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Auf  G r u n d  de r  U n t e r s u c h u n g e n  k a n n  fes tges te l l t  wer-  
den,  dass  im Gegensa tz  zu r  Sehweinegal le  Menschen-  u n d  
Ochsengal le  in bezug  auf  die Gal lens~iureznsammen-  
s e t zung  als phys io logisch  v e r w a n d t e  biologisehe Stoffe 
zu b e t r a c h t e n  sind.  

Fi i r  (lie S i c h t b a r m a c h u n g  k a n n  auch  30%ige  w~sserige 
Ph<)st)hors~iurel6sung als S p r i i h r e a g e n s  b e n u t z t  werden.  
Nach  T r o c k n e n  auf  110-120°C e r sche inen  (lie l : lecken 
im UV-IAcht  mi t  b l auv io l e t t e r  F luoreszenz .  

I l yd ro lyse  der  Gallens~ifte: 

50-100 ml der  zu h y d ro l y s i e r en d en  Gal le  werden  m i t  
der  e n t s p r e c h e n d e n  Menge Natr ( )nlauge au f  e t w a  10% an  
N a t r i u m h y d r o x y d  e inges te l l t  und  am l l t i ckf lussk i ih le r  
18--24 h gekocht .  Zur  Hesei t ignng de r  S c h a u m n e i g u n g  
bew/ ih r te  sich ein Z u s a t z  v(m (t,1% B a y e r - E n t s c h ~ u m e r  
E 100 in a lkoho l i s che r  1,6sung. 

Nach  B e e n d i g u n g  de r  Hydro lyse  wird das  a lka l i sche  
Reak t i tmsgemisch  m i t  20%ige r  Schwefels / iure zur  i ' l l -  
lung der  freien Gallens~turen anges i tue r t  (p}t 3-41. 

1)ie ausgefa l lene  b r a u n e  a m o r p h e  S u b s t a n z  wird mi t  
\Vasser  s t a r k  ausgewaschen  u n d  im Trockenschran l{  ge- 
t r o c k n e t .  Nach  m e h r m a l i g e m  Umkr i s t a l l i s i e r en  aus  Me- 
thanol-Chloroff>rm (1:11 litsst sich das  Gemisch  de r  freien 
Gal lensSmren in s ch 6 n e r  k r i s t a l l i ne r  F o r m  e r h a l t e n .  

Abb. 3. Aufnahme im Tages- und UV-IAcht. l~,undfiltertcchnik 
S Schweinegalle ; 
0 Ochsengalle ; 
M Menschengalle. 

I3eschreibung der Versuche 

T r e n n u n g  und  Iden t i f i z i e rung  de r  Ga l l ens~u ren :  

Pap i e r :  L u f t t r o c k e n e  Schle icher  & Schti t l  2043b  Mgl- 
Pap ie r s t r e i f en  de r  Gr6sse  8 × 30 cm oder  Rundf i l t e r .  

Das  P a p i e r  wird  genau  8 min  mi t  20% iger 1, 2 -Propyl -  
eng lyko l -L6sung  in Chh) roform imprf ignier t ,  d a n n  zwi- 
schen  F i l t e r p a p i e r b o g e n  abgep re s s t  und  1-2 ra in  an  der  
L u f t  t r o c k n e n  gelassen.  

Die  Gal lens / iu ren  u n d  G a l l e n h y d r o l y s a t e  werden  aus  
1 - 2 % i g e r  Me thano l -Ch lo ro fo rm(1  : 1) -L6sung a u f g e t r a g e n  
und  die C h r o m a t o g r a m m e  n a c h  tier a u f s t e i g e n d e n  Me- 
t h o d e  bzw. R u n d f i l t e r t e c h n i k  m i t  d e m  1 ,6sungsmi t te l -  
s y s t e m  X y l o l - M e t h y l / i t h y l k e t o n  1:1  en twicke l t .  

E n t w i c k l u n g s z e i t :  2-3  h. V e r s u c h s t e m p e r a t u r :  22°C 
~: 2 ° . 

Das  I m p r / i g n i e r u n g s m i t t e l  l~isst s ich e t w a  eine \Voche 
lang gu t  v e r w e n d e n .  Es  is t  zweckmgssig,  das  L6sungs-  
m i t t e l s y s t e m  n a c h  2-3 E n t w i c k l u n g e n  fr isch vorzu-  
be re i t en .  

N a c h  B e e n d i g u n g  de r  E n t w i e k l u n g  werden  die C h r o m a -  
t o g r a m m e  im T r o c k e n s c h r a n k  m i t  U m l u f t  ~/2 h bei 100 
bis l l 0 ° C  vol l s t / ind ig  yon  L 6 s u n g s m i t t e l  und  Pr<>pyten- 
g lykol impr~ignierung befre i t .  

Zu r  S i c h t b a r m a c h u n g  de r  F lecken  d i en t  20%ige  Ant i -  
m o n t r i c h l o r i d l 6 s u n g  in Chloroform,  d u r c h  welche (lie ge- 
t r o c k n e t e n  C h r o m a t o g r a m m e  gezogen werden.  Nach  an-  
schl iessender  Erw~trmung,  5-10 min  au f  100-110°C,  er- 
sche inen  die F lecken  m i t  r o t v i o l e t t e r  Fa rbe .  Die Aus- 
we r tung  wird  im f i l t r i e r ten  UV- IAch t  v o r g e n o m m e n  
(vgi. Tabe l le  11. 

E m p f i n d l i c h k e i t  de r  Me thode :  5 -10  vg. 

In cases of b i le-secre t ion d i s t u r b a n c e s  s u b s t i t u t i o n -  
t h e r a p y  can  be pe r fo rmed  us ing  su i t ab l e  a n i m a l  biles 
e q u i v a l e n t  to h u m a n  bile. C o m p a r a t i v e  i n v es t i g a t i o n s  
h a v e  been  m a d e  to e s t ab l i sh  which  a n i m a l  bile is in 
p rac t i ce  the  m o s t  su i t ab l e  for bile s u b s t i t u t i o n t h e r a p y  
based  on  i ts  bile acid c o m p o n e n t s .  

:\ new pat)er  p a r t i t i o n  c h r o m a t o g r a p h i c  meth<>d h a s  
been app l ied  fl>r s e p a r a t i o n  a n d  iden t i f i ca t ion  of free bi le  
~mids. Ascend ing  d e v e h ) p m e n t  was used on  Schle icher  & 
Schfill 20431) Mgl p a p e r  i m p r e g n a t e d  wi th  2(1 v / v %  pro- 
py lene  glycol in chh>roform. T h e  x y l e n e - m e t h y l e t h y l -  
ke tone  1 : 1 s()lvent s y s t e m  gave  good sepa ra t ion .  T h e  bile 
acids can  be de t ec t ed  by  i m m e r s i n g  the  c h r o m a t o g r a m s  
in 20 w / v %  SbCl a in chh)r<>forn~ folh>wed by d r y i n g  a n d  
h e a t i n g  for 5 10 mi n  a t  t 00 -110°C.  T h e  spo ts  show in- 
t ense  r edd i sh -v io l e t  or b lue  f luorescence in f i l tered U V -  
l ight  (see T a b l e  1). 

These  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  h u m a n  a n d  ox 
biles are, in c o n t r a s t  t<> pig bile, physioh~gical ly r e l a t ed  
bioh~gical s u b s t a n c e s  r ega rd ing  the i r  bile acid conlp<)nents.  
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Identification of Human Serum Proteins Binding 
Iron, Copper, and Thyroid Hormones  

by Starch Gel Electrophoresis  

By A. C. ALLISON * 

I t  has  been  recognized  for m a n y  years  t h a t  me ta l  ions 
a n d  t h y r o i d  h o r m o n e s  in t h e  bl<>od s t r e a m  are  b o u n d  to 
p l a s m a  pro te ins .  T h e  h igh  resoh i t ion  ach i eved  b y  the  
s t a r c h  gel e tec t rophores i s  t e c h n i q u e  of .~M1THIES 1, a n d  
the  use of t h e  d i s con t inuous  buf fe r  s y s t e m  of I)OUHK -°, 
has  p e r m i t t e d  t h e  accu ra t e  iden t i f i ca t ion  of the  s e rum 
p ro t e ins  respons ib le  for the  b i n d i n g  an d  has  g iven  some 
new i n f o r m a t i o n  a b o u t  t he i r  genet ica l  con t ro l  an d  proper -  
ties. A typ ica l  s t a r c h  gel p a t t e r n  of h u m a n  se rum p ro t e in s  

* Nati~maI Institute for Medical Research, London. 
1 (). S.~IITmV;s, l~iochcm. J. 61, ~2~.~ (P.~55). 
2 ~I. 11. POULIK, Nature 180, 1177 (I9571. 
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is shown in Figure 1. I t  is widely bel ieved t h a t  the  h igh  
resolving power  of the  s ta rch  gel sys t em lies in a molecular  
sieving effect  of the  suppor t ing  medium,  which allows 
grea ter  mobi l i ty  of small  molecules t h a n  large molecules  3. 
Hence  prote ins  are s epa ra t ed  on the  basis  of dif ferences  in 
size as well as charge.  Cons is ten t  wi th  th is  i n t e rp re t a t i on  
is the  low mobi l i ty  in s t a rch  gels of h igh-molecu la r  weigh t  
componen t s  such as/3-1ipoprotein 3,4, 19 S ~ g lycopro te in  ~, 
macroglobul in  5, and  thyrog lobu l in  (see below). 

Fig. 1. -- Starch gel electrophoresis of serum proteins in borate buffer, 
showing the main components, from left to right: T globulin; origin; 
slow ~2 globulin; ~/~ components (haptoglobins); /~ (transferrin C); 
fast ~2 (including caeruloplasmin); post-albumin; albumin; acidic 

al-glyeoprotein 5a ; prealbmnin. 

I r o n . -  I t  has  been es tab l i shed  t h a t  i ron is car r ied  in 
p lasma in the  fo rm of a ferric complex  wi th  a fl-globulin of 
molecular  weight  abou t  88,000 which  has  been  called 
' t ransfer r in '  or ' s iderophi l in  'n. Two-d imens iona l  electro-  
phoresis  shows t h a t  the /3-globul ins  are resolved in to  two  
main  c o m p o n e n t s  in s t a r ch  gels ~. One c o m p o n e n t  has  a 
low mobi l i ty  in the  gel, and  is easily ident i f ied  as fl-lipo- 
protein a,*. The o the r  is a fl-globulin b a n d  which  in some 
sera shows sp l i t t ing  in to  two a p p r o x i m a t e l y  equal  com- 
ponen t s  7. The  sp l i t t ing  occurs only  in cer ta in  families and  

41 - I 

!L__I___J 
Fig. 2.--Above, migration of purified transferrin and normal serum 
on starch gel eteetrophoresis. The transferrin band is continuous with 
the tiC component. Below, radioactivity in different serum fractions 
after ~Fe labelling. The peak of activity corresponds with the tic 

component. 
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(1947).-J. L. ONCLEV, G. SCATCHARD, and A. BROWN, J. Phys. coll. 
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appea r s  to be under  the  cont ro l  of a single pai r  of genes. 
The ma j o r i t y  of h u m a n  subjec ts  in all popula t ions  so far 
t e s t ed  show only  a single fl band,  a p h e n o t y p e  which  has 
been  t e rmed  tiC. O the r  p h e n o t y p e s  descr ibed  include 
f i B  1C, f lB~C,  f i C D  2 and  f l C D  1. The B c o m p o n e n t s  
have  a h igher  and  the  I) c o m p o n e n t s  a lower anodal  
mobi l i ty  t h a n  C at  p H  8.4. 

The inves t iga t ions  which  will be descr ibed es tabl ish  
t h a t  the  fl-gIobutin which  shows genet ica l ly  cont ro l led  
var ia t ion  is, in fact ,  t ransfer r in ,  t n  the  first  e x p e r i m e n t  
a purif ied p r epa ra t i on  of t rans fe r r in  was s u b m i t t e d  to 
s t a rch  gel e lect rophores is  t oge the r  wi th  a normal  h u m a n  
serum. The t rans fe r r in  b a n d  was clearly con t inuous  wi th  
t he  t i c  c o m p o n e n t  (Fig. 2). In  the  second e x p e r i m e n t  the  
posi t ion of rad ioac t ive  i ron carr ied b y  se rum pro te ins  was 
de te rmined .  Se rum was ob ta ined  f rom 3 h u m a n  subjec ts  
24 h af ter  oral admin i s t r a t i on  of 10 tx C high specific 
ac t iv i ty  59Fe. The sera were s u b m i t t e d  to s t a r ch  gel 
e lec t rophores is  using the  s t a rch  grain  m e t h o d  of inser t ion 
and  b o t h  the  bora te  and  Ir is -borate  buffer  sys tems .  Af ter  
s ta in ing  the  gel was cu t  in to  equal  sect ions in such a way  
as to have  the  main  p ro te in  c o m p o n e n t s  in separa te  
sections,  and  the  r ad ioac t iv i ty  in each  sect ion was  assayed 
in a wel l - type  sc in t i l la t ion  counter .  A cor rec t ion  for 
volume was made  by  coun t ing  sect ions  of a gel con ta in ing  
a s t a n d a r d  iron solution.  A typica l  resul t  is shown in 
F igure  2. The peak  of ac t iv i ty  clearly coincides wi th  the  
fl b a n d ;  the  s l ight  ac t iv i ty  b e t w een  th is  b a n d  and  the  
origin could be due  to  some t ra i l ing  of th is  c o m p o n e n t  on 
the  u p p e r  and  lower surfaces  of t he  gel. Similar  resul ts  
were ob ta ined  when  se rum was incuba ted  wi th  0.4 Ezg 
69Fen+ per  ml and  dialysed aga ins t  buffer  before electro- 
phores i s .  The l a t en t  i ron-b ind ing  capac i ty  in t he  two sera 
used was 0-5 and  0.6 vg per  ml. Two Afr ican sera showing 
double  fl-globulin bands ,  co r respond ing  to the  p h e n o t y p e s  
fl C D 1 and  fl C D e , were i ncuba ted  wi th  59Fe3+ in con- 
cen t ra t ions  of 0.4 [xg per  ml, th is  again being less t h a n  the  
l a t en t  i ron-b ind ing  capac i ty  of the  sera. Af te r  dialysis  the  
sera were  s u b m i t t e d  to  p ro longed  e lec t rophores is  in t he  
d i scon t inuous  buffer  sys tem,  which  ensures  good sepa- 
ra t ion  of the  fl-globulin componen t s ,  in conf i rmat ion  of 
the  r epor t  of HARRIS el al. ~. The resul t  is shown in 
Figure  3B;  mos t  of the  r ad ioac t iv i ty  was  d i s t r i bu t ed  
b e t w een  the  two fl peaks.  

3 

Fig. 3.-- Radioactivity after starch gel electrophoresis in tris-borate 
buffer of a TfC[ T f  D2 serum incubated with 5~Fe. The radioactivity is 

nearly" equally distributed between the/3C and/3D 2 peaks. 

F u r t h e r  obse rva t ions  were made  by  immunoelec t ro -  
phoresis ,  which  has  a l ready  been  a d a p t e d  to  the  s ta rch  
gel s y s t e m  ~,s. Af te r  p re l imina ry  e lec t rophores is  in tris- 
bora te  buffer  2, a t h in  slice of s t a rch  gel was s ta ined  to 
show the  fl componen t s .  A na r row longi tudina l  sect ion of 
the  r ema inde r  of the  gel was placed in a large Pe t r i  dish 

8 M. D. POULIK, Nature 177, 982 (1956). 
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and  j u s t  covered  w i t h  m o l t e n  1.5% aga r  a t  40°C. W h e n  
t he  a g a r  h a d  set ,  a t r o u g h  was  cu t  para l le l  to  t he  s t a r c h  
gel a n d  filled w i t h  a r a b b i t  a n t i s e r u m  to  h u m a n  t r ans -  
ferrin.  I n  fl-C sera  a single p r e c i p i t a t i o n  line in the  pos i t ion  
of t h e  fl c o m p o n e n t  was  obse rved ,  b u t  in flCD 1 a n d  tiC1) 2 
sera two  lines, c o n t i n u o u s  a t  one poin t ,  were a p p a r e n t  
(Fig. 4). These  e x p e r i m e n t s  show t h a t  b o t h  t ic  and  ill) 
c o m p o n e n t s  r eac t  w i t h  a n t i - t r a n s f e r r i n  se rum.  

r m  2 r f  c 

I 

II  
rfc 

Fig. 4.--Miero-immulmeleetrophoresis, using iris-borate buffer, of 
sera from TfC]TID 2 (above) and TIC/TIC below. 

SMITHIES 9 ha s  i n d e p e n d e n t l y  conc luded  t h a t  t he  
f l-globulins s u b j e c t  to  gene t ica l  v a r i a t i o n  are t r ans fe r r ins .  
He  h a s  m a d e  t h e  a p p r o p r i a t e  sugges t ion  t h a t  t h e y  shou ld  
be k n o w n  as t r a n s f e r r i n  or Tf  t ypes  C, B1C, BzC, CDp a n d  
CD 2, t h e  co r r e spond ing  genes be ing  7"/c, T/B,, a n d  so 
for th .  I n c i d e n t a l l y ,  t he  f ind ing  of HORSFALL a n d  SM ITHI ES 7 
t h a t  t he  n o r m a l  f l -band is l ack ing  in s t a r c h  gel p a t t e r n s  of 
a T / B / T / B  s u b j e c t  suggests  t h a t  t he  f l -band  cons is t s  
l a rge ly  of t r ans fe r r i n .  The  o b s e r v a t i o n s  p r e s e n t e d  in t h i s  
p a p e r  i nd i ca t e  t h a t  the /5  v a r i a n t s  can  ca r ry  i ron and  r eac t  
w i t h  a n t i - t r a n s f e r r i n  serum.  T h e y  m a y  differ  f rom the  
n o r m a l  t r a n s f e r r i n  molecule  on ly  in sma l l  de ta i l s  of 
s t r u c t u r e  a n d  charge,  in the  same way t h a t  the  a b n o r m a l  
h e m o g l o b i n  types  S a n d  C a p p e a r  to  differ  f rom the  
n o r m a l  a d u l t  t y p e  on ly  in s ingle a m i n o - a c i d  s u b s t i t u t i o n s  
in each  ha l f -molecule  ~0 

Drs.  D. R. BANGHAM a n d  D. E. H.  TEE k ind ly  al low me 
to q u o t e  t h e i r  f ind ing  t h a t  a v e r y  s imi la r  f l -gtobulin 
v a r i a t i o n  occurs  a m o n g  m o n k e y s  (Macaca mulatla), some 
an ima l s  h a v i n g  a single a n d  o the r s  a doub le  c o m p o n e n t .  
W h e t h e r  a n y  of t h e  compl i ca t ed  gene t i ca l ly -con t ro l l ed  
fl-globulin v a r i a t i o n s  in o t h e r  species n conce rn  t r ans -  
ferr ins  is a t  p r e s e n t  u n k n o w n .  

Copper.--  The  coppe r  b i n d i n g  p ro te in ,  cae ru lop lasmin ,  
has  a roused  in t e r e s t  r ecen t ly  because  i t  is m u c h  reduced  in 
a m o u n t  in, or  a l t o g e t h e r  a b s e n t  f rom,  t he  sera  of sub jec t s  
w i th  \¥ILSONS disease  x2. Fa i lu re  of syn thes i s  of t h i s  p r o t e i n  
m a y  indeed  be  t he  p r i m a r y  defec t  in sub jec t s  h o m o z y g o u s  
for t he  a b n o r m a l  gene.  H e t e r o z y g o u s  carr iers  of t he  gene 
f r e q u e n t l y  h a v e  s u b n o r m a l  c ae ru lop l a smin  levels.  Caerulo-  
p l a smin  ha s  been  cha rac t e r i zed  as a n  ~2-globulin of molec-  
u lar  we igh t  a b o u t  150,000 x3. DE GROUCHV 14 us ing  the  
p - p h e n y l e n e d i a m i n e  s t a i n i n g  m e t h o d  of URIEL 15 s t a t e s  
t h a t  a f t e r  s t a r ch -ge l  e lec t rophores i s  the  cae ru lop l a smin  
a c t i v i t y  is f ound  in the  fas t  e2 region.  Th i s  has  been  con-  
f i rmed b y  e x p e r i m e n t s  in  w h i c h  pur i f ied  cae ru lop l a smin  
has  been  r u n  a longs ide  s e rum in a s t a r c h  gel. The  caerulo-  

9 0 .  SMITHIES, personal communication. 
10 V. M. INGRAM, Nature 180, 3'26 (1957).-J. A. HUNT and V. M. 

INGRAM, Nature 181, 106'2 (1958). 
n O. SMITHIES and C. G. HICKMAN, Genetics 43, 374 (1958).-- 

C. G. ASHTON, Nature 180, 917 (1957); 181, 849 (1958); 182, 193 
(1958); 182, 10'29 (1958). 

1~ A. G. BEARN and H. G. KUNKEL, J. Lab. cIin. Med. 45, 623.-- 
A. G. BEARN, Amer. J. Med. 22, 747 (1957). 

13 C. G. HOLMBERG and C.-B. LAURELL, Acta chem. scand. 2, 550 
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p l a s m i n  b a n d  was c lear ly  c o n t i n u o u s  w i th  the  fas t  c% com- 
p o n e n t  a n d  b o t h  were s ta ined  b y  p - p h e n y l e n e d i a m i n e .  

Thyroxine and other iodine-containing compounds. -- I t  is 
gene ra l ly  accep t ed  t h a t  t h y r o x i n e  is n o r m a l l y  b o u n d  to 
a p l a s m a  p ro t e i n  h a v i n g  a n  e l ec t rophore t i c  m o b i l i t y  on  
f i l ter  p a p e r  a t  p H  8.6 be tween  those  of at-  a n d  c%-glob- 
u l ins  ~6. However ,  r ep o r t s  h a v e  appea red  of a t h y r o x i n e -  
b i n d i n g  p r o t e i n  in the  p r e a l b u m i n  region in sera  of p a t i e n t s  
w i t h  nephros i s  a n d  in ce reb rosp ina l  fluid17. In  a p re l imi -  
n a r y  c o m m u n i c a t i o n  is i t  has  been  s t a t e d  t h a t  a f t e r  s t a r c h  
get e lec t rophores i s  of s e r u m  p ro t e ins  t h y r o x i n e  was  
loca ted  m a i n l y  in the  p r e a l b u m i n  region. Moreover ,  w h e n  
a p r e a l b u m i n - r i c h  f r ac t ion  was a d d e d  to n o r m a l  h u m a n  
s e r u m  19, some of t h e  t h y r o x i n e  label  was  found  in t h e  
p r e a l b u m i n  region,  f rom which  it  was  conc luded  t h a t  
p r e a l b u m i n  a n d  t h e  e - c o m p o n e n t  are two d i s t i nc t  t hy -  
r o x i n e - b i n d i n g  p ro te ins ,  a l b u m i n  be ing  a s econda ry  
b i n d i n g  p ro t e in  effect ive  on ly  a t  h ighe r  c o n c e n t r a t i o n s  of 
t h y r o x i n e .  TATA'-'0 has  p re sen ted  ev idence  in s u p p o r t  of an  
a l t e r n a t i v e  hypo thes i s ,  t h a t  t h e  t h y r o x i n e - b i n d i n g  
p r o p e r t y  of the  a -g lobul in  f rac t ion  is due  to p r e a l b u m i n  
p r e s e n t  in th i s  region a f t e r  p a p e r  e lec t rophores i s  in the  
form of a c o m p l e x  wi th  a n o t h e r  s e rum pro te in .  Pur i f ied  
p r e a l b u m i n  mig ra t e s  in the  typ ica l  pos i t ion  a h e a d  of 
a l b u m i n  on f i l ter  p a p e r  e lec t rophores i s  a t  p H  8.6. 

Fig. 5 . -  Pattern obtained by starch gel electrophoresis of purified 
caeruloplasnfin and ilormal hulllall sertull. The eaeruloplasmin band 

is continuous with the fast a 2 band. 

1)ur ing  t h e  course  of tile p r e s en t  s tudy ,  the  pos i t ion  of 
~a l I - rad ioac t iv i ty  was d e t e r m i n e d  a f t e r  s t a r c h  gel e lec t ro-  
phores i s  of sera  to  wh ich  label led  t h y r o x i n e  an d  t r i iodo-  
t h y r o n i n e  h a d  been  added ,  a n d  of sub j ec t s  g iven  t r a c e r  
a n d  t h e r a p e u t i c  closes of radioiodide .  T h e  first  e x p e r i m e n t s  
were car r ied  ou t  w i t h  s e rum f rom n o r m a l  a d u l t  sub jec t s  to  
which ,  a f t e r  p r e l i m i n a r y  dia lys is  a g a i n s t  po lyv iny l -  
py r ro l id ine  to r e m o v e  as m u c h  t h y r o x i n e  as possible,  
l a l I -L- thyrox ine  an d  la1[-3, 5, 3 ' - t r i i odo-L- thyron ine  were 
a d d e d  in c o n c e n t r a t i o n s  of 0-1 to  0.6 txg p e r  ml. Af te r  
e lec t rophores i s  in b o r a t e  buf fe r  an d  s t a i n i n g  of the  gels 
t h e y  were cu t  in to  sec t ions  the  r a d i o a c t i v i t y  of wh ich  was 
a s sayed  in a wel l - type  sc in t i l l a t ion  coun te r .  A t y p i ca l  
resu l t  is s h o w n  in F igure  6. I t  is c lear  t h a t  when  t h y r o x i n e  
or t r i i o d o t h y r o n i n e  in c o n c e n t r a t i o n s  up to 0.2 b~g per  ml  
is a d d e d  to  se rum,  nea r ly  all  t h e  r a d i o a c t i v i t y  is con-  
c e n t r a t e d  in t h e  f a s t e r - m o v i n g  of the  two p r e a l b u m i n  
bands .  W h e n  0.4 [xg per  nil of these  c o m p o u n d s  was added ,  
t h e  r a d i o a c t i v i t y  was a b o u t  equa l ly  d i s t r i b u t e d  b e t w e e n  
the  f irst  p r e a l b u m i n  b a n d  a n d  a l b u m i n .  These  resu l t s  
sugges t  t h a t  p r e a l b u m i n  can  b ind  a b o u t  0.2 [xg t h y r o x i n e  
or  t r i i o d o t h y r o n i n e  per  ml  se rum,  which  is less t h a n  t h a t  
r e p o r t e d  by  RICH an d  I~t';ARN ls b u t  a p p r o x i m a t e l y  the  
same  as the  e - t h y r o x i n e - b i n d i n g - p r o t e i n  is r epo r t ed  to 
b i n d  on  f i l ter  p a p e r  c lec t rophores i s  in b a r b i t u r a t e  buffer  le. 
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These results  focus a t t en t ion  upon p rea lbumin  as the  
main thyrox ine -b ind ing  pro te in  of h u m a n  serum.  Pre-  
a lbumin  has been purif ied and  its p roper t ies  s tud ied  by  
SCHULTZE et al. 2~. We have  run the i r  p r epa ra t i on  along- 
side normal  h u m a n  serum in s t a rch  gels and  found i t  to  
be cont inuous  wi th  the  f i rs t  p r ea lbumin  band .  This  
prote in  is qui te  d i f ferent  f rom the  acidic % g lycopro te in  
which RICH and  BEARN 18 suggest  m a y  be the  t hy rox ine -  
b inding prote in ,  b u t  which,  in fact ,  appea r s  to  be con- 
t inuous  wi th  the  second p rea lbumin  b a n d  and  does n o t  
b ind thyroxine .  P r ea lbumin  has  a molecular  weight  of 
61,000 and is charac te r ized  by  a t r y p t o p h a n  c o n t e n t  
(2-5%) which is m u c h  higher  t h a n  t h a t  of o the r  se rum 
proteins.  P r ea lbumin  has  an in tense  t r y p t o p h a n  fine- 
s t ruc ture  absorp t ion  band  in the  u l t rav io le t  a t  2901 A and  
ano the r  f ine-s t ruc ture  b a n d  a t  2839 A 2~. A n u m b e r  of 
inves t igat ions  21 have  es tab l i shed  t h a t  the re  is a high 
con ten t  of p rea lbumin  in cerebrospina l  fluid, where,  as 
a l ready s t a t ed  ~6,17, it  b inds  thyrox ine .  

Fig. 6.--Radioactivity in various protein bands of normal human 
serum incubated with 0.'2 p.g. 1all-thyroxine per ml and submitted to 

starch gel eleetrophoresis. 

A thy rox ine -b ind ing  pro te in  wi th  m a n y  of the  proper -  
ties of p rea lbumin  has also been found in h u m a n  and 
monkey  amnio t ic  l iquor 2~. This  p ro te in  reac ts  wi th  ant i -  
Hera agains t  p rea lbumin  20, moves  ahead  of a lbumin  on 
s ta rch  gel e lect rophoresis  and has a h igh t r y p t o p h a n  
content .  These observa t ions  sugges t  t h a t  p r ea lbumin  m a y  
cross the  p lacenta ,  ca r ry ing  m a t e r n a l  thyrox ine .  Li t t le  is 
known abou t  the  passage of t hy rox ine  across the  p lacen ta  
of pr imates ,  bu t  in rabb i t s  s ignif icant  p ropor t ions  of 
labelled thy rox ine  in jec ted  in to  t he  m o t h e r  appear  in the  
fetal  circulat ion only  a f te r  abou t  t he  30 th day  of ges- 
t a t ion  ~. At  abou t  the  same t ime a t hy rox ine -b ind ing  
prote in  appears  in fetal p lasma hav ing  the  same electro- 
phore t ic  mobi l i ty  as the  cor responding  ma te rna l  p ro te in ;  
bu t  whe the r  it  is of fetal or ma te rna l  origin has no t  been 
establ ished.  

Some observa t ions  have  also been made  on Hera of 
pa t i en t s  wi th  carc inoma of the  thyro id  gland t r ea t ed  wi th  
radioiodide.  In  the  ma jo r i ty  of cases, th ree  well-defined 
peaks  of ac t iv i ty  were observed af ter  a t a r ch  gel electro- 
phoresis  (Fig. 7). One peak cor responded  to the  first  pre-  

21 H. E. SCHULTZE, M. SCHONBERGER, and G. SCHW[CK, Biochem. 
Z. a28, 267 (1956). 
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A. C. ALLISON. 
,4 C. OSORIO and N. B. MYANT, Nature 182, 866 (1958). 

a lbumin  band ,  and  p robab ly  represen ts  t hy rox ine  bound  
to  p rea lbumin .  The second peak  was in the  a lbumin  region 
and  m a y  rep resen t  t hy rox ine  bound  to a lbumin  or, more 
probably ,  an iodina ted  pro te in  wi th  a p p r o x i m a t e l y  the  
same e lec t rophore t ic  mobi l i ty  as a lbumin  in s t a rch  gels. 

at 

*.a 

Fig. 7. -- Radioactivity in serum proteins of a patient with carcinoma 
of the thyroid receiving radioiodide therapy, 7~2 h after administration 

of 7 mC dose. 

Such a pro te in  c o m p o n e n t  has been descr ibed by  several  
au tho r s  25 and  has  been shown  to  be immunologica l ly  
d i s t inc t  f rom iodina ted  serum a lbumin  es. The th i rd  peak 
of rad ioac t iv i ty  near  the  origin had  the  same electro- 
phore t ic  mobi l i ty  on s ta rch  gels as pur i f ied  h u m a n  thyro-  
globulin.  Label l ing of thyrog lobu l in  in sera of pa t i en t s  
receiving radioiodine  t h e r a p y  has previous ly  been  de- 
mons t ra ted2L On fil ter pape r  e lec t rophores is  thy ro -  
globulin migra tes  in the  a-globul in  region, and  the  low 
mobi l i ty  in s t a rch  gels is p r e s u m a b l y  due to the  re la t ively  
large size of the  molecules (ca. 660,000) 28. 
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Rdsumd 

On a analys6 au moyen  d '61ectrophor6se sur  gel 
d ' a m i d o n  les prot6ines  qui, dans  le s4rum humain ,  l ient  le 
fer, le cuivre  e t  l ' ho rmone  thyro id ienne ,  en ut i l i sant  
c o m m e  t6moins  des prot6ines  purifi6es e t  la radioact ivi t6.  
l .e fer est  li6 par  la fl-globuline qui, dans  cer ta ines  families, 
para i t  se diviser  en deux composan t s .  Le cuivre  es t  li6 par  
la c6ruloplasmine,  qui 6migre dans  la posi t ion me rapide.  
La prot6ine pr incipale  l iant  la t hy rox ine  est  la pr6- 
a lbumine.  
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