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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- 
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l y  t h e  a c t i v i t y  of  t h e  m e m b r a n e - b o u n d  D B H  is d e c r e a s e d .  
S ince  i t  is g e n e r a l l y  a c c e p t e d  t h a t  d u r i n g  n e r v e  s t i m u l a -  
t i o n  s o l u b l e  D B H  is r e l e a s e d  f r o m  t h e  ve s i c l e s  b y  a n  exo -  
c y t o t i c  m e c h a n i s m ,  we  c o n c l u d e d  f r o m  o u r  r e s u l t s  t h a t  
m e m b r a n e - b o u n d  D B H  m i g h t  h a v e  b e e n  t r a n s f o r m e d  
i n t o  s o l u b l e  D B H  to  s u b s t i t u t e  for  t h e  l o s ses  of  s o l u b l e  
D B H .  S ince  no  r e p o r t s  e x i s t  in  w h i c h  t h e  K ~ - v a l u e s  of  
b o t h  f o r m s  of  t h e  e n z y m e  a r e  c o m p a r e d ,  we  d e t e r m i n e d  
t h e  M i c h a e l i s - M e n t e n  c o n s t a n t s  of  s o l u b l e  a n d  m e m b r a n e -  
b o u n d  D B H  of  t h e  ve s i c l e s  of  t h e  a d r e n a l  m e d u l l a  a n d  
h e a r t  of  d i f f e r e n t  spec i e s  in  o r d e r  to  g e t  m o r e  d e t a i l e d  
i n f o r m a t i o n  a b o u t  t h e  t w o  f o r m s  of  t h e  e n z y m e .  

Methods.  C h r o m a i f i n  ve s i c l e s  o f  t h e  a d r e n a l  m e d u l l a  
w e r e  o b t a i n e d  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a c c o r d i n g  to  
SCH0~ANXS, a n d  t h e  ve s i c l e s  of  t h e  s y m p a t h e t i c  n e r v e  
t e r m i n a l s  of  t h e  h e a r t  w e r e  p r e p a r e d  as  p r e v i o u s l y  
d e s c r i b e d  9. F o r  t h e  p r e p a r a t i o n  of  s o l u b l e  a n d  m e m -  
b r a n e - b o u n d  D B H ,  t h e  ves i c l e s  we re  l y s e d  for  30 m a n  
w i t h  i ce -co ld  w a t e r ;  a f t e r  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t s  
c o n t a i n i n g  t h e  s o l u b l e  D B H  were  c a r e f u l l y  d e c a n t e d .  T h e  
s e d i m e n t s  we re  h o m o g e n i z e d  b y  s o n i c a t i o n  for  30 see  a n d  

Table I. Soluble DBt t  in percent of the corresponding total DBH 
of adrenal medullary vesicles 

Species DBH (%) n Results of literature (%) 

Ox 59.02 :h 3.71 4 50_601s 1~ 
Rabbit 33.55 ~ 0.24 4 22-521~,~ 
Guinea-pig 32.94 ~ 0.37 4 - 

Table II. Michaelis-Menten constants for DBH of adrenaI medullary 
vesicles 

K,,, (M • I0 ~) 

Species Soluble DBH Membrane-bound DBH Total DBH 

Guinea-pig 6.52• 5.85~c0.19 6 .34 i0 .74  
Rabbit  6.19-1=0.53 6.16• 5.82=~0.33 
Ox 6.36~20.18 6.63~-0.53 6 .68i0 .61  

d i l u t e d ;  t h i s  f r a c t i o n  r e p r e s e n t s  t h e  m e m b r a n e - b o u n d  
D B H .  F o r  i s o l a t i o n  of  t h e  t o t a l  D B H ,  t h e  ves i c l e s  we re  
h o m o g e n i z e d  b y  s o n i c a t i o n  for  30 sec  a n d  d i l u t e d  7,~~ 
D B H  w a s  d e t e r m i n e d  a c c o r d i n g  to  t h e  m e t h o d  of  
MOLINOFF e t  al.  ~ w i t h  a t  l e a s t  5 d i f f e r e n t  c o n c e n t r a t i o n s  
of  p h e n y l e t h y l a m i n e  ( a d r e n a l  m e d u l l a )  o r  t y r a m i n e  
(hea r t ) .  T h e  K ~ - v a l u e s  we re  g r a p h i c a l l y  d e t e r m i n e d  ac-  
c o r d i n g  to  LINEWEAVER a n d  BURK ~.  T h r o u g h o u t  t h e  
p a p e r ,  t h e  v a I u e s  g i v e n  a r e  m e a n s  • S E M  of  n obse r -  
v a t i o n s .  

Results  and  discussion. T h e  p e r c e n t a g e  d e g r e e  of t h e  
a d r e n a l  m e d u l l a r y  s o l u b l e  D B H  r a n g e d  f r o m  3 0 - 6 0 %  for  
t h e  3 spec i e s  s t u d i e d  (Tab l e  I). T h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  in  t h e  a p p a r e n t  K i n - v a l u e s  for  t h e  s o l u b l e  a n d  
m e m b r a n e - b o u n d  as  wel l  as  for  t h e  t o t a l  D B H  of t h e  
t h r e e  spec i e s  (Tab l e  I I ) .  T h e  a p p a r e n t  K , c v a l u e  of t h e  
a d r e n a l  m e d u l l a r y  D B H  ( s u b s [ r a t e :  p h e n y l e t h y l a m i n e  
a t  p H  6) a m o u n t e d  t o  a b o u t  6 • 10 -* M .  S i m i l a r  v a l u e s  
w e r e  f o u n d  b y  MOL~NOFF e t  al.  ~ for  t h e  t o t a l  D B H  of t h e  
r a t  s t e l l a t e  g a n g l i o n ,  a n d  b y  F~LLENZ a n d  \ u  for  t h e  
t o t a l  D B H  of  t h e  r a t  h e a r t  ves ic les .  

W e  h a v e  r e c e n t l y  s h o w n  ~ t h a t ,  in  t h e  ves i c l e s  of  t h e  
s y m p a t h e t i c  n e r v e  t e r m i n a l s  of  t h e  r a t  h e a r t ,  a b o u t  17% 
of t h e  D B H  a re  so lub le .  T h e  s a m e  h o l d s  t r u e  for  t h e  ves ic les  
of  t h e  r a b b i t  h e a r t ,  w h i c h  c o n t a i n  14.02 • 0 . 7 9 %  (n ~ 5) 
of  t h e  D B H  in  s o l u b l e  f o r m .  T h e  a p p a r e n t  K i n - v a l u e s  for  
t h e  so lub le ,  m e m b r a n e - b o u n d  a n d  t o t a l  D B H  a re  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  for  t h e  t w o  spec i e s  (Tab l e  I f f ) .  
T h e y  a m o u n t e d  to  a b o u t  2 • 10 -~ M ( s u b s [ r a t e :  t y r a m i n e  
a t  p H  6) for  t h e  D B H  of t h e  h e a r t  ves i c l e s .  T h e s e  r e s u l t s  
s h o w  t h a t  t y r a m i n e  in  v i t r o  is a b e t t e r  s u b s t r a t e  for  t h e  
D B H  t h a n  p h e n y l e t h y t a m i n e  is, w h i c h  is in  a c c o r d a n c e  
w i t h  o b s e r v a t i o n s  of  CREVELIN~ e t  al. ~ .  A K i n - v a l u e  of 
a b o u t  2 • 10-~ 23// for  t y r a m i n e  w a s  a lso  d ~ s c r i b e d  b y  
W ~ N K L ~ a  e t  al.~a for  t h e  m e m b r a n e - b o u n d  DBI-I  of  t h e  
b o v i n e  a d r e n a l  m e d u l l a .  

T h e  p r o p e r t i e s  o f  t h e  s o l u b l e  a n d  m e m b r a n e - b o u n d  
D B H  of  t h e  b o v i n e  a d r e n a l  m e d u l l a  h a v e  b e e n  s t u d i e d  

Kin-values were determined for phenylethylamine at pH 6 according 
to the method of LINEWEAVER and BURK Is at an ascorbic acid con- 
centration of 3.9 m M  and a fumarate concentration of 40.4 m M  
and 5 concentrations of subs/rate ranging from 1.33 • 10 -4 M to 
2.67 • 10 a M. Each Kin-value represents the mean i SEM of the 
intercepts generated from 4 separate lines. 

Table IIL Michaelis-Menten constants for DBH of heart  vesicles 

K,,, (M x 104) 

Species Soluble DBH Membrane-bound DBH Total DBH 

Rat 2.02• 2.16=]_0.11 2.62~0.42 
Rabbit  2 .75i0 .73  2.24• 2.40• 

K,,-values were determined for tyramine at pH 6 as described in the 
legend to Table II. The concentrations of tyramine ranged from 
1.18 • 10 -4 M to 2.35 • 10 -a M. 
Given are the means :k SEM of 4 different experiments. 

i The excellent technical assistance of Miss SABINE ~(LEMT i3 grate- 
fully acknowledged. 
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extensively .  As discussed above, the  amino acid com- 
posi t ions as well as the  e lec t rophore t ic  behaviour  of bo th  
forms are no t  different ,  indica t ing  t h a t  the  two forms of 
the  enzyme are identical .  However ,  only few- da t a  are 
known  abou t  the  proper t ies  of the  medul la ry  D B H  of 
o ther  species. R o s s  et  al. 3 showed t h a t  D B H  of crude 
homogena te s  of t issues f rom ox, man  and ra t  exh ib i ted  
two e lec t rophoret ica l ly  dis t inguishable  peaks of act ivi ty .  
The s low-moving peak, which has been e l iminated  prior  
to  e lectrophoresis  by  high-speed centr i fugat ion,  could be 
conver ted  into the  fas ter  migra t ing  peak, suggest ing t h a t  
th is  peak  is cor responding  to the  m e m b r a n e - b o u n d  DBH.  
Al though  the  mobi l i ty  of the  main  peaks  f rom human ,  

ra t  and  bovine  adrena l  medul la  differed somewhat ,  t he  
Kin-values for all species were similar.  This  is in agree- 
m e n t  w i th  ou r  results.  We found no s ta t i s t ica l ly  signifi- 
can t  differences be tween  the  K~-va lues  of the  soluble 
and  m e m b r a n e - b o u n d  as well as t he  to ta l  D B H  of t he  
species s tudied.  The Kin-values for t y r a m i n e  are lower 
t h a n  those  for pheny le thy lamine ,  since t y r ami n e  has a 
h igher  af f in i ty  to the  D B H  t h a n  p h en y l e t h y l ami n e  has. 
The p resen t  resul ts  s t rongly  s u p p o r t  t he  view t h a t  soluble 
and m e m b r a n e - b o u n d  D B H  are ident ical  enzymes.  How-  
ever, the  physiological  significance of the  separa t ion  of 
D B H  into  soluble and  m e m b r a n e - b o u n d  form is no t  
known so far. 

Na,  K - A T P a s e  in the Sal ivary  Gland of the Ixodid Tick  Arnblyomma hebraeum (Koch) and its Re-  
lat ion to the Process  of Fluid Secret ion ~ 

W. l~. KAUFMAN, P. A. DIEHL and A. A AESCHLIMANN 

Insti lut  de Zoologie, Rue Emile-Ar~and 11, CH 2000 Neuchdtel 7 (Switzerland), 17 March 1976. 

Summary.  Total  and ouabain-sens i t ive  ATPase  act ivi t ies  were de te rmined  in the  sa l ivary  glands  of t icks t h roughou t  
the  feeding cycle. Act ivi t ies  were very  low in unfed specimens.  In  the  glands of feeding females,  the  act ivi t ies  rose 
unt i l  a m a x i m u m  was reached for bo th  ATPase  componen t s  a t  ap p ro x i ma t e l y  200 rag. The act ivi t ies  remain  low 
in males  t h r o u g h o u t  the  feeding period.  These f indings are discussed in re la t ion to the  fluid secre tory  process of the  
sa l ivary  glands. 

A c o m m o n  character is t ic  among  haema tophagous  ar- 
t h ropods  is the  e l iminat ion of excess fluid t aken  in wi th  
the  blood meal. VVhereas in insects  such as the  bug, 
Rhodnius, the  Malpighian tubules  p lay  the  f u n d a m e n t a l  
role in fluid excret ion 2, in female ixodid t icks the  sa l ivary  
glands funct ion  in th is  capac i ty  ~,4. KAU~MAZV and 
PHILLIPS a d e m o n s t r a t e d  t h a t  sa l ivary  secret ion in females 
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ATPase activity ill salivary glands of A. hebraeum plotted against 
logarithm of tick weight. Data for females are depicted in the main 
graph, those for males in the inset. Females: �9 total ATPase; O, 
Na, K-ATPase. Males: 5, total ATPase; A, Na, K-ATPase. Points 
appearing to the left of the arrow in each graph are for unfed speci- 
mens, those appearing to the right are for fed specimens. Horizontal 
and vertical bars denote SE of the mean weight and mean activity 
respectively, when the SE exceeds the dimension of the point. The 
curves have been fitted by eye. Ouabain slightly stimulated ATP 
hydrolysis by holnogenates of unfed female glands and by unfed and 
fed male glands, hence the negative values for Na, K-ATPase ac- 
tivity in these cases. Whereas the female tick may attain a replete: 
unfed weight ratio approaching 100 after a normal 7 to 10 day feed- 
ing period, the male barely doubles its weight over the same time. 

depertded on act ive solute t r a n s p o r t  and t h a t  it  could be 
inhibi ted  by  very  low concen t ra t ions  of ouabain.  I t  was 
also shown t h a t  sodium and po tas s ium were necessary  in 
specific rat ios for fluid secret ion to proceed at  a max imal  
rate,  suggest ing t h a t  an Na, K -A T Pas e  was a~l i m p o r t a n t  
c o m p o n e n t  of the  secre tory  mechanism.  KAUFMAN 6 de- 
m o n s t r a t e d  t h a t  sa l ivary glands f rom unfed female t icks  
could secrete  fluid only a t  a slow rate.  Sal ivat ion augment -  
ed wi th  increased t ick weight ,  bu t  the  e n h a n c e m e n t  was 
no t  a t t r ibu tab le  merely  to h y p e r t r o p h y  of the  glands.  The 
presen t  pape r  confi rms the  exis tence of a Na, K -A T Pase  
in the  sa l ivary  gland of the  female Amblyomma hebraeum 
(Koch) ; ac t iv i ty  of th i s  ATPase  increased wi th  t ime spen t  
by  the  t ick  on its host .  A similar Na, K -A T Pas e  could no t  
be de tec ted  in sa l ivary  glands of males.  

Material and methods. Unfed  adu l t  t icks were placed on 
the  backs of rabb i t s  4 and specimens  were r emoved  at  
var ious stages of the  feeding period.  Sal ivary glands were 
dissected out  under  H a n k ' s  ba lanced  saline (composit ion 
in g/l: 8.0 NaCI; 0.4 KC1; 0.14 CaC12; 0.06 K H @ O 4 ;  
0.98 MgSO4; 0.048 Na2HPO4;  1.6 D-glucose; 0.01 phenol  
red) and non-sa l ivary  t issue including mos t  of the  t ra -  
cheae were carefully dissected away.  P repa ra t ion  of the  
crude enzyme was essential ly according to  t3ONTING 7. 
E a c h  pair  of glands was t r ans fe r red  to a small  glass 
homogenizer  conta in ing  0.1 ml (equivalent  to 4 or 5 
volumes  of tissue) of the  homogeniz ing  med i u m (1 m M  
Tris in disti l led water  ad jus ted  to p H  7.5). The p is ton  
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