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Monoamine oxidase activities in different strains of mice 
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Strain Age Specific activity, SE Relative activity, SE 

Brain Liver Brain Liver 

C57B1/6J (4) 18-20 days 11.82 0.44 �9 166.67 5.75 ~ 0.336 0.012 b 5.74 0.20 b 
CBA/J (8) 18 20 days 9.26 0.25 ~ 97.80 3.40 ~ 0.249 0.015b 2.58 0.20 �9 
B6CBAF 1 (8) 20 days 9.37 0.52 104.65 7.77 0.256 0.02 3.23 0.30 
C57B1/6J (7) 6 weeks 13.40 1.48 104.03 16.03 0.387 0.043 4.26 0.75 
CBA/J (6) 6 weeks II.37 0.66 93.65 5.93 0.317 0.023 3.37 0.36 
DBA/2J (6) 6 weeks 12.80 0.56 133.52 8.02 0.349 0.011 4.84 0.17 

Specific activity -- nmole Kynuramine deaminated/mg protein/30 min. Relative activity = [xmole Kynuramine deaminated/g tissue/30 rain. 
SE, standard error; ( ) number of mice; ~Student Z-test, p < 0.05; bp < 0.01. 

The mice were killed by  decapi ta t ion .  The bra ins  and 
livers were t hen  excised and frozen immedia te ly  a t  -70  ~ 
On the  day  of assay the  organs were weighed  and  homo-  
genized in 9 volumes  of 0.25 M sucrose. The homo-  
genates  were t h e n  cent r i fuged at  1500 •  for 10 min to 
r emove  cellular debris  and the  s u p e r n a t a n t  again centr i -  
fuged at  18,000 •  for 20 min to  pellet  the  mi tochondr ia .  
The mi tochondr i a  were t hen  resuspended  in a volume 
equal  to 3 X the  wet  weight  of the  organ.  P ro te in  was 
de t e rmined  by  the  LOWRY m e t h o d  18 and  MAO according 
tO ~VYEISSBACH et  allK Since in ter ference  occurred wi th  
mi tochond i i a l  suspensions  f rom bra in  mater ia l s  a t  the  
adsorp t ion  peak  of the  subs t ra te ,  kynu ramine  d ihydro-  
b romide  (360 nm) we read the  adsorp t ions  a t  328.5 n m  
which  is the  peak  for the  reac t ion  product ,  4 -hydroxy-  
quinoline.  As the  reac t ion  is equ imolar  we express  all 
the  resul ts  as the  a m o u n t  of subs t r a t e  uti l ized. E n z y m e  
ac t iv i ty  was ha l t ed  e i ther  by  boil ing the  homogena t e  for 
10 min or the  add i t ion  of 0.6 ml of 10 m M  iproniazid  
p h o s p h a t e  to the  react ion mix ture ,  bu t  was unaf fec ted  
by  the  addi t ion  of 10 b~moles of po tas s ium cyanide.  

Results and discussion. None of the  m u t a t i o n s  tes ted  
af fec ted  MAO as we found no differences in MAO be- 

tween  any  of the  m u t a n t s  and the i r  respect ive  l i t t e rma te  
controls  (data no t  shown).  However ,  the re  were signifi- 
can t  differences (p < 0.05) b e t w een  some of the  m u t a n t s  
i.e. reeler (rl), j i m p y  (fpm~a) and wobble r  le thal  (wl). 
Since these  differences did no t  resul t  f rom an effect  of the  
m u t a n t  genes themse lves  t h e y  m u s t  have  resul ted  f rom 
differences  in t h e  genet ic  background  or inbred  strains.  
Our resul ts  are p re sen ted  in the  Table.  For  example  
s t ra in  C57BL/6J  has s ignif icant ly  h igher  levels of MAO 
in b o t h  bra in  and  liver t h a n  s t ra in  CBA/J .  The hybr id  
be tween  t h e m  (B6CBAF1) is like CBA/J  suggest ing 
dominance  for low over  h igh MAO act iv i ty .  The fact  t h a t  
differences in MAO be tween  s t ra ins  occurred only  up to 
20 days  of age b u t  no t  a t  6 weeks m a y  reflect  geno type -  
d e p e n d e n t  differences in ra tes  of Organ d e v e l o p m e n t  and 
ma tu ra t i on .  Thus ,  our  d a t a  conf i rm the  age differences in 
levels of MAO observed  by  others  ~3-~s. 

ts O. H. LowRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

19 H. WEISSP, ACH, T. F~. SMITH, J. W. DALY, B. WITKOP and S, 
UUEN~RIEND, J. biol. Chem. 235, 1160 (1960). 

Serum Enzyme Activities in the African Elephant (Loxodonta africana) 

I. R. F. BROWN ~ and  P. T. WHITE2 

Department o/ Chemical Pathology, St.George's Hospital Medical School, University o/London, Blackshaw Road, 
London S W I 7  0 Q T  (England); and Department o[ Zoology, Makerere University, P.O. Box 7062, Kampala (Uganda), 
6 February 1976. 

Summary. The serum act ivi t ies  of a spa r t a t e  aminot ransferase ,  a lanine aminot ransferase ,  ~ - h y d r o x y b u t y r a t e  dehydro-  
genase and creat ine  phosphok inase  have  been  measured  in the  Afr ican e lephant .  In  general,  the  values  were b road ly  
comparab le  wi th  those  of man  excep t  t h a t  a lanine amino t rans fe rase  was m u c h  lower and creat ine  phosphok inase  higher.  
No var ia t ion  due  to  age, sex, season or locat ion was  observed.  

Measu remen t s  of the  levels of the  enzymes  found in 
blood serum are widely  used in clinical laborator ies  as 
diagnost ic  aids in t he  t r e a t m e n t  and assessment  of 
h u m a n  disease. Increas ing  use of such assays  is also 
being made  in ve t e r ina ry  laborator ies  in t he  care and 
m a n a g e m e n t  of domes t ic  animals.  The Afr ican e lephant ,  
Loxodonta a/ricana, is an animal  of some commercia l  
impor t ance  and,  since we are cur ren t ly  involved in a 
wide ranging  s t u d y  of t he  e l ephan t  in the  game parks  of 
Uganda ,  we decided to  measure  the  s e rum act ivi t ies  of 
a spa r t a t e  aminot rans fe rase  (AST), alanine amino t rans -  

ferase (ALT),  ~ - h y d r o x y b u t y r a t e  dehydrogenase  (~- 
HBD,  lac ta te  dehydrogenase - l - i soenzyme)  and creat ine 
phosphokinase  (CPK) and  to  f ind out  w h a t  factors,  if 
any,  caused var ia t ions  in these  levels. 

Material and methods. Blood was ob ta ined  immedia te ly  
af ter  d e a t h  f rom e lephants  shot  in the  Rwenzor i  and 
IKabalega Nat iona l  Pa rks  in Uganda .  Serum samples  
were frozen as soon as prac t icable  and t h e n  f lown to  the  
Un i t ed  K i n g d o m for analysis.  

AST, ALT, c~-HBD and  C P K  were  all e s t ima ted  using 
op t imized  s t a n d a r d  me t h o d s  ~ ob ta ined  in ki t  form 
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Table I. Serum enzyme levels in the African elephant 
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Enzyme No. of animals Age Mean enzyme activity Range 
(~ = male, (range in years) (U/l) (U/l, 95 ~o probability) 

= female) 

Human reference values 
(U/l) 

AST 64 0.5-60 19.7 �9 3-117 10- 42 
(17c~, 475~) 

ALT 58 2 -60 3.5 0- 10 10- 55 
(18d', 40~) 

~-HBD 65 0.5-60 131.5 b 31 232 70-230 
(17r 48~) 

CPK 27 2 -60 152.9 r 0-324 0-100 
(8& 197) 

~Olnitting 3 very high values of 371, 480 and 925 U/1. bOmitting 2 very high values of 437 and 464 U/1. ~ 1 very high value of 720 
U/I. 

Table II. Correlations between elephant serum enzymes 

Correlation No. of Correlation p 
animals coefficient (r) 

~-HBD and AST 67 0.794 < 0.001 
CPK andc~-HBD 24 0.633 < 0.001 
CPK and AST 24 0.559 ~ 0.01 
~-amylase and AST 23 0.254 > 0.1 
~-amylase and ~-HBD 23 0.169 > 0.1 

(Boehr inger  M a n n h e i m  GMBH)  a n d  modi f ied  for use  on 
an  L K B  reac t ion  r a t e  ana lyzer .  On ly  n o n - h a e m o l y z e d  
s p e c i m e n s  were a n a l y z e d  a n d  s t r ic t  q u a l i t y  controI  pro-  
cedures  en su red  an a ly t i c a l  re l iabi l i ty  t h r o u g h o u t .  All 
ac t iv i t ies  are  expressed  in U n i t s  per  litre (U/l). 

Results and discussion. Tab le  I shows  t he  resu l t s  ob- 
t a i ned  for t h e  4 en zymes .  4 a n i m a l s  were f o u n d  to  h a v e  
excep t i o n a l l y  h ig h  v a lue s  for one or more  of t he  e n z y m e s  
and  these  h i g h  resu l t s  were o m i t t e d  f rom the  ca lcu la t ions  
of t h e  m e a n s .  T h e  A S T  showed  a log n o r m a l  d i s t r i b u t i o n  
a n d  s t a t i s t i ca l  ana lys i s  was  there fore  carr ied  ou t  on log 
t r a n s f o r m e d  va lues .  T h e  f igures  were t h e n  c o n v e r t e d  to 
t he  ab so lu t e  v a lu e s  s h o w n  in Tab le  I. The  m e a n  e l e p h a n t  
A S T  a n d  = - H B D  va lues  are  v e r y  s imi la r  to  t hose  we 
o b t a i n  in h u m a n s .  However ,  t he  e l e p h a n t  A S T  r ange  is 
i nc reased  a l m o s t  4-fold c o m p a r e d  w i th  t h a t  of h u m a n s .  
I n  con t r a s t ,  all 58 A L T  va lue s  were low and ,  indeed,  
m a n y  of t h e m  were i nd i s t i ngu i shab l e  f r om zero. T h e  
C P K  resu l t s  were v e r y  var iab le  w i t h  a wide r ange  a n d  
were on ave rage  3 t i m e s  t he  n o r m a l  h u m a n  va lues .  

T h e  p r e s e n t  r e su l t s  c an  p e r h a p s  be cri t icized on two  
g r o u n d s  a n d  care should ,  therefore ,  be t a k e n  in  a t t a c h i n g  
too m u c h  i m p o r t a n c e  to  t he  abso lu t e  va lue s  ob ta ined .  
F i r s t ly ,  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 s  used  in the  a s s a ys  
were t h o se  wh ich  give o p t i m u m  ac t iv i t ies  for t he  h u m a n  
s e r u m  e n z y m e s .  I t  is qu i te  possible  t h a t  t he se  a s s a y  con-  
d i t ions  are  n o t  t h e  m o s t  su i t ab le  for m e a s u r i n g  e n z y m e  
ac t iv i t i es  in e l e p h a n t  sera.  Th i s  would  a p p l y  pa r t i cu la r -  
ly to t h e  ~ - H B D  a s s a y s  in wh ich  one is t r y i n g  to select-  
ive ly  m e a s u r e  t h e  a c t i v i t y  of t he  l ac t a t e  d e h y d r o g e n a s e -  
1 - i soenzyme ( L D H - l - i s o e n z y m e ) .  However ,  t he  con-  
d i t ions  for t h e  e n z y m e  a s s a y s  are be ing  def ined  a n d  a 
va l id  c o m p a r i s o n  b o t h  w i t h  t h e  r e su l t s  f rom h u m a n s  a n d  
b e t w e e n  resu l t s  f r o m ind iv idua l  e l e p h a n t s  can ,  therefore ,  
still  be m ad e .  

Secondly ,  t he re  was  i n e v i t a b l y  a t ime  lag b e t w e e n  tile 
t ime  of col lect ion a n d  ini t ia l  f reezing of t he  s amp l e s  in 

U g a n d a  a n d  tile t i m e  of e v e n t u a l  ana lys i s  in t he  U n i t e d  
K i n g d o m .  I t  is poss ible  t h a t  t h e  ac t iv i t ies  of t he  e n z y m e s  
a l te red  d u r i n g  t he  per iod pr ior  to  analys is .  In  a n  a t t e m p t  
to assess  this ,  10 s a mp le s  were a na lyz e d  a second t i m e  
for t he  e n z y m e s  10 weeks  a f te r  t he  ini t ia l  assay .  S ta-  
t i s t ica l  ana lys i s  showed  t h a t  t he  m e a n  difference be t -  
ween  t he  r e su l t s  was  no t  s ign i f i can t ly  d i f fe rent  f rom zero. 
W e  can  say,  therefore ,  t h a t  t he  e l e p h a n t  s e r u m  e n z y m e  
ac t iv i t ies  did n o t  c h a n g e  d u r i n g  t he  period of s to rage  
a nd  assay .  

I n  a c o m p a r a t i v e  s t u d y  on the  I n d i a n  e lephan t ,  
Elephas maximus, 12 a n i m a l s  were found  to h a v e  a m e a n  
A S T  va lue  s imi la r  to t h a t  f ound  in t he  dog whereas  t he  
A L T  va lue  was  c ons ide r a b ly  lower 4. Moreover ,  t he  s e r u m  
a m i n o t r a n s f e r a s e  levels in t h e  dog are v e r y  s imi lar  to  
those  found  in m a n  5. The  p r e s e n t  r e su l t s  are, therefore  
in a g r e e m e n t  w i t h  these  re la t ive  ac t iv i t ies  a nd  would  
s e e m to ind ica te  t h a t ,  c o m p a r e d  w i th  o the r  m a m m a l s  
inc lud ing  t he  pig, cow, goat ,  sheep  a nd  horse  a, t h e  
e l ephan t ,  b o t h  Afr ican  a nd  Ind i a n ,  ha s  low levels of t he  
s e r u m  a m i n o t r a n s f e r a s e s .  

Since the re  are  m a r k e d  dif ferences  be tw e e n  species 
b o t h  in t he  d i s t r i bu t i on  of L D H  i s o e n z y m e s  a n d  in the i r  
propert ies~,  it  is dif f icul t  to  s a y  w i th  c e r t a i n t y  t h a t  our  
e - H B D  resu l t s  are in fac t  m e a s u r i n g  t he  L D H - l - i s o -  
enzyme .  I n  cat t le ,  sheep,  a n d  pigs,  i t  h a s  been  found  t h a t  
e - H B D  a c t i v i t y  is far  b e t t e r  cor re la ted  to  to t a l  L D H  
a c t i v i t y  t h a n  to t he  t h e r m o s t a b l e  L D H  i soe nz yme  
( L D H - l - i s o e n z y m e )  ~. Th i s  is in c o n t r a s t  w i th  the  s i tua -  
t ion  in m a n  where  the re  is a v e r y  good corre la t ion  be t -  
ween  t he  ~ - H B D  a n d  h e a t  s t ab le  L D H .  

AST,  C P K  a n d  L D H - l - i s o e n z y m e  are all f ound  in h igh  
c o n c e n t r a t i o n s  in h e a r t  musc le .  In  addi t ion ,  A S T  occurs  
in l iver a n d  k i d n e y  in h igh  concen t r a t ion .  One  migh t ,  
therefore ,  e xpe c t  a r e l a t ionsh ip  be tw e e n  t h e  levels of 
t hese  3 e n z y m e s  in  s e r u m  a n d  t h i s  is w h a t  we f ind w i t h  
our  e l e p h a n t  r e su l t s  (Table II).  The re  is a h i g h l y  signifi-  
c a n t  pos i t ive  cor re la t ion  b e t w e e n  t he  3 enzymes .  F u r t h e r -  
more,  t he re  is no s imi la r  r e l a t ionsh ip  be tw e e n  a n o t h e r  

i Department of Biochemistry, Faculty of Medicine, University of 
Khartoum, P.O. Box 102, Khartoum, Sudan. 

2 Departnlent of Biological Sciences, Njala University College, 
P.M.B. Freetown, Sierra Leone. 

3 Reeonlnlendations of the Deutsche Gesellschaft fClr Klinisehe 
ChelI)ie in Z. klin. Chem. klin. Biochem. 8, 658 (1970). 

4 G. NIRMALAN and S. G. NAIR, Res. vet. Set. 70, 176 (1969). 
5 H. J. ZI~MER~AN, M. A. SCHWARTZ, L. E. BOLEY and M. WEST, 

J. Lab. clin. Med. 66, 961 (1965). 
6 S. TOLLERSRUD, Aeta vet. seand. 11, 510 (1970). 
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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 .  

7 R. L. SKINNER, 1. R. F. BROWN and P. T. WHITE, CollIp. Biochem. 
Physiol., in press (1976). 
L. t~. ]:~OOTS, W. L. GRIST, D. R. ~)AVIS, E. W. BRUM and T. 51. 
LUDWICK, J. Dairy Sci. 52, 211 {1969). 

9 D. R. DAVIS, W. L. GRIST and T. M. LUDWICK, J. Dairy Sci. d9, 
731 (1966). 

lo j.  M. RAKES, O. T. STALLCUP and J. D. ROUSSEL, J. Dairy Sci. 50, 
999 (1967). 

n W. L. GRIST, T. lVI. LUDWICK, E. W. BRUM and D. R. I)AWS, J. 
Dairy Sci. 50, 998 (1967). 

12 L. R. BOOTS, T. M. LUDWlCK and E. R. RADER, J. Dairy Sci. 53, 
1587 (1.970). 

lap. j .  MYLREA and P. J. H~ALEY, Anstr. vet. J. dd, 570 (1968). 
14 We wish to thank Mr. A. 05IAR, Director, Uganda National Parks, 
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Labile Protein-Methyl  Ester: Comparison Between Chemically and Enzymatical ly  Synthesized ~ 

S. KIM and  W. K. PAIK 

The Fels Research Institute and Department o/Biochemistry, Temple University School o/ Y[edicine, Philadelphia (Pem,- 
sylvania 191d0, USA), I December 1975. 

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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