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NUCLEOSIDES & NUCLEOTIDES, 2(1 ) ,  33-40 (1983) 

OLIGOIWZ E:L?Tl2ES E.,i.i3 IJUC L2OTI  9.3- 
PEPTIUES,XLIII . I i w r w i ' t n r ~  OF 
LIPUAI'/!XZ UEHYDROCENASE BY NUC- 
LEOTIUYL-(P+I;)-Ak~II \ iO +CIrjS 
AND THEIR ETHYL ESTERS 

Jc 
P.. G l e m z  h 8 , B . J u  od k a  

V i l n i u s  S t a t e  U n i v e r s i t y ,  V i l n i u s ,  
L i t h u a n i a n  SSR, USSR 

A b s t r a c t ,  I t  h a s  been shown t h a t  sorne n u c l e o t i d y l -  
(P+N)-aTino a c i d s  and t h e i r  es te rs  i n h i b i t  t h e  l i p o a m i d e  
dehydrogenase r e a c t i o n .  For EtO-Phe-pU Qnd HO-P-Alq-pU t h e  
i n h i b i t i o n  mechsnism has  been proposed.  

Lipoarnide dehydropenase ( N A D I i a  l i n o m i d e  o x i d o r e d u c t a -  
s e  (EC ¶..6.4.3) (LX'), 8 c o n s t i t u e n t  of  t h e  d - k e t o - a c i d  
dehydrogenases  polyenzyme complex, c a t a l y z e s  t h e  r e v e r s i b l e  
r e d u c t i o n  of  l i p o i c  a c i d :  

I t  h a s  been found t h a t  t o  a t t a i n  o p t i m a l  r e a c t i o n  r a t e  + 
NAD s h o u l d  s e r v e  as , D e t a i l e d  s t u d i e s  have 

* d b b r e v i a t i o n s a  LUH, li oamide o x i d o r e d u c t a s e ;  L i p s 2 ,  
o x i d i z e d  l i p o i c  a c i d !  Lip(SHP * reduced  l i p o i c  a c i d ;  EtO- 
Phe-pU, EtO-Leu-pU * EtO-Phe-pg, EtO-Phe-dpU, EtO-Phe-LpU 
e t h y l  es te rs  of u r i d  lyl-(5+N)-DL-phenylalanine, -0L-leu- 
c i n e ,  gyanylyl-(5"*N J -DL-phenylalaninc,  deoxyur idyly l - (5 '  
~ N ) - D L - p h e n y l a l n n i n e ,  L-uridylyl-(51-*N)-DL-phenylalanine, 
r e s p e c t i v e l y ;  HO- p - A l R - p U ,  u r i d y l y l - ( S k N ) - P  - a l a n i n e .  
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GLEMZKA AND JUODKA 34 

+ 
shown t h s t  N A U  i s  n e c e s s a r y  f o r  t h e  s t a b i l i z a t i o n  of fla- 
v i n  semifluinone snd f o r  t h e  p r e v e n t i o n  of  compl-ete r e d u c t i o n  
o f  f l a v i n  4-6 . Takinf:  i n t o  a c c o u n t  t h a t  t h r e e  n u c l e o t i d e s  
(FAD, NAL)H and N U + )  t a k e  p a r t  i n  t h e  r e a c t i o n  c a t a l y z e d  by 
LDH, a s e a r c h  was made among t h e  n u c l e o t i d e  d e r i v a t i v e s  f o r  
t h e  e f f e c t o r s  of  t h e  p r o c e s s .  Here w e  r e p o r t  t h e  i n h i b i t o r y  
e f f e c t  of a number o f  n u c l e o t i d y l - ( 5 ’ +  N)-amino a c i d  e s t e r s  
and t h e i r  a n a l o g s  w i t h  a f rep  c a r b o x y l  c r o u p  on LDH i s o l a t e d  
from Sacchsromyces c e r e v i s i a e .  

RESdLTS AND ilISiUS;3ION 
I n  t h e  i n i t i a l  p a r t  o f  t h e  work t h e  e f f ec t  of  e t h y l  e s -  

t e r s  of  ur idylyl-(5’-rN)-  p - a l a n i n e ,  -d -DL-a lmine ,  -DL-phe- 
n y l a l a n i n e ,  -DL-tyrosine,  -DL-serine,  -DL-methimine,-DL-leu- 
c i n e  qnd t h e i r  a n a l o p s  w i t h  a f r ee  c a r h o x y l  e r o u p  on t h e  L3H 
r e a c t i o n  r a t e  was t e s t e d .  To e s t i m a t e  t h e  i n f l u e n c e  o f  t h e  
b a s e  o r  monosaccharide on t h e  i n h i b i t i o n  of  LDH, d e r i v a t i v e s  
of p h e n y l a l a n i n e  e s t e r s  and of  aclenyl ic  , g u m y l i c ,  c y t i d y l i c  , 
deoxyadonyl i c  , t h y m i d y l i c  , d e o x y u r i d y l i c  o r  L - u r i d y l i c  a c i d s ,  
thyrnidylyl-(3’--N)-ilL-phenylalanine and c o r r e s p o n d i n g  d e r i v a -  
t i v e s  w i t h  a f r e e  c a r b o x y l  g r o u p  were a n a l y s e d .  For  a p r e l i -  
minary e s t i m a t i o n  of t h e  e f f e c t  o f  a s u b s t a n c e  and t h e  s e l e c -  
t i o n  of p o t e n t i a l  i n h i b i t o r s  a l l  t h e  compounds i n v e s t i g a t e d  
were i n t r o d u c e d  i n t o  t h e  r e a c t i o n  m i x t u r e  a t  M concen- 
t r a t i o n ,  T h i s  made it p o s s i b l e  t o  f i n d  t h a t  LDH was n o t  i n -  
h i b i t e d  by n u c l e o t i d e s ,  f r e P  amino a c i d s  and t h e i r  e t h y l  es- 

ters.Among n u c l e o t i d e  d e r i v 8 t i v e s  of  amino a c i d s  o n l y  EtO- 
Phe-pU, EtO-Leu-pU, EtO-Phe-pG, EtO-Phe-dpU, EtO-Phe-L-pU, 
m d  HO-/j-Ala-pU demonst ra ted  t h e  i n h i b i t o r y  e f f e c t .  T h i s  
was most o f t e n  t h e  c a s e  w i t h  s u b s t a n c e s  c o n t a i n i n g  phenyl-  
a l a n i n e .  I t  should  be noted  t h a t ,  at er ius l  c o n c e n t r a t i o n s  o f  

EtO-Phe-pU and t h e  c o r r e s p o n d i n p  L-isoTer  of UKP, t h e  same 
d e e r e e  of i n h i b i t i o n  w-’9 observed .  

For  t h e  q u a n t i t a t i v e  e s t i m a t i o n  of  t h e  i n h i b i t o r y  e f -  
f e c t  i t  was decided  t o  d e t e r m i n e  I Fig .1  g i v e s  t h e  150 
v a l u e s  f o r  t h e  n u c l e o t i d e  d e r i v a t i v e s  showing t h e  i n h i b i -  
t o r y  e f f e c t  on LDH. 

50’ 
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LIPOAMIDE DEHYDROGENASE INHIBITORS 35 

FIG.1. The e f f e c t  of t h e  concen t r c t ion  of  nucleotidyl-(5AN)- 
amino a c i d s  on t h e  LDH r e a c t i o n  r a t e ,  The composi t ion of t h e  
r e a c t i o n  mixture  is as desc r ibed  i n  t h e  t e x t .  To t h e  r eac -  
t i o n  mixture  t h e  fo l lowing  materials were added: 1.EtO-Phe- 
-pU; 2 .  EtO-Phe-pG; 3 .  HO-p-Ala-pU; 4. EtO-Phe-dpU: 5 .  EtO- 
-Leu-pU; 6. EtO-Phe-L-pU. 

pIs0, es t imated  from t h e  d a t a  presented  i n  Fig.1, t u r -  
ned ou t  t o  be 3.4 ,  2.7,  3.4 ,  3.0, 2.8 ,  2.5 f o r  EtO-Phe-pU, 
EtO-Leu-pU, EtO-Phe-pG, HO-/3-Ala-pU, EtO-Phe-dpU and BtO-  
-Phe-L-pU, r e s p e c t i v e l y .  I t  fo l lows  from t h e  above-rnentio- 
ned d a t a  t h a t  EtO-Phe-pU and EtO-Phe-pG a r e  t h e  most 
e f f e c t i v e  i n h i b i t o r s .  Obviously, t h e  i n h i b i t o r y  e f f e c t  of 
t h e  compounds i n v e s t i g a t e d  depends t o  a g r e a t  e x t e n t  on t h e  
n a t u r e  of t h e  h e t e r o c y c l i c  base  and on t h e  s ta te  of t h e  c a r -  
boxyl groups of t h e  amino ac id .  We f a i l e d ,  however, t o  es- 
t a b l i s h  a c l e a r - c u t  c o r r e l a t i o n  between t h e  s t r u c t u r e  and 
t h e  i n h i b i t o r y  e f f e c t  o f  t h e  subs t ances  i n v e s t i p z t e d ,  

t i o n  of n u c l e o t i d y l - ( 5 ~ N ) - a m i n o  a c i d s  w i t h  LDH a d e t a i l e d  
s tudy  of  t h e  k i n e t i c s  of EtO-Phe-pU has been msde. The ex- 
per imenta l  d a t a  processed by t h e  Dixon method’ a r e  presen-  
t e d  i n  Fig.2. 

I n  o rde r  t o  d i scove r  p o s s i b l e  p r i n c i p l e s  of i n t e r a c -  
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36 GLEMZKA AND JUODKA 

1 - 
V 

L 
0 5 10 15 

[EtO-Phe-pUj 10'"M 

FIG.2. The dependence of  t h e  W H  r e a c t i o n  r a t e  on t h e  con- 
c e n t r a t i o n  of  EtO-Phe-pU. T,he c o m p o s i t i o n  o f  t h e  r e a c t i o n  
m i x t u r e  i s  as d e s c r i b e d  i n  t h e  t e x t .  The c o n c e n t r a t i o n s  of  
EtO-Phe-pU are shown i n  t h e  F i w r e .  T h s  concentratio:? o f  

as f o l l o w s :  1. 3.3~10' M i  2. 1.3~10 ~ ?.: 

Thus, a f a m i l y  o f  s t r a i g h t  l i n e s  i n t e r sec t ine  on t h e  
a b s c i s s a  a x i s  was o b t a i n e d ,  which p r o v e s  again t h a t  here  we 
are  d e a l i n p  w i t h  non-compet i t ive  i n h i b i t i o n .  The Ki (3.0 x 

MI, determined  as t h e  r e c i n r o c s l  i n t e r s e c t i o n  o f  t h e  
-4 absc i s sn  ?ixis, is  i n  Eood apreement  w i t h  v a l u e  (4.a.10 IK) 

found i n  Fig.1. To v e r i f y  them, t h e  v a l u e s  of  p a r t i a l  in- 
h i b i t i o n  were p l o t t e d  a g a i n s t  t h e  c o n c e n t r a t i o n  o f  t h e  
s u b s t r a t e  (Flg.3). 

pendent  o f  t h e  c o n c e n t r a t i o n  o f  l i p o i c  q c i d ,  c o r r e s p o n d i n g  
t o  non-competi t ive i n h i b i t i o n .  However, t h e  Ki v a l u e  p l o t -  
t e d  on t h e  s b s c i s c a  a x i s  it: 6,7~lO'"N, i . e .  two times hit:- 
h e r  t h x i  the  vr;lue o F t a i n 4  by t h e  9 i x o n  rnetl-cd. S i n c e  t h e  
a c t i v a t o r  IiiliL)'' t ' 3k t . s  p w l  i r l  I,>< vt!.to t i o n ,  t h e  e f f e c t  of  
i t s  c o n c e n t r q t i o n  on t h e  LDH r e a c t i o n  r a t e  i n  t h e  p r e s e n c e  
o f  EtO-Phe-pU h s s  been s t u d i e d .  I t  t u r n e d  o u t  t h a t  t h e r e  
was c o m p e t i t i o n  between t h e  a c t i v n t o r  NKD+ snd t h e  i n h i b i -  
t o r  EtO-Phe-pU ( 3 i p . 4 ) .  

l u e  of  t h e  a p p w e n t  L i ,  dependinp  on t h e  way o f  p r o c e s s i n g  

P a r t i a l  i n h i b i t i o n  w q s  found t o  be p r a c t i c a l l y  i n d e -  

T n i s  e n s b l e d  us  t o  u n d e r s t a n d  t h e  chanpes i n  t h e  va- 
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5 10 

1 10-3,1vr1 
[E t 0 -P he - pU ] 

FIG.3. The dependence of p a r t i a l  i n h i b i t i o n  on t h e  concen- 
t r a t i o n  of EtO-Phe-pU. The co  c e n t r a t i o n  Of Lips2 was c h m -  
ged i n  t h e  ranee from 3.3nlO" t o  3.3.10- M. 

0 10 20 30 

FIG.4. The dependgnce of t h e  LDH r e a c t i o n  r a t e  on t h e  con- 
c e n t r a t i o n  of NAD , 1. EtO-Phe-plj is absen t ;  2, The concen- 
t r a t i o n  o f  EtO-Phe-pU i s  3 . 4 ~ 1 0  M. 
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38 GLEMZKA AND JUODKA 

t h e  experimental  d a t a ,  s i n c e  t h e  concpn t ra t ions  o f  t h e  
s u b s t r - t e s  and t h e  a c t i v a t o r  a r e  of  cons ide rab le  importan- 
ce  t o  t h e  Ki  value.  To d e t e r w i n e t h e  a c t u a l  Ki and t h e  ac- 
t i v a t i o n  const. int  KIVm+, t h e  d a t q  were p l o t t e d ;  + i 
dependinp; on t h e  concen t r a t ion  of  NAD (P ig .5 ) .  

0 .8~1O'~I~l .  UsinF t h e  Ki va lue  obtained by t h e  Uixon method 
and t ak ing  i n t o  account  t h a t  t h e  c o n c e n t r a t i o n  of NAD was 
1 . 0 4 ~ 1 0 - ~ M ,  it was c a l c u l a t e d  t h a t  t h e  a c t u a l  Ki va lue  was 
1.7x10-~M. The Ki va lues  obtained i n  t h e  two ways co inc ide .  
Besides ,  t h e  KHAD* va lue  i s  i n  f u l l  ap-reement with t h e  d s t a  
r epor t ed  i n  t h e  l i t e r a t u r e  (0.5-0.6~10'~M)~. Thus t h e  e f -  
f e c t  of EtO-Phe-pU on LDH most l i k e l y  man i fe s t s  i t s e l f  a t  
t h e  enzyTe a c t i v a t i o n  l e v e l ,  I t  has been shown r e c e n t l y  t h a t  
t h e  sdenine r i n g  of NkD' i n t e r e c t s  with phenylalanine8.  Tak- 
i n g  i n t o  c o n s i d e r a t i o n  t h e  role of t h e  adenine r i n g  i n  t h e  
i n t e r a c t i o n  of t h e  n i c o t i n e  coenzymes and t h e  apoenzyme, it 
i s  q u i t e  reasonable  t o  regard  t h e  breaking  o f  these bonds as 
a r e s u l t  of t he  i n h i b i t o r y  e f f e c t .  The s i t u a t i o n  is, howe- 
v e r ,  no t  s o  s imple ,  s i n c e  EtO-Phe-pU turned  ou t  t o  be i n e f -  

(1-1) 

-4 The Ki va lue  was found t o  be 1.6~10 M, while KNm* w a s  

* 

FIG.5. The depgndence of p a r t i a l  i n h i b i t i o n  on t h e  concen- 
t r a t i o n  of N X I  . Condit ions were as descr ibed  i n  t h e  legend 
t o  Fig.4. 
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LIPOAMIDE DEHYDROGENASE INHIBITORS 39 

f ec t i v e  w i t h  a l coho l  dehydrogenase and glucose 6- 
phosphate dehydrogenase,  t h e  KNm+ and KNADp+ of  whioh a r e  
comparable t o  KNAD4 of LDH’. Obviously, i n  t h e  c z s e  of  LDH 
t h e  complexity of t h e  s t r u c t u r e  of t h e  enzyme i t s e l f  should 
be taken  i n t o  account .  

P re l imina ry  data obtained on s t u d y i n p  IIO-/3-Ala-pU in -  
d i c a t e  t h a t  i n  t h e  p r e s e n t  c a s e  t h e  i n h i b i t o r y  e f f e c t  mani- 
fests i t se l f  i n  t h e  compet i t ion  between t h e  i n h i b i t o r  and 
l i p o i c  a c i d .  

Thus, a s tudy  of  t h e  k i n e t i c s  of  t h e  i n h i b i t i o n  of t h e  
1ipoami.de dehydrogenaae r e a c t i o n  by EtO-Phe-pU and HO-p-h la  
-pU has shown t h a t  t h e  mechanismsof t h e i r  a c t i o n  are d i f f e -  
r e n t .  EtO-Phe-pU a p p a r e n t l y e x e r t s  i ts  i n h i b i t o r y  e f f e c t  a t  
t h e  l e v e l  of i n t e r a c t i o n  of t h e  enzyme and the a c t i v a t o r  
NAD’, whereas HO-/3-Ala-pU shows i t s  i n h i b i t o r y  e f f e c t  a t  
t h e  l e v e l  of i n t e r a c t i o n  of t h e  enzyme and t h e  s u b s t r a t e  li- 
poic  ac id .  

EXPERIMENTAL 
The fo l lowing  r eagen t s  were used: UMP, CNP, AMP, GMP, 

NAD’, NADH, ?mino a c i d s ,  alcoholdehydrogenase (Reanql ,Hunga- 
r y ) ,  dANiP,TRrP (Sigma, USA), thymidine,  deoxyur id ine ,  dicy- 
c lohexyl  carbodi imide ,  glucose 6-phosphate dehydrogenase (Fe- 
r ak  B e r l i n ) ,  L-uridine w a s  k i n d l y  provided by Dr.A.Holy(Cze- 
chos lovak ia ) ,  3’-TMP was synthes ized  as in”,  dUIYP, L-UWP we- 
r e  synthes ized  as in1* * The s y n t h e s i s  of  nucleot idyl-(P--N)-  
amino ac id  e t h y l  e s t e r s  has  been desc r ibed  e a r l i e r 1 2 .  LDH was 
i s o l a t e d  and p u r i f i e d  t o  t h e  homopeneous s t a t e  from y e a s t  
Sscchsromyces c e r e v i s i a e ” .  The LDH r e a c t i o n  r a t e  v:i:: d e t e r -  
mined by r eco rd ing  t h e  chanp;es i n  t h e  o p t i c a l  d e n s i t y  of t h e  
r e a c t i o n  mixture  every  15 s over  3 minutes a t  340 nm. The re- 
a c t i o n  mixture  (3ml) conta ined  0.08M phosphate b u f f e r ,  pH 
6.0,  1.86 x M l i p o i c  a c i d  o r  i t s  amide, 1 . 2 5 ~ 1 0 ’ ~  M NAU: 

1 . 1 6 ~ 1 0 - ~  M NADH, 2 m g  human serum albumin, 5-10 pp: LDH. The 
r e a c t i o n  was s t a r t e d  by addinp t h e  enzyme, From t h e  l i n e a r  
p a r t  of t h e  k i n e t i c  curve t h e  r e a c t i o n  r a t e  expressed i n  
vmol/min/mg p r o t e i n  was c q l c u l a t e d .  dhen s tudy ing  t h e  depen- 
dence of t h e  r e a c t i o n  r a t e  on t h e  concen t r a t ion  of t h e  subs-  
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trates, activators or inhibitors, appropriate materials were 
added to the reaction mixture in mounts indicated in the le- 
gends to the Figures. 
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