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s L" M M A IZY 

T h e  2 ~-g lycopro te ins  of foetal  calf  s e r u m  h a v e  been shown to differ wide ly  in phy~ico. 
chemica l  p roper t i es .  The  m a j o r  c o m p o n e n t  h a d  a s e d i m e n t a t i o n  coefficient of 3-4 S 
a n d  a molecuk~-r we igh t  of 47ooo.  T h e  m i n o r  c o m p o n e n t ,  a mac rog lobu l in ,  h a d  a 
s e d i m e n t a t i o n  coefficient of 2o S a n d  a molecu la r  we igh t  of 99oo0o.  I t  is sugges t ed  
t h a t  t he  m a c r o g l o b u l i n  m a y  be an  agg rega t e  of the  3.4-S f ract ion.  

INTRODUCTION 

T h e  g lycopro te ins  of foetal  calf s e r u m  were  first desc r ibed  by  PEDERSEN 1-3  a n d  t e r m e d  
fe tu in  I. T h e y  r e p r e s e n t e d  45 % of the  to ta l  s e r u m  p ro t e ins  a n d  fo rmed  t h e  m a j o r  
g lobu l in  c o m p o n e n t .  The  s e d i m e n t a t i o n  c o n s t a n t  for fe tu in  was  found  to  be m a r k e d l y  
c o n c e n t r a t i o n  d e p e n d e n t  a n d  a t  inf ini te  d i lu t ion  va r i ed  w i t h  the  or igin of the  fetuin.  
A de t a i l ed  phys ico -chemica l  c h a r a c t e r i z a t i o n  was not  a t t e m p t e d  as t he  p r e p a r a t i o n s  
were  c o n t a m i n a t e d  w i t h  a mac,  oglobul in  of s e d i m e n t a t i o n  c o n s t a n t  app rox .  20 S. 
H o w e v e r ,  PEDERSEN d r e w  a t t e n t i o n  to  the  isoelectr ic  po in t ,  p H  3-5, which  was  
e x c e p t i o n a l l y  low for a p l a s m a  pro te in .  

DEUTSCH 4 i so la ted  fe tuin by  p rec ip i t a t i on  in t r i ch lo roace t a t e  buffer  a n d  ob ta ined ,  
as  w i th  the  a m m o n i u m  s u l p h a t e  f r ac t iona t ion  1-3, a m a j o r  c o m p o n e n t  of 3.2 S a n d  
a m i n o r  c o m p o n e n t  of app rox .  20 S. This  m i n o r  c o m p o n e n t  a c c o u n t e d  for f rom 5 to  
!o  % of t he  t o t a l  g lycopro te in .  The  l o w - t e m p e r a t u r e  e thano l  f r ac t iona t ion  in the  
p resence  of Ba  2+ a n d  Zn 2+ used  by  SPIRO '~ yie lded a p r e p a r a t i o n  of fe tu in  of a h igh  
deg ree  of pu r i t y ,  be ing  h o m o g e n e o a s  b o t h  by  e lec t rophores i s  a n d  in t h e  u l t r a c e n t r i f u g e  
over  a wide  p H  range.  

FISHER et al.  8 showed  t h a t  the  fe tuin  p r e p a r e d  by  a m m o n i u m  su lpha te  fract io-  
n a t i o n  h a d  the  ab i l i t y  to  p r o m o t e  the  s t r e t ch ing  a n d  a t t a c h m e n t  of c u l t u r e d  m a m -  
m a l i a n  cells. No such abi l i ty  could be d e m o n s t r a t e d  in t h e  p r e p a r a t i o n  o b t a i n e d  by  
SPIROL Since t h e  a m m o n i u m  s u l p h a t e  p rocedure  y ie lded  b o t h  3.2-S a n d  a 2o-S 
c o m p o n e n t s ,  t h e  inference  could  be t h a t  the  m a c r o g l o b u l i n  was  the  biological ly  
ac t i ve  p ro te in .  Whi le  t he  3.2-S g lycopro te in  has  been  i so la ted  b y  SPIRO wi th  a h igh  
degree  of p u r i t y ,  so far  no a t t e m p t  has  been m a d e  to  isola te  t h e  macrog lubo l in .  

~-~ARR et al.  s h a v e  modif ied  t h e  m e t h o d  of PEDERSEN by  t h e  use of h igh-speed  
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cen t r i fuga t ion  and  have  ob ta ined  hmnog~t~etm~mV~;.~,duns ~ of bo th  the  3.2-S and 
the  2o-S a-glycoprote ins .  This p u b l i c a t i o r r ~ s m m m q ~ W s _  ico-chemicai  s tudies done 
on these fract ions and  cont ras t s  the  resut ts ,  btnirimtc~viC~the d a t a  of o ther  authors .  

~ME,~tHODS 

The two a-glycoprote ins  f rom foetal  c a l f , s m m ~ ~ q g T e p ~ r e d  b y  Mr. A. G. M. MARR ~ 
and shall  be referred to in this  paper  byith2ei~ ~m~u,,vadnes. Thus  3.4 S refers to  the 
ma jo r  fract ion of low molecular  w e i g h t : g u n m R ~ ,  rfffew~d to in the  l i t e ra ture  as 
" f e t u i n "  and  20 S refers to the  m i n o r  compmmn~a;~___~: , tobu~n of h igh molecular  
weight .  

The  following buffers of ionic s t r e n g t h , ~ x ~ m u _ ~ e _ d  for  all phys ica l  measure -  
ments"  

".5 o.o5 M 
3.0 0.05 M 
3.5 o.o5 M 
4.o o.o5 M 
5.0 o.o5 M 
7.0 0.05 M 
8.5 0.05 M 
9.0 0.05 M 

io.o 0.05 M 

NaC! + o.o29~I~igt3iema(~-4).~a~e M2,I-ECI 
NaC1 + o.o3()IM',tgty~m~a--o.~l~ t-V[" HCI 
NaCI + 0.046 II~_~m(~-.o:mm~p~tr, HCI 
IgaCl + 0.o 5 I M , ~ t + - - o . o ~  5 M acetic acid 
sodium acetate -+, .¢~.m ~'l~h~- ~4~ aazid 
N~I.Cl + O . O l S ~ i , f t ~ a ~ ,  
NaCI + o. o~ 3 iM-titEb-~o.~.~ ~genvli~xttt veronal 
NaC1 + o:oosIMtl~IEt~.~g~go~t_~ veronal 

The concen t ra t ion  of dissolved , s d l i f l s w ~ a ~ e d  b y  d ry ing  a l iquots  to  
c o n s t a n t  weight  a t  60 ° i n  vacuo .  

Par t i a l  specific vo lumes  were ~ ~ d ~ m t 2 ~ o : o I :  ~ us ing  p y k n o m e t e r s  of 
5o ml  vo lume ca l ib ra ted  wi th  d i s t i l t e d ~ m t ~ r m t l ~ t t ~ m m p e r a t u r e .  Viscosi ty  de te rmi -  
na t ions  were made  a t  20 ° in an " O m ~ a t d - ~ ~ ' c a t ~ ) I m 2 v - t y p e  v i scomete r  wi th  
a flow t ime  for wa te r  of 202 see. The~siflxitirm.~mdcFs~b~ents were  f i l tered pr ior  to 
m e a s u r e m e n t  t h rough  a s i n t e r e d - g l a s ~ .  

Sed imen ta t ion -ve loc i ty  e x p e r i m e ~ s v w ~ r ~ ~ a t  abou t  26oooo x g in a 
Spinco Model-E u l t racen t r i fuge  over~ a - m a ~ e , ~ b ~ m a m m ~ i ~ n s  t h a t  p e r m i t t e d  ex t ra -  
pola t ion  to zero concen t ra t ion .  P a p e r , ~ : ~ v ~ t ~  car r ied  out  w i th  a Spinco 
hang ing-s t r ip  a p p a r a t u s  u n d e r  the  : n m a ~ ! , , ~ ~ c o n d i t i o n s  of veronal  buffer  
p H  8.6 and  ionic stren~±h o.o75. P a p e r s ~ w m ~ m i m ~ I c i ~ p r o t e i n s  wi th  b romopheno l  
blue and for c a r b o h y d r a t e  w i th  Sct_~iffs~.~ifi~l~t~in. 

The  resul ts  of the  physical  measurements~mbbflL1B.2~_~%nmd 20-S fract ions are sum-  
mar ized  in Table  I. 

The  pa r t i a l  specific vo lumes  ( ~ 7 ) ~ w e r e ~ r k t i v . ~  :7:0 on a single p repa ra t ion  
a t  three  i ndependen t  concen t r a t i ons .4F~ i~ee t~w~m~rm,ev idence  of concen t ra t ion  
dependence  the  repor ted  values  axe i~hmmmm~)fDtkli~,sepa~te measu remen t s .  The 
value  of ~ for the  3.4-S fra:ction is~ t o - ~ : , ( m T ~ c ~ , ~ t F m  b ~ o 3 m c y  factor  (I ~ ~Tp) 
in the sed imen ta t ion  equa t ion  cor respor i~~akNg, (O~3.o) :  Tim corresponding va lues  
for the  eo-S c o m p o n e n t  (o.73 ml/g~ a r i d ~ _ ~ ) ~ ( c ~ . - t o , t h o s e  genera l ly  found  for 
prote ins .  

L ~ : B i o t ~ h a t s .  Acta. 60 (xo63) ~i8-~2~t 



5 2 0  K, j .  T U R N E R  

The 3.4-S glycoprotein sedimented as a single symmetr ical  peak with  cons tant  
sedimenta t ion coefficients over a range of ionic s t reng th  from I - - o . o  5 to 0.25 
(Fig. I). The 2o-S glycoprotein,  however,  contained traces of con taminan t s  re- 
present ing less t han  IO % of the to ta l  protein and sediment ing ei ther  side of the main 
peak. The sedimenta t ion  coefficient of the  major  component  was likewise independent  

OAD 
24 MIN 120 MIN 

16 MIN 64 MIN 

Fig .  z. S e d i m e n t a t i o n  p a t t e r n s  o f  t h e  3 .4 -S  (A) 
a n d  2o-S  (B) g l y c o p r o t e i n s  o f  f o e t a l  ca l f  s e r u m .  
T h e  s o l u t e  c o n c e n t r a t i o n  in  b o t h  c a s e s  w a s  
0 .8  ~/o in  a c e t a t e b u f f e r  ( I  o . i ,  p H  7.o) .  T h e  t i m e s  

2 0 . i ~ ,  T I ! i ~ I 

o ~ sao w = 3 . 3 6  - 0 . 6 6  c 

, , , - - - : 1  

q 0.3 Q6 Q9 t2 1.5 

CONCENTRATION (g /100rn t )  

Fig.  2. S e d i m e n t a t i o n  m e a s u r e m e n t s  on  tht-  
x - g l y c o p r o t e i n s  of  f o e t a l  ca l f  s e r u m  in  aceta tc"  

b u f f e r  ( I  o . i ,  p H  7.o) .  

r e f e r  t o  t h e  d u r a t i o n  in m i n  a f t e r  t h e  r o t o r  h a d  r e a c h e d  t h e  m a x i m u m  s p e e d  of  5 9 7 8 0  r e v . / m i n  ¢:%~ 
a n d  4 2 o 4 o  r e v . / m i n  (B),  

of ionic s t r eng th  over the range studied. A plot of sed imenta t ion  coefficient v e r s z t s  

concentra t ion at  pH 7.o is shown in Fig. 2, the plot being made by the method  of 
least squares.  Both  fractions exhibi ted pronounced concentra t ion dependence.  From 
the slopes of the lines and  their  in tercepts  the following relat ionships were obta ined : 
s20, w - - 3 . 3 8 - - o . 6 6 c  for the 3.4-S fraction and s 2 0 , w - - 2 0 . 4 - - 1 . 3 z c  for the 2o-S 
fraction, s20, w is in Svedberg units  and  c represents  the protein concent ra t ion  in 
grams per  IOO ml. The sedimenta t ion  coefficient of the 3.4-S fract ion was cons tan t  
over the  pH range 4-1o bu t  increased by a factor 1. 7 at  pH 3.0. This increase in 
sedimenta t ion  coefficient below the isoelectric pH was accompanied by the appearance  
of a smaller faster sediment ing component  of s z o ,  w three-fold t ha t  of *.he major  com- 
ponent .  At all o ther  pH values the protein was found to be homogeneous.  The 2o-S 
component  on the  other  hand  was homogeneous over the ent i re  pH range s tudied 
and  showed no significant var ia t ion of sedimenta t ion  cons tant  wi th  pH. 

The values for the intr insic viscosities of the 3.4-S and 2o-S fractions a t  pH 7.0 
were 6. 9 and  Io .2-zo  -~ ml/g respectively.  The values of the viscosi ty increment  (v) 
were found to be 9.78 and  13.9 respectively.  Assuming the molecules to be unhyd ra t ed  
ellipsoitas of revolut ion the  axial ratios from SIMrIA's g equat ion become 7.8 and  lO.2 
for a prolate  ellipsoid and  I2.8 and 18.7 for an oblate ellipsoid. 

Paper  eIectrophoresis analysis showed tha t  both prepara t ions  were homogeneous 
and  migra ted  as at-globulins at  pH 8.6. Both  gave positive s ta ining with  both  Schiff's 
acid fuchsin and  bromophenol  blue confirming the presence of a glycoprotein.  A plot 
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, , f l lhmdtdis01acement aga ins t  p H  over  the  range of from pH ~.5 to 8.5 es tabl ished the  
i i~htt t lniu phi  a t  4-1 and  4.7 for 3.4-S and  2o-S fract ions  respect ively.  In  the  original  
t faatiia~ miix, tatre bo th  fl-actions mig ra t ed  toge the r  at  p H  8.6 bu t  were resolve~t at  lower 

T A B L E  I 

.~I IMMARY O F  P H Y S I C A L  M E A S U R E M E N T S  ON' T H E  T W O  ~ - G L Y C O P R O T E I N S  
O F  F O E T A L  C A L F  S E R U M  

Property 3.4-S fra~t ion 2o.5 fraction 

(ml /g )  0 . 7 0 2  0 . 7 3 3  
Y*t- × t °a  m l / g  6 . 8 6  io . . ,  
v 9 . 7 8  t 3 . 9  
J *  7 .8  ~o.z 
J * *  ,, 1 2 . 8  I 8 ,  7 
s ~ zo.w ( S v e d b e  rgs) 3 . 38  z o. 4 
I s o e l e c t r i c  p H  4. i 4 .7  
Mol .  w t .  f r o m  

s°9.0,w a n d  [*t~ 47  o o o  9 9 o  o o o  

* P r o l a t e  e l l i p s o i d  of  r e v o l u t i o n .  
** O b l a t e  e l l i p s o i d  of  r e v o l u t i o n .  

]]Iie molecular  weight  of each fract ion when  ca lcu la ted  by us ing the  formula  of 
~HttlI~XX~A'.A~D MANDELKERN 1° gave values  of 47000 and  99o000. In  these  ca lcula t ions  
.a/~,t~mffir, i en t  of 2.16" lO 6 was used for each fract ion as proposed by  g C H A C H M A N  11. 

l]lit~. rm~dified equa t ion  becomes : 

4690 (s ° ~0, w) x'5 [,/]0-5 
M ~--- (I) 

'" ( i  - -  ~ p ) l . 5  

w, ltt~r~, 3~£/is the  molecular  weight ,  s°zo ,  w, the  sed imenta t ion  coefficient in Svedbergs  
,mz~r~,~oncentra t ion,  E,t] the  i n h i n s i c  viscosi ty in (g/Ioo ml) -~, g the  par t i ca l  specific 
w~t i lmt* ,  in .  m l / g .  

D I S C U S S I O N  

lille, pli~_~ical m e a s u r e m e n t s  oi t he  g lycoprote ins  from foetal calf s e rum (Table I) 
: tr~v,~nemlly in good ag reemen t  w i th  the  resul ts  of PEDERSEN t-3 and  more  recen t ly  
_-~mo~ X~kile the  ~ e t h o d  of p r epa ra t i on  used by  PEDERSEN 1-a WaS essent ia l ly  re- 
[pndht;edd in this p resen t  work,  the  final p repa ra t ions  used here  were cons iderably  
mmra ltomogeneou_~. This  arose f rom *,he use of h igh-speed cen t r i fuga t ion  as a fu r ther  
:~tt~l~) im ~dae f rac t iona t ion  process. PEDERSEN 1-a rcpor ted  values  of 3.09-3.28 for 
~ut lmenratSon coefficient, o.693-o.712 for pa r t i a l  specific vo lume and 3-5 for the  
ii~mlhet-de pH.  SeIRo a found values  of 3.47, °.696 and  3-3 respect ive ly  for these 
t a n g e n t s .  ~Vhile the  resul ts  of DEUTSCH* (O.712 for par t ia l  specific volume and  
.~44 lion iia~electric pH) are  in close ag reemen t  wi th  the  above,  the  sed imen ta t ion  
,,:t~fiifiimr, a t  infinite d i lu t ion of 2.8, ob ta ined  by  this  au thor ,  is cons iderably  lower. 
Illhv mol ~. wt.  ()f 45o00 ob ta ined  by the  combina t ion  of sed imen ta t ion  and  diffusion 
( ~  is-liltewise lower t h a n  t h a t  ob ta ined  by  e i ther  PEDERSEN 1-3 (49000) or SPIRO 5 
:(4~mo) ~ us ing the  same techniques .  I t  is difficult to  assess w h a t  con t r ibu t ion  the  t r i -  
, diihr~m~eric acid used in the  Deutsch  p repara t ion  made  towards  these  lowered phys ica l  
~t o Ill+t~nt:+. -- 
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As a l t e rna t ive  me thods  for the m e a s u r e m e n t  of molecular  weight  were unava i l -  
able, an es t imate  was ob ta ined  by  the combina t ion  of sed imenta t ion  and  viscos i ty  
da ta .  A value ot 2.I6-  IO 6 was assumed for the coefficient in the  S c h e r a g a - M a n d e l k e r n  
re la t ionship  as direct  m e a s u r e m e n t  of this cons tan t  is uncer ta in  due to it being ex- 
t r eme ly  sensit ive to slight exper imenta l  errors. The correct assessment  of fi would 
be grea te r  t han  2 .16- lO 6 , since the concen t ra t ion  dependence  of the  sed imenta t ion  
coefficient and  the axial  rat ios calcula ted from the  viscosity d a t a  indica ted  t ha t  bo th  
molecules were as~anmetric.  In  pract ice this means  t h a t  the  tool. wt.  of 47ooo and  
9900o0 repor ted  in Table  I are s l ight ly  higher  t han  the  t rue  values. Nevertheless ,  
the resul t  for the 3.4-S g lycoprote in  compares  f avourab ly  wi th  a mol. wt. of 503oo 
for fetttin ca lcula ted  f rom the corresponding da ta  presen ted  by  SPIRO 5. 

I t  has  been shown t h a t  the acid na tu re  of some glycoprote ins  is a t t r i bu t ab l e  to 
the  sialic acid con ten t .  SPIRO 5 has d e m o n s t r a t e d  t ha t  this  is likewise the case with 
fetuin.  The shift  in isoelectric p H  towards  the alkal ine p H ' s  shown by  our prepara t ions ,  
when compared  wi th  those of previous authors ,  reflects the  lowered sialic acid con ten t  
of our  mater ia l .  T a k i n g  Spiro 's  fetuin and  its sialic acid-free coun te rpa r t  as ex t r emes  
a l inear plot  of isoelectric pI-[. v s .  sialic acid con ten t  can be shown to include both  
g lycopro te in  p repa ra t ions  employed  in this  s tudy.  

Fe tu in  has a t e n d e n c y  to aggrega te  pa r t i cu la r ly  at  acid p H  (see ref. 4)- In the 
u l t racen t r i fuge  this  is revealed at  p H  3.o by  an increase in the  sed imen ta t ion  coef- 
ficient of the  ma jo r  componen t  (3.4-S fraction) of fetuin and  the  appearance  of a 
second fas ter  sed iment ing  componen t .  DEUTSCH 4 has  c la imed the  difficulties en- 
counte red  in ob ta in ing  consis tent  resul ts  in diffusion exper iments  m a y  be a t t r i b u t e d  
to  the  fo rmat ion  of h igher-molecular -weight  aggregates.  Lower  values  for the  diffusion 
cons tan t  were found near  the isoelectric-point  region t h a n  a t  neu t ra l i ty .  SwRo a, 
on the  o ther  hand ,  found  t ha t  the increased sed imen ta t ion  a round  the  isoelectric 
po in t  is accompan ied  b y  a decrease in viscosi ty  suggest ing the  l ikelihood of a change 
in molecular  shape r a the r  t han  an increase in molecular  weight.  He  does not ,  however ,  
repor t  the  presence of add i t iona l  componen t s  as has genera l ly  been found. R e m o v a l  
of sialic acid b y  di lute-acid t r e a t m e n t  ~ gave  prote ins  which sed imented  at  abou t  the  
same ra te  as the u n t r e a t e d  protein .  In  addi t ion  a small  a m o u n t  of a fas ter  sed imen t ing  
componen t  was evident .  While the  l a t t e r  m a y  be a t t r i b u t e d  to  hea t  coag~jtation, it 
s e e m s  more  l ikely in view of the  work  of DEt:TSCH 4 t h a t  it is a t rue  aggrega te  ar is ing 
out  of the  decreased sialic acid content .  In fact,  the  t r e a t m e n t s  which have  caused 

T A B L E  I I  

C H E M I C A L  C O M P O S I T I O N  O F  T H E  T W O  ~ - G L Y C O P R O T E I N S  O F  FOI~TAIL. C A L F  S E R U M  

Content ( o/~ y* Residues ~ ' r  mole** Molar  ratios 

3.a-S fraction 2o-S fmgtion 3.a-S fraction 2o-$ fraa:tion 3.-*-$ fYa~tion ao-S fr~.rtion 

H e x o s e  5-3 2 .7  i 4 , o  [ 5 0  2 2 .8  
H e x o s a m i n e s  3-3 r .2  7-o 54 t ~ .o  
S i a l i c  a c i d  j . 6  o .  7 5 ,3  z z  I . z  0. 4 

" S e e  MARR et al. a. 
"*  C a l c u l a t e d  a t  t h e  b a s i s  o f  a t o o l .  w t .  o f  4 7 0 0 0  f o r  t h e  t h e  3 . z - S  f r a c t i o n  a n d  9 9 0 0 o o  f o r  t h e  

2 o - S  f r a c t i o n .  

Biochim.  Biophys .  Acta,  69 ( 1963 )  518-523 



TWO 0t-GLYCOPROTEINS OF FOETAL CALF SERUM 5 2 3  

fetuin to aggregate, namely heating at. elevated temperatures or subjection to low 
pH are those which are known to result in loss of sialic acid*, 5 

If loss in sialic acid results in partial aggregation of fetuin, might not the 2o-S 
component reported here be itself an aggregate of the more widely characterized 
3.4-S fraction? The moI. wt. of the 2o-S component obtained by sedimentat ion-vis-  
cosity data  is 990o00 and the sialic acid, hexosamine, and hexose composition in 
terms of moles/unit based on this value is reported in Table II, together with the 
corresponding; data for the 3.4-S fraction. The molar ratios for sialic acid: hexosamine: 
hexose are 1.2 :I :2 for the 3.4-S fraction and o .4:1:3  for the 2o-S fraction. It is 
apparent that  these molar ratios are very similar with the exception of the sialic acid 
figures. GRAHAM I4 has established the order of the prosthetic group of fetuin as sialic 
ac id-hexosamine-hexose-pept ide .  It seems possible therefore that  sialic acid, due 
to its exposed position, would be the most labile component of the prosthetic group. 
Partial removal of the sialic acid may, possibly due to its altered surface change, 
result in limited aggregation of the 3.4-S glycoprotein to produce the 2o-S glyco- 
protein. While the evidence for this relationship is rather speculative it does provide 
a mechanism for establishing possible relationships between globulins and their 
macroglobulin counterparts existing in both normal adult and foetal sera. 
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