
15. X. 1965 Brevi comunicazioni - Brief Reports 577 

Incorporation of 14C-Leucine into Serum Trans-  
ferrin by Slices and Cell-Free Preparations of 

Rat Liver 

T r a n s f e r r i n  is an  i r on - b ind ing  p r o t e in  of s e r u m .  I t s  
e l ec t rophore t i c  mob i l i t y  is t h a t  of a fl~-globulinL I t  h a s  
been  s h o w n  ~,3 t h a t  label led a m i n o  acids  are i n c o r p o r a t e d  
in to  t h i s  p ro t e in  b y  pe r fused  isola ted ra t  l iver.  The  ex-  
p e r i m e n t s  to  be descr ibed  here  ind ica te  t h a t  sl ices a n d  
cell-free p r e p a r a t i o n s  f r om r a t  l iver  are able  to  incor-  
po ra t e  r ad ioac t ive  leucine  in to  t r ans fe r r in .  Af t e r  i n c u b a -  
t i on  the  p ro t e in  was  i so la ted  b y  m e a n s  of sa l t  f r ac t iona -  
t ions  a n d  e lec t rophoreses .  F ina l ly ,  t r a n s f e r r i n  wa s  prec ip-  
i t a t ed  b y  i ts  specif ic a n t i s e r u m .  T h e  inco rpo ra t i on  of 
~ C - a m i n o  acid in to  t r a n s f e r r i n  was  c o m p a r e d  w i th  t he  
i nco rpo ra t i on  in to  r a t  s e r u m  a l b u m i n  b y  t he  s a m e  p repa -  
ra t ions .  S y n t h e s i s  of r a t  s e r u m  a l b u m i n  in v i t ro  ha s  been  
s h o w n  earl ier  b y  CAMPBELL et  al. 4. 

The  p r e s e n t  c x p e r i m e n t s ,  i nc lud ing  those  w i th  slices 
a n d  cell-free s y s t e m s ,  were carr ied  ou t  in a w a y  s imi la r  to  
t h a t  w h i c h  h a s  been  descr ibed  for the  in v i t ro  label l ing of 
fe r r i t in  5,e. F o r  e x p e r i m e n t a l  de ta i l s  c onc e r n ing  i n c u b a t i o n  
of slices or cell-free s y s t e m s  a n d  f r a c t i o n a t i o n  of t he  pro-  
t e i n s  a f t e r  i ncuba t i on ,  re ference  is m a d e  to the  p r e v io us  
p a p e r s  5,~. For  t he  p r e p a r a t i o n  of a n t i s e r u m ,  t r a n s f e r r i n  
was  i so la ted  f rom r a t  s e r u m  w h i c h  w a s  s a t u r a t e d  wi th  
i ron  ( I r o n - D e x t r a n ,  Benge r  Labora to r i e s ) .  The  s e r u m  was  
p r ec ip i t a t ed  w i th  (NH4)2SO 4 a t  40%, s a t u r a t i o n  a t  20°CL 
T h e  p rec ip i t a t e  was  d i sca rded  a n d  to t he  s u p e r n a t a n t  
(NH4)~SO 4 was  a d d e d  un t i l  a s a t u r a t i o n  of 65% was  
r eached .  T h e  p rec ip i t a t e  was  red isso lved  in 0 . 0 1 M  tris,  
p H  6.4, a n d  d ia lysed  for a b o u t  15 h a g a i n s t  t he  tr is  which  
was  c h a n g e d  severa l  t imes .  The  d i a lysed  so lu t ion  was  f irst  
f i l tered t h r o u g h  D E A E - S e p h a d e x  a n d  t h e n  t h r o u g h  CM- 
S e p h a d e x .  B o t h  res ins  h a d  been  e qu i l i b r a t e d  p r e v ious ly  
w i t h  0 . 0 1 M  tris,  p H  6.4. T h e  f ina l  e lua te  e s sen t i a l ly  con-  
s i s t i ng  of t r ans fe r r i n ,  h e m o p e x i n  a nd  s o m e  v-globul in ,  was  
c o n c e n t r a t e d  b y  d ia lys i s  u n d e r  r e duc e d  p r e s su r e  a g a i n s t  
m a l e a t e  buffer ,  ionic s t r e n g t h  0.05, p H  6.35. T h e  so lu t ion  
c o n c e n t r a t e d  to a b o u t  1 m l  was  s u b j e c t e d  to s t a r c h  block 
e lec t rophores i s  in t he  m a l e a t e  buf fe r  for 18 h (4 V/cm) .  
Two coloured  b a n d s  were seen,  one m a i n l y  c o n t a i n i n g  
h e m o p e x i n ,  and  the  o t h e r  one t r ans fe r r in .  Be c a use  of 

t he  s o m e w h a t  i ncomple t e  s epa ra t i on ,  t h e  two  p ro t e in s  
a f t e r  e lu t ion  a n d  c o n c e n t r a t i o n  were s u b j e c t e d  a g a i n  to  
t he  s t a r c h  b lock  e lec t rophores i s .  

F igu re  1 shows  an  i m m u n o e l e c t r o p h o r e t i c  p la te  of  t h e  
two  p r e p a r a t i o n s  s h o w i n g  t he  p u r i t y  of  t he  t r a n s f e r r i n  a n d  
of h e m o p e x i n  w h e n  t e s t e d  w i th  r a b b i t  a n t i s e r u m  a g a i n s t  
whole  r a t  s e rum.  On ly  one  p rec ip i t a t i on  line can  be seen  
for  each  pro te in ,  For  the  p r e p a r a t i o n  of a n t i s e r u m  r a b b i t s  
were in jec ted  w i th  t he  p r e p a r a t i o n  of t r a n s f e r r i n  m i x e d  
w i th  F r e u n d ' s  a d j u v a n t  ~. 

Af ter  the  i n c u b a t i o n  of slices or  cell-free s y s t e m s  w i th  
r ad ioac t ive  a m i n o  ac ids  u n d e r  a p p r o p r i a t e  cond i t ions ,  
t r a n s f e r r i n  and  a l b u m i n  were freed f rom the  bu lk  of o t h e r  
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Fig. 1. Immunoelectrophoretie pattern at pH 8.6 of the purified rat 
serum transferrin and hemopexin tested with antiserum against rat 
serum. Upper well, serum transferrin (Figure la), hemopexin (Figure 
lb). Lower well, rat serum. Central trough, rabbit antiserum against 

rat serum. 

Vig. 2. Autoradiograph of inmmnoelectrophoretic plate. Time of ex- 
posttre, 6 days. ()uter tr{mghs, antiserum against transferrin mixed 
with ailtisermn against albumin. The central wells contain purifmd 
proteins mainly consisting of transferrin and albumin. Two experi- 
ments are shown. The proteins were labelled by cell-free preparations 
as follows: Microsomes obtained froin 10 g of liver and cell sap (100 
mg of protein) were incubated in a final volume of 13 ml. In addition, 
the mixture contained 10 mM phosphoenolpyruvate, I mM ATP, 
0.20 inM GTP, 250/*g pyruvate kinase, 5 tm~,I reduced glutathione, 
4 mM MgClo, 0.05 M KC1, 0.035 M Iris buffer, pH 7.8, 0.25 M sucrose, 
and 20 lie 14C-DL-leueine. After incubation for 1 h at 35°C the pro- 

teins were purified as described earlier s,6. 
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p ro t e ins  b y  a series of pur i f i ca t ion  steps.  I n  t he  las t  s tep,  
s e r u m  t r ans f e r r i n  a n d  a l b u m i n  were p r e c i p i t a t e d  b y  t h e i r  
specific an t i s e r a  a f t e r  e lec t rophores i s  in  agarose  gel. As is 
s h o w n  in F igure  2, t h e  a u t o r a d i o g r a p h s  of s u c h  i m m u n o -  
e lec t rophore t i c  p la tes  showed  a cons ide rab le  d a r k e n i n g  of 
t he  a rea  co r re spond ing  to t h e  serological  p r e c i p i t a t e s  of 
t r an s f e r r i n  a n d  of a l b u m i n .  T he  d a r k e n i n g  a b o v e  r a t  s e r u m  
a l b u m i n  was s t ronge r  t h a n  t h a t  a b o v e  t r ans fe r r i n .  T h e  

Incorporation of laC-leueine into transferrin and albumin by slices 
and ceil-free preparations of rat liver 

Experi- Counts/min/mg protein~ Ratio 
ment Transferrin Albumin Transferrin/ 

Albumin 

specif ic  a c t i v i t y  of t h e  a n t i g e n - a n t i b o d y  c o m p l e x  was 
d e t e r m i n e d  q u a n t i t a t i v e l y  b y  e x t r a c t i n g  a n d  c o u n t i n g  t he  
r a d i o a c t i v i t y  of t h e  i m m u n o l o g i c a l  p rec ip i t a tes .  T h e  re- 
su i t s  o b t a i n e d  f r o m  slices a n d  cell-free s y s t e m s  are  sum-  
mar i zed  in  t h e  Tab le .  I n  t h e  case of e x p e r i m e n t s  w i t h  
slices t h e  d a t a  r e p r e s e n t  t he  m e a n  va lue  of 4 to  5 i m m u n o -  
e l ec t rophore t i c  r u n s  pe r  e x p e r i m e n t .  I n  t h e  case of  t he  
cell-free p r e p a r a t i o n s ,  I or  2 i m m u n o e l e c t r o p h o r e t i c  p la t e s  
pe r  e x p e r i m e n t  were  e x t r a c t e d  a n d  c o u n t e d .  T h e  incor-  
p o r a t i o n  in to  t r a n s f e r r i n  was  o n e - t h i r d  of  t h a t  in to  a lbu-  
m i n  w h e n  ca l cu l a t ed  pe r  m g  a n t i g e n - a n t i b o d y  p rec ip i t a t e .  
I n  a g r e e m e n t  w i t h  MILLER a n d  BALE ~, t h e  r e su l t s  i nd i ca t e  
t h a t  l ive r  is one  of t he  s i tes  oI t r a n s f e r r i n  s y n t h e s i s  in  ra ts .  
F u r t h e r m o r e ,  t h e  d a t a  p r e s e n t e d  show t h a t  t h e  inco rpora -  
t i o n  of  r a d i o a c t i v e  a m i n o  acid i n to  t h e  ex t ens ive ly  pur i -  
f ied p ro t e in  is also m a n i f e s t  in  slices a n d  cell-free p r epa ra -  
t ions  s. 

(a) Slices 

1 295 (110) 1430 (490) 0.21 
2 460 (185) 1795 (590) 0.25 
3 525 (170) 1440 (370) 0.36 
4 605 (225) 2085 (620) 0.29 
5 880 (345) 2490 (535) 0.35 

(b) Cell-free systems 

1 27 (10) 105 (16) 0.25 
2 60 (8)  200 (10) 0.31 
3 115 (18) 300 (30) 0.39 
4 120 (17) 455 (28) 0.26 

The data given in parenthesis represent the total counts. ~Antigen 
plus antibody. - Method of incubation: (a) Slice experiments: two 
1.5 g portions of slices from rat liver were incubated in 10 ml ot 
Krcbs-Hcnseleit Ringer solution s containing 10 pie of DL-leucine (20 
me]mmole). Incubation was conducted for 3 h at 35°C under 6% 
COz-94 % O 2. The purification of the proteins was then carried out 
as described previously 5,6. (b) Cell-free preparations: These were 
incubated as described In Figure 2 and fractionatedS,% 

Zusammen/assung. Der  E i n b a u  y o n  l*C-Leucin in 
S e r u m t r a n s f e r r i n  in v i t r o  in  L e b e r s c h n i t t e n  u n d  in  iso- 
l ie r te  L e b e r m i k r o s o m e n  de r  R a t t e  w u r d e  gezeigt  u n d  m i t  
d e m j e n i g e n  in  S e r u m a l b u m i n  verg l ichen .  Die  ge re in ig ten  
P r o t e i n e  w u r d e n  i m m u n o e l e k t r o p h o r e t i s c h  ausgef~tllt u n d  
ihre  Rad ioak t iv i tS . t  b e s t i m m t .  E b e n s o  wurde  die Re in -  
da r s t e l l ung  yon  T r a n s f e r r i n  aus  R a t t e n s e r u m  beschr i eben .  
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Hydrated Density of Chondrottin Sulfate 
Preparations 

R e c e n t  i n v e s t i g a t i o n s  r e p o r t e d  p a r t i c u l a r l y  b y  OG- 
STON 1, LAURENT 3 SCHUBERT et  al.8 h a v e  i nd i ca t ed  t h a t  
po lysaccha r ides  of phys io log ica l  i m p o r t a n c e  exis t ,  a t  h igh  
c o n c e n t r a t i o n ,  as  r ig id  t h r e e - d i m e n s i o n a l  n e t w o r k s  of ex-  
t e n d e d  l inea r  cha ins ,  possess  large  ef fec t ive  v o l u m e s  a n d  
ac t  s te r ica l ly  to  exc lude  o t h e r  m a c r o m o l e c u l a r  m a t e r i a l s  
f rom t h e i r  r e spec t ive  domains .  I t  h a s  also b e e n  shown,  
more  recen t ly ,  t h a t  such  molecules  c an  a c t  as  effect ive  
p las t ic izers  for  n a t i v e  c o n n e c t i v e  t issues,  p r o v i d e d  t h a t  a 
ce r t a in  m i n i m a l  degree  of p o l y m e r i z a t i o n  is exceeded  a n d  
t h a t  t h e  molecules  a re  n o t  oxid ized  to  t h e  co r r e spond ing  
d i a ldehyde  s t a r ches  4,s. T h e  n e t w o r k  m o d e l  b r e a k s  d o w n  
a t  low concen t r a t i ons ,  whe re  e n t a n g l e m e n t  coup l ings  de-  
crease,  a n d  t he  mac romolecu le s  lose all  or  m o s t  of t h e i r  
a fo r emen t ioned  proper t ies .  

I t  m i g h t  be pred ic ted ,  therefore ,  t h a t  t he  h y d r o d y n a m i c  
p roper t i e s  of po lysaccha r ide  sols would  r e semble  those  of 
viscoelas t ic  m a t e r i a l s  a t  h i g h  c o n c e n t r a t i o n s  a n d  would  
b e h a v e  like N e w t o n i a n  f luids a t  lower  concen t r a t i ons .  

D a t a  f rom one e x t r e m e l y  s imple  t y p e  of e x p e r i m e n t a l  ap-  
p r o a c h  are p r e s e n t e d  in  t he  fol lowing br ief  repor t ,  wh ich  
s u b s t a n t i a t e s  t h e  p red i c t i on  f rom a n  essent ia l ly  p h e n o m e -  
nologicat  p o i n t  of view. 

Samples  of c h o n d r o i t i n  su l fa te  c o n t a i n i n g  a p p r o x i m a t e -  
ly  26~o p ro t e in  a n d  4.2~/o n i t rogen ,  were o b t a i n e d  (1961) 
f rom t h r e e  d i f fe ren t  c o m m e r c i a l  suppl ie rs  (Genera l  Bio- 
chemica l s  Co., Chagr in  Fai l s  (Ohio),  N u t r i t i o n a l  B iochem-  
ical  Corp. ,  C leve land  (Ohio), a n d  M a n n  Resea rch  Labo ra -  
t o n e s ,  New Y o r k  a n d  d ispersed  in t r i p l y  glass-dist i l led 
wate r .  T h e  a p p a r e n t  h y d r a t e d  dens i t i es  of ser ia l  d i lu t ions  
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