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P r e p a r a t i o n  of P h e n o t y p e s  of H o r s e  S e r u m  T r a n s f e r r i n s  by Gel F i l t ra t ion  a n d  I o n - E x c h a n g e  

C h r o m a t o g r a p h y  

The t rans fe r r ins  of horse se rum show a wel l -es tabl ished 
po lymorph i sm.  There  are 6 homozygous  pheno types .  
E a c h  one shows 2 bands  on s ta rch  gel electrophoresis .  
The f irs t  b a n d  (anodic) is wider  and  more  coloured t h a n  
the  second one (cathodic).  The space be tween  those  
b a n d s  is smaller  for the  3 fas ter  migra t ing  p h e n o t y p e s  
(Tf D/D,  Tf F / F  and  Tf H/H)  t h a n  for t he  3 slower 
migra t ing  ones (Tf M/M, Tf O/O and Tf R/R)  z. 

Experimental .  In  vivo abou t  z/3 of the  se rum t rans-  
ferrins is s a tu ra t ed  wi th  iron. The remain ing  p a r t  is 
found  as iron-free t ransferr ins ,  t h a t  is apo t rans fe r r ins  
(Apo-Tf). I t  is impor t an t ,  before  analys ing a serum, to  
s a tu ra t e  the  Apo-Tf  wi th  i ron because the  electric charge 
of the  Apo-Tf  is d i f ferent  f rom t h a t  of the  Fe-Tf.  To 
t h a t  effect  300 y of iron as ferrous a m m o n i u m  sulfate  
were added  to  100 ml of serum. 

4 ~C of 5"Fe were added  to  1 ml  of se rum to iden t i fy  
by  rad ioac t iv i ty  t he  t ransfer r ins  dur ing the i r  separa t ion  3. 
The ident i f ica t ion  was accompl ished by  au to rad iog raphy  
of t he  e lec t ropherograms.  A K o d a k  fi lm Kodi rex  'no 
screen '  was exposed  for 14 h for the  s ta rch  gel electro- 
phoresis.  The f i lm was exposed  for 36 h for the  electro- 
phoresis  on cellulose s t r ips  and  immunoelec t rophores i s  
(mic romethod  of SCHEIDEGGER). The film was developed 
in K o d a k  D-19 I3 a t  20~ 

Af te r  a f i rs t  separa t ion  of t he  serum componen t s  by  
gel f i l t ra t ion on Sephadex  G-200, the  t ransfer r in  frac- 
t ions  were  pooled and sub jec ted  to  ion-exchange  chro-  
m a t o g r a p h y  on Sephadex  D E A E  A-50. The elut ion 
followed a NaCI gradient .  

Ant ibodies  aga ins t  the  isolated t ransfer r ins  were ob- 
t a ined  by  immuniz ing  3 r abb i t s  for each pheno type .  
2 ml  of buffer  conta in ing  30-50 ? of p ro te ins  emulsif ied 
in 2 ml  of comple te  F reund  a d j u v a n t  (Difco) were in jec ted  
in t r ade rma l ly  in to  the  2 rear  foot  pads.  An inject ion of 
70-90 7 of an t igen  was m a d e  i.v. 12 days  later.  The rab-  
b i t s  were killed 8 days  af ter  the  second injection.  

Results.  The elut ion curve of a whole  horse se rum 
dur ing  f i l t ra t ion on Sephadex  G-200 shows 3 main  peaks  
cor responding  to  those  descr ibed by  FLODIN and  KIL- 
LANDER for h u m a n  serum s . The first  peak  conta ins  the  
macroglobul ins  and  the  l ipoproteins ,  the  second the  

7-S-?-globulins and  the  th i rd  the  a lbumins .  The t rans -  
ferr ins are e luted be tween  the  second and  the  th i rd  peak  
(see Figure 1). 

The elut ion of each p h e n o t y p e  by  ion-exchange  chro-  
m a t o g r a p h y  on Sephadex  D E A E  A-50 proceeds  a t  dif- 
fe ren t  NaC1 molarit ies.  Homozygous  p h e n o t y p e s  can be 
separa ted  f rom a he te rozygous  se rum provid ing  the  fas t  
moving  b a n d  of the  slow p h e n o t y p e  does no t  move fas te r  
t h a n  the  slow mov ing  b a n d  of the  fas t  moving  phen0 type .  
I t  is therefore  impossible  to  separa te  an unresolved 
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Fig. 1. Filtration of a whole horse serum on Sephadex G-200. 
Column: 4• Elution rate: 15 18ml/h. Buffer: Tris-HC1 
0.1M, pH 8.1 plus NaC1 0.2M. S~2, slow c%-maeroglobulins; Hp, 
haptoglobins; Cp, eeruloplasmins; Tf, transferrins; Alb, albumins. 
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Fig. 2. Elution pattern of a heterozygous phenotype 
(Tf H/R) by ion-exchange chromatography on Sephadex 
DEAE A-50. Column: 1 • 18 cm. Duffer: Tris-HC1 0.1 M, 
pH 8.1. The NaC1 concentration is indicated in the upper 
right part of the Figure. In the left part is shown a 
schematic representation of the pattern of a starch gel 
electrophoresis of the same material as it appears 
coloured with amido-blaek. The fractions 1-6 corresponds 
to the fractions indicated by the same numbers of the 
curve. 
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b ina ry  mix tu re  of the  following types :  Tf M/M, Tf O/O 
and  Tf R/R,  bu t  all o the r  combina t ions  are separable.  
One can also par t ia l ly  separa te  bo th  bands  of a p h e n o t y p e  
by  choosing an adequa te  NaC1 gradient .  The abso rbancy  
curve  of the  eluted fract ions shows in th is  case 2 shoulders  
on each side of a main  peak. The f irs t  one cor responds  
to  the  ca thodic  band  and  the  second one to  the  anodic  
band.  The main  peak  is a mix tu re  of b o t h  bands .  In  
Figure  2 can be seen the  elut ion curve of a he te rozygous  
pheno type ,  Tf H /R .  In  th is  case, the  curve shows 2 main  
peaks,  the  first  cor responding  to Tf R / R  and  the  second 
to  Tf H / H  ins tead  of 1 main  peak  as in the  case of a 
homozygous  pheno type .  I t  is in te res t ing  to note  t h a t  a 
th i rd  ve ry  nar row band  appears  a t  t he  very  end of the  
c h r o m a t o g r a m  for each pheno type ,  wha t eve r  its type.  
This  band  is also visible on the  phe rog ram of a whole 
se rum sa tu ra t ed  wi th  iron. The i ron-b ind ing  capac i ty  
of the  compound  conta ined  in th is  b a n d  has  been  demon-  
s t r a t ed  a. Therefore  each p h e n o t y p e  of the  horse  se rum 
t ransfer r ins  exhib i t s  no t  2 bu t  3 bands  by  s ta rch  gel 
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electrophoresis .  Some character is t ics  of these  bands  will 
be repor ted  elsewhere.  

Immunological ly ,  a band  of purif ied t ransfer r in  shows 
only one prec ip i t ine  line w i th  an i m m u n s e r u m  agains t  
a whole horse  serum. An an t i s e rum p repa red  agains t  a 
purif ied t rans fe r r in  shows likewise only 1 prec ip i t ine  l ine 
wi th  a whole  se rum (see b and c of Figure 3). This is 
i l lus t ra ted by  immunoe lec t rophores i s  in F igure  3 where  
b is the  circular d ish  conta in ing  the  ant igen (whole horse  
serum labeled wi th  4 ~C of 5~ Dish a conta ins  
an i m m u n s e r u m  agains t  the  pool of t ransfer r ins  f ract ions  
men t ioned  above.  An i m m u n s e r u m  against  pure  t r ans -  
ferrin is con ta ined  in dish c; d is an au to rad iogram of 
the  same exper iment .  The circular dish is bare ly  visible 
bu t  the  posi t ion of the  inferior line is exac t ly  the  s ame  
as t h a t  of the  line be tween  b and c, thus  d e m o n s t r a t i n g  
t h a t  the  l a t t e r  cor responds  to  the  t ransferr in .  

One can ob ta in  a larger a m o u n t  of ahnos t  pure  t r ans -  
ferrins by  p rec ip i t a t ing  the  serum, di luted wi th  i vo lume 
of physiological  NaC1 and adding  enough a m m o n i u m  
sulfate to  br ing  the  final  concen t ra t ion  to  56% in am-  
mon ium sulfate.  This  p rec ip i ta t ion  is subs t i t u t ed  for t h e  
gel f i l t ra t ion and  ion-exchange  c h r o m a t o g r a p h y  is re- 
placed by  a b a t c h  operat ion.  The t ransfer r ins  t h u s  
ob ta ined  are still c o n t a m i n a t e d  by  2 a lbumins  which  
can be e l imina ted  by  column c h r o m a t o g r a p h y  ~,6. 

Rdsumd. Les bandes  des diff6rents ph6no types  de  
t ransfer r ines  (Tf), identifi6es par  amido-41ectrophor6se, 
on t  6t4 purifi6es par  f i l t ra t ion sur gel et  ch ro ma t o g raph i c  
6changeuse d ' ions.  Des ant icorps  de lapin on t  6t6 pr4- 
par6s cont re  plusieurs de ces ph6notypes .  
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Fig. 3. hnnlunoelectrophoresis of a whole horse serum (micromethod 
of SCHEIDEGGER) and its autoradiogram as described in the text. 
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I n f l u e n c e  of S e a s o n  and  A c t i v i t y  o n  S o d i u m  C o n t e n t  of  B o n e s  a n d  P l a s m a  of  the  B a t ,  Myotis lucijugus 

A num ber  of workers  have  no ted  changes  in p lasma  
levels of cer ta in  minerals  dur ing  the  h ibernal  siege, bu t  
the re  are few repor t s  concerning f luc tua t ions  in bone  
levels of these  elements .  Fu r the rmore ,  no a t t e m p t  has 
been  made  to  de te rmine  w h a t  effects s imple inac t iv i ty  
migh t  have  upon h ibe rna to r s '  skeletons if the  animals  
were no t  h iberna t ing .  This s tudy  was  p a r t  of an a t t e m p t  
to  clarify the  s t a tus  of ma jor  minera ls  in a h iberna tor ,  
Myotis luci/ugus, dur ing  na tu ra l  h ibe rna t ion  and  in 2 
ac t iv i ty  s ta tes  while kep t  under  l abora to ry  condit ions.  

Methods. H i b e r n a t i n g  ba t s  were cap tu r ed  ill a sou thern  
I n d i a n a  cave a t  3 stages of the  h ibe rna t ing  season (early, 
November ;  deep, Feb rua ry ;  late, April). In  the  l abora to ry  
t h e y  were housed  in a moist ,  cold (8 ~ 2~ da rkened  
room unti l  sacrifice shor t ly  af ter  capture .  Summer  ba t s  

were cap tu red  in June  f rom an a t t ic  colony and  sacrif iced 
immedia te ly .  Ba t s  des igna ted  'win te r  free-f l ight '  a n d  
'win te r  res t r i c ted '  were procured  f rom a colony in ear ly  
fall. The  ' f ree-f l ight '  ba t s  were weighed,  sexed, coded,  
and  placed into a screened cage of 450 It 3 f lying space.  
The cage was ma in t a ined  in a room at  35 ~ wi th  a rela-  
t ive  h u m i d i t y  of 20%. The 'win te r  res t r ic ted '  ba t s  were  
housed  in the  same room, bu t  were res t r ic ted  in m o v e -  
m e n t  by  placing t h e m  in a conf ined space of 100 in  s. 
Animals  des igna ted  as ' s u m m e r  free-f l ight '  and  ' s u m m e r  
res t r ic ted '  were ob ta ined  f rom a colony in June  a n d  
housed  in the  same m a n n e r  as t he  'win te r  f ree-f l ight '  
and 'win te r  res t r ic ted '  groups,  respect ively.  All ba ts  were  
fed mea l w o rm (Tenebrio molitor) larvae, and  wa te r  w a s  
provided  ad l ibi tum.  


