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10 min.  \Vith guam)sine the  ra te  is abou t  one t e n t h  of the  
ra te  wi th  inosine. 

A m o n g  the  f rac t ions  ob ta ined  by  dif ferent ia l  cent r i -  
fugat ion,  the  nuclei  and mi tochondr i a  were devoid  of 
nucleoside phosphory lase  ac t iv i ty .  The bulk of the  enzyme  
was found in the  soluble fract ion,  whereas  the  microsomes  
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Fig. 2. Effect of pH on leukocyte nucleoside phosphorylase activi ty.  
Assay as in Figure 1. The pH 5 reaction mixture was buffered with 
citric acid maintaining the usual phosphate concentration. An effect 

of the citrate anion was ruled out by testing at neutral pH. 

had an ac t iv i ty  a m o u n t i n g  to a few percen t s  of the  super- 
n a t a n t  (on pro te in  basis),  ac t iv i ty  which  m i g h t  well result 
f rom sl ight  con t amina t i on .  The in t racel lu lar  dis t r ibut ion 
is thus  in a g r e e m e n t  wi th  t h a t  found in o the r  t issues 9. 

The p H - d e p e n d a n c e  is shown in Figure 2. Maximum 
ac t iv i ty  is found at  7.8, which is close to f indings on the 
beef  liver enzymeX°. Also the  Michael is -Menten cons tant  
for inosine (3 • 10-55I) is of the  same order  of magni tude  
wi th  the  l iver t° and  the  leukocyte  enzyme.  

I f  the  nucleoside phosphory lase  ac t iv i ty  of whi te  and 
red blood cells is compared ,  one f inds  (on reca lcula t ing  the 
d a t a  by  TsuBoI and  HUDSON u on h u m a n  ery throcytes)  
t h a t  the  former  have  a 4-fold ac t iv i ty  on a p ro te in  basis 
and  an 8-10-fold ac t iv i ty  on a cell basis.  

Riassunto. Gli autor i  d imos t r ano  la presenza  di nucleo- 
side fosforilasi nei granuloci t i  neutrof i l i  di e ssuda to  peri- 
toneale  sterile di cavia.  L ' a t t i v i t g  enz ima t i ca  ~ dis t r ibui ta  
quasi  t o t a l m e n t e  nella frazione solubile, p r e s e n t a  a t t ivi t~ 
I0 vol te  pifi e leva ta  sul l ' inos ina  che sulla guanosina ,  ha 
p i t  o t t ima le  7,8 e cos t an t e  di Michael i s -Menten  per  l ' ino- 
s ina uguale a 3 • 10-s3 t .  
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M a l t a s e  A c t i v i t y  in  H u m a n  S e m e n  

I t  has  been d e m o n s t r a t e d  t h a t  m a m m a l i a n  s p e r m a t o z o a  
are capable  of ut i l is ing glucose, fructose,  mannose ,  
mal tose  and  glycogen for the  m a i n t a i n a n c e  of spe rm 
mot i l i ty  and  me tabo l i sm (KOELLIKER ~ and MACLEOD'°). 
Pr ior  to the i r  ut i l isat ion,  it is necessary  t h a t  d i sacchar ides  
should  be conve r t ed  to monosacchar ides ,  The enzymes  
responsib le  for such convers ions  have  not  been s tud ied  in 
detai l  so far. KARASStK a has  r epor ted  the  presence  of 
amylase  in dog and h u m a n  semen.  The obse rva t ion  of 
I .ANE-RoBERTS et al. 4 t h a t  h u m a n  semen  con ta ins  an 
unident i f ied  subs t ance  which on add i t ion  of amylase  gets  
conver t ed  to glucose indica tes  t h a t  glycogen m a y  also be 
present .  I t  seemed likely tha t ,  as in the  case of sa l ivary  
amylase ,  seminal  amylase  could then  br ing abou t  the  con- 
vers ion of seminal  glycogen to  mal tose .  I t  was there fore  
t h o u g h t  possible t h a t  deg rada t ion  of mal tose  to  glucose 
would be b r o u g h t  abou t  by  an enzyme  similar  to  in tes t ina l  
mal tase .  W i t h  these  obse rva t ions  in view, s tudies  were  
unde r t aken  to d e t e c t  and  e s t ima t e  the  mal tase  ac t iv i ty  of 
h u m a n  and  o the r  an imal  semen.  

Semen samples  were ob ta ined  f rom fert i le donors .  
Buffalo semen was ob ta ined  f rom the  Maharas t r a  Govern-  
m e n t  milk colon?'. R a b b i t  semen was collected by  means  
of an art if icial  vagina  and cock semen by  abdomina l  
massage.  Maltase ac t iv i ty  was e s t i m a t e d  in t e rms  of 
glucose l iberated.  The glucose was e s t i m a t e d  by  the  p a p e r  
c h r o m a t o g r a p h i c  m e t h o d  of SHETH and  RAO s. The s p r a y  
reagen t s  used for the  de tec t ion  of sugars  were t h e  same as 
descr ibed earl ier  (SHETH and  RAO 6). P ro te in  concen t r a t i on  

was d e t e r m i n e d  by  the  m e t h o d  of LOWRY et  a.1. ~. All 
e n z y me  s tudies  were carr ied ou t  using veronal  ace ta te  
p h o s p h a t e  universal  buffer .  

The mal tase  ac t iv i ty  of semen  was e s t ima ted  as follows. 
To 0,5 ml of semen  were added  equal  vo lumes  of veronal  
buffer  pH 5.5 and  0 .14M maltose.  Appropr i a t e  control  
mix tu re s  were also prepared ,  one w i t h o u t  t he  seminal  
p l a sma  and  the  o the r  w i thou t  t he  subs t ra te .  The mix tu res  
were i ncuba t ed  a t  37°C for 24 h. In  t he  reac t ion  as well as 
t he  con t ro l  mix tures ,  2 to  3 d rops  of to luene  were  added  
before incuba t ion .  Af ter  incuba t ion ,  t he  sugars  p r e s e n t  in 
the  mix tu re s  were ident i f ied and  e s t ima ted  accord ing  to 
the  m e t h o d  of SHETH and IiAO 5'6. 

The resul ts  i nd ica ted  t h a t  two  b a n d s  developed from 
the  po in t  s p o t t e d  wi th  the  d iges t ion  mix ture .  One of these 
bands  was due to mal tase  and the  second band  was 
ident i f ied to be t h a t  of glucose. The fo rma t ion  of glucose 
f rom mal tose  ind ica ted  t h a t  mal tase  was p resen t  in dia- 
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lyzed seminal plasma. Spermatozoa washed twice with 
saline did not show any maltase activity.  

Microbiological tests carried out with the control and 
reaction mixtures indicated that no microorganisms had 
grown during the period of incubation. 

The maltase activity of seminal plasma was maximal  at 
pH 4.5 to 5.0. The enzyme activity rapidly diminished on 
heating above 40°C. Heating at 55°C destroyed nearly 
50% ot the activity and at 70°C only about 15°,o of the 
original act ivity was left. The results indicate seminal 
maltase may also have three types of maltase with differ- 

Tab. I. Mal tase  ac t i v i t y  of semina l  p l a sma  of men, cock, bul l ,  and 
r abb i t  

Species *Iean of 5 samples  mR/nil S.E. of Mean 
glucose l ibe ra ted  

l. HuTnan 11),76 ± l.ql 
2. Cock 5.4g ~- 0.-t l 
3. Bul l  5,02 ± (l.S4 
4. Rabb i t  1+78 =: 0.33 

Tab. I I .  The a c t i v i t y  of hmnan  semina l  p lasma wi th  different  sugar  
subs t r a t c s  

en t  degree  of hea l  s t ab i l i t y  as r epo r t ed  for hog in t e s t ina l  
m a l t a s e  b y  I)AHLt2UIST s. 

S e m e n  s a m p l e s  of  b u l l ,  r a b b i t ,  c o c k  a n d  h u m a n  w e r e  
c o l l e c t e d  a s  a l r e a d y  d e s c r i b e d .  T h e  s e m i n a l  p l a s m a  w e r e  
s e p a r a t e d  by  c e n t r i f u g a t i o n  an d  dia lysed.  T h e  p ro te in  
was d e t e r m i n e d  in d ia lysed  semina l  p l a s m a  an d  su i t ab le  
d i lu t ions  were t hen  m a d e  wi th  dis t i l led  w a t e r  so t h a t  t hey  
c o n t a i n e d  equa l  a m o u n t  of p ro te in  (200 ~xg/ml). T h e  mal-  
t ase  a c t i v i t y  was d e t e r m i n e d  as desc r ibed  before.  T he  
resul t s  as ind ica ted  in Tab le  I show t h a t  the  h u m a n  
semina l  p l a s m a  has  the  nl~tXilTlUlTl Ffl;_ililtSe a c t i v i t y .  

T h e  e n z y m e  ac t i v i t y  of semina l  p l a s m a  wi th  d i f fe ren t  
s u g a r  s u b s t r a t e s  was s tud ied  to find o u t  the  r e l a t ive  
a c t i v i t y  <>f semina l  p l a sma  wi th  the  d i f fe ren t  suga r s  as 
c o m p a r e d  to malt<me. The  difh,  ren t  sugar  s u b s t r a t e s  were 
used in 0 . 1 4 3 l  c o n c e n t r a t i o n .  T h e  glucose l i be r a t ed  was  
m e a s u r e d  as a l r e ad y  <tescribed. Resul ts  shown in Tab le  I 1 
ind ica te  t h a t  s emina l  p l a sma  exh ib i t ed  m a x i m u m  a c t i v i t y  
t o w ard s  mal tose ,  

]~]ACI.EoI) 2 s h o w e d  t h a t  h u n l a n  s p e rma t o zo a  w e r e  
capab le  of u t i l i s ing  mal tose .  The  resu l t s  r epor t ed  here  did 
n o t  i n d i c a t e  t h a t  h u m a n  s p e r m a t o z o a  p o s s e s s e d  m a l t o s e -  
h y d r o l y s i n g  a b i l i t y .  T h i s  o b s e r v a t i o n  is  in  a g r e e m e n t  w i t h  

lO 

0,14 M of Glucose formed o, I I M of ( ;lucosc formed 
s u g a r s u b s t r a t e  mg /ml  s u g a r s u b s t r a t e  mg /ml  

1. Maltose 12.7 6. Melibiose I.~ 
2. Turanose  11t.2 7. Raffinose t . l  
3. Trehalose  2.8 ~;. Genet iobiose  0.9 
4. Sucrose 2.3 9. Cellobiosc tl.45 
5. Lactose  1.5 
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Fig. 1. The effect of h u m a n  semen on the mal tose  subs t r a t c :  ME~- 
React ion mix tu r e  con ta in ing  0,5 ml of mal tose  to.l,10 M), dialyzed 
semen and buffer . .MF2: React ion  mix tu re  af ter  2 L h. 1": l ) ia lyscd 
semen and. buf fer ,  M:  nlalto~e and buffer.  ( , :  gluco,~i,. F: fructo,~i,. 
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I:iR. 2. The effect of p t l  on the malta~,e ac t i v i t y  of hHHlall sell lhla] 
pla~tlta. 
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Fig. 3. The cf f l 'c t  of  t cmlwra tu re  oul the InaIta~e ac t i v i t y  ,ff h|]iii~i.l] 
~('IIl i l lal p]akltla. 
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the  obse rva t ion  of MOORE and  MAYER 9 who r epor t ed  t h a t  
ram s p e r m a t o z o a  (lid no t  possess the  enzymes  necessary  
for the  hydro lys i s  of ct-and fl-glucosidic l inkages.  The  
possible exp lana t ion  of the  resul ts  ob ta ined  by  MACLEOD 
could be t h a t  unwashed  s p e r m a t o z o a  were used in the  
s tudies  r epor ted  by him. It  is known t h a t  by  mere  centr i -  
fugat ion spe rma tozoa  canno t  be comple te ly  freed f rom 
seminal  p lasma.  So the  mal tase  p re sen t  in the  seminal  
p l a sma  adher ing  to  unwashed  spe rma tozoa  m u s t  have  
hydro lysed  the  mal tose .  We found t h a t  wash ing  the  
s p e r m a t o z o a  twice wi th  saline depr ived  t h e m  of the i r  
mal tase  ac t iv i ty  ind ica t ing  t h a t  seminal  p la sma  was remo-  
ved by this  t r e a t m e n t .  

The de tec t ion  of mal tase  ac t iv i ty  in h u m a n  semen  is of 
cons iderable  impor t ance  since we have  obse rved  t h a t  
h u m a n  semen  con ta ins  appreciable  a m o u n t s  of carbo-  
h y d r a t e  as glycogen from 0.14 to 5.5 mg/ml~ Glycogen 
would be conver t ed  to mal tose  by  amylase  which is known  
to  be p resen t  in h u m a n  semen  (KARASSIKa). F u r t h e r  
hydro lys is  of mal tose  by mal tase  would resul t  in the  
fo rma t ion  of ut i t isable sugar,  glucose. Thus  it seems t h a t  
mal tase  m a y  play an i m p o r t a n t  role in the  glycolyt ic  
me tabo l i sm of h u m a n  spe rmatozoa .  F u r t h e r  work  on the  
pur i f ica t ion and  proper t ies  ok seminal  mal tase  will be  
r epor ted  elsewhere.  

Rdsumd. Nous avons  6tudi6 l 'ac t iv i t6  de la mal tase  dans 
la semence  humaine  en u t i l i sant  la t echn ique  de la chro- 
m a t o g r a p h i e  sur  papier .  L 'ac t iv i t6  de la ma l t a se  est  ex- 
pr im6e en mg de glucose liber6 du s u b s t r a t  de  maltose. 
L 'ac t iv i t6  de la ma l t a se  est  sp6cia tement  associ6e avec le 
p la sma  s6minal.  Elle est  max imale  au p t t  5.0. Nous avons 
aussi 6tudi6 les act ivi t6s  de la mal tase  dans  des plasma 
s6minaux  des 6tres humains ,  des  beeufs, des  coqs et  des 
lapins.  Nous avons  t rouv6 que l 'ac t iv i t6  de la mal tase  est 
la plus hau te  chez l ' homme.  E n  compara i son  avec les 
au t res  subs t r a t s  de sucre, l ' ac t iv i t6  du p l a sma  s~minal se 
mo n t r e  plus hau te  darts la mal tose .  

A. R. SHETH and  SHANTA S. RAO 1° 

Reproductive Physiology (/nit, Ind ian  Cancer Research 
Centre, Pard ,  Bombay (India),  Apr i l  16, 1062. 
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Sp6cif ic i t6  de l ' ant ig~ne  t u m o r a l  d6cel6 d a n s  le 
foie  de rat  p o r t e u r  d 'une  t u m e u r  de Walker*  

Certa ins  au teur s  on t  w)ulu associer  l ' an t igbne  tumora l ,  
que nous avions  d6tect6 dans  le foie du ra t  po r t eu r  de la 
t u m e u r  de Walker  ~-s, au fac teur  pro t6 ique  du s6rum que 
I)ARCY 6 et  HElM 7 ont  d6couver t  dans  le sang de ra t s  soit  
nouveau-n6s ,  soit  en ges ta t ion ,  soit po r t eu r s  de tumeurs .  
Ce fac teur  s6rique reli6 5̀  la r ep roduc t ion  et  5̀  la syn th6se  
t issulaire n ' e s t  6 v i d e m m e n t  pas  sp6cifique au cancer.  

Aussi, il nous  a sembl6 i m p o r t a n t  de faire des 6tudes  
sys t6ma t iques  de compara i son  du c o m p o r t e m e n t  ant i -  
g6nique du foie p r o v e n a n t  d ' a n i m a u x  dans  dif f6rents  6 ta t s  
biologiques et pa tho log iques  ; soit  du foie de ra t s  e m b r y o n -  
naires,  nouveau-n6s ,  en ges ta t ion  et  h f p a t e c t o m i s 6 s  (con- 
d i t ions  biologiques) et  po r t eu r s  de la greffe tumora le ,  d ' u n e  
a r t h r i t e  ~ ta formal ine  e t  d ' i n f l a m m a t i o n  aigiie (condi t ions  
pathologiques) .  

Matdriel et Mdthodes. 28 ra ts  m~les e t  femelles de 
souche Fisher  inbred  344 p r o v e n a n t  de l'61evage Charles 
River,  Brooklyne,  Mass., U.S.A. ,  on t  6t6 dis t r ibu6s 4gale- 
m e n t  en 7 groupes  su ivan t s  d o n t  chacun  repr6sente  un 
6ta t  physio logique  ou pa tho log ique  d4termin6:  (1) ra t s  5̀  
l '6tat  e m b r y o n n a i r e ;  (2) ra t s  nouveau-n6s ;  (3) r a t t e s  
ges tan tes ;  (4) ra t s  pa r t i e l l ement  h6patec tomis6s  depuis  
72 h;  (5) r a t s  por t eu r s  d ' u n e  t u m e u r  de Wa lke r  t rans -  
plant6e par  vole in t ramuscu la i re  depuis  15 jours ;  (6) ra t s  
a t t e in t s  de l ' a r th r i t e  5. la formaline,  provoqu6e  exp6ri-  
m e n t a l e m e n t  depuis  6 jours ;  (7) r a t s  a y a n t  regu une in- 
ject ion d 'hui le  de cro ton  dans  une poche d ' a i r  dorsale  
depuis  6 jours  e t  qui son t  alors marqu6s  par  une  inf lam- 
ma t ion  aigtie. 

Tous  les an imaux  sont  sacrifi6s par  d6capi ta t ion .  Le 
foie est so igneusement  perfus4 avec une quan t i t6  abon-  
d a n t e  de s6rum physiologique  jusqu'5, d i spar i t ion  com-  
pl6te des t races  de sang. La  pes4e faite, on proc6de ensui te  
5. une homog6n6isa t ion  a u t o m a t i q u e  5. une vi tesse de 
24000 tours  /~ la minu te ,  5. l 'a ide d ' u n e  solut ion saline 
i sotonique de NaC1 dans  la p ropor t ion  1 : 2 (1 g de tissu 

pour  2 ml  de solut ion saline). L 'homog6n6isa t  est  ensui te  
soumis/~ une cen t r i fuga t ion  r6frig6rfe 5~ 60000 g pour  1 h. 
Le su rnagean t  ainsi ob tenu  cons t i tue  l ' ex t r a i t  h6pat ique  
soluble d o n t  nous  d6 te rminons  immf id i a t emen t  ta concen-  
t ra t ion  en azote  prot6ique par  microkje ldahl .  Nous rajus-  
tons  alors la concen t r a t ion  prot6ique,  si n6cessaire,  5. l 'a ide 
de la solut ion saline isotonique,  de fa~on telle qu 'el le  soit 
la m~me pour  tous  Ies ex t r a i t s  h6pat iques .  

La fabr ica t ion  de l ' immuns6 rum a n t i t u m e u r  chez le 
lapin se p rodu i t  pa r  sui te  des in jec t ions  a l te rna t ives ,  par  
vole in t rave ineuse ,  in t ramuscu la i re  e t  intrap6ri ton6ale ,  
des ex t ra i t s  lyophilis6s d ' u n e  t u m e u r  de Walke r  su ivan t  
les d6tails  indiqu6s dans  une publ ica t ion  ant6r ieure  ,o. Pour  
d6barasser  les an t i corps  non sp6cifiques, form6s ~ par t i r  
des  impure t~s  dans  l ' ex t r a i t  tumora l ,  nous  avons  procfid6 

une absorp t ion  en s6rie de l ' immuns6rum,  d 'apr~s  la 
t echn ique  de HEIDELBERGER e t  KENDALL 8, ~ l 'a ide  des 
pe t i tes  quan t i t6s  d ' e x t r a i t  soluble de foie normal .  L ' im-  
mu n s 6 r u m ainsi purifi6 est  utilis6 dans  la d6tec t ion  de 
l 'ant ig~ne tumora l .  

Nous nous  sommes  servi  de l ' immuno616ctrophor~se 
telle que  d6cri te  par  GRABAR et  "~VILLIAMS 9, pour  6tudier  
la sp6cificit6 et  la na tu re  de l ' ant igbne tumora l  d6cel6 dans  
le foie de ra t  po r t eu r  d ' u n e  t u m e u r  de Walker .  

* Travail subventionn6 par l'Institut du Cancer du Canada. 
2 D. DUFOITR et I). B. LtNH, Rev. Immunol. 25, 64 (1961). 
a D. DUFOUR, D. 13. LINH et P. LINDSAY, Rev. Franq. Et. clin. biol. 

% 179 (1962). 
4 D. DUFOUR, D. B. LINH et P. LXNDSAY, Bull. Cancer 4s, -155 (1961). 
,5 D. DUFOUR, 1). B. I.INH, .M. I)EMERS et P. IAN~SAV, Rex'. Fran,:. 

Et.  clin. biol. 6 ,467 (1961). 
6 D. A. DARCY, Brit .  J. Cancer 11, 137 (1957). 
7 \V. G. HEiSt, Nature 4814, 49l (19G2). 
a M. HEIDELBERGER et F. 1';. KENDALL, J. exp. Mcd. 61, 559, 56'1 

(1935). 
9 1 ). GRAt~AR et  C. A. ~VILI.IAMN, llioehem, biophys. Acta 17, G7 

(I 9~,:,). 


