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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. 

2 M. MACHEBOEUF et al., Bull. Soc. Chim. Biol. 36, 334, 346 
(1953). 

3 H. H. STRAIN and J. C. SULLIVAN, Anal. Chem. 2,, 816 (1951). - 
F. MICHEEL and F. P. VAN V~ I{AMP, Angew. Chem. 8~, 607 (1952). - 
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. 
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Two-dimensional  electrophoresis is par t icular ly  useful 
for discovering whether  or not  the tai l  ends or the 
spreading out of the spots are due to extraneous electric 
factors. 

The use of the small siphons described before also 
enables the pH of the buffer to be changed between one 
phase and another  of the electrophoresis, wi thout  
drying the sheet and wi thout  causing the substance to 
move;  even simple drying in the air can cause al terat ion 
in the proteins. Usually we preferred not  to change the 
salts of the buffer, since (as for free electrophoresis) this 
can cause al terat ions of the mobili ty,  independent  of 
the variat ion in pH. 

Usually we carried out the first phase of the electro- 
phoresis wi th  a buffer having a weak ionic strength,  and 
the second phase with a buffer of higher ionic strength, 
The salts of the buffer were the same but  in different 
proportions and, therefore, the pH  was different. In the 
interval  between the two phases, the sheet of paper 
(always kept  between the two glass plates) was raised so 
tha t  the siphons no longer dipped into buffer, and then 
was lowered again (turned 90 degrees) only when the 
buffer had been changed. 

The sheets of paper tha t  we used (MuNKTELL paper 
20/150 in squares of 30.5 cm each side) retained under  
our exper imental  conditions about  35 ml of solutions of 
electrolyte;  when the paper was placed in contac t  with 
the new buffer, i t  reached a pH of equil ibrium within 
10-15 rain and this pH was pract ical ly equal to t ha t  of 
the second buffer. 

This abi l i ty to vary,  between one phase and the other, 
not  only the characteristics of the current  applied but  also, 
through the pH,  the mobi l i ty  of the substances, has 
enabled the most diversified mixtures  to be studied. 

We have  found tha t  this is ve ry  useful in s tudying 
plasmatic fractions. In  separat ing fraction I, according 
to method 6 of CO~N and his colleagues I, af ter  a first 
electrophoresis at  pH  8.0 in phosphate buffer, during the 
second phase we worked with the same buffer with a pH 
corresponding to the isoelectric point  of the fibrinogen, 
tha t  is, of the principle component  of this fraction, 
Even  if there was a mobi l i ty  decrease for a11 the other  
components,  the fibrinogen remained at  the point  
reached a t  the end of the first phase, and if the second 
period of the electrophoresis lasted a sufficiently long 
time, i t  was possible to obtain a clear cut  separation, 
which was very  useful from a quan t i t a t ive  point  of 
view. 

One should bear  in mind, however,  t ha t  the iso- 
electric points noted are always slightly higher than  
those found in free electrophoresis a, and perhaps this 
is due to the influence of the electroendosmosis. In  any 
case, we have always preferred to work under the condi- 
tions described rather  than t ry  to overcome this in- 
fluence, raising the level of the buffer in the cathode 
compar tment .  For  example,  an isoelectr/c point  at  pH  
5.68-5.73 was observed for f ibrinogen in phosphate 
buffer of 0.1 ionic s t rength in comparison With tha t  of 
5.53 checked in free electrophoresis. 

G. DICASTRO 

~Medital~ Laboratories Research Division, Rome, Ju ly  
28, 1953. 

Riassunto 

Per una buona esecnzione dell 'elettroforesi  su car ta  
necessario lavorare con alcune precauzioni, ehe ren- 
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dono i r isul tat i  indipendent i  dalta posizione iniziale delle 
sostanze. In  tal  modo ~ anche possibile eseguire l 'eIet- 
troforesi bidimensionalmente,  con cambiamento  del 
p H  e della forza ionica det t ampone  t ra  una  fase e 
l 'al tra,  modificando cosi le velocith di migrazione. 

Phosphorylation Mechanisms in Cloudy Swelling 

Previous papers have shown tha t  the purest  form of 
exper imental  c loudy swelling is obtained when animals 
have  been in toxicated with bacterial  toxins/ .  The mild 
morphological  changes which occur in such a cellular 
metamorphosis  are constant ly  accompanied by chemical 
and enzymat ic  alterations,  e.g. the protein-N is in- 
creased 2, DNA content  is lowered in cells of the renal 
cortical tubules ~, the alkaline phosphatase distr ibution 
in the kidney is modified 4 and its ac t iv i ty  markedly 
decreased 5. In renal cells oxygen uptake and fa t ty  acid 
oxidase ac t iv i ty  are depressed by cloudy swelling 6. More- 
over, i t  has been observed tha t  cyclophorase preparat ions 
from kidney, brain, hear t  and skeletal muscle of diph- 
ther ia  in toxicated guinea-pigs are inhibi ted in their  
capaci ty  to catalyze the processes of the t r icarboxyl ic  
acid cycle in the later  stages of the in toxicat ionL 

I t  has been known since long tha t  mitochondrial  
changes occur in cloudy swelling, and recent ly ZOL- 
LINGER 8 added new and interest ing data  about  it. Fur- 
thermore,  i t  has been pointed out tha t  hear t -mito-  
chondria, caused to swell by  changing the electrolyte 
concentrat ion of the medium, show a lowered cyclo- 
phorase ac t iv i ty  g and a decreased P:  O ratio x°. 

Recent  research has shown t h a t  in d iphther ia  in- 
toxica ted  rabbits,  whose organs are notoriously affected 
by cloudy swelling, the glucose charge does not  produce 
the lowering of inorganic phosphate  concentra t ion in 
blood so much as in the normal  controP 1. Hypophos-  
pha taemia  occurring in normal  animals after glucose 
inject ion is due to an increased phosphate  uptake in 
tissues, i.e. i t  depends upon the phosphorylat ion of the 
introduced glucose. 

I t  therefore appeared reasonable to assume tha t  in the 
diphtheria  in toxicated animals the functional  ac t iv i ty  
of the phosphorylat ing systems could be decreased. 

In  order to clarify the mechanisms involved,  the 
hexokinase ac t iv i ty  and the acid-soluble phosphorus 
fractions have been determined in guinea-pig tissues, 
both normal  and affected by cloudy swelling. The phos- 
phorus fractions have been studied, both in the controls 
and in the exper imental  animals, either fasting or after 
glucose charge. 
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