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SUMMARY

Ten N1_benzylpyridinium chlorides were prepared anti studied as inhibitors of the

yeast alcohol dehydrogenase-catalyzed oxidation of ethanol. The inhibitors, although

containing a variety of functional groups substituted on the pyridinium ring, all in-
hibited this reaction and in each case the inhibition observed was competitive with re-

spect to NAD�. Intei’actions of these inhibitors with the “pyridimmium ring” region of

the NAD#{247}binding site was suggested by the competitive nature of the inhibition and
the simultaneous bintling of all the inhibitors with adenylic acid. Varying the substit-
uent group on the pyridinium ring did not alter significamitly the binding properties of
the N1-benzyl derivatives except in those cases where charged groups were employed.

In comparison to time binding of N1-benzylnicotinamide chloride, N1-benzyl-3-carboxyl-

pyridinium chloride was denionstm’ated to be bound more poorly. N’-Benzyl-3-amino-
methyipyridinium chloride, on the other hand, was found to he a better inhibitor than
N1-bemmzylnicotinamide chloritle.

INTRODUCTION

The study of competitive inhmibitors tie-
signed through structum’al analogy to
substrates and coenzymes has provided con-
siderable information concerning time I)1’oP

erties of specific binding sites of enzymes.
The intm’oduction of reactive groups into

such inhibitors has in some cases protluced

irreversibly bound site-labeling reagemmts.
Inhibitors of this type, in addition to their’

obvious importance in selectively inactivat-
ing a specific enzyme, provide protein de-
rivatives which upon degradation can yield

further information concerning segments of
time primary structure involved in a given
binding site. An understanding of time types

of interactions that are of inmportance imm
the specific binding of vam’ious components

of an enzymne system is i’equimeti for tue

efficient designing of such inhibitom’s. When
considering the binding of lam’ger coenzyme

molecules such as pym’idine and fiavirm

nucleotides, interactions with time enzyme

concerned can involve a combination of

effects related to different portions of the
coenzyme molecule. Thus, in the case of

the binding of NAD� to dehydrogenases

one often finds competitive inhibition by
compounds structurally related to the
pyridinium ring moiety as well as the

purine moiety of the NAD� molecule. Such
is the case with yeast alcohol dehy-
drogenase where both adenine derivatives
(1-4) and pyridinium derivatives (5, 6)

serve as competitive inhibitors with respect

to NAD#{247}in the reaction catalyzed. In the

study of pyridinium derivatives such as
N’-alkylnicotinamide chlorides of varying

chain lengths, an increased binding to yeast

alcohol dehydrogenase was observed with
increasing chain length of the alkyl substit-

uent (6). These and related studies with
other nitrogen bases (7) have indicated the
presence of a hydm’ophobic area at the

“pyriditmiuni ring” region of time yeast al-

cohol dehydi’ogenase NAD� binding site.

Multiple inhibition kinetics (8) has been

used to demonstm’ate that N’-alkylnicotin-
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amide chlorides can be bound siniultane-

ously with adenine derivatives (9) . The
importammce of a positively charged nitrogen

in combimmatiomm with a nommpolar side chaimm

in time binding of compoumm(ls at the “pyi’i-

dinium ring” region of this NAD� bimidimmg

site was furtimer intlicated by the (leimmoim-
stration that n-alkylammoniunm iomms also
inhibit the yeast enzyme competitively witim

m’espect to NAD#{247}(10) . The lo�vei’ iImhuh)itO!’

dissociatiomi constants observed with N’-

aikylnicotinamide cimloritles compam’cd to

timose of n-ahkyiammommium chilom’ides of time
same chain length suggested a contributiomm
to binding by the nicotinamide ring sys-

tem (10). It was of interest to investigate

the role of the substituent gm’oup in the
3-position of time pyridine m’imig in binding

to this enzyme.

MATERIALS AND METIIt)DS

Materials. Twice cm’ystallizeti yeast alco-
hol dehydrogenase (alcohol: NAD#{247} oxido-
reductase, EC 1.1.1.1) was obtaimmeci from

the Worthington Biochemical Corporation.

Unless otherwise noteti, stock solutions of
the enzyme were prepared imi 0.1 xi potas-

sium phosphmate buffer (pH 8.0) contaimmimmg
O.l7o crystalline bovine sem’ummm albnmmimm.

NAD� and adenylic acid wem’e lMmrchmaseti

from the Sigma Chmermmical Conmpamiy. 3-
Acetylpyridine, 3-cyammomethiylpym’idimie, 3-

aminomethylpyridine, 3-pym’idylcam’himmol,
and 3-pyridylacryhic acid were obtained
from the Aidricim Chemical Comimpanv.

Ethylnicotinate and 3-methylpym’idine wem’e
obtained from Eastman Organic Chmenmicals.

3-Cyanopyridine anti isonicotimmamide wem’e
obtained from the Nepera Chemical Com-
pany. Nicotinamide was purchased fronm

Matheson, Coleman and Bell.
3-Pyridylacryloamitie was pm’epa m’eti fm’ommm

3-pyridylacrylic acid according to Paniz-
zon (ii). N’-Benzylpyridinium chlorides

were symmtiiesized by a slight moiificatiomi
of time method reported by Karrer ammd

Stare (12). Benzyl chmloride and the appm’o-

priate pyridine base were refiuxed at a
2: 1 molar ratio for varying 1)em’iods of timmme.

The solvemmts anti time periods used for m’e-
fluxing are as follows: for nicotinammmide,

methanol, 3 iir; for 3-acet-ylpym’idine,

metimanol, 2 hr ; for 3-nietlmylpym’idimme,

butanol, 16 hr; for 3-pyridylcarbinol,
acetonitrile, 16 in’; for 3-cyammometimyl-

pyridimme, acetommitrile, 1 hr; for 3-cyammo-

pym’idimme, I)utammol, 15 imr; for 3-amimio-

methylpyritiimme, l)utanol, 1 hr; for 3-pyri-

tiylacm’yloamide, butammol, 26 lmr, amid for
isommicotimmamide, butanol, 1 .5 hr. N’-Benzyl-
ethyhmicotinate �s’as pm’epared as described
ah)ove by i’efluxing iii butanol for 16 hr and
was thmen converted to N1-benzyl-3-car-

boxylpym’itlinium chilori(ie h)y mild alkaline

hydrolysis.

Various properties of the N’-benzyl-

pyridinium chlorides prepared are listed in

Table 1. All time pym’idinium derivatives
were m’ecrystalhized three times from the
solvent systems given in Table 1. Carbon,

imytim’ogemm, and nitrogemm analyses were per-
fom’med by time Galbraith Laboratories,
Kmmoxvihle, Temmnessee.

Methods. Yeast alcohol dehydm’ogenase

reactions were studied at 25#{176}in 3-mi reac-

tion mixtures containing 0.04 M sodium PY-
rophosplmate buffer, pH 8.0 and 0.1 M

etimammol. Time concentrations of other com-
pomiemits used in the reaction mixtures will

i)e immcluded imm time specific descriptions of

individual experimemmts. Initial velocities
were measured l)y following the formation
of NADH at 340 m1�. Multiple imihmibition

studies (8) were carrie(l out as described
pm’eviously (3).

Spectropimotometri c mneasurements were

cam’ried out at 25#{176} in temperature-con-
trolled cell compartments of a Gilford

Motiel 2000 recom’tiimig spectrophotonmeter or

a Zeiss PMQII spectropimotometer. Meas-
urememits of p1-I were made at 25#{176}with a

Radiometer pH meter, type PHM4h, with
a G-200-B glass electrode.

RESULTS

femi Al_hemmzylpymidimmnlmmm chlorides comm-

tainimig a vam’iety of fumictiormal gm’oups sub-

stituteti on the pyritiine rimig w’em’e pm’e-
pam’ed amid stu(hie(l �1S iflhmih)itOl’s of thl(’
yeast alcohmoh dehmydm’ogeimase-catalyzed oxi -

datiomm of etimammol. The substituent gm’oups
were vam’ied in oi’tler to investigate the

necessity of having a carboxamido group imm



TABLE 1
Pro p(l’tie.s Of .\ Ll)eflz!/!p!/ridinlflfli C/ilo)i(!(S

$uhst it uent

Melting !)oimmt (#{176}C)

Analysis

Calculated Foumid

group on [micor- Litera- Recrystallization Refer-

pyridimie ring m’e(’te(l tum’e %C %Il %N %C %I1 %X solvent ence

3-Ci1,CN 157-158 �- 68.71 5.3.5 11.45 68.85 5.55 11.34 Acetonitrile -�

3-C1I=CIICONFI2 228-229 65.57 5.50 10.20 65.37 5.49 10.05 Aeetonitrile -�

4..CONII, 2l4-215 -- 62.7$ 5.27 11.26 61.01 5.21 10.89 Ethanol

3-CH2NH2 -.‘ -- 66.52 6.44 11.94 66.45 6.55 12.05 Ethanol --

3-C112011 62.24 5.99 5.94 (16. So 5. 90 5. 74 Et-hanol-etimer

3-COXII, 242-243 236 - Acetomsitrile (12)

3-COCII, 190-191 185-186 .-� -- - - Acetonitrile (13)

3-CIT3 218-219 220 -c � - - --- Acetomutrile (14)

3-COOlI 186-187 1$3184 - --- - --- Ethanol (15)

3-CN 196-197 205-206 67.68 4.81 12.14 67.40d 4.95 12.09 Ethanol-ether (16)

Compound gradually sublimed on heatimig with mio recognizable sublimation point.
Ilygroseopic properties of the compound l)reVeflt accurate measurement of the melting poimit.

Analyses were not performed on this compound simice properties for compam’ison were available in time

literature.
d Analyses were performed since time ol)served melting point was slightly lower than the reported value.

46 HEITZ AND ANDERSON

Mo!. Pharmaco!. 4, 14-52 (196$)

the 3-position of the pyridinium ring to
facilitate binding at the “pym’idinium ring”
region of the NAD� bindimmg site of the

yeast enzyme. Previous studies of the bind-
ing of compounds at this region tiealt for

the most part with straight-chain N’-alkyl-
nicotinamide chlorides. The decision to use

N’-benzyl derivatives was based primarily
on preliminary studies iimdicating thmat with
some of the sui)stituted pyridimies of intem’-

est, benzylation yieldeti pm’otiucts more

readily purified. It was necessary there-

fore, to demonstrate that N’-benzyhnico-
tinamide chloride, imaving an additional

aromatic nucleus, was not houimd differ-

ently than the previously studied alkyl de-
rivatives. The yeast alcohmol delmydm’ogemmase

reaction was founti t-o be imihibited i)y N’-

benzylnicotinamide cimlom’ide and time data
obtained plotted aceon iimmg to Limmew’eaver
and Burk (17) am’e simowmm in Fig. I. Time

average inhibitor tiissociatiomm commstammt cah-
culated frommi this plot was 1.18 X 10� xi.

Time purely competitive nature of time in-

hibitiomm indicated, as well as time value of
the inhibitor dissociatioim comistant were
furtimer evaluated in a second anti separate
experiment, the data from which, plotted
according to Dixon (18) are shown in Fig.

2. Time K1 of 1.21 X 10�2 M obtained from
these data agrees well with that in th#{128}
Lineweaver-Burk experiment. Multiple in-

hibition studies were carried out with N’-

benzylnicotinamide chloride in order to de-
termine the region of the NAD#{247} binding
site of importance in the binding of the

benzyl derivative. Multiple inhibition by

the inhibitor pair, N1-benzylnicotinamide
chloride-N’-methylnicotinamide chloride is

shown in Fig. 3. A parallel line relation-
ship was obtaimmed yielding an interaction
constant (a) of infinity indicating that

these inhibitors mutually exclude one an-
other from binding to time enzyme. In con-

trast to this, multiple inhibition by the

inhibitor pair, N1-benzylnicotinamide ebb-

m’ide-adenyhic acid (Fig. 4) resulted in a
converging limme relationship. The interac-
tion constaimt of 1.0 obtained in this case

indicates sinmultaneous bimmding of these

two inhibitors.

The nine Nm-benzylpyridimmium chlorides
containimmg substituemmt groups on the pyri-

dine rimmg othmem’ than the 3-carboxamido
group were next tested for inimibition of the

yeast enzyme. In each case for the evalua-
tion of the type of inhibition and the in-
hibitor dissociatiomm constant two separate
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experiments were carried out as described

above for N1 -benzylnicotinamide cimloride
in Figs. 1 and 2. All t-he Nm-benzyl-

pyridinium chlorides studied inhibited the

yeast alcohol dehydrogenase reaction, and

in every case time inimibition was competi-
tive with respect to NAD#{247}. Inhibitor dis-

sociation constants determined in the two

experiments carried out with each of the

N’-benzylpyritiimmium chlorides are histe I

[N ‘-Benzylnicotlnamide Chloride�

Fia. 2. Inhibition of yeast alcohol dehydrogenase as a Junction of N-benz ylnicotinarn�de chloride

concentration.

Reactions were initiated by the addition of 1.3 pg of enzyme.
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VNAD� (M’ x iO�)
Fic. 1. Competitive inhibition of yeast alcohol dehydrogenase by N1-henzy!nicotinarnide chloride

NAD� concentrations were varied from 8.�7 >( 10� M to 2.69 x 10� �n. Curve 1, reaction mixtures

contained no imihibitor; curve 2 reaction mixtures contained 6.67 x 10’M N’-benzylnicotinamide chlo-
ride; curve 3, reaction mixtures contaimied 1.33 X 10’ �i N’-benzylnicotinamide chloride. React-ions
were initiated by ad(htion of 1.3 yg of enzyme.
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5 10 15 20xl03M

[N 1-Benzylnicotlnamide Chloride]

Fma. 3. Multiple inhibition of yeast alcohol delm ydrogenas( by .V’-benzyln�ciitmna,nule chloride and

N’-mc thylnicotinamide cli bride

The data are plotted as time ratio of initial velocity in time absence of A’-benzylnicotinamide chlo-

ride (v) over the initial velocity in time prescrn’e of N’-benzylnicotinamide chloride (v’) versus N’-

benzylnicotinamide chloride concentration. NAD� concentration used was 2.66 x 10� M. Reactions

were initiated by addition of 1.3 pg of enzyme. Each line is identified by the t’oncentration of N’-

metlmylnicotinamidi chloride emnploved.

[N 1-Benzylnicotinamide Chloride]

Fia. 4. Multiple inhibition of yeast alcohol deh ydrogenase by N-benz ylnicotinamide chloride and

adenylic acid (AMP)

Data are plotted as described in Fig. 3. NAD� concentration used was 2.66 x 10� �m. Reactions were

initiated by addition of 1.3 pg of enzyme. Each line is identified by the concentration of adenylir acid

employed.
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TABm.E 2

Studies of N ‘-bcnzylpyridiniuin chlorides

K,

Substituent group on

pyridine ring

(M)

AMLimmeweaver-Burk plots Dixon plots

3-CONII, 1 - 18 X 102 1 .21 X 102 1 .00
3-COOH 4.3$ X 1t12 4.25 x 10-2 1.04

3-COOl!, 1 .24 X 10-2 1 . 19 x 102 1 OS
3-Cl-I, 1.16 X 1o)_2 1.37 X 102 0.96

3-ON 0.86 X 1O� 0.99 X 102 1.19

3-CH2CX 1.34 x 10� 1.40 x 10-2 1.23
3-CH2XH2 0.34 X 10-2 0.45 X 10-2 0.86

3-CH2OH 0.80 X 1 (Y2 0.61 x 10-2 1 �09
3-CI-I=CII-CONII2 0.75 X l0� 0.92 x 10-2 1.05

4-C()NH2 1 - 17 x 10-2 0.83 x 10-2 1 .001

in Table 2. Most of the inlmibitor dissocia-

tion constants determined were very close
to timose obtained for N’-benzylnicotin-

amide chloride witim the exception of timose
observed with time 3-carboxyl (ierivative,

which were significantly highmem’, and thmose

observed with the 3-amimmonmethyl tieriva-
tive, which were significantly lower.

Multiple inhibitiomm studies were carried
out with all time N’-benzylpyridinium

chlorides using adenylic acid as time other
component in time immhibitom’ pairs. Data
from these experimemmts were plot-ted as

described in Fig. 4 and in each case comm-

verging line relationships were obsem’ved.
Time immteraction constants calculated froni
timese plots are listed in Table 2.

The higher iimhmibitor dissociation eon-

stammts observed mm time case of N’-bemmzyl-
3- carboxylpyridinium chloride pi’omrmptetl a
study of this pyridine base as time N’-

methyl derivative. N’-Methyl-3-cam’boxyl-
pyridimmium clmboi’ide inimibited time yeast al-

cohol dehydrogenase-catalyzeti oxidatiomi

of ethmanol and the inmhibition observed was
competitive with respect to NAI)�. Immhibi-

t-or dissociation constants calculated from
Lineweaver-Burk amid Dixon plots were
2.68 X 10-1 xi and 2.5 X 10’ xi, respec-
tively. These values can be compared to

6.5 X 102 M and 7.0 X 102 �.I, the values
obtained witim N’-methyl-3-carboxamido-
pyritiinium chloride in previous studies

6).
Reversibility upoim dilution of time inhmibi-

tiomi obtained with time A’-bemmzyipyl’i(hiniummm

chlorides was studied by subjecting yeast

alcohol dehmytim’ogenase to concentm’atiomms of

inhibitors ten timimes thiose necessary to pro-

(Iuce approximately 25% inhibition. rf�.e1mt�,

micrograms of yeast alcohol (lehlydrogcmlas(’

�s.as addeti to 5 nil of 0.1 xi sothium pyro-

phmosphate, pH 8.0 commtainimmg simfficient in-

hmmbitor to cause 25% immimibitiomi wherm di-
luted to one-temmth. A 0.3-mi ahiquot of

thus solutiomm was trammsferred to a 2.7-mI
reaction mixtum’e containimmg 0.1 M sodiuimm

pyropimospimat-e, pH 8.0, 0.1 xi etimanol, and

2.8 X 10’ �r NAD�. A second sample was
pm’epare(i by transferm’ing 0.3 ml of a 5 ml

solution contaimming 20 �g of yeast alcohol
tleimydrogenase in 0.1 xi sotiium pyrophmos-

phate alone to a 2.7-nil reaction mixture

containing time above-nmemmtioned commi-

l)Onemmts plus the inlmibitor. Enzyme mtmmd
inhibitor coimcentratiomms in time two result-
ing reaction mixtures were therefore idemi-

tical. Initial velocities of NAD� reductiomm

were recorded for these two reaction mix-

tures and compared with time initial velocity
obtainetl with this amount of enzyme in time
absence of inhmibitor. With all the ten
N’-benzyl derivatives studied, no sig-

nificant additional inhibition was observed

by first combining the emmzyme withm the

10-fold higher immhibitom’ concentration.

DISCUSSION

Oxidatiomi-reduction rca etions cataiy zed

by pyridine nucleotide-dependent dehy-
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drogemmases am’e of major’ immmportamice to

many metabolic pathways. Time immode of
I)immding of the pym’idiime nucleotide coen-

zymes can be amm impom’tant factor’ in time

fumictiomming of timese enzymmmes mm timeir i’e-

spective emmvi monuments . Coimipounds stm’uc -

tumidly analogous to pom’tiomms of the NAD�
or NADP� molecules which occur naturally
in the same envim’onment as the dehmy-

dm’ogenases may vem’y well interact wit-h
the dehydrogenases in a manner related to
specific properties of the coenzyme binding

sites of these enzymes. Adenosine diphos-

phate (ADP) for’ example, inhibits bothm

yeast alcohol dehytirogenase (4) amid horse
liver alcohol deimydrogemmase (8) competi-

tively with respect to NAD#{247}.With bovine
liver glutamic delmydrogenase on time other
hamud, low concentrations of ADP eximibit

aim activating effect (19, 20). Differences in
the effects of other atienine derivatives
with these dehuydm’ogenases have likewise
been observed (4, 8, 19).

It is of intem’est to imote thmat maimy
quaternary derivatives of nitrogen bases
could affect dehmydrogenase activities

through a competitive-like imuhibition based
on structural analogy to time pyridinium
ring moiety of pyridinme nucleotide co-

emmzymes. The effectiveness of suchm com-
pounds could vary with time specific prop-
erties of time pyridinme nucleotide binding

sites of time various ciehydrogemmases. For

example, without prior kmmowledge of the
presence of a nonpolar region at the NAD�
binding site of yeast alcohmol dehmytlm’ogenase

based on previous studies of N’-alkyl-

nicotinamitie chlorides, one would not imave
expected to find coemmzyme-conmpetitive in-

hmihition of this enzyme by n-alkylam-
monium chlorides (10).

The extension of the studies of inhibition
by nicotinmamide ammd ademmimme tierivatives to
the investigatiomm of otimer dehmydrogemmases
suggested the need fom’ further knowledge

of time role of substituent groups in the

binding of pyridinium derivatives. Ten

N’ -benzylpyridinium chlorides were jre-
pared and st-udied as imuhibitom’s of time yeast

alcohol dehmydrogenase-catalyzed oxidation

of ethanol. Immhmihition was obtained with all

ten compounds, and in each case the in-

huii)itioli ohsem’vc(i was conupetitive with

i’espect to NAD�. Time pm’esemmce of time adtii-

tiommal aromatic miucleus of N1-bemmzyl-
nicotimmamide chloride as compam’ed to time

pm’eviously stutiietl .1V’-alkylmmicotimmammmide

cimlom’ides, does imot appean’ to alter time

mode of 1)indimmg of time N’-benzyl dem’iva-

tive to time yeast enmzyme. Thus is exenmphi-

fled in the mutual exclusion observed in
the multiple iimhuih)itiOmi studies of N1-

benzylnicotinamide chlon’ide with N1-

metimylnicotinamide clmlom’ide (Fig. 3) , and

the simultaneous 1)inthinmg of immimibitors in-
dicated in the multiple inhibition studies
of N’-benzylnicotinamide chlom’itle with
adenylic acid (Fig. 4) . Time same relation-

ships were 0I)served when other N1-alkyl-

nicotinamide cimlom’ides wem’e studied in

combiimation with N1 -methylmmicotinamide

chmloride and ademmylic aciti (9).
The lack of any significant deviation

from unity in the intem’action constamits
obtained in multiple immhibition studies of

the remaimming imimme N1-benzylpyridimmium

chlorides in comhinatiomm with adenyhic
acid (Table 2) immtiicates that atienylic acid

can be bound simultaneously with all the

N’-benzyl (lerivatives studied.

Some variation in immhibitor dissociation

commstants was observed with the different

N’-henzyl tierivatives stutiied (Table 2);

however, most of time values ob)t-ained did

not tiiffer significantly from those calcu-
lated for N1-benzylnicotinamide chlom’ide.
With time exception of time 3-carboxyi and

the 3-aminomet-hmyl derivatives, it can be
noted that time subst-ituent group on t-he

pyridine ring can be varieti considerably
without signmificammtly chamuging time bimuding

constant of the compoummd. If one commsiders

possible interact-ions that may occur l)e-
tweemm time carboxamiibo group of N’-

benzylmmicotinanmide clmloritie amid time en-
zyme, the substitution of a methyl group

as mm N’ -henzyl-3-methylpym’itlimmium chlo-

ride would be expecteti to result in a recog-

mzable chammge imi binding constants. No

diffem’ences were observed imm time inhibitor

dissociation commstants obtaimmed for time 3-
carboxamido and 3-methyl derivatives

(Table 2). Ummless one consitiem’s pm’opem’ties
common to both of timese groups, it is diffi-
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cult to visualize how time cam’h)oxamido

gm’oup colll(i commtn’ibute to time h)in(iimmg of

the pyridimmium derivatives. Also, it can be

noted timat having time cai’i)oxami(io gm’oup

in the 4-position of the pyri(iiniummm ring (lid

mmot significantly altem’ l)immdimlg I)m’Ol)em’t�es.

In stutiies of NAIY ammalogs comitainmimug
groups other than time carboxammmi(bo group

in time 3-position of time �)yridimmiunn ring
(21 ) , it was commcluded thmat time carbox-
amido group was not absolutely essemmtial

for the functioning of thmese comimj)ounds as
coenzymes for a vam’iety of deimytlm’ogenases.

Coenzymmie activity ��‘as lost w’hmemm time
properties of the 3-positiomm group (liffem’eti
too greatly fm’ommmtimose of the cam’h)oxanmido;

however, it ��‘as note(1 that witim this type
of analog the reactivity of time 4-positioim

of time pym’idiimium ring toward imydm’itie

transfer was so dinminisheti that one could
not expect retluction to occur. Studies of

the N’ - bemmzylpyn’idimmiumim elmborities would
indicate that althmougim the above-mimentioned

NAD� analogs are not functional as co-

enzymes, timey shoulti be hound as well as
NAD� to yeast alcohol deimydrogemmase.

N’-Benzyl-3-carboxylpyridimmium chlo-
ride was observed to be more poorly bound

to yeast alcohol dehydrogemmase than the
carboxamido derivative, the inhmih)itor tiis-
sociation constammts being 3-4 times imigimer

for the cam’boxyl compound (Table 2).
Higher inhibitor constammts wem’e also oh)-

served witim N’-methyl-3-carboxylpyridimm-

ium chmloritie as compam’etl to time N’-

methyl-3-carhoxamido tierivat-ive. Since

mom’e drastic cimanges in time subst-ituemmt

group failed to affect binding sigmmificantly,

tIme poorer bimmdnmg of these cam’boxyl dem’iv-

atives is most likely related to ummfavorahle

imitem’actions of time adtlit-ionmal miegative
cimarge witim time enzyme. A sinmmilar tmmmfav-

orable intem’act-iomm was omme of thmc possibili-
ties suggesteti for’ time failum’e of mmicotinic

acid adenine dinucleotitie to fummction as a
coemmzyme in time yeast alcohmol dehyh’o-

genase-catalyzed oxidatiomm of ethammol (22)

Time imihibitor dissociation constants oh)-

t.ainmed witim N’-hemmzyl-3-aminommmet liv I-

pyritiinnmmmm clmlom’ide wem’e significantly

lower timamm those obtanmetI with otimer N’-

bemmzvl derivatives studietl (Table 2) . It is

mmot inmnmediately clean’ whmy this shoul(i be

time (ttSC. Time �
pyridimmium clmlom’i(Ie, at time 1)11 use(i in thme

yeast alcohol tieimydm’ogemmase reactions
would huave tw’o positive charges as corn-

l)areti to one fom’ time other benmzyl tieriva-
tives. Time gm’eater i)immdimmg of time amino-

metimyl (ierivative nmmay be due to the fact

that t�vo nmotles of bindinig am’e available fom’
this commmj)oummd.

Time AV ‘ - beim ZS’ lir�’ridimmiumim c lmlon’idcs a me
cui’remmt-ly h)eimig stuthied wit.hm a variety of

tieimydrogeimases to furtimen’ immvestigate the

role of time pyritiimmiummm rimmg in the bimiding

pm’ocesses of these enzymes.
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