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Contribucié de B.Crosas en el treball:

- Clonacio del cDNA de I'ADH4 humana:
- Triatge d'una biblioteca de cDNA d'estdmac huma en el vector | gt10
- Aillament dels clons i clonatge a pBluescript

- Analisi de la segliéncia i comparacié amb les bases de dades de seqiiencies
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Alcohol dehydrogenase of class IV (go-ADH) from human stomach
cDNA sequence and structure/function relationships

Linme FARRES ', Alhero MORENO!, Bemean CROSAS ', Jowp M. PERATLDA ' Ahdeilah AL AL HASS AN

i FUELMOV ST, Hans JORMNYVALL? and Xuvier PARES'

' Departiment of Baochenmdey aml Moleoulor Biodogy, Faculty of Scwences, Dlmseratal Aulimomi de Barceloms, Span
© Department of Medical Riochemistry and Beophysicos, Kambinsk [naitutet, Stoekholm, Sweden

(Heveived Apnl 21, 1904) — FER 9 05644

Human stimach mocosi contmns a charoetenste sleshol dehsvdrogensse (ADH) enevme, ae-
ADEL Tt cDNA has boen cloned [Ton o human stomach ibrary dod sequenced. The deduced wmino
acid segquence Shows 59— 700 identitics with ihe oiber human ADH ¢lasses, demonstrating thal ihe
stomiach eryme representy o distinet strocwre, constilotng class IV, coded by a sepamae gene,
AT, The genino acid adentity with the ral storach cless 1V ADH s 88%, which s mermedie
between constind and vanable debydropenases. This valoe rellects higher conservation than for the
classicul liver cnzvimes of Class [, compatible wilh o separae functional significance of the class IV
enzyme. Its enzymie features can be correlated with its structoral chavacteristics. The residues linlng
the substrae-binding clefi are bulky and hydrophobic, similar w those o ithe cluss T eneyme, this
explamns the stmilar speciieity of both classes, compatble with the origin of class 1V from class 1.
Position 47 hase Arg, i comtrast to Gly m the me cliss [V enzymie, bor this Arg s stll associated
with an cxtremely high activity {4, = 1500 min™") and weak coenzyime binding (K.NAD =
Lo mM g Thos, the strong interenon with cocneyme imposed by Acpd7 i closs | s probably
compensated [or in class IV by changes thal may negatively affeci coenryme binding: Gla2i
His2T1, Asnod, Asndol, Asn36i. The sull higher sctivity and wesker coenzyme binding of i
chass IV (&, = 2600 min * K NAD = 4 mM| can be eorrelated to the exchanges to Gly47, Gin230
il Tyrd63. An bmponant change ol position 294, watlh Val in bomdan amd Ads jnore class [V, 55
probably responsible Tor the dramatic difference in K, values for ethanol belween human 437 mM)

and rat (2.4 M) class |V enzymes.

Human alcohol dehydrogenase (ADH) 15 0 complex en
eymic system compaosed of multiple moleeulsr forms. which
have been prooped o clisses acconling o their enzymic
fnid structural charscteristics, Three ¢lasses (I— 111 were red-
opnired (Vallee and Bawrone, 1983 and have heen thor-
oughly studied at the enzymic and strocturl level (Person
el al, 1993 Daniglsson o nl . (994 The cDINA staciures
of the comesponding engyies e wdso known (Hedén ot al.
| 980, Hooe et al, 1987, Shanmes e al., 1989, Cluss 1, with
isoymes of o, [T and ¥ subundes aod class 1, with o subois,
wre maunly hepatc enzyines and play a key role in ethanol
metabokism. Classg 11 has a wide distibetion in most areans
(Estonms el al, 1993) and iy 3 glatsthione-dependent formal-
dehvile dehvdrogensse (Koivasalo et al, 19891, Mo re
centlv. an additional AIH form with o subunins god dilieren
enzvmic (Moreno aml Parés, 1951 Yin et al, 19907 and
structural chametedsbes (Pares &t b, 1992 Siene ok @l

Cerrespomidence w0 X Parés, Departmen) of Bicchemisery: gnd
Moleculor Biology, Faculty. of Scicsces. Universital Authoom e
Barcelona, E-08193 Bellabisma, Spam

Fux: +34 3 361 1264

Abbrevianan. ADH, ploahol dehydiepenase,

Frezyore. - Adcoha] delyrdropgenise (BEC 1.0.7.1)

Mofe, The novel nuclestide sequenee data reponied here fawe
been submnttad w the EMBL/Genflank Dotn Banks nod 15 availuhle
under the acecs=inm nember X7T0342
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19937, hes been solued from human scomach, Ths aa-ADH
foe hus Been recognized as class TV, because al s distined
feateres and its protein sequence similarity with the el stoim-
ach ¢lass 1V eozyme (Pargs et al., 1990, (992, (994} A class
Voeneyme i known ot the cONA level, although the corre-
sponding protein has not been detectizd in haman ssoes (Y-
sunami et al, 1990} One further class (elass V1) ohas been
recently chamelerized, thus far only o deermouse clNA
iZhéme ¢ al.. 19931, The separate class nomenclares have
been reviewed (Jomvall and Hilig, 1942)

Sequence wdemitics between human ADH classes ranee
from 59% 1o G645, while sozymes within the same cliss
eihibit 93 —04 % positional identity, Stroctural similurity ol
the level ol about B0% is shown by members of the same
elugs of diffesent mammaolian lines, A propeny of the clisses
supporting the present classsfication of the ADH eneymes is
the lack of hybridizaion between monomers of different
clusses. Im contrast, hvbrids can be natorally formed helween
monamers of the same olxss

Humpany clasy TV hus besn detected] inthe mucoss of the
uppor digestive ol e, mouth, esophagis and stomach
iMoreno e al,, 19945 a0 the cornea (Flolmes, 1988, but
nok an Jiver This specifie distribulion spopess o distine] foke
for the cliss IV eneyowe, differen (oo thae of the bepaiic
ADH. We huvee recently demnonsiraied that md elass TV 15 an
cfficient ensyme o the transfoomation of o-hydmxyfany




S50

actels, retinodds mnd Jipel persxdoion-derived  sldenydes
ABoledi bl 19900 Toacddition, clisa IV iy contribile o
the Tirst-pass metbolism of ethanol that may be signiticon
during somme physilogical conditions (Frezza ef al_ 19901
Knowledge of the primary structure s of interest foc (ol
anclerstaniding of the physiological function ol human class
IV AT, oty relationship with the other humnan closges and
i posttion i the aleohol dehydrogenase system

Cinly segnmnls of the primary strocture were knison be-
fore ot the prolemn devel (Parés et oal, 1992; Stone ol al,
PO I ahe present work, we report the sequence of the
frman elass 1V cIINA from stomach, comprising the full
codimg regien ond the non-coding regons ot the 5" and 37
endy. From the dedvead amine ackl sequence it jv possible
o corrciate specific structural featores with the enzvmic
properties of homon class IV In addition, comparison with
the homiclogans it cliss IV eneyine establishes the stroctursl
changes that explain the kinetic difterences between the class
IV eoevmes of the bwin specics

MATERIALS AND METHODS

Tsulathon of polyi Aj-rich RNA
andl first-strand cDNA synthesis

Total BRNA was isolated from 5 @ eaf skiamich muedsa by
the guanidiogum sothiceyanaledC3CL centrilugation methisd
i Sumbrook o ol 19307 PulyiAb-rich BNA (15 pg) from two
cycles ol oligoddT hcelluloge (Bochiinger Mannheim) chmo-
matogriphy wis used with pretocols supphied fon first-siwand
eI A wvnthesis using o RiboCkme Kiv amd (he el proimer-
adluptonr (Premesah. The cDNA synthesis woas liklowed by
labelling o resction aliquot with 5 pCi e PRICTP
[ 400 Cefrmmial, Anershom) and checking the dematured e
sl proifucts on 19 agarose pel elecitophoresis

Preparation of g vlnss-TV-ADH-specific probe

Two vligonucieotide primers were bused on the womie
acid sequence ol rt dlpss IV ADH (Parés er ol 1994y
primer |, S“CARCAYTTYATGAAYAC-S, coding lor wmin
aeid residues 138 — 143 and primer 2, 5-CORTARTT-
CATHRIGROA-3 complementary (o the sequence coding for
i ucid resicies ZR3T—282 The (sisrand cDMNA mis-
tore (o 1-pl abpoot ) was osed as a templote oo PR smxore
CEORE iy ecomanime HHmb Trs/HOL pHE S, S0 mM KO,
1235 mft ML, D00 % inuissdvaol) pelating 0.2 mb ol each
ANTE wath 5 M cach primers 1oand 2 el 25 U g petly-
muerase (Perkin-Elper). The reaction onxiuce wis overlaid
wiith 100l Tighe mnern] oil sod the reactions were comicd
il Por 35 cweles aid (ollowasl by o Vol exlension step
T22C For 5'ming wsing o DNA thermsl eyeler (Perkin- Elmer
40y Each cyele ineluded o beat-denaturation =tep ol 95°€
fuor 1 min. lellowed by an onnealing slepoat 4670 for 1 o
amd o eatensin slep ol T2°0 Lo 2 min, The PCRE. products
wore separited onoa PR garese gel, The DNA with the
papected sire woy eloted, phosphoryiowad. eod-repiired and
chined il Ui Spael sl of pBluescript 11 SKO4H G veiin
(Stratogene) lor puchestide seguence onlysis sl pore anition
of w PCR probe

sereening of o human stomach cONA Hibrary

The IR |'_I|‘|.||‘H: 1511 gl owies labwebeed wthe 5S40 peCh |-
CPRECTE 3D Citmamal, Amersham) by wanhom-primming
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iethed] | Frme-a-Liene nbeling svsienn, Promegas The lo
Peteal priobue s wsed o plogue Bybodization procedure Lo
soreen o buman stoamach cDNA libracy constructed o the
2810 vector (Clontech Laboratores ). The Tirs] screenimg was
camied cut with o heterologous DNA probe ind  [oowesirin-
gency: conditions (Momisbs et al, 1982, Human oloss T
(Heden ctal., 19869 and cliass I (Sharma et al, 1989) ATHE
cDNA probes were used as negative comtrols. Subseguent
screenmps were performed with U homelogous DINA probe
umdler more stringent conditions (Maoniotis et al, 1983, For
each screening. three rounds were carried oul in order 10
pLecily posaiive clines

Charocterization of iselated positive eDINA clones

A 1N A was prepared by & plate Bysate method (Benson
med Tavlor; 1984, the cDNA inserts were excised by Erolt)
digestion anil analyzed by 1% aparose pel elecirophioreis
The inzorts from foar indepondent positive phage clones (21,
a2 AV and 44y were subcloped mio the EcpR]l swe of
phluescrpt 1T SK(+L DNA sequence determination of
donble-stranded DMNA was performed by the didess ynocleo-
Fide chaln wrmination method (Sager er oal, 1977, using
fluarescentty labeied T7 and T2 primers with the Ty dve
primer eyele sequencing kit (Applied Bosystems), inan Ap-
plicd Biosyatems 3734 DNA sequencer.

Isodation of clones containing the 3" end of the cDNA

T prepare the 5% end of (he hurmnin class TV ADH ¢DINA,
tirect amplification from the agt10 cDMNA hibrary (Friedman
e al. 1988 was performed, combimed with the use of wo
sein of nested At 10 andd class-EV-specilie primers, & -l
library aligquat (52007 plaque-forming wnitsfml) was wdded
teh the PCR muxiuee. POCR conditions were the same as ile-
sertheil obove, but with o reaction volwme of 50l and | g
pramers, for 35 cxeles followed by o final extension ot J29C
{or 7min. Esch cyele melded steps al 94°C for 45 4, 60°C
Tor 43 s and T27C for 2 min In the first PCR, the lefl primer
wis the Aptl0 pranser $-37 (Oligos e, 5-AGCAAGTT-
CAGCOTOGTTAAG Y, complementary o Aot 10 DNA 10—
3 nueleotides opstream from the fodB] sile) and the razh
primer was the clas-TVspecilic primer 5, 5-ACAGCAGE-
GOCATATCCAGTGGAAA-T . complementary 16 the § 10
F amand ol huwman cliss 1V cDNA o) nucleotide posations
a1 =587 (Fig. 25 Adernaively o allow amplification of re-
verse-orenled inserts, primer § wias used togethes with At
primer 5-39 (Oheos ete,; 3-CTTATGAGTATTTETTCCA
GOOTA-3, complementary o Aot DNA 14=34 nuclen-
Tdes downsticam from the Erekl site), Specific PUR prod-
wets, in the S00=600-bp range, were only obliined with
primer 537 amd were slentified by Southern blotting, ex-
cised from o 195 agaeose gel. eluted and used as templales
L1000 pey o sevond PR, The beft promer was then the dael o
primer 3, §SAGUCTGHTTAAGTUCAAGETG-3" comphe-
menbiary i T DNA |- 20 pocteotides upsticom Trom e
EceRl <e ind Ihe right primer s the elass-TV-specific
primer 4, S-GATCGAANTTCCATCCACCACTGTGTACTC
COTAMA-Y, complementary to the 57w 3 srmd ol human
Ll 1V CDNA at pueleotide positions 320—4086 (Fip, 2 and
e badinng o FooBEsike al 05 5 sl The resulting PCI prosd-
bl s excised from g |55 g gel, clobed, digesied with
Eeol] anil sobelimed intocthe foek ] site of pBluescript 1
K40
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Fig. . Schematic representation of the restriction map, PCK prabe, cDNA clones and sequencing seritegy of human class 1Y ADH
eDNAL The closed bar desgnates the coding sequence orenied in-the 57 to § diecnen. Restriction enzymees: used for subclenng are
i, (A) Rat-alerived POR product (PCR 1) wsed as a peobe for sceceiing the librory 1 aligned with its corresponding human sequence
at the top The aroses prpaesent the POR primers 1 and 2. (B Sequences comesponding 10 the four climes tsolided [rian the hanisn Somach
[Wraee o aptll me aligned (C) PCR product (FCR 2} including the 57 end. The amows represent the primers 3 and 4. (D7 Sequending
virateay, where areows indicoee the direction ond extent of the sequencing.

Prata bank analysis

The nucleottde amd dedueed wmne acd SELUENCES WETE
cennpared agamst the EMBL, GenHBank (release 7900, Swiss-
Pri (relesise 26,00 amd PIR (relense 38.0) datn banks using
the PASTA progeram (Pearson and Lipnoan, 19850 Othey pro-
prams used fon sequence amalysts included BESTEIT, GALL
PILEUP and PUBLISH Trom the Genetics Computer Croup
Packape (Devoreuy ot ul. 1984), version 7,

Kinelic constants

Human and mat elass 1V eneymes werd punfied bl -
sayed asreported (Moreno and Parés, 1997, Thids ol ol
1994 Julid et al, 19870, The (issocation consiun for NAD'
(K1 was caloulated From ihe plotoF 3o vemas HINAD® ] ol
dilferent aleahol concentrutions, assaming i erdered b
mechmmesm (Segel, 1575 MNAD' concenteations mnged from
(325 M o 2w for the Boman eneyme and oo 002 10
24 mM for the rat cnzyme. Ethanel (25— 200 mM ) veus used
fot Al Booan eweyme ol oclanal (021 mM ) tar the m)
CRayTe.

RESULTS

Tsobution and characlecization
of homan class TV AR cD™NA

Fronn the amino acid wegoence of the rat eliss 1V ALE
(Pards ¢ al, 1994, severul degenerare oligomue|eotides were
desipmed to be wsed as POR primers with 2 Hest-stend cDMA

bature, oblained from it mRNAL Prmers | and 2 amphified
a cDNA seguence of 449 bp (PCR 1, Fig. 1), coding for
g ackd reshilues 135=287 of . stomach AT

The 445-hp POR product was osed s a0 hetorologous
probe 0 screen a human stomoch cONA - Hikeary (2100
clones) wmder Jowssinngency comditions. Dul of cight pos
tve clones, scven showed s wienk hybeldhzation dignal with
the clazs IV probe hut'o steong signol withis homan-cloes-1-
specific probe. reflecting the reladively low abundance of
clpss TV ATIH miNA wd the struciural relationshap betwes
Classes T and TV (Parés et al, 1994) None of these clones
hybridized with @ human-elass-lll-specific probe though. re-
Mecting the more distant relstionshp between ¢lasses T and
IV, Une single clone (411, showing o steong hybridisation
signal with the class TV probe only, was seleceed and puri-
fical. This clone contaned @ 1 8kh insert which, opon diges-
tion with fceRl, vielded two fragmesis of approsamately
0% kb and 93 bp. The 93%-bp fragmest (Fig 11 aneluded
nicleotide posiions 358 = 1206 of human class IV ADH
cIMA (Fig: 2h wihnle the E-Kb Irsgrnent contained a1 se-
quence that could el e natched with any sequence Toand
i e ok bank s, Presmmably, this fragrment was artifucioally
joined 1o AL cBMA during Tibrory construction

[he Y30 bp (rngment wus weed gy 0 homologoos TINA
prohe for subsegue it sercenings under more stongent condi
tens: The class-lspecitic probe did nog then eross-hybreidhize
with clisx 1% clines. From a otal of 65 HE ¢lones sertened,
3 independent positive clones (42, A1 and 44, Tigo 11 were
woalated aml ther cIMA mmsen s were seguenosd. Mong ol the
elones contained the 3% end of the cDBA
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Fig, 2. Nuclestitle sequence of lomon class 1Y ADH cDNA and fts deduecd amine ocid sequence. The sucleotules aie numbeed in
the 57 o 37 direction: nuelectice 1 has been agsigned 10 the A of the pulitive ATG inihtion codon: negative tumbers refer o the 57
flonkang region. An upstresn w-Trome ATG codon at =36 @ onderlmed, (3) The step cidon The pulative polvadenylotion signal, and

ofter conaemsts sequences o e 37 aneemnslated region are wnderlined,

A S2kbyp frageeent (PCR 20 Fig 1), covermg the 3% end
al the human class 1Y cDNAL was solated Trom the same
library by ustng PCR with nested Apt] 0 ond cliss- [ V-specific
prmers; as deserbed i Materiake umd Methods

Alopether the overlippng eDINA fragments defined o
M1E5-bp sequence (Fig. 2), codimg For human class 1V ADH
The m.ju:nm: included ai vpen reawding frame of 1158 bp,
XM bp i the 8 fHanking region and 873 bp in the 37 un-
insloted remon, A putitive  polyadenylanen sgnal ose-
quene. AATAAA (Praoudfis and Brownlee, 19760, was
Powmed slarting sl positien 19173 and two CAYTG {Berpet,
PRy sand e YOTOTTYY (MeLauchlon et al o 14Y85) se-
quenves wiere fonnd stwrting ol positions TRET, 1R undd
P20, respectively, but not o polytaAd tod

Moviel Features of hunsan class IV ADH

The prosimnl region of the 5 lanking scquence |posi-
P =28 o — 1) of bomun cliss 1Y A cDNA i pumne
el aned coulil be aligned with hese of iher buman ADH
classes (T 3 Closs | AIYH cNA displaved 61% simi-
larity, rellecting the choser evolutiomry relatiomship ol class
1V oweith class | thun with any ather AT class,

=23 =1 +1

Class IV CAGATCCAAGATARMAGACAGEATR
1 altaanl-~alas oacnudalar
1 efnenalrBlrEle - - -lea ahEA
v alalrcrEoEa

T E|E Al A A .
11t v::uEIL.'f-:.Ga_Ell: slarecfgre

Fig. 3 Seguende alipment of 5 Manking replons of differsm ho-
mon ADIT cDNAL Mocheotides foumd both inclass TV oDIMNA and
il Jeist bmother <M A are Bosed, Soase gy | are iaroduded Lo
maximize stmilungy,

One remarksbie febture of the homon cliss 1Y cDMNA
sequence s Hhal bwo an=fnine ATO codons dre present i the
3 region [n cukarvetes, the st ATG i wseally the one used
as o animiion codon (Kozak, F9571, bt i this cose 1l s
Jiceited bt ool sequence contesl In contrast, the
ATG ot 4 1 s Townd o proper sequence for Tunction as the
mitintion codom, with an A w0 =3 and a G ot 44 (Fip 25
The presence of an additional. apstnsm ATG codon mibght
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decrease the translabion elfiency of the class 1V ADH
MRNA oul of the AT at 1, as sugpested for ether mRENAs
{(Kezak. 19575 This could ropresent o svatem for post-tran-
seriptionil regnkation ol cliss 1Y ADH expression

Assumming that the seovnd ATG i wsed as the inltiation
codon, the ¢DNA would code for a protein of 374 amino
ool restdues (Fig 20, typical of mammabian ADH and,
particular, of ml chiss TV ADH. The 3% wentity between
buman and mul eluss [V ADH a the amino aetd level was
unexpecied since o 15 exactly in belwess those known for
the cormesponding species varunts of te varisble class 1 and
constant class I ADH. Hence, the variahlefconstant distine-
rien. based dn evalulionary properties, may be more complex
thar previows]y replized, Positional identities between himan
cluss IV and 1he ather human ADH classes range fom 59%
[elass D1} 1o 70 (elass 1) ("Table 1)

Kingtiv constunts of ADH class 1V

Tuble 2 shows several kinetic constants for human ADH
classes and foe ral class TV Dissociation constants for NAD®
(K were determingd T the human and tw class 1V en-
2y mes us anidicated i Materials and Methods, Dooble-recip-

Tahle 1. Stroetueal relutionships wmoeny human and vl ADH
classes, A cluss V1 abso exists (Fheng e ol, 1993 bar & oot fully
characterized from fuemen or tul, and hence ned incloded i this
compirison. Parenthests mdicates o tentative valoe from mm ascom:
petely deterniined vanent

Humuin Imteeciuss adentity {idemtity Intraclass slemtily
cliss Weerrd homan clivs 1Y) ol tlse {liieainifiath af the
— aimneg acnd level
nuelentide e il
] lewel
%
I 1211 ht =T i3
il fi5 54 (77)
I ah il g
[y 1
W i ik
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roval plots of alternaie substrate dnd priduct inhibition Kinet -
ies (data not shown) were compatible with un ondered bi-bi
mechanism. Within the human enzyme, cliss [V shows the
highest K, and K, values for NAD® anif, except lorclass 111,
class IV alan shows the highest K, and &, values For aloo-
hols. &, K, and &, values for the rat eneving ure even
higher than those {or the buman class |V protein. These are
therefore concluded 1o be distinclive features of mammalian
class 1V ADH in generul

DISCUSSION
Analysis of the structure

The present cDNA analysis estiblishes o gene of thee ho-
man ADH family, ADHT?, coding for human elass TV ADH
(Pares et al,, 19925 This gene is clesrly different from ADSHE
which was imually suggesied w be for the stomuch enzyme
CYasunami et al,, 1991 Chen and Yoshida, 19913,

With the second ATG s an initation codor, the human
cluss IV eDMNA would code for a protein of 374 amine beid
resilues (Fig 20 In analogy with other vertebeate ADH, the
Neterminul methionine is expecied 1o be removed (Flinta el
al, 1986: Epestud o al. 19900, leawving the next restdue,
glycime (Figs 2 and 4), 1o constitute the seetybned N-termi-
nus. The coding sequence of humaen class TV ADH chiNa
shiows 65— 73% identity ot the nucleotide level with those of
other human ADH  classes, corésponding 1o $9-70%
identity an the protein level (Table 1, Fig. 4) Class | ADH
shiows the highest degree of simlanty (72—735% and 69
W5 at the nucleonds and protein levels, mespectively), in
agreement with un origin of clazs IV from class |, sugpested
from mnolyses of the stroctiore of ral class TV ADH (Parés &
al, 1oudy

The species ditference between the humas and il Torms
ol class IV 15 smaller than previousty suspected (Parés of al.,
19925, The humanfrt closs 1V residue difference 1@ now
found 1o be 12%. or approsemately hall-way helween the
varishle class [ (= 8% divergence) ond constant class |11
(=0% diverpence) previcusly distinguished (Yin el al, 1907
Hirmvall et al, 1963

The deduced wming acid seguence ineludes the purtial
sequences previowsly reported for human class 1V ALDH. bul

Table I. Kinetic constants of AL enzymes. Coasinnts were determined in (00 % seddinm phomphansMaOH, al pH 7.5, 25°C (0.0 M
plyine™atH, pli 100 within parentheses) K, and K, for NAD® and K for A-methy ipyravole hove been measared with ethanel a4 o
supstnue, except for class 11 umd ral cluss 1% where ocianol was el Binetle constants Tor classes | and 11 were tiken Torm Bosron & al,
(19830, Rhduml en il (V900 il Bosron el al 09759, Clase 100 dam are from Farres, 1oand Pards, X, unpublished results and class 1V
comstands from Julid el al. (1957, Moreno el Pards (1991 ) amd Parée et nl. {1994y, except for K, NAD S values ol constanes for ethasol

which are from the presenl wowk. e, mo satirationn.

Enzymic Enive K, T k.. for K., lor K., lor K. lor K, Tor
cliris form il el s ST MNAD NATH 4-methyi-
pyrmile
i min ! b
Human g lass 1 e .2 54 13 2 1.1
Y [{RTS 1% I3 74 4t} K
T L 170 TR in i
Husiun & lass 1] i) Al i 171 14 Hiy 20HX)
Husican < las= 111 i m.s, 5. i o M S [FITH
Humean <lavs 1V 0T Frinks 15100 7 141 16003 S0
Rt clis IV BETE RIS 2l S0K ) 405 10 D00 | 200
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Fig. 4. Alignment of the amine acid sequence of homan class TV ADH now determined with those of rot class IV and other homan
classes. In ench of the discontineoas lines, only differences from humne cligs [V oare given, whereas ol empty spices indicae (demities
seith the human class TV stroctuse. The M-termini are acetyluted {not finally esrablished in human classes 1V and ¥, although they, oo, are
given without ther initator methionme resdees, since they ore likely o be sbsent in the matwre proteins), Ao acd rosidses are
numbgred gecording W the: cliss | numbering svitem o allew (or comparisons sith previows structural dote (with respect o clusy | o
addinional gap bas 1o be imtrodiged after position 117). In human ¢lass 1Y AR, wmioe seid residues 19, 70, 138, 139 and 143 differ from
thuse reprrted by Pargs et ol (0992, anad resicdoes 157, 158, 289, 200 292 aml 338 ditter from those of Stone 2t al, (1993),

ciffers ot several positions (Fig. 43, However, none of the
differences invalves a functtonully erivical residue and thag,
even i reflecting polymorphism. they are unlikely o affec
ENLVIIC propeties.

Emzymic features of human class TV

In general. the human class IV protein exhibits higher &
vitlues at pH 7.5 for all substroies than classes | oand [ pro-
teins {Table 2} Class IV & wvalues are the highest for any
T ADHL both swith aleohels and aldehydes, It has been
demenstrated for severnl ADH that the lmitng step in ADEL
cutalysis s coenzyme dissoctation (Horley et al, 1990} and
kimetic doatn on class IV support this mechanism, Therefore.
Koo, mainly, K, for NADT shoald exhibit relatomshps
with the £, value, A shown i Table 2, the two NATD!
eonstunts ure indeed significontly higher for cluss [V The £
amml K, values are even lpher than those for the very acrive
P vorizm (R min ' and 3480 pM, respectively ;s Yin el al.,
19647 Adl these constonts ane s6) larger foe the kinetics of
ral cliss IV ATIH (Table 23 Thus, clivs 1V ensvmes gahilib
distinetive kinetic Teatores, with higher &, values (or sah-
strabes, ligher & and o lower strength ol coeneyvime binding
U e otbeer Cldsres

Strvctureunctlon corvelation,

A shoewn i Fig 4, the overall comfonmaiion eapected of
eluss IV ds Dvpeal ol that ol aleobiol debypdmgenises al oibie

classes in general, with conserved leatures of domain orgamni-
zation and functional segments (Eklund o al., 1990; Parés o1
aly 19945 Thus it sheuld be possible to comelate specific
ammini acid replacements with the changes in enezymic prop-
ermies, waing the three-dunensional stroctores of the class |
enaymes ds nodels.

Ot of 26 residoes iovalved i subunit interactions
CER I eoal, 1900 14 are ditfersm frome those found o
the cliss T oneymes, explinming the ahsence of class TViclass
| hybrcls i tissues where both chisses are expressed. such
s slomsch muodosa (Moreno and Pards, 1991),

Similarly tr rat class IV ADH (Parés ot ul., 1994), the
substrite-bundhng, cleft s lned sl bulky bydiophobie est-
dues, most of them wlso found o class [ lsozymes and there-
fore compatible with a substrate specificity similar to that of
Ul | ATYH.

In hinman class 1V ADH (FFig. 4. most of the residoes
lneng 1he coenryime mnding sate are identical to those found
in closs | forms (Bklond et ol 1984, 1994). Specifically,
Argd? interacts o closs | eneymes with the pyrophosphate
misiety of the coenzyme angd comelates with relatively Jow
ko wiloes (Hurley et ol E99600 Howaver, human class TV
uhso with AagdT (Table 33, 05 the boman ADH torm with the
highest L. volees, demonsirating e ArgdT is ol always
wisowizied with high-alTinily cocngyvme binding and lw &,
valiegs, Changes in other residoes intericling with the coen-
ymie could compensate for AredT. The nepative charge of
Clu2 3D, ubsemt in all other human ADH clusses and he
chamge wt position 271 1o His (Arg 0 all elass | enzymes
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Table 3, tmportunt wminge soid exchanges in clags 1V enzymes and (heir coomterparts in cleses 1-100 of the heman eneyime,

Reghin Besidue Ao wetd ol
Bumnan clans ral elusy
v
| It n I
n 7 el
ik I 4
Subsirate bnding . Mul Wl Wl Wl Yul Ml Al
Coenzyme binding i Gly Ay Arg ix Hix A Gly
250 Ala Aln Al Wil Ada Cilue Liln
g | Ay Ay Arg Cily A1 His Arg
iRl s His Ay A s Ann Tur
Coenzyme-binding domam 159 Asp A Asp ks A Lily Gily
i) Gily Gly Gly Gily Gly AEnD Apn
261 Gly ly Gly Gl Gly A The

except Glnoan py0h may contribute to 1he compensatory of-
[ect,

Positlon 363, alfecting the environment of Arg47 (Eklund
et al. 1984 Hurley et al, 1991}, has Asn m class TV {25 in
class 1), in contrast o Arvg o His inothe class | enzymes
(Table 35 This chonge could further contribilie to a weaken-
g ol Ihe cocneyime bmding A support for a distinet envi-
ronmient for ApdT in cluss IV is the lack of sctivaton by
CIam g conegnirmtion up to 100 mM NaCl, in contrast o the
2 T-fold moreaxe of actrviey fomned for the Arg-containing
cliss 1 ADH forms (Hurfey et al, 19900, Rat oluas TV is alao
imsensiiive 10 Cl o, a8 expected from the presence of Gly al
pisition 47

The highly conserved plyeine residues ol posstions 260
and 261 correspand o larger residues in the human (two
Asn) and rat (Asn and Thry enzymes (Table 3). These posi-
Wins constitule a reverse tum in class | and the structural
comgequences, allthough perhaps compensaied for by the ad-
jacent exchange of Asp25% w Gly, may contribute wlso o o
weakeming of the coenzyime nnding.

Structoral and functional relationships
between homan and ral class TV ADH

Kinetic and tissue distribution charactermstics suppon sn
homologouy funiction of elass IV in both species. Thus, both
enaymes eahibit preference for the oxidation of medinm-
chatim and leng-cham aleohols versus ethanol. They are effi-
cient in the reduction of gromatic aldehydes, such as m
nitrobenzaldelyde and are detected in the apper digestive
bract mucess, corned and other epithelia. A distinctive char-
petenistc of the class [V ehzymes 15 that they represent the
st pctive ADH in cach species, with o very high &, (Table
21, Howewer, w remarkable difference exists between the two
graymes. [n generul, the K., values tor rar class TV are severl
fold higher than those for the human enevme, The difference
iw extreme for ethanol, with o K, of 2.4 M fof rar class 1V
und ooly 37 mM lor the buman 'enzyme. ot pH 7.5, indicaring
that contribution of class IV o ethanol metabolism s dif-
ferent in the two species, The Inhibition consteul (e 4-meih-
yipyrazale s alse much higher for the rat eneane (Table 2}
These functional differences should be related 1o sl
chunges, The most charweteristic difference in the coenzyme-
bimding site 15 af poaition 47, wath Gy m the i and Arg
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the human class IV enzyme {Table 3. Howewver, this ex-
change alone does not explain the 1L7-fold & increase for
the mal ¢mzyme, since even an opposile change is observed
when Arpd? i #0015 chaoped 1o Glyd? by sile-direeted
mutapeness (Hurley ) al, 19905, Thus, additional exchanges
like the one bt position 271, with Arp in @l snd His i the
hisman enzyme, conribote o explain the higher &, {or the
rief chase T ey, 10 parmliel o what oceurs for the oman
P CAE2TL Ky 174 min Ty gy (GIN2T1, &L TO min ')
forms (Bosron el ul, 1983 Hisdg e al, 1986}, Addidonal
changes aifect positions 230 and 363 (Table 31 which would
also nfluence cocneyme hinding,

With respect 1o the substrate-binding area, ol residues
pre stricthy conserved in the class IV emovmes of bath spe-
cies, except af posinon 294, While the bumoan enzyme exhib-
its Val. like all other human ADH elasses. the rat enzyme
hos Ala. This s an important position in the middle region
of the substrate-binding ¢left. The exchangs o n smaller resi-
due in this ares vields an pdeditional spoce ar the active sife.
This i computible with low affiniey for soall substrste mole-
cules mnd can explain the large K., for ethunol of the rat
enzyme, approsinialely 60-fold higher than that of the humaon
enzyme Affimty for longer substrates would be affscted 1o
@ lesser extent, Thus, &, Tor octanol of rat class 1V is 18-fold
that of the humin eneyime {Table 21 Furthermore, Val294 in
class | s imvolved in the conformational change asseciated
with the apoeney medioloenzyme wansition and ineracts with
the meotinamide moety (Eklond et al . 1984} The change 1o
Ala in the rat enzyme may result i o weaker coenzyme bind-
ing. contabuting 1o the mcreased &,

mpertant residues i the coenayme-binding ond sub-
sine-binding sites (positions 47, 230, 271, 284, 363 une
different in the two elass IV enevimes (Table 3). These ex-
chunges, e discussed gbove, can be relued o the kinetie
differences berween the enzymes, As for class | CHFYIMeS,
class IV vanability io fusciionally smportant residoes would
miodulate eneyvinis function, sugeesting that the ensyme is
ep-evolving with the melabolic needs of cach species, while
mtammy the overall physiologics! [upcdon, This would
probably be reluted @ the metabalism of endapznons me-
dinm-chain and Jomg-cham alcobols and aldehydes, such as
these derived from Tiptd peroxidaion, cehydroxyfatty acids
il retinoids (Heleda et al., 1993 However, structurnl
changes have resulted oo human class TV with more activity
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Eevw il ethand] wnder phy=ioliaecdl conditions, sappoming an
mereased role of class TV i etbamel metabalism m the -
LN Sy
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