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Mitotisehe und endomitosetihnliche Teilungsstadien an vier dureh Reblausspeichel gereizten Stellen eines jungen Blattes yon Vitis 
Rupestris St. Georges. 

Teilungsstadien 
Anzahl Interphasen 
Kerne mitotische undendomitotische mitotische Anaphasen Endoanaphasen 

i 

Anzahl % Anzahl % Anzahl % Anzahl I % 

1711 1690 98,8 21 1,2 4 0,2 2 0,1 
1761 1710 97,1 51 2,9 6 0,3 14 0,8 
1941 1890 97,4 51 2,6 4 0,2 19 1,2 
1727 1675 97,0 52 3,0 13 0,7 5 0,3 

N a t u r g e m ~ s s  w e r f e n  n u n  diese  V e r s u c h e  u n d  t3eob-  
a c h t u n g e n  die  F r a g e  n a c h  d e r  b i o l o g i s c h e n  ~,Virkung des  
R e b l a u s s p e i c h e l s  auf .  H i e r  h a t t e  d ie  F e s t s t e l l u n g ,  da s s  
die Ze l l ke rne  des  G a l l e n g e w e b e s  m e h r e r e n  G r b s s e n -  
t y p e n  a n g e h b r e n ,  b e r e i t s  zu d e r  V e r m u t u n g  gef i ih r t ,  
dass  diese p o l y p l o i d  s ind  u n d  dass  de r  R e b l a u s s p e i c h e l  
e n d o m i t o t i s c h e  o d e r  d o c h  w e n i g s t e n s  endomi tose /~hn l i che  
V o r g ~ n g e  v e r u r s a c h t  ~. D e m  d i r e k t e n  N a c h w e i s  d iese r  
P o l y p l o i d i s i e r u n g s v o r g ~ n g e  s t e l l t e n  s ich  j edoch  z u n ~ c h s t  
e r h e b l i c h e  S c h w i e r i g k e i t e n  e n t g e g e n ,  d a  diese  be i  d e r  
R e b l a u s g a l l e  - g e n a u  so wie  be i  v i e l en  a n d e r e n  O b j e k -  
t e n  a - im  a l l g e m e i n e n  m a s k i e r t  v e r l a u f e n  u n d  n u r  d u r c h  
schwie r ige  A n a l y s e n  de r  K e r n s t r u k t u r e n  s i che r  e r f a s s t  
w e r d e n  k 6 n n e n .  

T r o t z d e m  f i n d e r  m a n  j e d o c h  u n t e r  b e s t i m m t e n  13e- 
d i n g u n g e n  (Gewt~chshaus ,  R e b s o r t e )  w/~hrend d e r  e r s t e n  
E n t w i c k l u n g s s t a d i e n  e ine r  Ga l l e  K e r n b i l d e r ,  d ie  a u f  die  
P o l y p l o i d i s i e r u n g s v o r g t t n g e  s e l b s t  h i n d e u t e n .  Die  M e t a -  
p h a s e c h r o m o s o m e n  e r s c h e i n e n  - a b w e i c h e n d  y o n  de r  i t i r  
A n g i o s p e r m e n  c h a r a k t e r i s t i s c h e n  E n d o m i t o s e  - k o n -  
t r a h i e r t ,  o f t  s o g a r  i i b e r k o n t r a h i e r t ,  u n d  r i i cken  - ge- 
w 6 h n l i c h  d e r  K e r n m e m b r a n  a n l i e g e n d  - i n  d e r  A n a -  
p h a s e  a u s e i n a n d e r ,  o h n e  dass  s ich  d ie  T o c h t e r p a a r e  vol l -  
k o m m e n  t r e n n e n .  I m  g a n z e n  e r i n n e r t  d i e se r  V o r g a n g  
e ine r se i t s  a n  die  f i i r  m a n c h e  t i e r i s che  O b j e k t e  c h a r a k t e -  
r i s t i sehe  E n d o m i t o s e  m i t  k o n t r a h i e r t e n  M e t a p h a s e -  
e h r o m o s o m e n ,  a n d e r e r s e i t s  a b e t  a n  e ine  S t a t h m o k i n e s e  
m i t  d a r a u f f o l g e n d e r  R e s t i t u t i o n s k e r n b i l d u n g .  

A l l e r d i n g s  i s t  d u r c h  die B e o b a c h t u n g  d iese r  e n d o -  
m i t o s e X h n l i c h e n  Vorgt~nge a l Ie in  n o c h  n i c h t  e rwiesen ,  
da s s  d iese  p r i m e r  d u r c h  d e n  s to f f l i chen  Re i z  d e r  1Reblaus 
v e r u r s a c h t  werden .  Sie k 6 n n t e n  v i e t m e h r  a u c h  als  Fo lge-  
e r s c h e i n u n g  de r  be r e i t s  in  G a n g  b e f i n d l i c h e n ,  m o r p h o -  
log isch  u n d  h i s to log i sch  f e s t s t e l l b a r e n  G a l l e n b i l d u n g  
a u f g e f a s s t  werden .  U m  diese  f i i r  die K a u s a l a n a l y s e  de r  
G a l l e n b i l d t m g  e n t s c h e i d e n d e  F r a g e  zu b e a r b e i t e n ,  
w u r d e  j unges ,  reak t ionsf~ ih iges  B l a t t g e w e b e  d e m  Gal t en -  
re iz  a u s g e s e t z t  u n d  e in ige  S t u n d e n  sp~iter  d ie  u n m i t t e l -  
b a r  h i e r v o n  b e t r o f f e n e n  Ze l lae ra le  (je e t w a  2000 
Zellen) u n t e r s u c h t .  D a b e i  s t e l l t e  es s ieh  he raus ,  dass  die  
P o l y p l o i d i s i e r u n g  b e r e i t s  zu e i n e m  Z e i t p u n k t  e inse t z t ,  
a n  d e m  n o c h  ga r  k e i n e  m o r p h o l o g i s c h e n  u n d  h i s to log i -  
s c h e n  V e r A n d e r u n g e n  a m  B l a t t  w a h r g e n o m m e n  w e r d e n  
k b n n e n  (Tabel le)  4 

E s  d a r f  a lso  - sowe i t  d ies  die  h i e r  a n g e w e n d e t e n  b io-  
log i schen  U n t e r s u c h u n g s m e t h o d e n  e r l a u b e n  - als  s i che r  
a n g e n o m m e n  w e r d e n ,  dass  das  g a l l e n i n d u z i e r e n d e  Se- 
k r e t  de r  R e b l a u s  prim~ir  a u f  den  Ze l l ke rn  w i r k t  u n d  h i e r  
p o l y p l o i d i s i e r e n d e  Vorg t tnge  b e d i n g t .  

2 F. ANDERS, Verb. dtseh. Zool., Erlangen 1955, 4~t ; Exper. 11, 
322 (1955). 

3 L. GEITLER, Protoplasmatolo~a 6, I (1953). - E. TSCHERMAK- 
~¥OESS, Protoplasma 46, 798 (1956). 

4 Im normalen Blatt der Rebe ist die Endomitose eine zwar na- 
tiir]iche, abet offenhar seltcne Erscheinung. Allerdings bestehen hin- 
siehtlich ihrer Hfiufigkcit sortentypisehe Untersehiede. 

O b  d e r  R e b l a u s s p e i c h e l  d a r i i b e r  h i n a u s  n o c h  andere,  
f i i r  die we i t e r e  E n t w i c k l u n g  u n d  G e s t a l t u n g  d e r  GaIle 
e r fo rde r l i che  Reize  s aus i i b t ,  k a n n  v o r e r s t  n o c h  nicht 
e n t s c h i c d c n  we rden .  E s  l iegen j e d o c h  b i s h e r  k e i n e  Beob- 
a c h t u n g e n  vor ,  die f i i r  e ine  so lche  A n n a h m e  sprechen 
k S n n t e n .  

F.  ANDERS 

Forschungsinst i tut  /i~r Rebenzi~chtung, Geilweilerho], 
Siebeldingen/P/alz ,  den 22. M a i  1956. 

Rdsumd 

L a  t r a n s m i s s i o n  e x p 6 r i m e n t a l e  de la  sMive d u  Phyl-  
lox6ra  p e u t  s t i m u l e r  les j e u n e s  feui l les  de  la  v i g n e  se 
t r o u v a n t  enco re  d a n s  la  p h a s e  de  v 6 g 6 t a t i o n  ~ f o r m e r  des 
galles.  A ce t  6gard ,  l ' e n d o p o l y p l o i d i s a t i o n  du  tissu 
fol iaire  qu i  es t  expos6  5. la s t i m u l a t i o n  d e . l a  fo rma t ion  
gal l icole  p r o u v e  u n  6 v ~ n e m e n t  f o n d a m e n t a l  de  la  c6cid0- 
gen6se.  

s Es w~re hier namentlich an zellteilungsfSrdernde Reize zu den- 
ken, zumal bei der Reblausgalle meist - aber nicht immer [vgl. W. 
NIKLOWITZ, Phytopath. Z. z4, 299 (1955)] - eine ausgesproehene 
Zellproliferation beobachtet werden kann. Da es sich jedoch hierbei 
in den Ffillen, in denen cingehendere Untersuchungen m6glich waren, 
meist nicht um echte mitotische, sondern um amitotische Zcllteilun- 
gen und ,,Zellunterteilungen,~ handelt, kann vermutct werden, dass 
diese mit einer vorausgegartgenell Endopolyploidisierung in Bezie- 
hung stehen und somit Sekund/irvergfinge sind, in deren Verlauf 
h/Shere PoIyploidiegrade auf nicdcre reduziert werden. 

R e n a l  A m m o n i a  P r o d u c t i o n  a s  a M o d e l  

f o r  t h e  S t u d y  o f  E n z y m e  A d a p t a t i o n  i n  M a m m a l s *  

I n d u c t i o n  is de f ined  as  a n  inc rease  in  ce l lu la r  enzyme 
c o n c e n t r a t i o n  as a c o n s e q u e n c e  to  t h e  a p p l i c a t i o n  of an 
i nduce r ,  s u c h  as t h e  s u b s t r a t e  of a n  enzyme .  Enzyme  
i n d u c t i o n  ( a d a p t a t i o n )  in  m i c r o o r g a n i s m s  was  first 
o b s e r v e d  b y  WORTMANN 1 a n d  h a s  b e e n  s t u d i e d  exten-  
s ive ly  in  r e c e n t  years% W h i l e  t h e  e x i s t e n c e  of this 
p h e n o m e n o n  h a s  g e n e r a l l y  b e e n  a c c e p t e d  for  micro- 
o r g a n i s m s ,  i t  is s t i l l  d o u b t f u l  w h e t h e r  i t  occurs  in  mam- 
m a l i a n  cells. S ince  t h e  f i r s t  c l a i m  of i n d u c t i o n  of pan- 
c r ea t i c  e n z y m e s  b y  ]°AVLOV~, r e p o r t s  o n  i n d u c t i o n  of 
s a l i v a r y  amy la se ,  p a n c r e a t i c  e n z y m e s  a n d  h e p a t i c  argin- 

* This investigation was supported by a research grant, RG-3795, 
from the National Institutes of Health, United States Public Health 
Service. 

1 j .  WORTMANY, Z. physiol. Chem. 6, ~87 0882). 
2 j .  MONOD and M. COHN, Advances in Enzymology 13, 67 (1952). 
3 i. P. PxvLov, The IVork o[ the Digestive Glands (Charles Griffin 

and Co. Ltd., London 1910). 
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ase have been published 4. Most of these studies are open 
to criticism, since one or more of the following criteria 
were not  fulfilled: (1) Enzyme concentrat ion must  in- 
crease on a cellular basis to exclude hyperplasia,  changes 
in hydration, etc., (2) the enzyme assays should be so 
designed tha t  substrate and cofactor avai labi l i ty does 
not limit enzyme act iv i ty  and (3) nonspecific alterations 
due to changes in the nutr i t ional  or hormonal  status of 
the animals must  be excluded. 

M^NDELSTA~*I 5 recently analyzed the kinetics of en- 
zyme induction in microorganisms and proposed the 
following working hypothesis:  The enzyme (E) is in a 
reversible equilibrium with its inact ive precursor (P) 
which again is in an equil ibrium state with the protein 
pool (B) of the cell. The  substrate or any other  inducer 
which will act ivate  the enzyme system will cause an in- 
creased number  of enzyme-substrate complexes (ES)  and 
thereby shift the equilibrium in a way which will tend to 
increase enzyme synthesis. This is depicted in Figure 1. 

B ,  " P .  - '~E + S , ~  * E S .¢  ") E + R 

B Protein pool; P precursor; E enz}n~ne; S substrate; ES enzyme- 
substrate complex; R reaction product. 

Fig. I.--Mass action theory of enzyme induction s. 

The above hypothesis can be applied to the rise in 
renal glutaminase ac t iv i ty  concomitant  with increased 
ammonia excretion in acid loaded guinea pigs. Urinary 
ammonia is produced by enzymatic  hydrolysis of gluta- 
mine s. Administrat ion of acid to mammals  leads to an 
acute as well as chronic increase in ammonia  excretion. 
While the acute increase must  be considered as a 
stimulus or 'kinetic change',  the slow increase occurring 
over several days is probably due to induction or adapta-  
tion of the ammonia  producing enzymes in the kidney. 
The most impor tant  enzyme for ur inary ammonia  
production is glutaminase i, a phosphate act ivated 
enzyme with an optimal pH of 7.5, which splits gluta- 
mine into ammonia  and glutamic acid v. This enzyme is 
primarily localized in the papil lary and collecting ducts 
of the renal medulla s . :Following st imulation and induc- 
tion by daily administrat ion of ammonium chloride, an 
increase in enzyme ac t iv i ty  in the kidney was observed 
in rat  slices 9 and homogenates 1° and in guinea pig 
homogenates~L The increase in enzyme concentrat ion 
in the kidney and the in  rive ammonia  excretion were 
roughly proportional l°. 

Enzyme concentration is rarely the limiting factor for 
the act ivi ty  of a biocatalyt ic system. More impor tant  are 
substrate availabili ty,  intracellular pH and the presence 
of effectors. We observed nevertheless tha t  ammonia  
production by renal glutaminase I becomes limiting for 
ammonia excretion in vivo, if production is s t imulated 

4 W. E. KNox, V. H. AUERBACH, and E. C. C. LIN, Physiol. Rev. 
56, 16,1 (1956). 

$ J. ~]ANDELSTAM, Biochem. J. 51, 674 (1952). 
s D. D. VAN SLVXE et al., J. biol. Chem. 15o, 481 (1943). 
? R. RICIITERICH-VAN BAERLE, L. GOLDSTEIN, and EARL H. 

DEARBORN, Enzymologia (in press), 
8 R. R|CHTERICII-VAN BAERLE~ L. GOLDSTEIN~ and EARL H. 

DEARBORN, Nature 178, 698 (1956). 
9 B. M. A. DAWES and J. YuDmN, Biochem. J. 5~, 407 (1952). 
1o F. C. RECTOR, D. W. SELDXN, and J. H. COPENHAVER, J. clin. 

Invest. 34, 20 (1955). 
11 L. GOLDSTEIN, R. RICHTERICH-VAN BAERLE, and EARL U. 

DEAReORN, Proc. Soc. exp. Biol. Med. (in press). 

acutely by  the administrat ion of acid t~. Using this 
system for a s tudy of enzyme induction, it is therefore 
not  only possible to measure enzyme concentrat ion (E) 
in  vitro, but  also the reaction product  (R) as excreted in  
vivo. Since in the guinea pig physico-chemicaI factors 
have lit t le influence on ammonia  excretion as compared 
to dog and man 1~, this animal is part icularly well suited 
for induction studies. 
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Fig. 2.--Increase in ammonia response with relation to urinary pH 
during induction. 

In  the present invest igat ion ammonia  excretion was 
followed prior to and following administrat ion by stom- 
ach tube of an acid load of 0.5 m M  ammonium chloride 
per 100 g body weight. Six animals weighing 540-580 g 
were used. The animals were kept  in metabolic cages, 
and the urine collected for 1 h prior to (basal excretion) 
and 1 h after the stimulus had been applied. The ad- 
ministrat ion of ammonium chloride served two purposes, 
first, providing a maximal  st imulus for ammonia  ex- 
cretion and, second, inducing glutaminase I. The con- 
centrat ion of this enzyme in the whole kidney at the end 
of the induction period, i.e. 14 days approximate ly  
doubles 11. 

Since the acid-base balance of the animal is a good 
measure of the extent  of acute s t imulat ion of the am- 
monia producing mechanism, the individual  results are 
correlated with the urinary pH. As shown in Figure 2, 
ammonia  excretion progressively rose to reach a peak at  
the 12-13th day after  the beginning of the daily ad- 
ministrat ion of ammonium chloride. For  any given pH 
level ammonia  excretion approximately  doubled during 
induction. But  even if the urinary pH is not  taken into 
consideration, a similar pa t te rn  is observed. Figure 3 
shows the response to the stimulus (ammonium chloride) 
on a part icular  day as compared to the basal excretion 
on tha t  same day. The ammonia  response following an 
acid load prior to induction was taken as 1, and the 
response during induction expressed as per cent  of the 
preinduction response. Peak induction was observed 
between the 6th and 10th day, and a linear relationship 

12 R. RICHTERICII-VAN I]AERLE, L. GOLDSTEIN, and EARL H. 
DEARBORN, J. clin. Invest. (in press). 

13 R. RICIITERICH-VAN BAERLE, L. GOLDSTE|N~ and EARL H. 
DEARnORN, Science 12~, 74 (1956). 
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b e t w e e n  t h e  i n c r e a s e d  r e s p o n s e  a n d  t h e  t i m e  i n v o l v e d  
was o b s e r v e d .  

T h e  i n d u c t i o n  ra t e ,  i.e. t h e  i n d u c t i o n  o c c u r r i n g  p e r  
u n i t  t ime ,  c a n  e i t h e r  be  l o g a r i t h m i c  or  l inear ,  d e p e n d i n g  
on  w h e t h e r  t h e  r e a c t i o n  p r o d u c t  (R) is u sed  as  b u i l d i n g  
m a t e r i a l  for  t h e  e n z y m e  (E) or  is t a k e n  o u t  of t h e  equi -  
l i b r i u m ,  as  s h o w n  in  F i g u r e  1. S ince  t h e  e n d  p r o d u c t ,  
a m m o n i a ,  is e x c r e t e d  in  t h e  u r i n e  a n d  t h e r e b y  t a k e n  o u t  
of  t h e  e q u i l i b r i u m ,  t h e  o b s e r v e d  l i n e a r  r e s p o n s e  is cons i s t -  
e n t  w i t h  MANDELSTAM'S h y p o t h e s i s .  I t  m a y  b e  c o n c l u d -  
e d  t h a t  t h e  h y p o t h e s i s  of !ViANDELSTAM c a n n o t  o n l y  be  
a p p l i e d  .to e n z y m e  i n d u c t i o n  in  m i c r o o r g a n i s m s ,  b u t  a lso  
to  e n z y m e  a d a p t a t i o n  in  m a m m a l s .  

~o O F  P R E - I N D U G T I O N  R E S P O N S E  
o 
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Fig. 3.--Increase in ammonia response during induction. 

F o r  t h e  t i m e  b e i n g  i t  is c o n v e n i e n t  to  i n t e r p r e t  a d a p t a -  
t i o n  f r o m  a te leo logica l  v i e w p o i n t ,  i.e. i n  t h e  case  of 
i n c r e a s e d  u r i n a r y  a m m o n i a  e x c r e t i o n  in  c h r o n i c  ac idos i s  
t o  cons ide r  t h i s  as  a m e c h a n i s m  p r o t e c t i n g  t h e  a n i m a l  
f r o m  a n  excess ive  loss of base .  T h i s  p h e n o m e n o n  ex-  
p l a i n s  t h e  loss of d i u r e t i c  e f fec t  of a m m o n i u m  ch lo r ide  
w h e n  t h i s  d r u g  is a d m i n i s t e r e d  for  s e v e r a l  days .  I n s t e a d  
of  s o d i u m  a n d  p o t a s s i u m ,  a m m o n i u m  is exc re t ed ,  wh i l e  
t h e  o t h e r  c a t i o n s  a re  r e t a i n e d .  T h i s  s a m e  p h e n o m e n o n  
is p r o b a b l y  i m p o r t a n t  in  r e n a l  d iseases  w i t h  acidosis .  
F u r t h e r  i n v e s t i g a t i o n  of i n d u c t i o n ,  e x p e r i m e n t a l  a n d  
s p o n t a n e o u s l y  o c c u r r i n g  in diseases ,  is w a r r a n t e d ,  s ince  
t h e  p r o g n o s i s  of m a n y  m e t a b o l i c  d iseases  is pos s ib ly  
d e p e n d e n t  on  t h e  degree  of a d a p t a t i o n .  

R.  I{ICHTERICH-VAN BAERLE 14 a n d  
L. GOLDSTEIN 

Departm'ent o/ Pharmacology, Boston University School 
o /Medic ine ,  Boston, Massachusetts, October d, 7956. 

Zusammen]assung 

C h r o n i s c h e  V e r a b r e i c h u n g  y o n  Sfiure f t i h r t  zu e the r  
e r h 6 h t e n  G l u t a m i n a s e - I - K o n z e n t r a t i o n  in  d e r  Nie re  u n d  
zu e t h e r  g e s t e i g e r t e n  A m m o n i a k a u s s c h e i d u n g  i m  Ur in .  
D a s  a m m o n i a k p r o d u z i e r e n d e  b i o k a t a l y t i s c h e  S y s t e m  
( G l u t a m i n a s e  I)  i s t  b e s o n d e r s  g u t  z u m  S t u d i u m  d e r  
E n z y m a d a p t a t i o n  ( I n d u k t i o n )  be t  S ~ u g e t i e r e n  gee igne t .  
D e r  S t a n d  d e r  A d a p t a t i o n  k a n n  n i c h t  n u r  d u r c h  die  Be-  
s t i m m u n g  d e r  E n z y m v e r ~ n d e r u n g e n  in  d e r  Niere ,  son-  
d e r n  a u c h  d u r c h  d e n  N a c h w e i s  des  R e a k t i o n s p r o d u k t e s  
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The Kinetics of Sulphatase A 

T h e  a n o m a l o u s  k i n e t i c s  of t h e  h y d r o l y s i s  of dipotas- 
s l u m  2 - h y d r o x y - 5 - n i t r o p h e n y l  s u l p h a t e  (nitrocatech01 
s u l p h a t e )  b y  o x  l i ve r  a r y l  s u l p h a t a s e  A ( s u l p h a t a s e  A) 
were  f i r s t  n o t e d  in  t h i s  l a b o r a t o r y  1 a n d  s i m i l a r  anomalies 
h a v e  s ince  b e e n  d e t e c t e d  in t h e  c o r r e s p o n d i n g  enzymes 
of r a t  a a n d  h u m a n  a l iver .  T h e  r e a c t i o n  v e l o c i t y  is not 
d i r e c t l y  p r o p o r t i o n a l  to  t h e  e n z y m e  c o n c e n t r a t i o n  but 
w i t h  i n c u b a t i o n  t i m e s  of 1 h i t  is l i n e a r l y  r e l a t e d  to  the 
e n z y m e  c o n c e n t r a t i o n  r a i s ed  t o  t h e  p o w e r  of  3/24. I t  was 
s u g g e s t e d  4 t h a t  t h i s  e f fec t  m i g h t  be  d u e  t o  a polymerisa-  
t i o n  of t h e  e n z y m e .  DODGSON a n d  SPENCER ~ s h o w e d  the 
f u n d a m e n t a l  a n o m a l y  to  b e  t h a t  t h e  r e a c t i o n  was  not 
of ze ro  o r d e r  a t  low c o n c e n t r a t i o n s  of  e n z y m e  a n d  sug- 
g e s t e d  a n  e x p l a n a t i o n  for  t h i s  e f fec t  i n  a ser ies  of com- 
p e t i n g  r e a c t i o n s  i n v o l v i n g  t h e  e n z y m e ,  s u b s t r a t e  and 
r e a c t i o n  p r o d u c t s .  S i m u l t a n e o u s l y ,  1RoY 6 s h o w e d  that 
n i t r o c a t e c h o l  s u l p h a t e  u sed  in  t h e s e  s t ud i e s  was  impure, 
c o n t a i n i n g  u p  to  10% of n i t r o p y r o g a l l o l  d i s u l p h a t d  
w h i c h  cou ld  be  r e m o v e d  b y  p a p e r  e l ec t rophores i s .  I t  was 
a lso  s h o w n  6 t h a t  p r e p a r a t i o n s  of n i t r o c a t e c h o l  sulphate 
o b t a i n e d  t h r o u g h  i t s  m e t h y l e n e  b lue  s a l t  d id  n o t  ex- 
h i b i t  t h e s e  a n o m a l o u s  k ine t i cs ,  t h e  r e a c t i o n  b e i n g  of 
zero  o r d e r  a n d  t h e  v e l o c i t y  d i r e c t l y  p r o p o r t i o n a l  to  the 
e n z y m e  c o n c e n t r a t i o n .  T h i s  s e e m e d  e x c e l l e n t  evidence 
for  t h e  s u g g e s t i o n  s t h a t  t h e  a n o m a l i e s  m i g h t  b e  due  to 
t h e  use  of  i m p u r e  s u b s t r a t e  p r e p a r a t i o n s  b u t  m o r e  recent 
w o r k  h a s  c a s t  some  d o u b t  o n  t h i s  i n t e r p r e t a t i o n  as 
s p e c i m e n s  of  n i t r o c a t e c h o l  s u l p h a t e  f ree  f r o m  ni t ropyro-  
gal lol  s u l p h a t e  s t i l l  g ive  a n o m a l o u s  k i n e t i c s  s. I n  v iew of 
t h e  i n c r e a s i n g  use  of n i t r o c a t e c h o l  s u l p h a t e  as  a subs t ra te  
in  s u l p h a t a s e  a s s a y s  i t  s e e m s  t h a t  a m o r e  d e t a i l e d  report 
of t h e  o b s e r v a t i o n s  m i g h t  b e  of va lue .  

I n  t h e  p r e s e n t  s t u d i e s  t h e  n i t r o c a t e c h o l  s u l p h a t e  was 
f ree  f r o m  n i t r o p y r o g a l l o l  d i s u l p h a t e  a n d  t h e  experi- 
m e n t a l  p r o c e d u r e s  were  t h o s e  a l r e a d y  d e s c r i b e d  in 
de ta i l% T h e  e n z y m e  was  ox  l i v e r  s u l p h a t a s e  A-34 .  As- 
s ays  were  c a r r i e d  o u t  a t  37 ° in  0.15 M a c e t a t e  buf fe r ,  pH 
5.0, a n d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  of 0.003 M nitro- 
c a t e c h o l  s u l p h a t e .  

T y p i c a l  p rogress  c u r v e s  for  t h e  h y d r o l y s i s  of nitro- 
c a t e c h o l  s u l p h a t e  b y  s u l p h a t a s e  A are  s h o w n  in  F igure  1 
a n d  in F i g u r e  2 is s h o w n  t h e  r e l a t i o n s h i p  b e t w e e n  en- 
z y m e  c o n c e n t r a t i o n  a n d  r e a c t i o n  ve loc i ty .  T h e  progress 
c u r v e s  cons i s t  t y p i c a l l y  of t h r e e  p a r t s  : s t age  1, in  which 
t h e  i n i t i a l  v e l o c i t y  dec rea se s  r a p i d l y ;  s t a g e  2, during 
w h i c h  t h e  v e l o c i t y  m a y  fal l  t o  a l m o s t  zero ;  a n d  s tage  3 
w h e n  t h e  v e l o c i t y  r ises  a g a i n  t o  a n  a l m o s t  cons tant  
v a l u e  w h i c h  is c o n s i d e r a b l y  less t h a n  t h e  i n i t i a l  velocity. 
T h e  r e l a t i v e  p r o p o r t i o n s  of t h e s e  t h r e e  s t ages  v a r y  con- 
s i d e r a b l y  w i t h  c h a n g e s  in  e n z y m e  c o n c e n t r a t i o n  and 
w i t h  t h o s e  used  in  t h e  o r ig ina l  w o r k  x s t a g e  2 disappears 
so t h a t  t h e  r e a c t i o n  a p p r o x i m a t e s  to  one  of zero  order. 
P r e i n c u b a t i o n  of t h e  e n z y m e  in  t h e  a b s e n c e  of  subs t ra te  
d id  n o t  s i g n i f i c a n t l y  a l t e r  t h e  s h a p e s  of  t h e s e  progress 
cu rves .  I n c r e a s i n g  t h e  s u b s t r a t e  c o n c e n t r a t i o n  to  0.01 3I 
c a u s e d  a n  i n c r e a s e d  v e l o c i t y  d u r i n g  s t a g e  1 a n d  a pro- 
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