
lo 
2. 

3° 
4. 

Amino acid 

Asp 
Tre  
Ser 
Glu 
Pro  
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr  
Phe 
His 
Lys 
Arg 
Carbohydra tes  

Trp (number of 
moles per mole 
of protein) 

I' I" H 

10.3 10.0 10.9 
5.0 8°5 4.7 
8.7 6ol 8.7 

18.6 14.8 25.8 
6.3 Tr 4.9 
8.5 14.5 8.2 
8 °5 9.4 6.3 
8.5 10.2 7.5 
0.6 Tr Tr  
5.5 5.1 3.6 
6.3 7.3 4.4 
1.0 1.5 2.0 
4.0 3.6 4.9 
2.1 2.2 2.6 
3.3 6.5 2.5 

11.9 4.0 9.4 
- - 3 ~  

4 1 
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The method usually used for obtaining biospecific sorbents  is the activation of Sepharose by cyanogen 
bromide followed by the addition of a ligand at the amino group [1], this method being associa ted  with the use 
of an ex t remely  toxic reagent.  Recently, Porath et al. [2] have proposed a method of immobil izing enzymes  
which is based on the activation of Sepharose with p-benzoquinones and the addition of the protein to the ac t i -  
vated Sepharose.  It appeared important  to study of the possibil i ty of using this method for adding amines  and 
obtaining biospecific sorbents.  

The activation of Sepharose was pe r fo rmed  in accordance with Pora th ' s  procedure:  10 g of washed and 
sett led Sepharose 4B in 6 ml of 0.1 M NaHCO 3 (pH 8) was mixed with a solution of 0.108 g (1 mmole) of p-  
benzoquinone in 4 ml of ethanol. The suspension was s t i r red  at room tempera ture  for 1 h, and the activated 
Sepharose was washed with 20% ethanol, water, 1 M NaCI, and water again. The ligands used were N-2,4-  
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din l t rophenyl (DNP)hexamethy lened iamine  hydroeh lor ide ,  the hydroch lo r ide  of the methyl e s t e r  of a - a m i n o -  

c a p r o y l - L - p h e n y l a l a n y l - D - p h e n y l a l a n i n e ,  the ant ib io t ic  g r a m l c i d i n  C, and a number  of model  pep t ides  (see 
below).  

The p -benzoqu inone -ac t lva t ed  Sepharose  was ca re fu l ly  s t i r r e d  with an equal volume of a solution of the 
l igand in 0.1 M NaHCO3, pH 10, or  in 50% d ime t hy l f o r m a m i de  in 0 . t  M NaHCOa, pH 10, at room t e m p e r a t u r e  
for  24 h. The final concen t ra t ion  of peptide in the solut ion was 0.5 M. Mono-DNP-hexamethy lened iamine  was 
d i s so lved  in a 3 .5- fo ld  volume of 50% d ime thy l fo rmamide  in 0.1 M NaHCO3, pH 10. The final concen t ra t ion  of 
the amine  was 0.3 M. Dark  co lo red  so rben t s  were obtained,  the co lo r  r ema in ing  a f t e r  they  had been washed 
f r ee  f rom e x c e s s  of the l igand.  

F o r  the peptide sorbent  the amount  of l igand in 1 ml of mois t  sorbent  was ca lcu la ted  f rom the r e s u l t s  of 
an a m i n o - a c i d  a n a l y s i s  of hyd ro lyza t e s  of the so rben t s  (5.7 M HCI, 107°C, 24 h). The concent ra t ion  of the 
l igand in the S e p h a r o s e - D N P - h e x a m e t h y l e n d i a m i n e  could not be de te rmined ,  s ince a hydro lyza te  of this  sorbent  
under the act ion of t r i f l u o r o a c e t i c  ac id  [3] had no absorp t ion  maximum at 360 am c h a r a c t e r i s t i c  for  the DNP 
group but had a maximum at 282 nm. 

Below we give informat ion  on the addi t ion of the l igands  to the p -benzoqu inone-ac t iva ted  Sepharose  4B 
(A hx = Nit 2 (CH~) 5 CO-) : 

Ligand pH 

I 10 0.47 
0.42 Ahx-o,y-o,y-oMo t o. 2 

H-Glv-Phe-OH 10 0.29 
N-p-Tos-Ser-Tyr-OH 0 
H-His- Leu-OH 0 24 
H-Gly-Leu-OH 0,. 17 
Ahx-L-Phe- D-Phe-OH 0.56 

Amount of peptide added, pmole/ml 

In the Sepharose  d e r i v a t i v e s  obtained,  the concen t ra t ion  of l igands  was 0.2-0.5 ~ m o l e / m l ,  which is app rox -  
ima t e ly  an o r d e r  of magnitude lower  than for  the ac t iva t ion  of Sepharose  with cyanogen b romide  [4]. To check 
the method we r epea t ed  P o r a t h ' s  e x p e r i m e n t  on the immobi l i za t ion  of chymot ryps in  and obtained a r e su l t  a g r e e -  
ing with his; the concen t ra t ion  of p ro t e in  in the so rben t  was 0.07 t~mole/ml.  While in the case  of immobi l i zed  
enzymes  such a concen t ra t ion  is qui te  suff ic ient ,  to use  Sepharose  modif ied with smal l  organic  molecu les  as  an 
aff ini ty  sorbent  a h igher  degree  of subst i tu t ion is d e s i r a b l e .  

To evaluate  the r e ac t i v i t y  of the v a r i o u s  functional groups in the pro te in ,  we t r e a t e d  a s e r i e s  of model 
pep t ides  (see above) with the p -benzoqu inone -ac t iva t ed  Sepharose .  The r e s u l t s  obtained show that  the amino 
group is the most  r eac t ive .  The hydroxy groups  of s e r i ne  and ty ros ine  do not take pa r t  in the r eac t ion  at al l ,  
and his t id ine  occupying the N - t e r m i n a l  pos i t ion  is no more  ac t ive  than other  amino ac ids .  G r a m i e i d in  C does 
not r eac t  with p -benzoqu inone -ac t iva t ed  Sepharose ,  

The Sepharose  4 B - D N P - h e x a m e t h y l e n e d i a m i n e  syn thes ized  with the a id  of the p-benzoquinone ac t iva t ion  
of the so rben t  was used  for  the c h r o m a t o g r a p h y  of porc ine  pepsin  in 0.05 M glycine HC1 buffer ,  pH 2.1 (the i so -  
e l e c t r i c  point of the pepsin) .  When 1 mg of the p ro te in  was depos i ted  on 1 ml of sorbent ,  80% of the enzyme was 
eluted on washing with the ini t ia l  buffer ,  and only 18% was so rbed  and was then e lu ted  by 20% of i sopropanol  in 
1 M NaC1. The spec i f ic  a c t i v i t i e s  of the two f rac t ions  were  ident ical  with the ini t ia l  ac t iv i ty .  The sorbent  
Sepharose  4 B - ¢ - a m i n o c a p r o y l - L - p h e n y l a l a n y l - D - p h e n y l a l a n i n e ,  obtained s i m i l a r l y ,  contains  a pept ide forming  
an analog of the s u b s t r a t e  for  pepsin .  It is known that  the enzyme is s t rong ly  so rbed  on columns with the same 
l igand obtained by the ac t iva t ion  of Sepharose  with cyanogen bromide  [4]. On chromatography  in 0.05 M g lyc ine -  
HC1 buffer ,  ptt 2.1, with a load  c o r r e s p o n d i n g  to i mg of p ro te in  p e r  ml of sorbent ,  52% of the peps in  in t e r m s  
of p ro t e in  and 47% in t e r m s  of act iv ity was e lu ted  when the column was washed with the ini t ia l  buffer ,  and 23% 
in t e r m s  ac t iv i ty  and 34% in t e r m s  of p ro te in  could be deso rbed  only by 20% lsopropanol  in 1 M NaC1. 

Thus,  the ac t iva t ion  of Sepha rose  with p-benzoquinone does not p e r m i t  the p r e p a r a t i o n  of so rben t s  with a 
suf f ic ient ly  high capac i ty  for  af f in i ty  ch romatography .  However ,  it is not excluded that  the method may  be used 
for  l igands  having a v e r y  high aff ini ty  for  enzyme,% 
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