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The k ine t ic  pa ramete r s  of the  f ragments  in  inh ib i t ion  of t ryp t i c  
activities 

I50 ~ (~tM) K, �9 (~tM) 

Tos-Arg-OMe Gly2-Lys-Gly 3 Tos-Arg-OMe Gly2-Lys-Gly 3 

Ia 40 3.6 15 1.5 

Ib 330 13 99 3.8 

�9 The kinetic measurement was carried out under the conditions 
described in Figure 2 : the substrate concentration was selected in the 
range of 0.33-1.0 mM for esterase activity, and 1.0-3.0 mM for 
peptidase activity. ~The substrate concentration was 1 mM and 3 
mM for Tos-Arg-OMe and Gly2-Lys-Gly3, respectively. 

Results and discussion. The  gel f i l t r a t i on  of c rude  I a on 
Sephadex  G-25 gave  3 peaks.  Mater ia l s  o b t a i n e d  f rom 
p e a k  2 and  3 were r educed  sepa ra t e ly  w i t h  f l -mercapto-  
e thanoI  a t  p H  8.6 and  appl ied  to  t he  co lumn  giv ing  a 
m a i n  peak  a t  t he  same  pos i t ion  to p e a k  3; Rf  (Gel) 0.61 
(Figure 1A), pos i t ive  b y  n i t ropruss ide .  The  s imi la r  resul t s  
were o b t a i n e d  for t he  c rude  cyclic n o n a p e p t i d e  I b 
(Figure 1B).  On p a p e r  e l ec t rophoreg rams  t he  p e a k  2 
m o v e d  to ca thode ,  R 0.49 •  and  peak  3, R 0.44 •  
Reduced  p e a k  2 or 3 showed t he  same  mob i l i t y  as peak  
3 itself. Similar  resul t s  were ob t a ined  for t he  ma te r i a l s  
re la ted  to  I b. These  obs e r va t i ons  suggest  t h a t  t he  peak  
3 a n d  3'  are m o n o m e r s  a n d  peak  2 a n d  2' are p r e s u m e d  
to be  dimers .  

F igure  2 shows t h a t  b o t h  of I a and  I b i nh i b i t  es terase  
and  pep t idase  ac t iv i t ies  of t ryps in .  However ,  these  smal l  
f r a g m e n t s  did  no t  form s tab le  1:1  complex  w i t h  t ryps in .  
The  va lue  of Ia015, t he  c o n c e n t r a t i o n  of a n  i n h i b i t o r  in 
wh ich  t r y p t i c  a c t i v i t y  was suppressed  to 50%, was g iven  
in t he  Tab le  for each  f r agmen t .  

The  resul t s  of k ine t i c  m e a s u r e m e n t s  i nd i ca t e  t h a t  t he  
mode  of i n h i b i t i o n  was compet i t ive .  The  K,  va lues  of 
f r a g m e n t  I a a n d  I b were d e t e r m i n e d  b y  D ixon ' s  p lo t  a n d  
shown in t he  Table .  The  dif ference of K~ va lues  of frag- 
m e n t s  be tween  es terase  and  pep t idase  a c t i v i t y  seems to be  
a t t r i b u t a b l e  to  t h a t  of t he  K ~  va lue  of each  subs t ra t e .  
Af ter  I a  (10 mg) was t r e a t e d  w i t h  t r y p s i n  a t  p H  3.75 as 
descr ibed in t he  l i t e r a tu re  ~6, t he  d iges ted  f r a g m e n t  (Ia*)  
which  h a d  been  hydro l i zed  a t  Lys-Ser  (16-17) b o n d  was 
isola ted b y  gel f i l t r a t ion  as descr ibed  above  (Rf (Gel) 0.69) 
and  asce r t a ined  b y  p a p e r  e lec t rophores is  (R 0.63 •  
I a* did  no t  exh ib i t  a n y  i n h i b i t o r y  ac t iv i ty .  The  f r a g m e n t  
I a d id  no t  i nh ib i t  c h y m o t r y p t i c  a c t i v i t y  w h e n  Gly 2- 
Tyr_Gly 317 was used as a subs t ra t e .  A n o t h e r  n o n a p e p t i d e  
(41-49) con ta in ing  a n t i c h y m o t r y p t i c  si te  a n d  i ts  ana logs  
are u n d e r  syn thes i s  in th i s  l abo ra to ry .  

Zusammen/assung. Zwei N o n a p e p t i d f r a g m e n t e  des 
B o w m a n - B i r k  I n h i b i t o r s  w u r d e n  m i t  HiKe der  Merrif ield- 
Syn these  herges te l l t  u n d  de ren  T r y p s i n h e m m e n d e  Akt i -  
v i t g t  b e s t i m m t .  
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T h e  A s s o c i a t i o n  o f  E n z y m i c  A c t i v i t i e s  i n  S u b f r a c t i o n s  o f  I s o l a t e d  R a t  L i v e r  G o l g i  

The  Golgi a p p a r a t u s  has  been  impl i ca t ed  in the  bio- 
syn thes i s  of g lycopro te ins  and  l ipopro te ins  and  in 
su lpha t e  m e t a b o l i s l n l - K  I t  is t e m p t i n g  to specula te  t h a t  
t h e  d i f fe rent  enzymic  ac t iv i t i es  are localized to d iscre te  
areas  of t h i s  complex  organelle.  I n  our  expe r i men t s  i t  
h a s  been  possible  to  show some sepa ra t i on  of ac t iv i t i es  
a f t e r  mi ld  homogen i za t i on  a n d  cen t r i fuga t ion  in sucrose 
gradients .  

Materials and methods. The  Golgi f r ac t ion  was isola ted 
f rom male  W i s t a r  r a t s  (200 220 g), fas ted  16-18 h, b y  t he  
p rocedure  descr ibed p rev ious ly  4. Golgi f rac t ions  f rom 
2-3 l ivers  were col lected in a vo lume  of no t  more  t h a n  
2 ml  and  were homogen ized  a t  80 r p m  w i t h  3 up  a n d  
down  passes  w i t h  a t y g o n  pes t le  h a v i n g  a c learance  of 
0.006 inches.  This  h o m o g e n a t e  was p laced  on a sucrose 
g r ad i en t  of densi t ies  1.20, 1.18, 1.16 and  1.14, con ta in ing  
5 m M  MgC12, 3 m M  m e r c a p t o e t h a n o l  a n d  37.5 m M  
Tris-maleate buffer ,  p H  6.4. The  g rad ien t s  were cent r i -  
fuged a t  30,000 r p m  for 3 h in  SW-50.1 B e c k m a n  rotor .  
3 b a n d s  were isola ted and  k e p t  f rozen a t  - -18~  un t i l  
enzymes  were assayed.  A b o u t  2 5 - 3 0 %  of the  or iginal  
Golgi p ro t e in  was recovered  w i t h  a d i s t r i bu t i on  of 66 in 
t h e  first,  23 in t he  second, and  11% in t he  t h i r d  b a n d .  
The  enzymes  assayed  h a v e  been  chosen for t he i r  r epo r t ed  
presence  or suggested  i n v o l v e m e n t  in t he  ac t iv i t i es  in t he  

G o l g i - G E R L  s sys t em l-a, as well as non-Golgi  enzymes  to 
m o n i t o r  p u r i t y  of t he  p r e p a r a t i o n s  t h a t  were assayed.  

Enzyme assays. The  fol lowing enzymes  were assayed.  
Acid p h o s p h a t a s e  (EC: 3.1.3.2)s; a lka l ine  p h o s p h a t a s e  
(3.1.3.1) 7 ; a ry l su l fa t a se -A (3.1.6.1) a n d  a ry l su l f a t a se -B  
(3.1.6.1) s, 9; t h i a m i n e  p y r o p h o s p h a t a s e l ~  galac tosyl -  
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Table I. The specific activities of several golgi and non-golgi enzymes in homogenates of rat liver, isolated golgi and subfraetions of isolated 
golgi 

Enzymes assayed Whole liver homogenate Golgi fraction Band I Band II  Band I I I  

Acid Phosphatase �9 0.47 0.45 0.65 0.05 ND 
0.37-0.52 0.28-0.68 0.30-0.86 0-0.15 

Alkaline Phosphatase a 0.97 1.46 2.46 8.30 3.33 
0.68--1.42 0.92--2.10 0 .48--4.96 4.50--15.20 1.0--6.2 

Thiamine 10.90 19.2 20.0 69.3 3.3 
Pyro-Phosphatase b 8.8 13.7 14.9-25.0 13.4-30.0 37.4-116.2 0.5-13.0 
Galactosyl Transferase ~ 3.4 120.1 198.4 29.1 14.1 

2.1-6.0 68.6-208 160-246 9.4-67.4 1.2-30.5 
Aryl-Sulfatase A a 16.4 14.4 8.5 12.1 39.7 

12.6-21.4 9.2-18.6 6.8-12.6 6.7 20.0 38.8-70.0 
Aryl-Sulfatase B a 37.0 20.0 9.7 33.8 ND 

27.0-67.0 14.7-28.0 6.0-19.2 18.2-72.8 
Glueose-6-Phosphatase ~ 0.21 0.03 0.01 0.01 ND 

0.17-0.27 0.01-0.04 0-0.03 0-0.02 
5'-Nucleotidase ~ 0.05 0.01 < 0.01 Traces ND 

0.03-0.08 0.01-0.02 0-0.02 
Malic-dehydrogenase * 4.28 3.38 1.76 1.18 ND 

2.8-6.8 1.7-5.2 0.82-3.10 0-2.20 
Malie Enzymes g 0.14 0.20 0.01 ND ND 

0.12-0.16 0.13-0.33 0-0.04 
Urate Oxidase ~ 0.58 0.02 Traces ND ND 

0.36-0.77 0-0.05 

Acid and alkaline phosphatases (~xM p-nitrophenol liberated/min/mg/protein), bnM inorganic phosphorous Iiberated/min/mg protein, e nmoI 
of galactose transferred/h/mg protein .anM p-nitrocatechol liberated/min/mg protein, e[xM inorganic phosphorous liberated/min/mg protein. 
fnM NAD redueed/min/mg protein, g Ochoa units, hlzM uric acid destroyed/min/mg protein. ND, not detected. 

t r a n s f e r a s e  11; u r a t e  ox idase  (1.7.3.3.) 12 ; g lucose -6 -phos -  
p h a t a s e  (3.1.3.9)23; N A D - m a l i c  d e h y d r o g e n a s e  (1.1.1. 
37) 1'; ' m a l i c - e n z y m e s '  (1.1.1.38, 1.1.1.39, 1.1.1.40) 15; 
5 ' n u c l e o t i d a s e  1G a n d  t o t a l  p r o t e i n  17. 

Results and discussions. C e n t r i f u g a t i o n  of  t h e  Golgi  
h o m o g e n a t e  r e su l t ed  in s e p a r a t i o n  of t h r e e  b a n d s  w i t h  
dens i t i es  of 1.15, 1.17 a n d  1.19. T h e  specif ic  ac t iv i t i e s  of 
e n z y m e s  a s s a y e d  in each  b a n d  a re  c o m p a r e d  to  t h o s e  fo r  
t h e  l iver  h o m o g e n a t e  a n d  t h e  i so la ted  Golgi  f r a c t i o n s  in 
T a b l e  I.  T h e  d a t a  in Tab l e  I s u p p o r t  t h e  v i e w  t h a t  s o m e  
s e p a r a t i o n  of Goigi  e n z y m e s  w a s  ach ieved .  I n  T a b l e  I I  t h e  
p e r c e n t a g e  of  t o t a l  a c t i v i t y  r e c o v e r e d  in each  b a n d  as 
c o m p a r e d  to  t h a t  of t h e  Golgi  h o m o g e n a t e  app l i ed  to  t h e  
f ina l  g r a d i e n t  is s h o w n .  

T h e  g a l a c t o s y l t r a n s f e r a s e  w a s  a l m o s t  exc lu s ive ly  
local ized to  B a n d  I, w h i c h  c o n t a i n e d  la rge  m a s s e s  of 
t u b u l e s  w h e n  e x a m i n e d  b y  e lec t ron  m i c r o s c o p y  a f t e r  
n e g a t i v e  s t a in ing .  Alka l ine  p h o s p h a t a s e ,  t h i a m i n e  p y r o -  
p h o s p h a t a s e  a n d  p r o b a b l y  a r y l s u l p h a t a s e  B are  a s soc i a t ed  
in B a n d  I I  w h i c h  c o n t a i n s  sma l l  m e m b r a n e  f r a g m e n t s  a n d  
vesicles.  A r y l s u l p h a t a s e  A w a s  f o u n d  in B a n d  I I I  w h i c h  

cons i s t ed  of large m e m b r a n e  f r a g m e n t s  b u t  c o n t a i n e d  
on ly  19% of a c t i v i t y  of t h a t  in  t h e  Golgi  h o m o g e n a t e .  
B a n d  I c o n t a i n e d  16% of t h e  ac t iv i ty ,  so t h a t  i t  w a s  
d i f f icul t  t o  decide on  t h e  bas i s  of  t o t a l  e n z y m e  a c t i v i t y  
w h e t h e r  or  n o t  s o m e  loca l iza t ion  of th i s  a c t i v i t y  h a d  oc- 
cur red .  T h e  s e p a r a t i o n  of e n z y m e  ac t iv i t i es  in m e m b r a n e s  
s e d i m e n t i n g  a t  d i f f e ren t  dens i t i es  in t h e  suc rose  g r a d i e n t  
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Table fI. Recovery of enzyme activities in golgi subfractions (% activity~) 

Sample Gal transferase Acid phosphatase Alkaline phosphatase~ Thiamine pyrophosphatase Aryl sulfatase A AryI sulfatase B 

Band I 47 39 41 28 16 13 

Band II  3 3 74 48 11 24 

Band I I I  0.7 Not detected 16 1.3 19 Not detected 

Total activity in Band • 100 
% activity = 

Total activity in Golgi homogenate 

bThe recoveries of alkaline phosphatase were always anomalous and varied between 120-150% of that of the Golgi homogenate. Total acti- 
vities; specific activity • total protein. 
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impl ies  t h a t  d i f fe ren t  m e m b r a n e s  possess un ique  e n z y m e  
ac t iv i t i es  which  m u s t  ref lect  t he  func t iona l  a c t i v i t y  of 
p a r t i c u l a r  m e m b r a n e  sys tems.  

Because  of t he  v a s t l y  d i f fe rent  e x p e r i m e n t a l  p rocedures  
used, i t  is diff icul t  to  c o m p a r e  t he  p re sen t  s t u d y  w i t h  those  
of OVTRACHT et  al. lS or BERGERON et  a1.19. I n  t he  work  
of OVTRACHT et  al. lS, a c rude  e n z y m e  mix tu re ,  t a k a d i a -  
stase,  was  used which  con ta ins  m a n y  d i f fe rent  ac t iv i t ies  
inc lud ing  proteases ,  glycosidases,  phospha ta ses ,  RNases ,  
etc. s0, i t  is di f f icul t  to  sepa ra te  enzyme  ac t iv i t i es  which  
m a y  be  a p a r t  of t he  Golgi  s y s t e m  as c o m p a r e d  to those  
which  m a y  h a v e  become  assoc ia ted  w i t h  the  m e m b r a n e s  
a f te r  add i t i on  of t akad ia s t a se .  A s imi la r  ob jec t ion  can  be  

~s L. 0VTRACHT, D. J, •ORRE, R. D. CHEETltAM and H. H. MOLLEN- 
ttAHER, J. Mierosc. 78, 87 (1973). 

19 j .  j .  M. BERGERON, J. ~-I. EHRENREICH, P. SIEKEVITZ and G. E. 
PALADE, J.  Cell Biol. 59, 45 (1973). 

2o N. INOIJE, Jap.  J.  Nu t r i t ion  17, 43 (1959). 
21 H. GANG, C. S. LIEBER and E. RUBIN, Nature  New Biol. 243, 123 

(1973). 
22 K. BECKER, Klin. Wschr.  d9, 558 (1971). 
23 This work was supported by the Medical Research Council of 

Canada. 

m a d e  to  t he  use of lysosomal  ex t r ac t s  to  u n s t a c k  Golgi. 
The  use of large doses of e t h a n o l  b y  BERGERO/q et  al. 20 
resul ts  in  tox ic  effects, wh ich  would  be  ref lec ted  in 
f luc tua t ions  of t he  enzymic  act ivi t ies .  A r ecen t  r epo r t  
descr ibes  a nea r ly  100% increase  of g lycosy l t rans fe rase  
ac t iv i t ies  in  r a t  l iver  Golgi a f t e r  a single dose of e t hano l  21. 
An  increase  of asS i nco rpo ra t i on  in to  l iver  mucopo ly -  
sacchar ides  a f te r  a lcohol  has  also been  repor ted  ~. W e  feel 
t h a t  t he  gent le  h o m o g e n i z a t i o n  p rocedure  used in our  
l a b o r a t o r y  r ep resen t s  a fa i r  a s sessment  of associa ted  
e n z y m e  ac t iv i t ies  28 

Zusammen/assung. Aus R a t t e n l e b e r  isol ierte Golgi 
A p p a r a t e  w u r d e n  u n t e r  mi lden  B e d i n g u n g e n  homogen i -  
s ier t  u n d  auf  d i skon t inu ie r l i chen  Suc rose -Grad ien ten  
aufge t ragen .  B e i m  Zen t r i fug ie ren  w u r d e n  3 B a n d e n  m i t  
jeweils Anre i che rungen  m e h r e r e r  E n z y m e  e rha l t en ,  
welche e iner  pa r t i e l l en  Ver t e i lung  der  E n z y m a k t i v i t X t e n  
en t sprechen .  
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Inhibition of Liver Aldehyde Dehydrogenase by Pyrogallol and Related Compounds 

The  o b s e r v a t i o n  t h a t  in v ivo  b lood levels of a ce t a ldehyde  
(AcH), t he  in i t i a l  and  p r o b a b l y  mos t  r eac t ive  i n t e r m e d i a t e  
in t he  m e t a b o l i s m  of e t h a n o l  (EtOH) ,  are s ign i f ican t ly  
e l eva ted  d u r i n g  a lcohol  i n t o x i c a t i o n  in r a t s  if pyrogal lo l  
(PG;  1,2, 3 - t r i hyd roxybenzene )  is p r e - a d m i n i s t e r e d l , 2  
ha s  p r o m p t e d  us to  exam i ne  t he  effect  of P G  and  severa l  
r e l a t ed  de r iva t i ve s  on  l iver  a ldehyde  dehydrogenase  
( A l d D H ;  EC 1.2.1.3). I t  has  been  p rev ious ly  shown  2 t h a t  
t h e  increase  in b lood A cH  levels in  v ivo  fol lowing P G  and  
E t O H  is no t  c o n t i n g e n t  upon  P G ' s  k n o w n  i n h i b i t i o n  of 
c a t echo l -O-me thy l t r an s f e r a s e  (COMT) and  p r o b a b l y  is no t  
m e d i a t e d  b y  a c t i v a t i o n  of c a t a l a s e - d e p e n d e n t  E t O H  
metabo l i sm.  The  effect  of PG,  P G  metabo l i t e s ,  or re la ted  
ca techol  c o m p o u n d s  on  t he  a c t i v i t y  of A l d D H  has  no t  
been  inves t iga ted .  

Materials and methods. All chemica l s  were of t he  h ighes t  
commerc ia l  qua l i ty .  M i t o c h o n d r i a l  A l d D H  was p r epa red  
f rom l ivers  of ma le  Sp rague -Dawley  r a t s  essent ia l ly  as 
descr ibed  b y  TABAKOFF et al. 8, excep t  t h a t  t he  d i s r u p t i o n  

Table I. Effect of pyrogalloI and related compounds on in vitro 
activity of rat liver mitochondrial aldehyde dehydrogenase 

Inhibition (%) 

Concentration (mM) 
Compound 0.05 0.5 1.0 

PG (1, 2, 3-trihydroxybenzene) 6.4 27.0 
1, 2, 4-Trihydroxybenzene 38.5 49.5 
Hydroquinone (1,4-dihydroxybenzene) 26.2 41.9 
Chloral hydrate -- -- 
DDC (diethyldithiocarbamate) 6.8 26.7 
3-Methoxy-0-catechol 0 17.2 
2, 3-Dimethoxyphenol 0 4.3 
Gallic acid 0 0 
n-Propyl gallate , 0 0 
D, L-Shikimie acid 0 0 
Te t rahydroxy-p-  quinone 0 0 

of i so la ted  m i t o c h o n d r i a  was  accompl i shed  b y  4 one-min  
son ica t ion  per iods  us ing  a B r a m s o n  Sonif ier  a t  a power  
s e t t i ng  of 4. The  f inal  so lu t ion  of A l d D H  was shown to be  
essent ia l ly  free of m o n o a m i n e  oxidase  (MAO) ac t iv i ty .  
MAO a c t i v i t y  was assayed  as descr ibed b y  TABAI~OFF and  
ALIVISATOS 4 a n d  was found  to  be  < 5% of t he  a c t i v i t y  
found  in t h e  m i t o c h o n d r i a l  pellet .  

A ldehyde  d e h y d r o g e n a s e  a c t i v i t y  was assayed  a t  25 ~ 
in i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  0.05 M Na3PO 4, 
p H  7.0, 1 m M  N A D  +, a n d  e n z y m e  (1-2 m g  prote in) .  The  
reac t ions  were in i t i a t ed  b y  t he  a d d i t i o n  of subs t ra t e ,  
p rop iona ldehyde ,  (2 raM).  M e a s u r e m e n t s  of A l d D H  
a c t i v i t y  were pe r fo rmed  a t  p H  7, due  to  r ap id  ox ida t i on  
of P G  a t  h ighe r  pH ' s .  For  k ine t ic  s tudies ,  t h e  concen t ra -  
t ion  of e i the r  N A D +  or p r o p i o n a l d e h y d e  was var ied  
while  t he  o the r  c o m p o n e n t s  of t h e  i n c u b a t i o n  m i x t u r e  
were k e p t  cons t an t .  Inh ib i to r s ,  w h e n  presen t ,  were 
p r e i n c u b a t e d  w i t h  e n z y m e  for 2 ra in  before  t he  add i t i on  
of subs t ra te .  I n c u b a t i o n s  w i t h o u t  i nh ib i t o r  were assayed  
s imu l t aneous ly  w i t h  each  i n c u b a t i o n  con ta in ing  inh ib i to r .  
F o r m a t i o n  of N A D H  was m o n i t o r e d  spec t ropho to -  
me t r i ca l ly  us ing  a B e c k m a n  A c t s  I I I  record ing  spect ro-  
p h o t o m e t e r  w i t h  a 0.1 a b s o r b a n c e  un i t ,  full scale expan-  
sion. Kine t i c  da ta ,  p l o t t e d  as descr ibed b y  LINEWEAVER 
and BURK 5, were f i t t ed  b y  l inear  regress ion analys is  
us ing  an  Ol ive t t i  P r o g r a m m a  101. E a c h  p o i n t  r ep resen t s  
t he  m e a n  of 3 de t e rmina t i ons ,  S.D. < 7%. 

To asce r t a in  w h e t h e r  t he  i n h i b i t i o n  b y  P G  was re- 
versible,  A l d D t t  was  p r e - i n c u b a t e d  w i t h  P G  (10 raM)  for 
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