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e lephan t  se rum enzyme we have  s tudied  in more  detai l  7, 
a-amylase,  and the  p resen t  group of enzymes  (Table II).  
This  is no t  unexpec ted  since se rum amylase  is pr imar i ly  
of pancrea t ic  and sa l ivary  origin. 

Analysis  of all t he  enzyme resul ts  showed t h a t  there  
was no var ia t ion  due to the  age or sex of the  animals  nor  
any  due to the  season or location.  The serum amino-  
t ransferase  levels have  been  repor ted  to al ter  due to a 
va r i e ty  of env i ronmen ta l  and  o ther  factors  in some 
breeds  of hea l t hy  ca t t le  ~-~'~ b u t  n o t  in others~K These 
include age, weight ,  sex, s tage of lacta t ion,  season and 
env i ronmen ta l  t empera tu re .  However ,  in our p resen t  
results  we found no evidence of such factors  hav ing  an 
effect  in the  Africa~i e lephant ,  a l though  4 individual  
animals  did have  one or more  of the  enzyme levels well 
outs ide  the  95% probabi l i ty  l imits.  All l iver func~cion 
tes ts  (including ALT levels) in these  animals  were normal  
and none of t h e m  had  any  o the r  chemical  evidence of 
disease. In  the  absence of fu r ther  informat ion ,  therefore ,  
the  causes of these high levels m u s t  remain  unknownl i .  
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Summary. The ra te  of hydrolys is  of p ro t e in -me thy l  ester, the  enzymat i c  p roduc t  of S -adenosy lmeth ion ine :  pro te in-  
carboxyl  me thy l t r ans fe ra se  (EC.2.1.1.24) act ing on oxidized r ibonnclease,  was measured  at  p H  7.1 and 8.6 a t  37~ 
The half-life of the  hydrolys is  of t he  ester is 25 min at  p H  7.1, and 4 min at  8.6. The ra te  of hydrolys is  of the  enzy-  
mat ical Iy  formed esters  a t  p H  7.0, in 0.1 M phospha t e  buffer, was a b o u t  25 t imes  faster  t han  t h a t  of esters formed 
chemicalIy by  reac t ion  wi th  m e t h a n o l  in HC1. The labil i ty of the  enzymat ica l ly  synthes ized  p ro te in -methyI  es ter  
suggests  t h a t  the  es ter i f icat ion is specific to sites such t h a t  ionizat ion of ne ighbor ing  amino acid side chains  enhances  
the  ra te  of the  hydrolys is .  

Among  the  various m e t h y l a t e d  amino acid residues in 
pro te ins  (polypeptides)  formed pos t - t r ans la t iona l ly  by  
enzymat i c  m e thy l a t i on l ,  the  one t h a t  is fo rmed by  the  
m e t h y l a t i o n  of ca rboxyl  group is unique  in t h a t  the  
p roduc t  is labile in aqueous alkaline pHK I t  has  been 
indica ted  t h a t  the  m e t h y l  group is l inked as an ester  bond  
a t  the  free carboxyl  groups  of proteinS, ~ To suppor t  the  
con ten t ion  fur ther ,  it  has  been repor ted  t h a t  the  methy l -  
accept ing  capac i ty  of subs t r a t e  pro te in  is lost  af ter  the  
blockage of free carboxyl  groups by  chemical  modifi-  
ca t ion  '5. P ro te in  me thy iase  I I  (S-adenosy lmeth ion ine :  
pro te in  mefhylase  I I  (S-adenosy lmeth ion ine :  prote in-  
carboxyl  me thy l t r ans fe rase ,  EC.2.1.1.24) t h a t  me thy la t e s  
(esterifies) free carboxyl  groups of pro te in  subs t ra te  has 
been puri f ied f rom various m a m m a l i a n  tissues6, L The 
p resen t  communica t ion  repor t s  the  compara t ive  ra te  of 
hydrolys is  of enzymat ica l ly  and chemical ly  fo rmed  
p r o t e i n - m e t h y l  ester.  

Materials and methods. S-Adenosyl-L-(methyl-14C ) me- 
thionine,  60 mCi/mmole  was ob ta ined  from New Eng land  
Nuclear  Corporat ion,  Boston,  Mass., and ~iC-methanol,  
58 mCi/mmoIe f rom Amersham/Sea r l e  Corporat ion,  Ar- 
l ington Heights ,  Illinois. y-Aspar t ic  and  d-glutamic acid 
me thy l  es ters  were ob ta ined  f rom Schwar tz /Mann .  Bovine 
pancrea t ic  r ibonuclease A (5 • crystall ized) was ob ta ined  
f rom Sigma, and o ther  reagents  were f rom local sources 
and of the  bes t  commerc ia l  grade available.  P ro te in  
me thy lase  I I  was purif ied f rom calf t h y m u s  6 and the  
p repa ra t ion  t rans fe r red  6440 picomoles  of me thy l  groups/  
min /mg  pro te in  using dena tu red  calf t h y m u s  cytosol  
pro te in  (F-P-100, ref. ~) as subs t ra ted .  

Enzymatic methylation (esteri/ieation) o~ oxidized ri- 
bonuclease. The general  condi t ions  for the  m e t h y l a t i o n  
were essent ia l iy  the  same as those repor ted  previous lyK 
The incuba t ion  mix tu re  conta ined  20 mg oxidized pan-  
creat ic  r ibonuclease,  0.3 ml of c i t r a t e -phospha te  buffer,  
p H  6.0, 0.3 ml (30 ~ g) of pro te in  me thy lase  I I  arid 
47.8 V moles of S-adenosyl-L-(methyl-14C) me th ion ine  in 
a f inal  volume of 0.6 ml. The mix tu re  was incuba ted  a t  
37~ for 1 h, a t  which  t ime 23.9 ~ moles of S-adenosyl-  
me th ion ine  and 0.1 ml  of pro te in  me thy lase  I I  was added  
again, and  the  incubat ion  was con t inued  for an addi t iona l  
period of 2 h. The reac t ion  was t e r m i n a t e d  by  the  ad- 
di t ion of 10 ml of cold ethanol-1 N HCI (39:1, v/v) and 
the  resul t ing  pro te in  prec ip i ta te  was r emoved  by  cen- 
t r i fugat ion.  The prec ip i ta te  was washed  5 t imes  wi th  the  
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cold  e t h a n o l  s o l u t i o n  a n d  o n c e  w i t h  a n h y d r o u s  e t h e r .  
T h e  p r e p a r a t i o n  c o n t a i n e d  16,400 c p m / m g  (0.29 n m o l  
C H  S m g ) .  

Chemical esteri/ication o/ oxidized ribonuclease. T h e  
p r o c e d u r e  for  e s t e r i f i c a t i o n  w a s  e s s e n t i a l l y  t h e  s a m e  as  
t h a t  d e s c r i b e d  b y  CHIBN.&LL e t  al.  s. C h e m i c a [  e s te r i f i -  
c a t i o n  of  o x i d i z e d  r i b o n u c l e a s e  w i t h  r a d i o a c t i v e  m e -  
t h a n o I  w a s  c a r r i e d  o u t  in  4.5 m l  of  m e t h a n o l  c o n t a i n i n g  
500 g Ci of  ~ 4 C - m e t h a n o l .  B a s e d  on  t h e  spec i f i c  r a d i o -  
a c t i v i t y  of  m e t h a n o l ,  i t  is c a l c u l a t e d  t h a t  t h e  p r e p a r a t i o n  
c o n t a i n s  9.8 m o l e s  of  ~ 4 C H a - g r o u p s  p e r  m o l e  of  o x i d i z e d  
r i b o n u c l e a s e  ( m o l e c u l a r  w e i g h t  of  13 ,700 d a l t o n s ) .  T h i s  
i n d i c a t e s  t h a t  9 0 %  of f ree  c a r b o x y l  g r o u p s  we re  e s t e r i f i ed ,  
s i nce  t h e r e  a r e  11 f ree  c a r b o x y l  g r o u p s  in p a n c r e a t i c  
r i b o n u c l e a s e  (5 a s p a r t y l ,  5 g l u t a m y l  a n d  1 C - t e r m i n a l  
v a l i n e  9). 

O x i d i z e d  r i b o n u c l e a s e  w a s  p r e p a r e d  b y  p e r f o r m i c  
ac id  o x i d a t i o n  a c c o r d i n g  to  p u b l i s h e d  m e t h o d s h ,  ~0. P r o -  
t e i n  c o n c e n t r a t i o n  w a s  e s t i m a t e d  b y  t h e  m e t h o d  of  
L o w R Y  e t  al. ~1, u s i n g  b o v i n e  s e r u m  a l b u m i n  as  t h e  
s t a n d a r d .  
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Fig. 1. A) Hydrolysis of aspartic and glutamic methyl ester at 
pH 8.6 : 0.2 ml of 0.01 M v-aspartie methyl  ester or 0.05 M (3-glutamic 
n/ethyl ester and 0.1 M Iris buffer pH 9.2 were incubated for the 
indicated period of time at 37 ~ The final pH of the mixture is 8.6. 
At the end of the incubation, 0.2 ml aliquot of each mixture was 
transferred to 1 ml of alkaline hydroxylamine reagent and alnount 
of esters were determined eolorinletrieally as described. Freshly 
prepared aspartic and glutamic methyl esters gave optical density 
of 0.387 and 0.265 at 540 nm respectively, and these values were 
taken as 1 0 0 ~  aspartie methyl  ester at pH 8.6; O---O---O, 
glutamie methyl ester at pH 8.6. B) Hydrolysis of aspartie, glutalnic 
and ribonuclease methyl ester at pH 9.7: The general experimental 
conditions are same as Figure 1A except that  0.1 M methyl ethanol- 
amine buffer pH 10.5 was used. The final pH of the mixture is 9.7. 
In the case of ribonuclease methyl ester, 0.2 ml of the solution con- 
taining 10 i-ng per ml was used. Optical density of 0.250 at 540 nm 
stands for 100% for oxidized ribonuclease methyl ester reaction. 
O--O--O,  aspartic methyl ester at pH 9.7; 0 - - 0 - - 0  glutamic 
methyl ester at pH 9.7 and • 2 1 5 2 1 5  the ribonuclease methyl 
ester. 

Results. Rates of hydrolysis o/ chemically prepared 
esters. T h e  r a t e s  of  h y d r o l y s i s  of  7 - a s p a r t i c  a n d  d - g l u t a m i c  
ac id  m e t h y l  e s t e r s  w e r e  d e t e r m i n e d  a t  p H  8.6 a n d  9.7, 
a n d  w e r e  c o m p a r e d  w i t h  t h e  r a t e  of  h y d r o l y s i s  of  c h e m i -  
c a l l y  e s t e r i f i e d  r i b o n u c l e a s e  a t  p H  9.7. A s  s h o w n  in  
F i g u r e  1, A a n d  B,  a s p a r t i c  a c id  m e t h y l  e s t e r  is s l i g h t l y  
m o r e  s t a b l e  t h a n  g l u t a m i c  a c i d  m e t h y l  e s t e r  a t  b o t h  p H ' s .  
A t  p H  8.6, a f t e r  1 h a t  37 ~ 6 5 %  of  a s p a r t i c  m e t h y l  e s t e r  
a n d  5 5 %  of g l u t a m i c  m e t h y l  e s t e r  r e m a i n e d .  A l t h o u g h  
t h e  k i n e t i c  p rof i l e  of  t h e  h y d r o l y s i s  of  o x i d i z e d  r i b o n u -  
c l e a s e  m e t h y I  e s t e r  p r e p a r e d  c h e m i c a l l y  ( F i g u r e  1 B) is 
s l i g h t l y  d i f f e r e n t  f r o m  t h a t  of  a m i n o  ac id  e s t e r ,  t h e  i n i t i a l  
r a t e s  o f  h y d r o l y s i s  a r e  c o m p a r a b l e .  

Comparison o/ the rates o/ hydrolysis o/ chemically and 
enzymatically prepared protein-methyl esters. T h e  r a t e s  of  
h y d r o l y s i s  of  c h e m i c a l l y  a n d  e n z y m a t i c a l l y  p r e p a r e d  
p r o t e i n - m e t h y l  e s t e r s  of  o x i d i z e d  r i b o n u c l e a s e  a re  s h o w n  
in  F i g u r e  2. I t  c a n  be  s e e n  t h a t  t h e  e n z y m a t i c  p r o d u c t  
h y d r o l y z e d  25 t i m e s  f a s t e r  t h a n  t h e  c h e m i c a l  p r o d u c t  a t  
p H  7. A t  p H  8.5, less  t h a n  5 %  of  e n z y m a t i c a l l y  s y n -  
t h e s i z e d  e s t e r  r e m a i n e d ,  wh i l e  8 5 %  of  t h e  c h e m i c a l l y  
s y n t h e s i z e d  e s t e r s  r e m a i n e d  a f t e r  30 m i n  of  i n c u b a t i o n .  

F i g u r e  3 i l l u s t r a t e s  t h e  r a t e  of  h y d r o l y s i s  of  t h e  e n z y -  
m a t i c a l l y  s y n t h e s i z e d  p r o t e i n - m e t h y l  e s t e r  a t  p H  7.1 
a n d  p H  8.6 a t  37~ A t  p i t  7.1, 5 0 %  h y d r o l y s i s  o c c u r r e d  
in  a b o u t  25 m i n ,  w h e r e a s  a t  p H  8.6, t h i s  o c c u r r e d  in  
a b o u t  4 m i n .  
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J. biol. Chem. 193, 265 (1951). 

80 

20 

6O 

40 

4 6 8 10 pH 

15.8. 1976 Specialia 983 

Fig. 2. The rate of hydrolysis of enzymaticalIy and chemically 
esterified oxidized ribom~clease: 0.05 nil of enzymatically esterified 
oxidized ribonuclease (16,000 cpm, 1 rag) or 0.1 ml of chemically 
esterified oxidized ribonuclease (5,200 cpn,, 2 rag} were added to 
0.3 ml of 0.1 M various buffers to total volume of 0.5 mh Final pH 
of the mixture was checked carefully after mixing all the reactants. 
Citrate-phosphate buffer for 4 6, phosphate buffer for pPi 6.1-7.5, 
and Iris HC1 buffer for pH 7.9-10 were used. After 30 rain at 37 ~ 
1 nfi of 30% ClaCCOOH was added. The precipitates were washed 
twice with 15% CI~CC00H and once with cold ethanol. Finally the 
precipitates were transferred with the aid of 0.2 ml 1.5 N NHr 
to a vim containing 10 ml of Bray's  sohition to count renlaining 
radioactivity. 14,000 cpm for enzymatically esterified oxidized 
ribonuclease and 5,200 epm for chemically esterified oxidized 
ribonuclease s tand for 100%. Q--O 0,  enzymatically esterified 
oxidized ribonuclease; � 9  chemically esterified oxidized 
rihonuclease. 



984 Specialia EXPERIENTIA 32/8 

Substrate capacity of chemicaUy esterified oxidized ribonuclease 

C o m -  Treatment Methyl-l~C incorporated 
pound (cpm) 

I None 4,130 
II Partially hydrolyzed ~ 16,450 

2 mg of each substrate protein were incubated for 15 min under the 
standard incubation condition with purified calf thymus protein 
methylase II. The reaction was terminated with 15% ClsCCOOH 
and radiomethyl incorporated into protein was recovered as pre- 
viously described a. 
�9 PartiaI hydrolysis of chemically esterified oxidized ribonuclease 
was carried out in 0.1M sodium phosphate buffer pH 7.2 at 37~ 
for 60 min. 
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Fig. 3. The rate of hydrolysis of enzymatically esterified oxidized 
ribonuclease at pH 7.1 and 8.6: The general experimental conditions 
are the same as in Figure 2. Q--O--Q, in 0.1 M Na phosphate pH 7.1 ; 
O--O-- �9 in 0.1 M tris HC1 pH 8.6. 

Substrate capacity ol chemically esteri/ied oxidized ri- 
bonuclease. The subs t r a t e  capac i ty  of chemical ly  esterif ied 
oxidized r ibonuclease  is p re sen ted  in t he  Table. Com- 
p o u n d  I, in which  90% of free ca rboxy l  groups was  
chemical ly  esterified, was incuba ted  a t  p H  7.2 and 37~ 
for 60 rain for par t i a l  ester  hydrolysis .  This mild hydro -  
lysis is shown to  r emove  650/0 of enzymat ica l ly  esterif ied 
m e t h y l  groups (Figure 3). As shown in the  Table,  
when  4000 cpm of m e t h y l  groups were enzymat ica l ly  
incorpora ted  in to  the  co mp o u n d  I, 16,450 cpm were in- 
co rpora ted  af ter  t he  hydrolys is  into co mp o u n d  If .  This 
increase m e t h y l a t i o n  is due to the  selective de-esteri-  
f icat ion of t he  subs t r a t e  p ro te in  which  was previously  
esterif ied non-select ively.  These resul ts  are cons is ten t  
wi th  the  previous  obse rva t ion  in which  g lyc ine-methy l  
es ter  was used to  block free ca rboxyl  groups  of the  same 
subs t r a t e  5, and  thus  fu r ther  conf i rm t h a t  the  free carbo-  
xyl  is the  site for pro te in  me thy la se  II ,  and the  me thy l -  
esters  fo rmed enzymat i ca l ly  a t  specific sites are more  
labile t h a n  those  formed non-enzymat i ca l ly  as ev iden t  
f rom Figure 1. 

Discussion. Pro te in  me thy lase  I I  and 'me thano l -  
forming  enzyme '  have  recent ly  been ident i f ied to be the  
same enzyme s,12'1a. The en zy me  t ransfers  the  m e t h y l  
group of S-adenosyl -L-methionine  to subs t ra te  protein .  
This  m e t h y l  group is uns tab le  in aqueous  alkaline solution. 
Thus  the  enzymat i c  p ro d u c t  can be recovered e i ther  as 
the  p ro t e in -me thy l  ester  or as methanol ,  depend ing  on 
the  assay m e t h o d  14. In  the  p resen t  repor t  the  com- 
par ison of two  p ro t e i n -me t h y l  esters,  p repa red  chemical ly  
and enzymat ica l ly ,  clearly shows t h a t  the  enzymat i c  
p roduc t  is ex t r eme ly  uns table .  This difference m a y  be 
expla ined by  the  poss ibi l i ty  t h a t  the  enzyme modifies 
only specific residues in t he  p ro te in  and  t h a t  these re- 
sidues m a y  be unde r  the  influence of the  proximal  amino 
acid side chains  in a way  t h a t  would cause ins tab i l i ty  
of the  ester  bond.  

12 A. M. MORIN and M. LlSS, Biochem. biophys. Res. Commun. 52, 
373 (1973). 

18 ]~. j .  DILIBERTO and J. AXELROD, Proc. natn. Acad. Set., USA 71, 
1701 (1974). 

14 S. KlX~ and W. K. PAIK, Analyt. Biochem. 42, 255 (1971). 

Kinetic Studies  on Soluble  and M e m b r a n e - B o u n d  D o p a m i n e  /~-Hydroxylase  Isolated f r o m  Storage  
Vesic les  of Heart and Adrenal  Medul la  of Different Species  

o . - g .  BRODDE, F. ARENS, K. HUVEIZMKNN and  H. J. SCI~0MANN 1 

Institute o/ Pharmacology, University o/ Essen, Hu/elandstrasse 55, D-4300 Essen (German Federal Republic, BRD),  
1 March 7976. 

Summary. Iden t ica l  K~-va lues  for soluble and  m e m b r a n e - b o u n d  dopamine  /3-hydroxylase isolated f rom adrena l  
medul la ry  vesicles of d i f ferent  species were ob ta ined  ; the  same holds  t rue  for b o t h  forms of the  enzyme of hea r t  vesicles. 

I t  is well known t h a t  dopamine  f l -hydroxylase (DBH), 
the  enzyme which ca ta lyzes  the  final s tep  of the  nora-  
drenal ine  biosynthesis ,  is located  wi th in  the  catechol-  
amine-s tor ing  vesicles. I t  is p resen t  in these  vesicles in 
two forms;  one of t h e m  is readi ly  solubilized by  osmot ic  
lysis, while the  o ther  appear s  to  be f i rmly m e m b r a n e -  
bound.  The d i s t r ibu t ion  of b o t h  forms of t he  vesicular  
D B H  seems to be spec ies -dependen t ;  in the  chromaff in  
vesicles of the  bovine  adrena l  medulla,  40 50% of D B H  
remains  wi th  the  m e m b r a n e s  af ter  several  washes,  while  
in the  rat ,  80-85% of t he  D B H  remain  wi th  the  medul -  
lary vesicles ~. The ques t ion  arises whe the r  these two  

forms of the  D B H  are i soenzymes or not.  Gel electro- 
phore t ic  s tudies  of the  m e m b r a n e - b o u n d  and soluble D B H  
of di f ferent  species showed no differences in mobi l i ty  
be tween  the  two forms ~. According to  HORTNAGL et  
al. 4 the  amino acid composi t ion  of b o t h  forms of t he  
bovine  adrena l  medu l l a ry  D B H  are similar;  tile same 
resul ts  were ob ta ined  by  AuNIs e t  al. 5, while t he  s tudies  
of the  amino acid compos i t ion  of the  D B H  by  CRAINE et  
al.* showed several  s ignif icant  differences.  Recent ly ,  we 
have  shown 7 t h a t  dur ing  cold exposure  t he  ac t iv i ty  of t he  
soluble D B H  of t he  vesicles of the  s y m p a t h e t i c  nerve  
terminals of the rat heart is increased, while simultaneous- 


