALDH3A1, and vertebrate ALDH3A2 and 
ALDH3B sequences .  The C.elegans  sequence was used to ÔrootÕ the tree.  
 



 21 

 
Supplementary Table S1:  Percentage identities for vertebrate and nematode  
al dehyde dehydrogenase (AL DH3- like )  amino acid sequences  
 

 
 
Numbers show the percentage of amino acid sequence identities; hu3A1 - human 
ALDH3A1; rh3A1 - rhesus ALDH3A1; ra3A1 - rat AL DH3A1; op3A1A - opossum AL DH3A1;  
pl3A1 - platypus ALDH3A1;  hu3A2- human AL DH3A2; rh3A2 - rhesus ALDH3A2; ra3A2 - rat 
ALDH3A2; op3A2 - opossum AL DH3A2;  pl3A2 - platypus ALDH3A2;  ch3A2 - chick AL DH3A2;  
zf3A2 - zebrafish ALDH3A2;  hu3B1- human AL DH3B1; hu3B2 - human AL DH3B2;  el3 -
C.elegans  ALDH3- like sequence . The n umbers in bold show higher sequence 
identities  for ALDHs from within the same sub - family eg 3 A1,  3A2 and 3B.  
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Figure S1 : Amino acid sequence alignments for human ALDH3B1 and vertebrate 
ALDH3B2 sequences  
   
See Table 2  for sources of ALDH 3B sequences; 3B1 hu - human ALDH3B1; 3B2 hu -
human ALDH3B2; 3B2 ch - chimpanzee ALDH3B2; 3B2 rh - rhesus ALDH3B2; 3B2 ho - horse 
ALDH3B2; 3B2 ra - rat ALDH3B2; 3B2 mo - mouse ALDH3B2; 3B2 gp - guinea pig ALDH3B2; 
3B2 ck - chicken ALDH3B2; *  shows identical residues;  : shows 2 conservative 
substitutions; . shows 3  conservative substitu tions; bold font  shows known or 
predicted exon junctions; predicted  or known [27]  #- sheet  (grey shading) and 
" - helix  (yellow shading) secondary structures are shown; key residue 
identification is based on previous 3D studies of rat ALDH3A1 and likely 
predi cted roles for  amino acid residues [27 ]: AS- active site residues: 
N, Asn114 ; E, Glu209  and Glu 333 ; and C, Cys243: initiation methionines  are 
removed ; " - helices and # - sheets are identified as "A, "B or "10 etc or #0, #1 
etc, respectively, a s identified by L iu and coworkers [27] ; NP binding  refers 
to coenzyme binding site; note the C - terminal helix  predicted for the human  
ALDH3A2 sequence .  
 
  

 
 
   
 
 
 


