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Chromatography on ion-exchange res ins  has yielded a homogeneous i ron-containing g lycopro -  
tein - t r ans fe r r in .  The amino acid composit ion of the protein has been shown, it has been es tab-  
l ished that the N- te rmina l  amino acid of the protein is threonine,  and the sedimentat ion coeff i -  
cient  has  been calculated,  being 5.8 S. 

Serum t r ans fe r r in  (TF), which fulfills the function of t ranspor t ing fe r r i c  iron ions into cells  of the e r y -  
throid se r i e s  where the biosynthesis  of hemoglobin takes place,  consis ts  of a single glycopeptide chain with a 
molecu la r  weight averaging 77,000 dalton [1]. The molecule  of s e rum t rans fe r r in  contains two specific cen te rs  
binding Fe 3+ , each of which can ensure  the t ranspor t  of the iron n e c e s s a r y  for  the biosynthesis  of hemoglobin 
in the re t iculocytes  [2]. 

T rans fe r r in s  fo rm one of the mos t  polymorphic  sys tems  of blood se rum proteins .  The molecular  forms 
of t r ans fe r r in  differ by the magnitude of the charges ,  which depend on the number  of sial ic  acid res idues  a t -  
tached to the protein and, to a smal le r  degree ,  on the p resence  of one o r  two fe r r i c  iron ions at tached to the 
prote in  molecule  [3]. 

Recently,  s t a t ementshave  appeared in the l i t e ra tu re  on the existence of a phenomenon of internal homology 
in the amino acid sequence of hhe t r ans fe r r in s  [4], which is an indication of doubling of the s t ructura l  gene for  
t r ans fe r r in  p r e c u r s o r s  in the course  of phylogenesis .  

We have isolated ra t  s e rum t r ans fe r r in  in two steps and have cha rac te r i zed  it with respec t  to a number  
of physicochemical  p a r a m e t e r s  in o rde r  to study its p r i m a r y  s t ruc ture .  The method of isolation that we used 
differs f rom that employed previously  [5] by the higher  puri ty of the given protein and a higher  yield. 

As the resu l t  of two success ive  chromatographic  separa t ions ,  f i r s t  on DEAE-Sephadex A-50 and then on 
Sephadex G-100, we obtained homogeneous ra t  s e rum t ransfe r r in .  The homogeneity of this protein was shown 
by e lec t rophores is  in PAAG, by sedimentat ion,  and by N-terminal  amino acid analysis  (Figs. 1 and 2). The m o -  
lecular  weight of the t r ans f e r r i n  determined by e lec t rophores is  in PAAG in the p resence  of sodium dodecyl su l -  
fate was 76,000 dalton [5]. It was shown that the t r ans fe r r in  posses ses  a charac te r i s t i c  absorpt ion spec t rum in 
the visible region with a maximum at 465 nm. In the recording  of the absorption spec t rum the peak c h a r a c t e r -  
istic for heine-containing s e rum protein (hemoglobin, hemopexin) at  410 nm was not observed,  which is an addi-  
tional c r i te r ion  of the pur i ty  of the t r ans fe r r in  isolated. The amino composit ion of the t r ans fe r r in  has been 
determined.  A compar ison  of the amino acid composi t ions of differing t rans fe r r ins  has been made (Table 1), 
and the sedimentation coefficient has been calculated as 5.8 S, this value cor re la t ing  well with that given in the 
l i t e ra ture  for  the sedimentat ion coefficients of the t r ans fe r r ins  of other species of animals .  

E X P E R I M E N T A  L 

Trans fe r r in  was isolated f rom ra t  blood se rum in two s teps :  1) chromatography on DEAE-Sephadex A-50 

and 2) chromatography on Sephadex G-100° 

In the experiments  we used r andom-bred  white ra ts  of both sexes weighing 150-200 g. The blood was 
taken f romthe  previous lyhexenal -anes the t ized  rats  by cardic  puncture.  ~ne blood was thermosta ted  at 37°C for 
1 h and after  the re t rac t ion  of the clot the s e rum was taken off by low-speed centrifugation at 3000 rpm for 30 
min. Additional centrifugation at 6000 rpm  for 20 rain f reed the s e rum f rom ery throcyte  res idues ,  and it was 

then s tored at - 20°C until it was used. 
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Fig. 2 

Fig. 1. Sedimentation of t r ans fe r r in  (2 m g / m l )  in 0.1 M tris-HC1 buffer,  pH 
7.4, containing 0.1 M NaC1 at 44,000 rpm (20°C, 60 min). 

Fig. 2. Elect rophores is  of t r ans fe r r in  in PAAG in the p rocess  of purification 
(the two bands on e lec t rophores i s  cor respond to two isoforms of t rans fe r r in ) :  
1) e lec t rophores is  of  TF  in PAAG after  salting out with (NI-I4)2SO 4 to 60% of 
the level of complete  saturation; 2) e lec t rophores is  of the TF in PAAG after  
chromatography on a column containing DEAE-Sephadex A-50 ; 3) e l ec t ro -  
phoresis  of TF  in PAAG after  chromatography on a column of Sephadex G -  

1 0 0 .  

Chromatography on DEAE-Sephadex A-50. For chromatography we used DEAE-Sephadex A-50 (Sweden) 
equilibrated with sodium phosphate buffer (0.0 2 M, pB 6.6) on a K 26/40 column. ~ne thawed-out s e rum (60 
mI) was sa turated with iron ions with the aid of a solution of  FeC13, and then t race  amounts of NaHCO 3 were  
added. After this ,  the s e rum was dialyzed in the cold against  sodium phosphate buffer (0.02 M, pit 6.6) for 12 
h. The precipi ta te  that deposited was taken off, and the supernatant  was deposited on a column of ion-exchange 
resin.  The column was  washed with sodium phosphate buffer (0.02 M, pB 6.6}. The mater ia l  not bound to the 
sorbent ,  containing mainly globulins,  was discarded.  The t r ans fe r r ins  were eluted with sodium phosphate buf-  
fer  (0.0 4 M, pI-I 5.9). The protein in the eluate as recorded  automatical ly at 280 nm by means of a Spectro-  
ch rome  F detector  (France). 

Chromatography  on Sephadex G-100. FOr chromatography we used a column fl00 × 3:3 cm) filled with 
Sephadex G-100 (Sweden) equilibrated with tr is-BC1 buffer {0.1 M, pit 7.3) containing 1 M NaC1. The t r a n s -  
fe r r in  f ract ion obtained after  the preceding chromatography was dialyzed against  tr is-HC1 buffer (0.1 M, pH 
7.3) containing 1 M NaC1 in the cold for 12 h before being deposited on the column of Sephadex G-100.  The rate  
of passage  through the column was 25 ml/h. The protein was recorded  f rom its absorption at  280 nm with the 
aid of a Spektrokhrom F detector .  

TABLE 1. Amino Acid Compositions 
of Human, Rabbit, Fish, and Bat T r a n s -  
fe r r ins  

Amino 'tluman rabbit [61, Irish [6], ~[-r~, tool. 
acid , mol.  mot. wt. ] mol. wt.] wt. ~6,000 

• 8 0 , 0 0 0  8 0 , 0 0 0  , l ! 8o ,ooo  I , 

Asp 79 85 85 54 
Thr 28 32 34 33 
Ser 89 59 55 32 
G|u 63 74 79 57 
Pro 31 3~ 34 30 
G ! y 48 56 62 49 
Ala 56 62 58 55 
112 Cys 89 33 32 44 
Val 43 50 44 38 
Met 8 7 10 6 
Ile 15 9 32 21 
I~u 57  70 49 54 
pTh~ e 22 26 36 21 

28 32 29 29 
Lys 60 61 6 ! 58 
His 20 20 18 14 
Arg 27 29 29 25 
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Elec t ropho re s i s  in PAAG. E lec t rophores i s  was p e r f o r m e d  in "s tacking"  gels  using an 8% sepa ra t ing  
and a 3% concent ra t ing  gel  in tubes of  t r a n s p a r e n t  p las t i c ,  0.8 x 11 c m ,  in t r i s -g lye ine  buffer ,  pI-I 8.6 as  the 
e lec t rode  buffer .  The t ime  of  e l e c t ropho re s i s  was 1.5 h at  4 mA pe r  column of gel ,  and the fixation was c a r r i e d  
out in 7% ace t ic  acid for  1 h. The gels  were  s ta ined with Coomass i e  Bri l l iant  t~ue P-230 (GFB) for  2 h and 
were  washed f r ee  f r o m  excess  dye with a mix tu re  of glacia l  ace t ic  acid ,  i sopropanol ,  and wa te r  in a r a t io  of  
1 : 5 : 5 for  s e v e r a l  hour s .  

E l ec t ropho re s i s  in PAAG in the p r e s e n c e  of sodium DDS was c a r r i e d  out by the Webe r -Osbo rn  method 
[7]. As m a r k e r  p ro te ins  we used bovine s e r u m  albumin,  ovalbumin,  chymotryps inogen  A, and cy toch rome  c 
(GFR). 

Absorption spectra in the visible region were determined for I~ solutions of apotransferrin and of iron- 
sa tu ra ted  t r a n s f e r r i n  us ing a model 25 s p e c t r o p h o t o m e t e r  with a cel l  having a working path- length  of 1 era.  
The s amp le s  were  d i s so lved  in 0.1 M t r i s - I IC1 buffer ,  pI-I 7.5,  containing 0.015 M NaI-ICO3, and were  then d i -  
a lyzed in tens ively  aga ins t  the s a m e  buffer  with t h r ee  changes  to e l iminate  f r ee  iron.  An aliquot of the d i a ly -  
sa te  was then used  as  contro l .  

The sed imenta t ion  ana lys i s  of  the r a t  s e r u m  t r a n s f e r r i n  was c a r r i e d  out on a Spinco model  E analyt ical  
u l t racen t r i fuge .  On the sed imenta t ion  of a solution of a prote in  in a concentra t ion of 2 mg /ml  in 0 .01 M t r i s -  
I-IC1 buffer ,  pI-I 7.4, containing 0.01 M NaC1 at  44,000 r p m  for  60 rain a t  23°C using a synthet ic  cel l  one s y m -  
m e t r i c a l  sch l i e ren  peak  was obse rved  (Fig. 1). In the calculat ion of the sedimenta t ion  coeff ic ient ,  a co r r ec t ion  
was int roduced for  the v i scos i ty ,  dens i ty ,  and t e m p e r a t u r e  of the solvent .  The sedimenta t ion  coeff ic ient  was 
ca lcula ted  as  5.8 S o r  5.8 × 10-13 sec .  

Amino acid ana lys i s  was c a r d e d  out on a Mul t ichrome automat ic  amino acid ana lyze r  (USA). The h y -  
d ro lys i s  of i r o n - s a t u r a t e d  t r a n s f e r r i n  was c a r r i e d  out in g lass  tubes in vacuum in the p r e s e n c e  of 6 N I-IC1 for  
24 h. 

The N - t e r m i n a l  amino  acid was de te rmined  by the Edman method [8]. It was found that  the N- t e rmina l  
amino acid  of this p ro te in  is threonine.  

S U M M A R Y  

As the r e su l t  of a two-s t ep  pur i f icat ion of the s e r u m  by ch roma tog raphy  on ion-exchange r e s i n s ,  h o m o -  
geneous r a t  s e r u m  t r a n s f e r r i n  has  been isolated.  

The degree  of pur i f ica t ion of the res in  was shown by e l ec t rophores i s  in PAAG, centr i fugat ion in an ana ly t -  
ical  u l t r acen t r i fuge ,  and N - t e r m i n a l  amino acid ana lys i s .  

The t r a n s f e r r i n  i so la ted  p o s s e s s e d  a c h a r a c t e r i s t i c  absorpt ion  s p e c t r u m  in the v is ib le  region with a m a x -  
imum at  465 rim° 

It was es tab l i shed  tha t  the N - t e r m i n a l  amino acid of  the prote in  is threonine.  The amino acid c o m p o s i -  
tion of  the pro te in  was de t e rmined  and the sedimenta t ion  coeff icient  was ca lcu la ted ,  being 5.8 S. 
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