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t ional activity as a whole can be detected not  only in 
thromboeytoasthenias bu t  also in other conditions, as 
for instance during menses x. (See previous researches on 
the positivity of the prothrombin consumption test 
during menses~.) In  such cases, as well as in other 
conditions, significant modifications can be detected, 
regardless of the actual  platelet count, which might 
influence the results in other methods. 

P. DE NICOLA and P. ROSTI 

Department o/I~ternal Medicine, University o/Pavia, 
October ~6, ~953. 

Zusammen/assung 

Eine Methode zur Auswertung der funktionellen 
Pl~ittchenaktivitiit wird beschrieben. Isolierte PlAttehen 
in konstanter  Zahl (300000/cu.mm) werden einem alle 
iibrigen Gerinnungsfaktoren in konstanter  Menge ent- 
hal tenden Substrat  zugesetzt. Prozente k~nnen von den 
Gerinnungszeiten dutch eine Eichkurve ermittel t  wer- 
den. 
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T h e  In f luence  of  the  N u c l e u s  and of  Heat  
R e g u l a t i o n  o n  the  D lpept ldase  Act iv i ty  of  the  

N u c l e a t e d  and A n u c l e a t e d  E r y t h r o c y t e s  
of  V e r t e b r a t e s  

Researches in Comparative Cytochemistry 

The s tudy of the peptidases--hydrolytie enzymes 
which split the CO-NH bond of the amino acids combined 
to form the peptides--has been greatly advanced by the 
work of the CARLSBERG Group (LxNDERSTR~)M-LANG, 
HOLTER an others t). These workers have put  forward the 
hypothesis tha t  these enzymes, known to be ubiquitous, 
may play a part  in the process of protein synthesis 
which occurs in the cells; such a suggestion has arisen 
from the fact tha t  the peptidases are found in very 
considerable quantit ies in cells with notable power of 
synthes is  (DusPIVA 1, SMITH:l). I t  has moreover been 
possible to locate the peptidases in the cytoplasm of the 
cells (DusPIVA, HOLTER and L6vTRrjp3), and not in the 
nucleus. URBANI ~ Was able to notice tha t  in amoebas 
experimental ly enucleated, the dipeptidases are par- 
t ially affected by the removal of the nucleus, from which 
one must  conclude that  the nucleus, although it does not 
itself contain the enzyme, par t ly  controls its presence in 
the cytoplasm. 

We may recall briefly tha t  researches on dipeptidase 
act ivi ty have even been carried out on the cells of 
human  haematopoietic tissues, in normal conditions and 
in connection with the relation between d-peptides and 
mal ignant  processes (MERT~r~, ADAMS, SALWOIO, and 
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Vol. 1, second part (Academic Press Inc., New York, 1952). 

s F. DvsPxv^, Biol. Zbl. 6~, 403 (1942). - H. HOLr~R and S. 
L6VTRUP, C. r. Lab. Carlsberg 27, 2 (1949). 

4 E. URSAS[, Arch. Int. Physiol. 60, 189 (1952). 

PARREIRA1). Recently ADAMS et al. t have assayed 
Mammalian and Avian red blood corpuscles for four 
separate peptidases; they found tha t  each peptidase 
varied only a 3-fold range from species to species, and 
that  nucleated avian erythrocytes showed no dist inct ive 
differences in act ivi ty  from mammal ian  corpuscles. 

To explain more clearly the relationship between 
nucleus and cytoplasm, G. COTRONEI suggested to us 
tha t  a piece of comparat ive research, extended to all the 
Vertebrates, might  be of interest  in the evaluat ion  of the 
influence of the nucleus on the enzymat ic  conten t  of 
haematie cells. 

We have therefore under taken  an analysis of the 
dipeptidases in the erythrocytes of the Vertebrates, 
from Fish to Man; we have, however, not  been able for 
the moment  to carry out  research on the Cyclostomata, 
owing to lack of material. 

Material and Method. Erythrocytes  of the following 
species: Carassius auratus, Triton cristatus, Bu/o vul- 
gaffs, Rana esculenta, Lacerta viridis, Anser anser, 
Gallus domesticus, Mus musculus, and Homo sapiens. 
Determinat ion of the dipeptidase ac t iv i ty  (substrate 
dl-alanylglycine 0,2 m) was carried out according to the 
t i tr imetric micromethod of LtNDEr~STR6M-LANG and 
HOLTER s. After taking the sample the red corpuscles 
were washed, counted and hemolysed with distilled 
water. We calculated the s tandard  cleavage of alanyl-  
glycine 100,000 ceils and for one hour 's  incubat ion at 
38°C, and tile cleavage per cellular volume unit ,  
obtaining this lat ter  by means of a microhematocrit .  

Results. Having ascertained tha t  in the erythrocytes 
of the Urodela also, the enzymatic  act ivi ty  occurs almost 
entirely in the cytoplasm, we established the pH opi- 
mum of the peptidases in the various classes of Verte- 
brates, and by comparing them, determined the enzyme 
content  of the erythrocytes of the Vertebrates examined. 

As one can see from the table, the op t imum pH in the 
various species examined is around 7.70, though i t  has 
an opt imum of 7.40 in Fish, and 7.90 (with a secondary 
maximum at  7.10) in Man. Quanti ta t ively,  on a super- 
ficial examinat ion of the data, it would seem tha t  there 
exists a direct proportionality between cellular volume 
and dipeptidase activity.  On a more careful examina-  
tion, however, one notes tha t  while the relationship 
between the volume of the erythrocytes of Tri ton and 
Mouse is 50 to 1 (2500 micron s to 51 micronS), the 
relationship between the respective s tandard cleavages 
is 103 to 1, and the cleavage per volume is 1.46 for the 
Triton, 0.60 for the Mouse, and 0.41 for Man. These 
facts show tha t  the enzymatic act ivi ty  of the erythro- 
cytes in Mouse and Man is less tha t  one would have 
expected from the relationship to cellular volume. An 
examinat ion of the connection between cellular volume 
and enzymatic act ivi ty  per volume uni t  of tile erythro- 
cytes of the cold blooded animals shows, on the other 
hand, tha t  the dipeptidase act ivi ty  is proportional to the 
cellular size and practically equal in the various cold 
blooded species, in relation to the un i t  of cellular volume 
(seeTable). From the Figure it  can be seen tha t  the cleav- 
age per volume uni t  (in grey) is almost the same in the 
cold blooded Vertebrates, while there is a clear diffe- 
rence between cold and hot blooded species. Between 
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No. of samples Species pH optimum Cellular volume Standard/Cleavage Volume/Cleavage 

Triton . . . . . . .  
Rana  . . . . . . .  
Bufo . . . . . . .  
Lacer ta  . . . . . .  
Carassius . . . . . .  
Anser . . . . . . .  
Gallus . . . . . . .  
M u S  . . . . . . . .  
Homo . . . . . . .  

7"70 
7"70 
7"70 
7"70 
7"40 
7"70 
7"70 
7"70 
7"90 

2,500 
930 
815 
290 
225 
130 
100 

51 
80 

270 
93 
70 
33 
27 

8 
6 
2,6 
2,50 

1.46 
1-45 
1.33 
1,40 
1.50 
0.80 
0.75 
0.60 
0.41 

The cellular volume is in cubic nficron; the standard cleavage and the cleavage per cellular volutne unit (Volume/Cleavage) are in 
microliter HC1 0-06 N. 

B i r d s  a n d  M a m m a l s  one  sees t h a t  t h e  c l e a v a g e / v o l u m e  
is g r e a t e r  for  t h e  fo rmer ,  a n d  for  M a m m a l s  i t  is t h e  
lowes t  f o u n d  in t h e  zoological  scale.  F r o m  a n  e x a m i n a -  
t i on  of t h e s e  d a t a  we c a n  e s t a b l i s h  t h e  fo l lowing  p o i n t s :  

(1) T h e  d i p e p t i d a s e s  are  p r e s e n t  in  t h e  c y t o p l a s m  of 
e r y t h r o c y t e s ,  a n d  a b s e n t  f r o m  t h e  nuc leus .  

(2) T h e  q u a n t i t y  of p e p t i d a s e s  in  a n  e r y t h r o c y t e  is 
p r o p o r t i o n a l  to  t h e  v o l u m e  of t h e  e r y t h r o c y t e  i tself .  

(3) The  q u a n t i t y  of d i p e p t i d a s e s  pe r  v o l u m e  u n i t  of 
c y t o p l a s m  is c o n s t a n t  in  co ld  b l o o d e d  V e r t e b r a t e s .  
I n  warm-  blooded-  a r r i v a l s ;  t h e  ~ qtrawrtity- off e r r z y m ~  
pe r  v o l u m e  u n i t  of p r o t o p l a s m  is less t h a n  in  t h e  
cold  b looded  an ima l s .  I t  is also poss ib le  to  d i f f e ren-  
t i a t e  t h e  h o t  a n d  co ld  b l o o d e d  V e r t e b r a t e s  f r o m  t h e  
p o i n t  of v i ew  of e n z y m e  c o n t e n t ,  b y  c o m p a r i n g  t h e  
e n z y m a t i c  a c t i v i t y .  

(4) I n  h o t  b l o o d e d  V e r t e b r a t e s  w i t h  n u c l e a t e d  e r y t h r o -  
cy t e s  (Avians ) ,  a n d  a n u c l e a t e d  e r y t h r o c y t e s  (Mam-  
mals)  t h e  e n z y m e  c o n t e n t  is less in  M a m m a l s ,  w h o s e  
r ed  b lood  co rpusc le s  h a v e  los t  t h e  n u c l e u s ;  m o r e o v e r ,  
t h e  e n z y m a t i c  c o n t e n t  of t h e  e r y t h r o c y t e s  of  M a m -  
ma l s  is less t h a n  t h a t  of all  o t h e r  V e r t e b r a t e s .  

O~PEPTIOASE CONTENT IN THE 
ERYTHROCYTES OF VERTEBRATES 

IStandara Cleavage x cell 

~ Cleavage x cellular volume unit 

F o r  a ful l  d i scuss ion  of t h e  m a t t e r ,  r e f e rence  s h o u l d  
be  m a d e  to  a n o t h e r  w o r k  in  p rocess  of p u b l i c a t i o n  
(SALVlDIO a n d  URBAND). 

Conclusions. T h e  c o m p a r a t i v e  c r i t e r i o n  on  w h i c h  t h i s  
piece of r e s e a r c h  is b a s e d  h a s  p e r m i t t e d  us  to  o b t a i n  
o b j e c t i v e  r e s u l t s  on  t h e  d i p e p t i d a s e  c o n t e n t  of  t h e  
e r y t h r o c y t e s  in  t h e  r a n g e  of V e r t e b r a t e s ,  f r o m  F i s h  to  
Man ,  a n d  i t  is t h e  f i r s t  t i m e  t h a t  t h i s  p a r t i c u l a r  f ie ld  of 
r e s e a r c h  h a s  b e e n  s t u d i e d .  W e  h a v e  b e e n  ab le  to  
d i s t i n g u i s h  t h e  i n f l u e n c e  of t h e  n u c l eu s  on  t h e  e n z y m a t i c  
coi~te~t  of t l m  r e d  h l ~ a d  corpusc les ,  a n d  we h a v e  also 
b e e n  ab le  to  e s t a b l i s h  t h a t  t h e r e  is a c o r r e l a t i o n  b e t w e e n  
t h e  e n z y m a t i c  a c t i v i t y  a n d  t h e  p h e n o m e n a  of h e a t  
r e g u l a t i o n .  E x a m i n a t i o n  of t h e  e r y t h r o c y t e s  of f ive 
c lasses  of V e r t e b r a t e s  h a s  s h o w n  t h a t  f rom t h e  e n z y m o -  
logical  p o i n t  of v iew also, one  c a n  d i s t i n g u i s h  b e t w e e n  
V e r t e b r a t e s  w i t h  n u c l e a t e d  e r y t h r o c y t e s  a n d  V e r t e b r a -  
tes  w i t h  a n u c l e a t e d  e r y t h r o c y t e s .  F i n a l l y  A v i a n s ,  in  
w h i c h  t h e  e r y t h r o c y t e s  p r e s e n t  t h e  m o r p h o l o g i c a l  
a p p e a r a n c e  (nucleus)  of c o l d - b l o o d e d  V e r t e b r a t e s  in  
a w a r m - b l o o d e d  o r g a n i s m ,  h a v e  a n  e n z y m a t i c  c o n t e n t  
q u a n t i t a t i v e l y  i n t e r m e d i a t e  b e t w e e n  t h a t  of F ish ,  
A m p h i b i a n s ,  a n d  Rep t i l e s  f r o m  one  side,  a n d  M a m m a l s  
on  t h e  o the r .  

E,  SALVIDIO a n d  E.  URBANI 

Institute o/ Comparative Anatomy, University o/ Rome, 
August 78, 1953. 

Riassunto 

A p p l i c a n d o  ii m e t o d o  c o m p a r a t i v o  gli  a u t o r i  h a n n o  
s t u d i a t o  l ' i n f l u e n z a  del  nuc l eo  sul  t e n o r e  in  d i p e p t i d a s i  
( s u b s t r a t o  d-l a lan i lg l i c ina )  degl i  e r i t r o c i t i  di  V e r t e -  
b r a t i  e t e r o t e r m i  ed  o m e o t e r m i  da i  Pesc i  a l l ' u o m o .  L a  
m a n c a n z a  di m a t e r i a l e  n o n  h a  p e r m e s s o  di c o m p r e n d e r e  
p e r  il m o m e n t o ,  nel le  o s s e rv az i o n i  gli e r i t roc i t i  dei 
Cic los tomi .  

Con il m i c r o m e t o d o  di LINDERSTROM-LANG e ~{OLTER 
si ~ p o t u t o  loca t izzare  l ' e n z i m a  p r e v a l e n t e m e n t e  nel  
c i t o p l a s m a  degl i  e r i t roc i t i ,  i n o l t r e  si 6 p o t u t o  a c c e r t a r e :  

I. L a  q u a n t i t ~  di d i p e p t i d a s i  di u n  e r i t r o c i t a  ~ pro-  
p o r z i o n a l e  al  v o l u m e  d e l l ' e r i t r o c i t a  s tesso.  

I I .  L a  quan t i t t~  di  d i p e p t i d a s i  p e r  un i t t t  di  v o l u m e  
p r o t o p l a s m a t i c o  6 u n a  c o s t a n t e  negl i  e t e r o t e r m i .  

I I I .  Negl i  o m e o t e r m i  la  q u a n t i t A  di e n z i m a ,  p e r  u n i t k  
di v o l u m e  p r o t o p l a s m a t i c o ,  6 m i n o r e  che  negl i  

1 E. SALVIDIO and E. URBANI,  to be published in: Haematologica 
s7 (I.~53). 
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e te ro te rmi .  I1 t enore  enz imat ico  degli  e r i t roc i t i  
dei Mammife r i  ~ infer iore  (a par i t~  di v o l u m e  
pro top lasmat ico)  a quel lo  di t u t t i  gli a l t r i  Ver-  
t eb ra t i  s tudia t i .  

1)al l ' insieme delle r icerche ~ r i su l ta ta  l ' i n f luenza  del  
nucleo e del la  t e rmoregolaz ione  (dedot ta  dalle condi-  
zione e t e ro t e rme  e o m e o t e r m e  degli  organismi  s tudiat i )  
sul t enore  in d ipept idas i  degli  e r i t roc i t i  nucleat i  e 
anuc lea t i  dei Ver tebra t i .  

Some Remarks on Two-Dimens ional  Paper 
Electrophoresisl  

Paper  e lec t rophores is  has  been mak ing  rapid  devel-  
o p m e n t  dur ing  recent  t imes  bo th  on accoun t  of  the  
s impl ic i ty  of ca r ry ing  ou t  t he  m e t h o d  and the  low cost  
of the e q u i p m e n t  required.  B u t  to  be sure t h a t  i t  is 
real ly paper  e lectrophoresis  and not  jus t  c h r o m a t o -  
g raphy  wi th  appl ied vol tage,  the  process should  be 
carr ied ou t  under  condi t ions  which ensure hav ing  a 
m o v e m e n t  of t he  subs tance  which depends  essent ia l ly  
on the  electr ic  field appl ied,  and exc lude  o the r  factors  
which migh t  in te r fe r  wi th  the  f inal  result .  F r o m  this  
poin t  of view, f lat  e lect rophores is  presents  u n d o u b t e d  
adv an t a g es  over  t h a t  carr ied  ou t  on an incl ined surface,  
even wi th  cont inuous  evapo ra t i on  of the  so lven t  ac- 
cording to MACHEBOEUF and his associates  s ( e l ec trorheo-  
phores i s ) .  

In any  case, paper  e lect rophores is  e f fec t ive ly  opens 
up a large field of  inqu i ry  on accoun t  of  t he  var ious  
oppor tun i t i e s  for successful combina t i on  wi th  c h r o m a t o -  
graphy*, also for effect ing a cont inuous  separa t ion  s of 
the di f ferent  substances  and for ca r ry ing  ou t  two-  
d imensional  e lect rophores is  8, t h a t  is, twice successively 
in direct ions  a t  r igh t  angles  to each o the r  and  under  
d i f ferent  e lectr ical  condi t ions.  

Our  working condi t ions  6 for the  s t u d y  of two-  
d imens ional  paper  e lect rophores is  have  been the  same 
as those descr ibed by KUNKEL and  TISELIUS v, wi th  the  
excep t ion  of one p a r t i c u l a r :  the  two oppos i te  sides of 
the  square  sheet  of paper  did not  dip in to  buffer,  bu t  
were e lec t r ica l ly  connec ted  there  wi th  smal l  s iphons of 
the  same paper  (four a t  each  side) not  larger  t h a n  15 ram. 
This  a r r angement ,  even  though  i t  forced us to  work  
with a lower cu r ren t  in tens i ty ,  ope ra ted  in such a w a y  
tha t  t he  m o v e m e n t  of the  subs tances  was independen t  
of thei r  posi t ion on the  paper  and due exc lus ive ly  to  the  
forces of the  electric field. In  fact, also in e lectrophoresis  
in a single direct ion,  we have  not iced  m a n y  t imes  tha t  
when the  paper  s t r ip  was d ipping  a t  the  two ex t remi t i es  
for i ts  en t i re  wid th  in to  buffer  con ta ined  in the  vessels, 
there  w a s - e v e n  w i thou t  the  c u r r e n t - - a  m o v e m e n t  of 
the  subs tances  due  to the  s t rong  inf lux  of e lect rolyte .  

1 A section of this paper was read at the XIII International 
Congress of Pure and Applied Chemistry, Stockhohn ,1953. 
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3 H. H. STRAIN and J. C. SULLIVAN, Anal. Chem. 2,, 816 (1951). - 
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R. CONSOES and W. M. STAINER, Biochem. J.15,xix, (1952); Nature 
(London) la9, 783 (1952). 

4 H. SVENNSOU and J. BRATTSTEN, Ark. Kemi 1, 401 (1949). - 
W. GkASSMANU and K. HAssm, Naturwissenschaften 37,397 (1950) ; 
Angew. Chem. 62, 170 (1950). - E. L. DURRUM, J. Amer. Chem. Soc. 
73, ,1s75 (1951). - T. R. SATO, W. P. NORRIS, and H. H. STn^IN, 
Al:al. Chem. 24, 776 (1952). 

5 E. L. DURRUM, J. Colloid Sci. 6, 274 (1951). 
s G. DtCASTRO, J. Polymer Sci. (in press). 
7 H. G. Kt,NKF.L and A. TtSELIUS, J. Gen. Physiol. 35, 89 (1951). 

Th is  m o v e m e n t  was negl igible  in t he  cen t r a l  p a r t  of  t i le  
s t r ip  and  increased  l i t t le  by  l i t t l e  g r a d u a l l y  as i t  ap-  
p roached  the  buffer  in the  vessels.  These  m o v e m e n t s  
had  a rea l ly  no t iceab le  inf luence  on the  resul ts  of the  
e lec t rophores is ,  pa r t i cu l a r ly  for a m i n o  acids  and  the  
more diffusible ions. When ,  in o rder  to h a v e  a la rger  
p a t h  avai lable ,  a s t a r t i ng  po in t  was se lec ted  near  one 
of  the  ends  of t he  s t r ip ,  i t  h a p p e n e d  s o m e t i m e s  tha t ,  a t  
first ,  the  subs tances  m i g r a t e d  t owards  t he  nea res t  vessel  
(pole wi th  the  same  charge)  before  s t a r t i n g  t he i r  n o r m a l  
rou te  towards  the  oppos i te  pole;  o the r  cond i t i ons  be ing  
equal ,  the  pa th  t aken  by the  subs tances  d i f fe red  ac- 
cord ing  to  the  in i t ia l  point .  E v e n  when  the  s t a r t i n g  
po in t  was chosen in the  cen t ra l  pa r t  of the  s t r ip ,  du r ing  
the  e lec t rophores i s  wi th  t he  m o v e m e n t  due  to  t he  
e lectr ic  field, t he  subs tances  fell unde r  t he  inf luence  of  
the  a t t r a c t i o n  exe r t ed  by  the  buffer .  A l t h o u g h  i t  was 
possible to  de t e rmine  this  inf luence e x a c t l y  a t  each  point ,  
bo th  w i thou t  the  app l ica t ion  of the  cu r r en t  and  when  
the  s t r ip  was inser ted  in the  c i rcui t  (and in th is  case such  
inf luence adds  up a lgebra ica l ly  to t he  va lue  of t he  
e l ec t roendosmot ic  flow), we prefe r red  to  t r y  to e l imina te  
th is  in ter ference .  The  use of na r row s iphons  (one each  
seven  c e n t i m e t r e s  of the  wid th  of t he  str ip)  e l imina tes ,  
as we a l r eady  said, th is  d i f f icul ty .  
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Two-dimensional paper electrophoresis of human plasma fraction I 
(according to CoHN et aLL X - origin. N = direction in the first 
phase. Potential, 300 V. Duration,,300 min. Phosphate buffer, pH 
8.0, ionic strength 0.01. Y - direction in the second phase. Potential, 
450 V. Duration, 600 min. Phosphate buffer, pH 5.7, ionic strength 
0.1.-From the left descending to the right: gamma-globulins, fibri- 

nogen, beta- and alpha-globulins, albumin. 

In  our  work  we have  a lways  carr ied  o u t  t w o - d i m e n -  
sional  e lec t rophores is  on the  hor izon ta l  p lane  and  we 
h a v e  checked  t h a t  the  p a t h  t aken  is due  a l m o s t  exclus i -  
ve ly  to  the  migra t ion  of  t he  ions under  the  d i f ference  of 
po ten t i a l  and  to the  e l ec t roendosmot i c  f low (the effects  
of this l a t t e r  are p ropo r t i ona t e ly  reduced  if MUNKTELL 
paper  20/150 is used). Work ing  in the  two phases  of the  
process, wi th  the  same buffer  (same p H  and  same  ionic 
s t rength)  the  ra t io  be tween  the  speed of the  ind iv idua l  
componen t s  remains  c o n s t a n t  w i th  va r i a t ions  of t he  
difference of the  po ten t i a l  app l ied  and,  a t  the  end  of t he  
second phase,  t he  var ious  subs tances  are  found  a long 
a s t ra igh t  line, the  posi t ion of which  on t h e  p lane  
depends  solely on the  charac te r i s t i c s  and  d u r a t i o n  of 
the  passage of the  current .  E a c h  ind iv idua l  c o m p o n e n t  
is found a t  the  e x t r e m i t y  of the  h y p o t e n u s e  of a r igh t  
angled  t r iangle ,  the  o the r  sides of which  represen t  the  
pa th  t aken  by  the  subs tance  in the  two  d i f fe ren t  phases  
of the  process. 


