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S Y N T H E S I S  O F  A F R A G M E N T  O F  H I S T O N E  H4 

W I T E  T H E  S E Q U E N C E  1 4 - 2 1  

G. F.  K a s y m o v a  a n d  V. K. B u r i c h e n k o  UDC 542.91 : 547.466.46 : 547.466.1 

In recent  y e a r s ,  intensive invest igat ions have been ca r r i ed  out on the s t ruc tu ra l  and functional fea tures  
of his tones [1-3]. In spite of the cons iderab le  advances  in this field, the re  stil l  r ema in  urgent  p rob lems  of the 
elucidation of  the mo lecu l a r  organizat ion of the higher  levels  of the s t ruc tu re  of h i s tones ,  and a lso  the i r  ro le  
in the organizat ion of nuclear  s t r uc tu r e s .  A knowledge of the s t ruc tu ra l  fea tures  of his tones will pe rmi t  a f u r -  
the r  deepefiing of invest igat ions of the i r  biological  ro le  and, in pa r t i cu la r ,  will revea l  the role  of h is tones  in 
the regulat ion of the act ivi ty  of  the genetic appara tus  of the cell .  

With the a im of s t ruc tu ra l  and functional invest igat ions ,  we have synthesized the N- t e rmina l  sect ion of 
his tone H4 with the sequence 14521. The se lec ted  sect ion of the histone is in teres t ing  by v i r tue  of the fact that 
it is sa tu ra ted  with basic  amino acids - l y s i n e  and arginine - w h i c h  a r e  a r r anged  s y m m e t r i c a l l y  in re la t ion  to 
a hist idine res idue .  It is not excluded that this sect ion may  play an impor tant  ro le  in the blocking of a DNA 
templa te  [4]. 

The synthes is  of the octapept ide was c a r r i e d  out by means  of the scheme  shown below. The choice of this 
s cheme  predica ted  the exclusion of the possibi l i ty  of the occcu r r ence  of side reac t ions .  With this a im,  at all  
s tages  of the synthes is  CDI was used as the condensing agent  and methylmorphol ine  as the base .  The Cbo and 
NO 2 pro tec t ive  groups were  used for  blocking the side functions of lysine and arginine ,  r e spec t ive ly ,  and t -BOC 
protect ion for blocking a - amino  groups.  (See scheme  on following page.) 

A number  of  diff icult ies a ro se  in the introduction of hist idine into the peptide chain. An a t tempt  to syn-  
thes ize  a peptide with the sequence 18-21 using the N ~ - B O C - N i m - F D N  der iva t ive  of  his t idine was unsuccessful .  
Sa t i s fac tory  r e su l t s  were  obtained when the methyl  e s t e r  of hist idine was introduced f r o m  the N-end of the peptide 
chain. The format ion  of byproducts  was obse rved  at the s tages  of the synthes is  of the pentapeptide (14-18) and of the 
oetapept ide (14-21). (The r e su l t s  of the e l emen ta ry  and amino acid analyses  of these products  showed the imposs i -  
bili ty of  the format ion  of acy lu reas  [5]). The yields of peptides in these  s tages  fell  to 60%. in all  the other s tages  
the peptides were  isolated with fa i r ly  good yields  and were  chromatograph ica l ly  pure.  The peptides we re  p u r i -  
fied by repea ted  c rys ta l l i za t ion  f rom a mix tu re  of  ethanol and ethyl ace ta te  and a lso  by chromatography  on 
Sephadex LE-20.  The Cbo and NO 2 groups  were  removed  f rom the octapept ide with anhydrous hydrogen fluoride. 
The absence  of absorpt ion bands in the UV spec t rum in the 257 and 271 nm regions showed the comple teness  of  
the el iminat ion of the pro tec t ive  g r o u p s .  The f ree  octapeptide was purif ied on a column of Sephadex G-15. The 
peptides synthesized and the i r  constants  a r e  given in Table 1. 

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

Amino acids of the L series were used in experiments. All the products obtained were analyzed for C, H, 
and N. In all  ca ses  the resu l t s  of the e l emen ta ry  analys is  co r responded  to the calcula ted f igures .  The cour se  

V. L Nikitin Institute of  Chemis t ry ,  AcademY of Sciences of  the TadzhSSR, Dushanbe. Trans la ted  f rom 
Khimiya Pri rodnykh Soedinenii, No. 1, pp. 48-51,  J a n u a r y - F e b r u a r y ,  1979. Original a r t i c l e  submit ted October  
16, 1978. 
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TABLE I. Peptides Synthesized and Their Constants 

Peptide ! mp, "C 

1. Cbo-Gly-Ala-Lys (Cbo)-Ar~ 
(NO2)-OCHa 

2. Cbo-Gly-Ala-Lys (Cbo)-Arg 
(NO~)-OH 

3. Cbo-Gly-Ala-Lys(Cbo)-Arg 
(NO=,)-His-OCH3 

4. Cbo-Gly-Ala-Lys(Cbo)- 
Arg{NO~)-His-OH 

5. BOC-Lys(Cbo)-VaI-OCH3 
6. BOC-Arg(NO.)-Lys (Cbo)- 

VaI-OCH3 
7. Cbo-Gly-Ala-Lys(Cbo)- 

A rg(NO~)-His-Arg(N()=)- 
Lys (Cbo)-VaI-OCH3 

yield, I 

90 

81-83 

99--100 

'#S 
110 

121--12~ 

80 

85 

64 

70 
90 

94 

62 

A B 

-33.3 I 
c 0,9 0,83 I 0,80 

2~ 

c~.9 0,53 0,62 
--20 
c I,( 0,73 ] 0,50 

0,50 0.36 
0,93 0,95 

-35 
c 1,0 I 0,80 0,86 

--40 
c l . 0  0,74 0,57 

C D 

0.75 0,73 

0,68 

0.50 0 80 

0.96 0,95 

0,65 0,78 

0,39 

14 
Gly 

Cbo__ 

Cbo 

Cbo__ 

Cbo__ 

Cbo -- 

(:bo__ 

Cbo 

C b o  

H 

Ala Lys Arg 
Hci i BOC I 

-OH [ _OC Ha__!__HCI_I_OCH~ 

Cbo NO 2 

BOC' I 0 rI 
_OCHa_ - - 1 -  C" a 

\ / \  
Zbo ]NO= 

HCI 
_OH ~ _OCH3 

_OCHa 

HCI 

OH H 

\ ~0= Cbo 

\ 
Cbo xNO= 

Arg His 
21 

Lys Val 

BOC__]O H HCI--' 

BOC _ _  

Cbo 

HCI 

NO2 

BOC--I\ 
I NO~ 

| 

:1 

S c h e m e  o f  s y n t h e s i s .  

Cbo 

~bo 

%7- 

~bo 

OCHa 

OC,U~ 

__OCH3 

__OCH3 

OCH~ 

____OCHa 

--OCH3 

of  the  r e a c t i o n s  and the  p u r i t y  of  the  p r o d u c t s  w e r e  c h e c k e d  by c h r o m a t o g r a p h y  in a th in  l a y e r  of  s i l i c a  ge l  f ixed  
wi th  g y p s u m  in the  fo l lowing  s y s t e m s :  s e e - b u t a n o l - 3 %  NH4OI-I (100:44)  (A); b u t a n - l - o l - w a t e r - a c e t i c  a c i d  
(100:30  : 10) (B); m e t h a n o l - c h l o r o f o r m  0 3 : 6 0 )  (C); and m e t h a n o l - b e n z e n e  {2:0.3)  (D). 

The  p u r i t y  o f  the  f ina l  p r o d u c t  was  a l s o  c h e c k e d  e l e c t r o p h o r e t i c a l l y  in 30% a c e t i c  a c i d .  The c h r o m a t o -  
g r a m s  w e r e  r e v e a l e d  with  n i n h y d r i n  and in i od ine  v a p o r .  Q u a l i t a t i v e  a m i n o  a c i d  a n a l y s i s  was  c a r r i e d  out  a f t e r  
h y d r o l y s i s  (6 N I-tC1,120°C, 20 h) by  p a p e r  c h r o m a t o g r a p h y  with  two runs  in the  b u t a n - l - o l - w a t e r - a c e t i c  a c id  
(5 : 4 : 1) s y s t e m .  

Mel t ing  poin ts  w e r e  d e t e r m i n e d  on a Kof l e r  b lock .  Va lues  of  [~]D w e r e  m e a s u r e d  at  25°C on a R u s s i a n -  
m a d e  p o l a r i m e t e r  in e thano l .  A f t e r  e ach  s t a g e  o f  c o n d e n s a t i o n ,  the  r e a c t i o n  m i x t u r e  was  w a s h e d  with  10% c i t r i c  
a c i d ,  0.5 N NaHCO 3, and w a t e r ,  and was  d r i e d  o v e r  Na2SO 4. The s o l v e n t  was  d i s t i l l e d  off  in a r o t a r y  e v a p o r a t o r  
u n d e r  r e d u c e d  p r e s s u r e  a t  40°C. The p e p t i d e s  w e r e  p u r i f i e d  on c o l u m n s  of S e p h a d e x e s  G-15  and LI4-20. The 
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following symbols are used: CDI -N,N'-dicyclohexylcarbodiimide; Cbo -the benzyloxycarbonyl group; t-BOC - 
the tert-butoxyearbonyl group; TI-] F - tetrahydrofuran; DM FA - dimethylformamide; and FDN - fluoro-2,4- 
dinitrobenz ene. 

Synthesis of IK)C-Lys (Cbo)-Val-OCH~ (5). With cooling ( -  5 to - 10°C), 0.006 mole of HCl • VaI-OCH 3 in 
DMFA and 0.006 mole of methylmorpholine were added to a mixture of 0.005 mole of BOC-Lys (Cbo)-OII in THF 
and 0.005 mole of CDI. The mixture was stirred at the same temperature for 3-4 h and was left overnight. 
Then it was acidified with acetic acid, the solvent was evaporated off completely, and the residue was dissolved 
in ethyl acetate and was washed free from unchanged starting materials. The product was crystallized from a 
mixture of diethyl ether and petroleum ether. 

Peptides 1, 3, 6, and 7 were obtained similarly. These peptides were crystallized from ethanoI or mix- 
tures of ethanol and ethyl acetate. 

Saponification of Cbo-Gly-Ala-Lys (Cbo)-Arg(NON)-OCI-I~ (I). A solution of 0.004 mole of Cbo-Gly-Ala- 
Lys (Cbo)-ArgNO 2)-OCH 3 in the minimum volume of ethanol was made up with acetone to 10 ml. Then the calcu- 
lated amount of 1 N NaOI-] was added. The mixture was kept at room temperature for 1 h. Then the solvent was 
evaporated off to a small volume, the residue was diluted with water, and the unchanged initial compound was 
eliminated by extraction with ethyl acetate. After this, the reaction mixture was acidified to pE 2 and the main 
product was extracted with ethyl acetate. It was recrystallized from ethyl acetate. The saponification of pep- 
tide (3) was performed similarly. 

Elimination of the t-BOO Protective Group from BOC-Arg(NO2)-Lys(Cbo)-VaI-OCH a was carried out by 
treatment with 2 N I-ICl/ethyl acetate at 0°C for 25 rain. After the end of the reaction, the solvent was evaporated 
off and the residue was treated with ether. The product was crystallized from ethanol and ethyl acetate. The 
t-BOC protective groups were eliminated from the other peptides in the same way. 

Elirn~ination Of the Protective Groups from the Octapeptide 14-21. A Teflon cylinder was charged with 
0.002 mole of the protected octapeptide in anisole, and then, with cooling, liquid hydrogen fluoride was added. 
The reaction was performed at 0°C for 1 h 25 rain. Then the excess of II F was evaporated off in vacuum, and 
the oily product was dissolved in water and was passed through a column of Amberlite IRA-401 (OH- form). The 
peptide was purified on a column of Sephadex G-15 (eluent 0.001 N I-ICI). 

The octapeptide was identified by amino acid analysis and electrophoretically. 

S U M M A R Y  

A fragment  of histone H4 with the sequence - G l y - A l a - L y s - A r g - H i s - A r g - L y s - V a l -  has been synthesized.  

1 .  
2. 
3. 
4. 
5. 
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