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Complexity of Enzymatic Inhibition by Cigarette Smoke 

One sugges ted  m e c h a n i s m  for  t h e  t u m o r i g e n i c  effect  of 
c iga r e t t e  s m o k e  in a n i m a l s  is e n z y m a t i c  i n h i b i t i o n  ~. Most  
p u b l i s h e d  s tud ies  i nd i ca t e  t h a t  i n h i b i t i o n  of su l fhydry l -  
c o n t a i n i n g  e n z y m e s  is t h e  m o d e  of ac t ion  ~-4, a l t h o u g h  
o t h e r  m e c h a n i s m s  m a y  be  o p e r a t i v e  5. Pe rox ides  ~, acet -  
a l d e h y d e  1, free rad ica l s  * a n d  h y d r o g e n  c y a n i d e  s h a v e  been  
i m p l i c a t e d  as t h e  i n h i b i t o r s  in  smoke.  All  t he se  s tud ies  
a p p e a r  to  suffer  f rom t h e  p remise  t h a t  a single c o m p o u n d  
or  class  of  c o m p o u n d s  in smoke  is respons ib le  for  t he  
i nh ib i t i on .  Howeve r ,  t h e  occur rence  of m a n y  non-  
c o m p e t i t i v e  e n z y m e  i n h i b i t o r s  in s m o k e  is well  known ,  
e.g. h y d r o g e n  sulfide,  c a r b o n  m o n o x i d e  a n d  p h e n o l  ~. A 
prior i ,  a c o m p l e x  p a t t e r n  of i n h i b i t i o n  would  be  expec ted ,  
a n d  t h e  p r e s e n t  r e p o r t  p rov ides  d a t a  on  t h i s  po in t .  

S m o k e  c o m p o n e n t s  m a y  occur  in  t h e  v a p o r  p h a s e  (VP), 
t h e  p a r t i c u l a t e  m a t t e r  p h a s e  (PM), or  b o t h  phases  6. B y  
pass ing  smoke  f rom a c iga re t t e  t h r o u g h  a special  s p u n  
glass f i l te r  (Cambr idge  pad) ,  t he  p a r t i c u l a t e  m a t t e r  m a y  
b e  r e m o v e d  pre fe ren t ia l ly ,  a n d  t he  i n h i b i t i n g  a c t i v i t y  of 
e ach  p h a s e  m a y  be  e x a m i n e d  i n d e p e n d e n t l y .  Also, b y  
u s ing  a cha rcoa l  f i l te r  on  a c igare t te ,  some c o m p o n e n t s  in  
V P  are  se lec t ive ly  r emoved ,  t h u s  p r o v i d i n g  a f u r t h e r  
m e a n s  of s t u d y i n g  r e l a t i onsh ips  b e t w e e n  smoke  composi -  
t i on  a n d  inh ib i t ion .  

I n  t h e  p r e s e n t  work,  85 m m  commerc ia l ,  f i l ter  (com- 
b i n e d  cha rcoa l  a n d  cel lulose ace ta t e )  c iga re t t e s  were 
s m o k e d  w i t h  or  w i t h o u t  t h e  f i l te r  u n d e r  s t a n d a r d  con-  
d i t i ons  ~ a n d  whole  s m o k e  ('WS) or  V P  of s m o k e  w as  
col lec ted  b y  b u b b l i n g  t h r o u g h  buf fe r  (1 c iga re t t e /5  ml  of 
0 .067AI p h o s p h a t e  buffer ,  p H  7.6). P M  was  o b t a i n e d  b y  
e x t r a c t i n g  t he  m a t e r i a I  on  C a m b r i d g e  p a d s  (used w h e n  
V P  was  col lected)  w i t h  buf fe r  t o  give t h e  e q u i v a l e n t  of 
1 c iga re t t e /5  ml.  T h e  i n h i b i t o r y  p rope r t i e s  of f i l tered a n d  
un f i l t e r ed  W S  a n d  s e p a r a t e d  phases  t he reo f  for yeas t  
a lcohol  d e h y d r o g e n a s e  are s h o w n  in t h e  Figure .  Accord ing  
to  r e c e n t  i n t e r p r e t a t i o n s  of t h e  k ine t i c s  of e n z y m a t i c  
i n h i b i t i o n  s , t h e  in i t ia l  i n h i b i t i o n  (zero t ime)  in t h e  F igure  
can  be  cons idered  a re f lec t ion  of c o m p e t i t i v e  a n d  non -  
c o m p e t i t i v e  e q u i l i b r i u m  effects.  S u b s e q u e n t  i n h i b i t i o n  
m a y  be  due  to  severa l  t y p e s  of e n z y m e - i n h i b i t o r  or  
e n z y m e - i n h i b i t o r - s u b s t r a t e  r eac t ions  wh ich  m a y  be  col- 
l ec t ive ly  t e r m e d  ' i n a c t i v a t i o n '  s. Unf i l t e r ed  W S  shows  
s t r o n g  i n a c t i v a t i o n  a n d  P M  c o n t r i b u t e s  more  t o  t h i s  
p a t t e r n  t h a n  VP.  I n a c t i v a t i o n  b y  P M  is g rea t e r  t h a n  W S ,  
i n d i c a t i n g  t h a t  V P  a n d  P M  do  n o t  ac t  add i t ive ly .  Th i s  
p a t t e r n  was  conf i rmed  b y  t h e  i n h i b i t i o n  of ' r e c o n s t i t u t e d  
smoke ' ,  p r e p a r e d  b y  m i x i n g  s e p a r a t e d  V P  a n d  P M  (not  
shown) ,  w h i c h  gave  a n  i n a c t i v a t i o n  c u r v e  c rude ly  app rox i -  
m a t i n g  W S  a n d  less i n h i b i t o r y  t h a n  P M  alone.  T he  addi -  
t i on  of cys te ine  a f t e r  75 ra in  d i s t i n c t l y  reverses  t h e  in- 
a c t i v a t i o n  b y  b o t h  phases  of smoke,  b u t  t he  effect  is n o t  
so r ead i ly  a p p a r e n t  w i t h  ~VS. Howeve r ,  c o n c u r r e n t  ex- 
posu re  of cys te ine  a n d  W S  to  t h e  e n z y m e  shows  t h a t  t he  
a m i n o  acid p r o t e c t s  t he  e n z y m e  ef fec t ive ly  a n d  reduces  
g r ea t l y  t h e  r a t e  of e n z y m a t i c  i n a c t i v a t i o n .  These  d a t a  
con f i rm  in p a r t  ear l ier  f ind ings  ~,s. As expec ted ,  f i l tered 
W S  gives  less i n h i b i t i o n  t h a n  un f i l t e r ed  ~VS. 

R e m o v a l  of  t h e  cha rcoa l  f rom t h e  f i l te r  resu l t s  in  a 
d i s t i n c t  inc rease  in t h e  in i t i a l  i n h i b i t o r y  ef fec t  c o m p a r e d  
w i t h  s m o k e  p a s s e d  t h r o u g h  t h e  i n t a c t  f i l ter .  I n  repre-  
s e n t a t i v e  d a t a  us ing  a s u b s t r a t e  c o n c e n t r a t i o n  of a b o u t  
3.5 Km ~, in i t i a l  i n h i b i t o r y  veloci t ies  (% of cont ro l )  b y  
\VS  were  87 (no fil ter),  95 (fi l ter  i n t ac t )  a n d  91 (fi l ter  
w i t h  cha rcoa l  r emoved) .  C o n c u r r e n t  gas  c h r o m a t o g r a p h i c  
ana lys i s  i n d i c a t e d  t h a t  t h e  cha rcoa l  f i l ter  r educes  m a n y  
of t h e  vo la t i l e  s m o k e  c o m p o n e n t s ,  i nc lud ing  a 70% de- 
crease  in  aceta ldehydeX0;  t h i s  c o m p o u n d  is f o u n d  on ly  in 

V P  n a n d  wou ld  be expec t ed  to  a c t  as a c o m p e t i t i v e  
inh ib i to r .  

A l t h o u g h  d e t e r m i n a t i o n s  of i n h i b i t i o n  t y p e  on  complex  
m i x t u r e s  b y  classical  rec iproca l  p lo t s  of s u b s t r a t e  con-  
c e n t r a t i o n  versus  ve loc i ty  m a y  be  t e n u o u s  8,9, LINE- 
~,VEAVER-BURK 12 a n d  DIXON 12 p lo t s  were  e x a m i n e d  to  
o b t a i n  f u r t h e r  i n f o r m a t i o n .  Since c o n c e n t r a t i o n s  of un -  
iden t i f i ed  smoke  i n h i b i t o r s  were o b v i o u s l y  unava i l ab l e ,  
comple t e  k ine t ic  ana lyses  could  n o t  be  made .  However ,  
t h e  resu l t s  ref lect  t h e  c o m p l e x i t y  of i n h i b i t i o n  b y  t h e  
s m o k e  solu t ions .  I n  general ,  V P  a p p e a r e d  to  be  a l m o s t  
c o m p l e t e l y  c o m p e t i t i v e ;  P M  a n d  \.VS showed  n e i t h e r  
classical  c o m p e t i t i v e  n o r  n o n - c o m p e t i t i v e  i n h i b i t i o n  b u t  
gave  a n  a p p a r e n t  m i x e d  inh ib i t i on .  

P M  c o n t a i n s  m a n y  c o m p o u n d s  w h i c h  c a n  ac t  n o n -  
compe t i t i ve ly ,  i nc lud ing  phenols ,  n ico t ine ,  py r id ine ,  
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Yeast alcohol dehydrogenase inhibition by cigarette smoke and 
phases thereof. Smoke solution was mixed with an equal vol. of 
enzyme solution (10 ~g]ml buffer) and incubated at 25°C for the 
times shown. Aliquots (1.0 nil) were removed and added to the 
reaction mixture {200 ~moles ethanol, 300 [~moles NAD, 50 [~moles 
pyrophosphate buffer, pH 8.8; total vol. 2.0 ml), and the rate of 
NADH formation was read at 340 nm. V0, initial velocity (control); 
VP, vapor phase, non-filtered; PM, particulate matter phase, non* 
filtered; WS, whole smoke, non-filtered; WSF, whole smoke, passed 
through charcoal-acetate type filter; WS + C, whole smoke, non- 
filtered, with cysteine {0.1 mole) added at zero time. 
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a l k y l a t i n g  agen ts ,  a n d  free rad ica l s  *. Y e a s t  a lcohol  de-  
h y d r o g e n ~ s e  is i n h i b i t e d  c o m p e t i t i v e l y  b y  p y r i d i n e  xa, 
s u b s t i t u t e d  ' p y r i d i n i u m  r ing '  c o m p o u n d s  ~,  a n d  t h e  a lky-  
I a t i n g  agen t ,  ch lo roqu ine  ~.  P h e n o l  a n d  s u b s t i t u t e d  p h e n o l s  
m a y  a c t  n o n - c o m p e t i t i v e l y ,  b u t  also h a v e  b e e n  s h o w n  to  
compete ,  w i t h  N A D  in  c e r t a i n  d e h y d r o g e n a s e  systems~% 
Alcohol  d e h y d r o g e n a s e  is i n a c t i v a t e d  b y  X - r a d i a t i o n  x7 
p r e s u m a b l y  b y  r ad i ca l  f o rma t ion ,  a n d  cys te ine  h a s  a 
l imi t ed  p r o t e c t i v e  effect  ss. I n  mode l  e x p e r i m e n t s ,  D i x o n  
p lo t s  i n d i c a t e d  t h a t  n ico t ine ,  a n d  t o  some ex t en t ,  phenol ,  
gave  c o m p e t i t i v e  i n h i b i t i o n  in t he  a b o v e  e n z y m e  sys tem,  
w h e r e a s  p y r i d i n e  a t  t h e  usua l  s m o k e  c o n c e n t r a t i o n  h a d  a 
negl ig ible  effect. I n a c t i v a t i o n  b y  n i co t ine  (PM com-  
ponen t ) ,  p y r i d i n e  (PM a n d  V P  c o m p o n e n t ) ,  h y d r o g e n  
cyan ide  or  c a r b o n  m o n o x i d e  (VP c o m p o n e n t s )  does  no t  
seem to  a c c o u n t  for t h e  o b s e r v e d  i n h i b i t i o n  b y  t h e  smoke  
phases .  

The  occur rence  of smal l  a m o u n t s  (1-2 vg /c igare t t e )  of 
pe rox ides  in  smoke  h a s  b e e n  c l a imed  ~, b u t  t h e i r  p resence  
could  n o t  be  c o n f i r m e d  b y  e n z y m a t i c  ana lys i s  in  t h e  
p r e s e n t  work.  H y d r o g e n  pe rox ide  (30 ~zg) i n h i b i t e d  b o t h  
in i t i a l ly  a n d  s u b s e q u e n t l y ,  b u t  d id  n o t  a c c o u n t  for  t h e  
overa l l  i nh ib i t i on .  U l t r a c e n t r i f u g a l  ana lys i s  a n d  ac ry l - ,  
a m i d e  gel e lec t rophores i s  of t h e  s m o k e - r e a c t e d  e n z y m e  
revea led  no  ev idence  for t h e  p resence  of d imer s  w h i c h  a re  
k n o w n  to  fo rm b y  r eac t ions  b e t w e e n  w e a k  o x i d a n t s  a n d  
s u l f h y d r y l  g roups  of p ro t e in s  ~0. However ,  d isul f ides  m a y  
also b e  fo rmed  i n t r a m o l e c u l a r l y  r a t h e r  t h a n  b y  d imer i -  
za t ion .  S t r o n g  o x i d a n t s  m a y  also r e a c t  w i t h  su l fhydry ls ,  
y ie ld ing  sulfinic,  sulfonic  a n d  r e l a t ed  acids w h i c h  are  n o t  
r educed  b y  a d d i t i o n  of cys te ine .  T h e  p resence  in c iga re t t e  
s m o k e  of b o t h  t y p e s  of o x i d a n t s  is p r o b a b l e  f rom t he  
ana lys i s  of t h e  va r ious  effects  of cys te ine .  

Zusammen[assung. Die H e m m u n g  de r  Alkot~oldehydro-  
genase  aus  Here  d u r c h  Z i g a r e t t e n r a u c h  b e r u h t  au f  ver-  
s ch i edenen  I n a k t i v i e r u n g s m e c h a n i s m e n .  Die  G a s p h a s e  
zeigt  e ine k o m p e t i t i v e  H e m m u n g ,  d ie  P a r t i k e l p h a s e  u n d  
de r  ganze  1Rauch e ine  gemisch t e  H e m m u n g .  D a  die H e m -  
m u n g  d u r c h  d e n  g a n z e n  R a u c h  n i c h t  de r  S u m m e  de r  
H e m m u n g e n  be ide r  P h a s e n  en t sp r i ch t ,  i s t  a n z u n e h m e n ,  
dass  W e c h s e l w i r k u n g e n  zwischen  d e n  I n h i b i t o r e n  u n d  
A n t a g o n i s t e n  vor l iegen.  
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Les  s i t e s  s u b c e l l u l a i r e s  d ' i n c o r p o r a t i o n  d u  1 - 1 4 C - L - f u c o s e  d a n s  l e s  g l y c o p r o t 6 i n e s  d e s  ce l lu l e s  
n o r m a l e s  et c a n c 6 r e u s e s  e n  c u l t u r e  i n  v i t r o  

Les  cel lules en  c u l t u r e  in  v i t r o  o f f r en t  u n  ma t6 r i e l  de  
cho ix  p o u r  la  r e c h e r c h e  des  s i tes  de  la  b i o s y n t h ~ s e  des  
g lycoprot~ines .  D a n s  des  t r a v a u x  an t~ r i eu r s  1,2, nous  a v o n s  
6 tudi6  l ' i n c o r p o r a t i o n  de  la  1-14C-D-glucosamine d a n s  les 
cellules f i b rob l a s t i ques  de  l ' e m b r y o n  de p o u l e t  e t  d a n s  
les cellules n6op las iques  d ' o r i g ine  h u m a i n e ,  souche  K B.  
Le  fueose  es t  6 g a l e m e n t  u n  c o n s t i t u a n t  de  n o m b r e u s e s  
g lycopro t6 ines  an imales ,  p l a s m a t i q u e s  ou  t i s su la i res  ~,4; 
c ' e s t  p o u r q u o i  Ie 1-x4C-L-fucose a d6j~ 6t6 ut i l is6 c o m m e  
p r 6 c u r s e u r  d a n s  les 6 tudes  su r  l eu r  b i o s y n t h ~ s e  s,s. Sa  posi-  
t i o n  t e r m i n a t e  d a n s  les cha ines  po l y s accha r i d i ques  des  
g lycopro t6 ines  conf~re u n  in t6 rS t  pa r t i cu l i e r /~  I ' 6 tude  des  
s i tes  cel lulai res  de  son  i n c o r p o r a t i o n  d a n s  les m a c r o -  
mol6cules.  

Les  cellules t ( B  7 ou les cellules f i b r ob l a s t i ques  de  
l ' e m b r y o n  de pou le t  2 son t  raises en  cu l tu re  d a n s  u n  mi l ieu  

l ' h y d r o l y s a t  de l a c t a l b u m i n e  s, en  f lacons  r ec t angu l a i r e s  
de  21 × 1 2 ×  5 c m  (bol tes  de Roux) ,  k r a i son  de 2 5 m l  
p a r  f l acon  c o n t e n a n t  4 × 10 ~ cellules K B  ou 25 × 106 
cellules f ib rob las t iques .  Apr~s  24 h ~ 37 °C, le mil ieu de  
cu l t u r e  es t  61imin6 e t  9 m l  de mi l ieu  Irais,  c o n t e n a n t  
0,1 vCi de 1-14C-L-fucose e t  0,1 BCi de 6-aH-D-glucosa - 
mine,  son t  i n t r o d u i t s  d a n s  c h a q u e  f l acon ;  apr~s  1 h de  
c o n t a c t  A 37°C, on  a j o u t e  20 ml  du  mi l ieu  sans  m a r -  
queur .  L a  cu l tu re  es t  pour su iv i e  p e n d a n t  20 ou 72 h, 

37°C. 

L a  r6col te  cel lula i re  es t  effectu6e ~ 0 °C, en  r e m p l a ~ a n t  
le mi l ieu  de  cu l t u r e  p a r  20 m l  de  t a m p o n  Tris 0 ,01M,  
p H  7,3, NaC1 0 ,15M,  d i i s o p r o p y l f l u o r o p h o s p h a t e  
0,0001WI, s accha rose  0 ,885J .  Le  f r a c t i o n n e m e n t  celtu- 
la i re  es t  r6alis6 d a n s  les cond i t i ons  p r 6 c 6 d e m m e n t  d6- 
cr i tesS;  o n  isole, ~ p a r t i r  du  s u r n a g e a n t  , p o s t - m i t o c h o n -  
d r i a b ,  3 f r ac t i ons  c y t o p l a s m i q u e s :  la  p h a s e  cy top las -  
m i q u e  n o n  p a r t i c u l a i r e  (S), les m e m b r a n e s  endop las -  
m i q u e s  (M) e t  les r i bosomes  (R). D a n s  ces 3 f rac t ions ,  on  
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