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A T P a s e  a c t i v i t y  ca r r i ed  o u t  a f t e r  p r e - t r e a t m e n t  w i t h  
lower  c o n c e n t r a t i o n s  of deoxycho la t e .  

T h e  s ens i t i v i t y  of Mg ~+ + N a  + + K + - a c t i v a t e d  A T P a s e  
to  i n h i b i t i o n  b y  d e o x y c h o l a t e  also d e p e n d e d  on  t h e  pre-  
v ious  e n v i r o n m e n t a l  t e m p e r a t u r e  of t he  fish. P r e p a r a t i o n s  
f rom 8°-accl imat ized  f ish were  more  r e s i s t a n t  to  inh ib i -  
t i on  b y  t h i s  d e t e r g e n t  t h a n  were  p r e p a r a t i o n s  f rom 30 °- 
acc l ima t i zed  fish. No i n h i b i t i o n  was  seen w i t h  8 ° - a d a p t e d  
p r e p a r a t i o n s  p r e - t r e a t e d  w i t h  d e o x y c h o l a t e  up  to  a n d  
inc lud ing  a c o n c e n t r a t i o n  of 1.25 m M .  Th i s  c h a n g e  f rom 
no i n h i b i t i o n  to  inh ib i t ion ,  seen w i t h  8° -adap ted  p r e p a r a -  
t ions ,  was  no t  found  w i t h  t h e  30°-acc l imat ized  fish. In  th i s  
case all  c o n c e n t r a t i o n s  of d e o x y c h o l a t e  i n h i b i t e d  t he  en-  
z y m e  b u t  t he  degree  of i n h i b i t i o n  b e c a m e  inc reas ing ly  
d e p e n d e n t  on  t h e  p resence  of d e o x y c h o l a t e  ove r  t h e  con-  
c e n t r a t i o n  r ange  1.25-2.5 r aM.  T h e  cr i t ica l  mice l la r  con-  
c e n t r a t i o n  for severa l  bi le  salts ,  t e s t ed  w i t h  azobenzene  
a n d  water ,  is of t h e  o rde r  of 2 m M  8. Poss ib ly  t h e  dis- 
c o n t i n u i t y  m e n t i o n e d  a b o v e  r ep re sen t s  t h e  p o i n t  a t  wh ich  
d e o x y c h o l a t e  beg ins  to  solubi l ize  m e m b r a n e s  c o n t a i n i n g  
t h e  A T P a s e  sys tem.  

The  m o s t  obv ious  d i f ference  b e t w e e n  i n t e s t i n a l  micro-  
somal  t r ac t ions  p r e p a r e d  f rom w a r m -  a n d  c o l d - a d a p t e d  
f ish was t he  ab i l i ty  of t he  A T P a s e  s y s t e m  to  be  a c t i v a t e d  
b y  N a + +  K +. A d d i t i o n  of these  m o n o v a l e n t  ions  to  
m i c r o s o m a l  f r ac t ions  p r e p a r e d  f rom c o l d - a d a p t e d  f ish 
n e a r l y  doub l ed  t h e  r a t e  of A T P  hydro lys i s .  P r e p a r a t i o n s  
f rom w a r m - a d a p t e d  f ish were m u c h  less sens i t ive  to  these  
ions. Th i s  r e m a i n e d  t r u e  a f t e r  p r e - t r e a t m e n t  w i t h  va r ious  
c o n c e n t r a t i o n s  of deoxycho la t e ,  t h o u g h  t h i s  a lways  in-  
c reased  t h e  Mg*++ N a + +  K+/Mg~+ a c t i v i t y  ra t io .  The  
d i f fe rence  in N a + +  K + - a c t i v a t i o n  was  n o t  caused  b y  
changes  in t h e  a m o u n t s  of N a  + a n d  K + f o u n d  in t he  
m i c r o s o m a l  pellets ,  T h e  m e a n  c o n c e n t r a t i o n s  of N a  + a n d  
K+, o b t a i n e d  f rom f rac t ions  p r e p a r e d  f rom fish acc l ima-  
t ized  to  b o t h  t e m p e r a t u r e s ,  were 0.3 m M  a n d  0.4 m M  

respec t ive ly .  E n z y m e  p r e p a r a t i o n s  were d i lu t ed  20-fold 
before  a s say  a n d  t h e  f ina l  c o n c e n t r a t i o n s  of ions f rom t h i s  
source  would  b e  m o s t  un l ike ly  t o  c h a n g e  t h e  overa l l  
A T P a s e  ac t iv i ty .  

A n  i n t e r e s t i ng  f ind ing  in t h i s  work  was  t he  ab i l i ty  of 
t he  Mg 2+ + N a  + + K + - a c t i v a t e d  ATPase ,  p r e p a r e d  f rom 
8° -adap ted  fish, to  r e m a i n  ful ly a c t i v e  a t  a t i m e  w h e n  t he  
MgY+-activated e n z y m e  was  be ing  depressed  b y  deoxy-  
chola te .  P r e p a r a t i o n s  f rom w a r m - a d a p t e d  f i sh  d id  n o t  
show t h i s  effect,  t h o u g h  t h e  fall  in A T P a s e  a c t i v i t y  was  
less w h e n  t h e  m e d i u m  c o n t a i n e d  N a  + +  K+. F u r t h e r  in- 
f o r m a t i o n  a b o u t  t he  mo lecu l a r  e v e n t s  w h i c h  lead to  t h i s  
t y p e  of d i f ference  could  p rov ide  a useful  way  of s t u d y i n g  
t h e  r e o r g a n i z a t i o n  w h i c h  m u s t  t a k e  p lace  in  a m e m b r a n e  
to  a l low i t  t o  f u n c t i o n  n o r m a l l y  a t  wide ly  d i f fe ren t  en-  
v i r o n m e n t a l  t e m p e r a t u r e s .  

Riassunto. L ' a t t i v i t A  di  A T P - a s i  ~ s t a t a  s t u d i a t a  nel la  
f raz ione  dei  mic rosomi  p r e p a r a t a  da l l a  m u c o s a  i n t e s t i na l e  
del  pesce dora to ,  a c c l i m a t a t o  a 8 ° o 30 °C. L a  d i f fe renza  
n o t a t a  p o t r e b b e  essere u n a  c o n s e q u e n z a  de l l ' a l t e r az ione  
nel la  s t r u t t u r a  de l la  m e m b r a n a  l ip ida  p l a s m a t i c a  p rovo-  
c a t a  pe r  c a m b i a m e n t o  del la  t e m p e r a t u r a  a m b i e n t e .  
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Paramagnetism of Human Serum Proteins Demonstrated by Two-Stfige Electromagnetophoresis 

I n  t h i s  p r e l i m i n a r y  r e p o r t  t h e r e  is desc r ibed  a new 
molecu la r  p r o p e r t y  a m o n g  some  of t h e  h u m a n  n o r m a l  
s e rums  p ro t e ins  ( H N S P ) ,  p a r a m a g n e t i c  suscep t ib i l i ty ,  b y  
use of a new t echn ique ,  two- s t age  e l ec t romagne tophores i s ,  
in  p o l y a c r y l a m i d e  gel sys tems .  S i m u l t a n e o u s  e lec t ropho-  
re t ic  t e c h n i q u e s  r e p o r t e d  b y  o t h e r s  1-5 descr ibe  m e t h o d s  
a n d  resu l t s  q u i t e  d i f f e ren t  f rom t h a t  d iscussed  in  t h i s  
paper .  To  ou r  knowledge  t h e  p a r a m a g n e t i s m  of H N S P  
has  n o t  p rev ious ly  been  recorded.  

Methods. The  t e c h n i q u e  of two- s t age  e l e c t r o m a g n e t o -  
phores i s  is as follows : a t r a n s p a r e n t  p las t i c  c h a m b e r ,  open  
a t  b o t h  ends,  was  filled b y  a p o l y a c r y l a m i d e  gel b y  t he  
m e t h o d  of ORNSTEIN e a n d  DAVIS 7 mod i f i ed  to  t h e  e x t e n t  
of e l i m i n a t i n g  t h e  space r  gel a n d  us ing  s o d i u m  pe r su l f a t e  
to  induce  po lymer i za t ion .  A t  one side on  t he  t o p  surface  
of t he  r e c t a n g u l a r  p r i s m  gel in  a s l igh t  depress ion  0.1-0.5 ml  
of h u m a n  n o r m a l  serum,  p r o t e i n  was  deposi ted .  T he  s y s t e m  
was t h e n  e l ec t rophoresed  for 30-45 m i n  us ing  a c u r r e n t  of 
30 m A  w i t h  a vo l t age  r a n g e  of 130-320 V de l ive red  b y  a 
v a r i a b l e  vo l t age  power  s u p p l y  as  a source  of d i r ec t  cu r r en t .  
Fo l lowing  t h e  c o m p l e t i o n  of e lec t rophores i s  (first  s tage) ,  

t h e  c h a m b e r  w i t h  t he  i n t a c t  gel was  p laced  for  1 h in a 
n o n - u n i f o r m  m a g n e t i c  field (second s tage)  g e n e r a t e d  b y  a 
4- inch  V a r i a n  e l e c t r o - m a g n e t  8. Typ ica l  va lues  of t h e  
p r o d u c t  of a m a g n e t i c  field t i m e s  t h e  m a g n e t i c  field 
g r a d i e n t  were a b o u t  25 × l0  s Oe r s t eds / cm ~. T h e  p ro t e in s  
so p a r t i t i o n e d  were  v i sua l ized  w h e n  t he  gel was  s t a i ned  
w i t h  0 .1% a m i d o - b l a c k  a n d  d e s t a i n e d  e l ec t rophore t i ca l ly .  

I A. KOLIN, Science 117, 134 (1953). 
A. KOLIN, J. appl. Phys. 25, 1065 (1954). 

a D. LEENOV and A. KOLIN, J. chem. Phys. 22, 683 (1954). 
4 A. KoLzs and R. KADO, Nature 182, 512 (1958). 
5 Personal Communication. H. J. McDOSALD, Chairman, Depart- 

ment of Biochemistry, Loyola University, Chicago, Illinois, 
February 11, 1959. 
L. OR~STEIN, Ann. N.Y. Acad. Set. 121, 321 (1964). 
B. J. DAvis, Ann. N.Y. Aead. Set. 121,404 (1964). 

s Manufactured by Varian Associates, 611 Hansen Way, Palo Alto, 
California 94303, USA. 



15. t0. 1968 Specialia 1007 

Discussion. Typ ica l  p a t t e r n s  p r o d u c e d  u n d e r  these  con-  
d i t ions  a re  s h o w n  in F igure  1. F r o m  such  p a t t e r n s  i t  is 
e v i d e n t  t h a t  H N S P  m a y  be  p a r t i t i o n e d  as a f u n c t i o n  of 

Fig. 1. This is a typical partition pattern of serum protein achieved 
in polyacrylamide gel by two-stage electromagnetophoresis. Un- 
desirable diffusion phenomena are present. Paramagnetic protein 
molecules have been displaced laterally in 2 prominent bands and a 
third faint band (arrows}. The over-all dimensions of the gel are 
10 × 10 X 2 cm. The electrical polarity during electrophoresis (stage I) 
was negative at the top of the gel and positive at the bottom of the 
gel. The non-uniform magnetic fields were applied at right angles to 
the electrophoretic axis, i.e. from left to right. Control specimens did 
not show lateral displacement of the proteins. 

p a r a m a g n e t i s m  a n d  t h a t  2 -3  d i f f e ren t  species of pa ra -  
m a g n e t i c  p ro t e i n  molecules  m a y  be  p r e s e n t  in n o r m a l  
serum.  

This  two-s tage  e l ec t ro mag n e t o p h o re t i c  t e c h n i q u e  evolved  
f rom a one-s tage  s i m u l t a n e o u s  e l e c t r o m a g n e t o p h o r e t i c  
p rocedu re  wh ich  has  been  p u b l i s h e d  e lsewhere  9. W e  pos tu -  
la te  t h a t  t h e  o b s e r v e d  d i s p l a c e m e n t  in t h e  d i r ec t i on  of t h e  
m a g n e t i c  field g r a d i e n t  of t h e  p a r t i t i o n e d  H N S P  in t h e  
second  s tage  of t h e  two- s t age  p r o c e d u r e  is a f u n c t i o n  of t h e  
i n t e r a c t i o n  b e t w e e n  t h e  impressed ,  n o n - u n i f o r m  m a g n e t i c  
field a n d  t h e  m a g n e t i c  dipoles  of i n d i v i d u a l  p ro t e i n  mole-  
cules. We, therefore ,  bel ieve t h a t  t h e  basis  for  t h e  obse rved  
p a r t i t i o n  p a t t e r n s  is a we l l -known  phys ica l  p r inc ip le :  
l i nea r  d i s p l a c e m e n t  of p a r a m a g n e t i c  molecules  can  be  
induced  in a n o n - u n i f o r m  m a g n e t i c  field para l le l  to  t he  
m a g n e t i c  field g r a d i e n t  10,n. 

U n d e r  t h e  c o n d i t i o n s  of t h e  e x p e r i m e n t ,  i t  a p p e a r s  
e v i d e n t  t h a t  t h e  f u n c t i o n  of e lec t rophores i s  of t h e  spec imen  
s i m p l y  p e r m i t s  s e p a r a t i o n  b y  a n  add i t iona l ,  u n r e l a t e d  
p a r a m e t e r  of t h e  p r o t e i n  molecules  a n d  does  n o t  of  i tself  
in f luence  in a n y  w a y  t h e  l a t e ra l  mo lecu la r  migra t ion .  
Con t ro l  spec imens  showed  no  l a t e ra l  d i s p l a c e m e n t  p a t t e r n s  
of H N S P .  

I t  is impl ic i t  u n d e r  t h e  cond i t i ons  of t h e  two- s t age  
e l e c t r o m a g n e t o p h o r e s i s  t h a t  t h e  b iochemica l ,  b io -phys ica l ,  
a n d  i m m u n o l o g i c a l  i n t e g r i t y  of t h e  p a r t i t i o n e d  p ro t e in s  
p r o b a b l y  r e m a i n s  una l t e red .  Thus ,  p r o t e i n s  p a r t i t i o n e d  in 
t h i s  m a n n e r  m a y  be  used for  mo lecu l a r  c h a r a c t e r i z a t i o n  
a n d  molecu la r  m a n i p u l a t i o n .  

On t h e  bas is  of these  p r e l i m i n a r y  resu l t s  we wish mere ly  
to  record  our  o b s e r v a t i o n s  a n d  to  avo id  specu la t i ve  in te r -  
p r e t a t i o n  1~,13. 

Zusammen/assung. N o r m a l e  S e r u m p r o t e i n e  w u r d e n  
mi t t e l s  zweis tuf iger  E l e k t r o m a g n e t o p h o r e s e  in Po lyacryI -  
amidgel ,  e iner  n e u e n  Techn ik ,  a u f g e t r e n n t ,  wobei  die 
T r e n n u n g  au i  G r u n d  d e r  p a r a m a g n e t i s c h e n  E i g e n s c h a f t e n  
de r  e inze lnen  P r o t e i n e  erfolgt .  

R. M. NALBANDIAN, U. E. MICHEL 
a n d  I. MADER 

Fig. 2. This typical control pattern is the result of only electro- 
phoresis (first stage). 'Magnetophoresis' (second stage) was not done. 
Note that  no lateral displacement of the electrophoretically parti- 
tioned proteins has been effected, 
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