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Continuing invest igat ions [1-3] on the synthes is  of his t idine-containing f r agmen t s  of cy tochrome b~ 
isolated f rom the m i c r o s o m e s  of the calf  thymus [4], we have synthesized the e icosapept ide  (I) c o r r e -  
sponding to the sequence 74-93 of the polypeptide chain of cy tochrome b 5. It includes the histidine res idue  
80. 

74 8O 
H-L-Phe-L-Ile-L-lle-Gly-L-Glu-L-Leu-L-His-L-Pro-L-Asp--L-Asp- 

I 

R 

90 93 
L-Arg-L-Ser-L-Lys-L-IIe-L-Thr-L-Lys-L-Pro-L-Ser-L-Qtu-L-Ser-OH 

I 
p,' 

I a) R=Bzl, R'=NO2; b ) R = R ' = H .  

Mer r i f i e l d ' s  so l id -phase  method [5] wi ththe sequence of growth of the chain f r o m  the C-end, p redominant ly  
through the p-ni t rophenyl  e s t e r s  in the p r e s e n c e  of 1 ,2 ,4- t r iazo le  as ca ta lys t  [6] was used for  the synthes is .  

In o r d e r  to dec rea se  the number  of " fa lse"  pept ides ,  cons iderable  exce s se s  of the amino acids and 
reagen ts  were  used (Table 1), and some  of the amino acids were  introduced into the growing peptide chain 
in the fo rm of blocks - the dipeptides Boc- I l e -Gly -OH (III) and Boc-Phe-I le--OH (IV) - by the carbodi imide  
method. So that the pep t ide- forming  reac t ion  should take place more  completely ,  the t ime  of condensation 
was inc reased  (to 16-24 h in the p-ni t rophenyl  e s t e r  and the carbodi imide  methods) and the unchanged 
amino groups were  acetyla ted  with ace t ic  anhydride in the p resence  of t r i e thy lamine  [5]. 

To e l iminate  the Boc protec t ion  more  complete ly ,  the pept idylpolymer  was t r ea t ed  twice with a 1 N 
solution of hydrogen chloride in acet ic  acid. The r eagen t s  were  e l iminated f r o m  the po res  of the po lymer  
by the action of methanol,  e ther ,  and pe t ro leum e ther  on the pept idylpolymer  a f te r  each s tage.  

The puri ty  of the peptide chain growing on the po lymer  was de te rmined  a f t e r  the ninth, tenth, twelfth, 
fourteenth,  sixteenth,  and eighteenth s tages  of the condensat ion by the paper  e l ec t ropho re s i s  of the p rod-  
ucts sepa ra ted  f rom the pores  of the pept idylpolymer  by its t r ea tmen t  with a 40% solution of hydrogen b r o -  
mide in acet ic  acid for 90 min.  In each case ,  the e the r -p rec ip i t a t ed  peptide hydrobromides  were  subjected 
to e l ec t ropho re s i s  in var ious  buffers  at var ious  pH values .  The resu l t s  of e l ec t ropho re s i s  showed that the 
peptides spli t  off f rom the po lymer  contained the amino acid added las t  as an impur i ty  in the main sub-  
s tance.  This  is apparent ly  due to the ionic binding of the f ree  amino acids by the t r i e thy lammonium groups 
fo rmed in the po lymer  as a r e su l t  of the react ion  of the t r i e thy lamine  with the chloromethyl  groups.  After  
the fifth s tage of condensation, the amount of N- t e rmina l  amino acid was de te rmined  by the dansylat ion of 
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TABLE 1. Molar  E x c e s s e s  of the Reagents  in 
the Synthesis of the Eicosapept ide  

Amino acids and 
peptides 

Boc-lle-Oly-OH (H) 
Boc- Pile-lie-OH ([11) 

Sequenc~ 

92--93 
91 --92 
83--90 
78--82 
76--77 
74 --75 

Molar excesses of  
amino carbo- 
acids or diimide 
peptides 

57 - 
10 17 
15 15 
15 15 
15 15 

1,2 ,4-  
~ i a z o l e  

6 

18 

a sample  of the pep t idy lpo lymer  [7]. In addition to 
dansylated lysine,  l e s s  than 1% of dansylated se r ine  
was found. 

The use of the dipeptide blocks Boc- I l e -Gly -OH 
(II) and Boc-Phe- I l e -OH (III) and the acetyla t ion of 
the f ree  amino groups  in the las t  two s tages  of  the 
synthes is  of the e icosapept ide  (I) considerably f a -  
ci l i tated its pur i f icat ion a f t e r  its spli t t ing off f rom 
the po lymer  under  the act ion of hydrogen b romide  in 
t r i f luoroace t i c  acid. According to paper  c h r o m a t o -  
graphy,  the peptide spl i t  off f rom the po lymer  con-  
tained mainly  a subs tance  with Rf_ 1 0.64 contaminated 

with a sma l l  amount of a subs tance  with Rfl  0.5. After  two pur i f icat ions  on Sephadex G-25 the f r e e z e -  
dr ied  peptide on pape r  ch romatography  (Rfl 0.64) and pape r  e l e c t ropho re s i s  in ace ta te  buffer ,  pH 2.9, 
showed one n inhydr in-pos i t ive  spot .  

The N- t e rmina l  amino acid de te rmined  by dansylat ion was phenylalanine; sma l l  amounts of i so leu-  
cine and se r ine  (less than 1%) were  found. 

The bulk of the par t i a l ly  pro tec ted  peptide (Ia, R = Bzl, R' = NO2) that  was  isola ted was reduced.  The 
reduct ion of the peptide (Ia) with sodium in liquid ammonia  led to the c leavage of peptide bonds. The r e -  
sul ts  of a p r e l i m i n a r y  ana lys i s  of the decomposi t ion product  fo rmed  pe rmi t t ed  the assumpt ion  that  it was  

90 91 
poss ib ly  the c leavage of the P r o - S e r  bond that had taken place,  with the spl i t t ing off of the t r ipept ide  H -  

91 92 93 
Ser-Glu  - S e t - O H .  

Catalyt ic  hydrogenat ion in the p re sence  of 5% pal ladium adsorbed  on carbon led to the i r r e v e r s i b l e  
adsorpt ion  of the bulk of the f r ee  peptide on the ca ta lys t .  Because of this ,  the peptide (Ia) was hydrogen-  
ated in the p r e s e n c e  of pal ladium black in aqueous (1 : 1) methanol  in ace t ic  acid.  The f ree  e icosapept ide  
a f t e r  reduct ion (Ib) was purif ied by ion-exchange chromatography  on DEAE-Sephadex in a concentrat ion 
and pH gradient  o f  an ammonium ace ta te  buffer .  

The homogenei ty of  the peptide (Ib) obtained was conf i rmed  by the r e su l t s  of pape r  e l ec t ropho re s i s  
in va r ious  buffers  at va r ious  pH values ,  and by th in - l aye r ,  paper ,  and ion-exchange chromatography ,  and 
i ts  amino acid composi t ion was  conf i rmed by quanti tat ive amino acid ana lys i s .  

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

The pur i ty  of the pept ides  obtained was checked by e l ec t ropho re s i s  and pape r  ch romatography  on 
type B (fast) pape r  of the Leningrad mil l .  

E I e c t r o p h o r e s i s  was p e r f o r m e d  in a horizontal  ins t rument  at 1200 V in 0.04 M aceta te  buffer  (pH 
2.9), 0.05 M ammon ium ace ta te  buffer  (pH 7.6), 0.05 M bora te  buffer  (pH 6.7), and 0.1 M pyridine ace ta te  
buffer  (pH 3.7). The following solvent  s y s t e m s  were  used for  chromatography :  1) b u t a n - 2 - o l - a c e t i c  a c i d -  
wa te r  (12 : 3 : 5); 2) b u t a n - 2 - o l -  10% ammonia  (3 : 2), 3) 2 - m e t h y l p r o p a n - 2 - o l -  88% f o r m i c  a c i d - w a t e r  
(70 : 15 : 15); 4) b u t a n - l - o l - b u t y l  a c e t a t e - a c e t i c  a c i d - w a t e r  (19 : 1 : 5 : 25); and 5) b u t a n - 2 - o n e - a c e t i c  a c i d -  
wa t e r  (10 : 30 : 25). 

All the amino acids used in the synthes is  belonged to the L s e r i e s .  

Hydrobromide  of •heny•a•any•is•leu•y•is••eucy•g•ycy•g•utamy••eucy•histidy•pr•ly•asparagy•arginy•- 
s e ry l l y sy l i so l eucy l th r eony l ly sy lp ro ly l s e ry lg lu t amy l se r ine  (I). The peptide was synthes ized  on a ch loro-  
methyla ted  copo lymer  of s ty rene  with 2% of divinylbenzene (7% of chlorine).  N(~-Boc-O-benzylser ine  was 
added by boil ing 1.1 g of the po lymer  with 0.59 g of the protected amino acid and 0.27 ml  of t r i e thy lamine  
in 20 ml  of anhydrous ethanol for  24 h. The amount of Boc -O-benzy l se r ine  added to the po lymer ,  d e t e r -  
mined co lo r ime t r i ca l l y  [8] a f t e r  a s ample  had been subjected to acid hydro lys i s  in 6 N hydrochlor ic  acid 
a t  l l0°C for  24 h was 0.315 m m o l e / g  of po lymer .  The synthes is  was continued with 1.09 g of the B o c - a m i -  
noacy lpo lymer .  N,N ' -Dicyc lohexylcarbodi imide  was used as the condensing.agent  for  Boc -O-benzy l se r ine ,  
Boc- i so leuc ine ,  Boc-O-benzoyl th reonine ,  Boc-NW-ni t roarginine ,  and Boc-Nlm-benzylh i s t id ine .  The r e -  
maining amino acids were  introduced into the peptide chain by the p-n i t rophenyl  e s t e r  method in the p r e s -  
ence of 1 ,2 ,4 - t r i azo le .  Fo r  each  amino acid the cycle included the spli t t ing off of the Boc protect ion by 
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the act ion of a 1 N solution of hydrogen chloride in ace t ic  acid (2x20 rain, 40 ml),  neut ra l iza t ion  of the 
hydrochlor ide  with 10% t r ie thy lamine  solution in chloroform (20 ml,  20 min), and condensation with the 
subsequent  amino acid (the exces se s  of the reagen ts  a re  given in Table 1). 

The amino groups that  had not reac ted  were  acetyla ted  before  the e l iminat ion of the Boc protect ion 
in the sixth, twelfth, and seventeenth cycles  of the synthes is .  The las t  four amino acids were  added in the 
f o r m  of the dipeptide blocks {II) and (III) by the earbodi imide  method. 

After  the pe r fo rmance  of 17 cycles  of condensation, a suspension of the pept idylpolymer  in d imethyl -  
f o r m a m i d e  was t r ea t ed  with acet ic  anhydride (1.5 ml) in the p resence  of t r i e thy lamine  (1.5 ml) for  40 rain 
and was then washed with d ime thy l fo rmamide  and with anhydrous ethanol and was dried in vacuum ove r  
caus t ic  potash.  The weight of the dr ied  pept idylpolymer  was 2.35 g ( increase  in weight 1.35 g). 

Splitting Off of the Eicosapept ide  (Ia) f rom the P o l y m e r  Support. A cur ren t  of dry hydrogen b romide  
f reed  f r o m  bromine  was passed  through a suspension of the pept idylpe lymer  (0.76 g) in 10 ml  of t r i f l uo ro -  
acet ic  acid at 20°C for  60 rain and at 0°C for  30 rain. The po lymer  was sepa ra ted  off and washed with t r i -  
f luoroace t ic  acid (3x10 ml). Then the so lven twas  dr iven  off in vacuum at 25°C. The res idue was hardened 
in anhydrous e ther ,  s epa ra ted  off, and rep rec ip i t a t ed  f rom methanol  (3 ml) with anhydrous e ther  (50 ml).  
The weight of substance isola ted was 0.312 g. Pape r  chromatograpl~y of the product  spli t  off showed one 
n inhydr in-pos i t ive  substance with l~fl 0.64 and a weak spot at 0.49. The substance  (0.312 g) was d isso lved  
in 5 ml  of wa te r  and was passed  in th ree  s tages  through a column of Sephadex G-25 (1.4× 48 cm, V = 24 
ml /h) .  The f r e e z e - d r y i n g  of the main  f rac t ions  (3 x40 ml) gave 265 mg of an amorphous  product  (Rfl 0.64) 
slightly contaminated with the substance  having Rfl 0.49.  The peptide (20 mg) was r ech romatographed  on 
Sephadex G-25. F r e e z e - d r y i n g  of a nar row f rac t ion  (1.5 ml,  peak I) gave 3 mg of the e icosapept ide  (Ia), 
homogeneous on paper  chromatography  and on e l ec t ropho re s i s  in aceta te  buffer  (pH 2.9). The N - t e r m i n a l  
amino acid de te rmined  with the aid of dansyl  chloride was phenylalanine,  contaminated with smal l  amounts 
of isoleucine and se r ine .  

Hydrogenation of the Eicosapept ide  over  Pal lad ium Black. A solution in 10 ml  of 50% methanol  of 
40 mg of the e icosapept ide  (Ia) that had been twice purif ied on Sephadex G-25 was acidified with acet ic  
acid (3-5 drops) and 100 mg of pal ladium black was added. Hydrogenation with hydrogen was ca r r i ed  out 
for  48 h. The course  of the hydrogenat ion reac t ion  was moni tored  by paper  chromatography  and by the 
Pauli  reagent  (free His) and the Sakaguchi r eagen t  (free Arg). The ca ta lys t  was  sepa ra t ed  off and washed 
with 100 ml  of 1% acet ic  acid.  The f i l t ra te  and the washings were  f r e e z e - d r i e d  and dissolved in 1 ml  of 
wate r ,  and the solution was passed  through a column of Sephadex G-25 (2.5×45 cm,  V=60 ml/h)  equi l i -  
b ra ted  with water .  After  120 ml ,  the main f rac t ion  (20 ml) was collected,  and the f r eeze  drying of this 
gave 23 mg of the peptide (51.7% calculated on the Boc -O-benzy l se r ine  fixed to the polymer) .  

Chromatography of the Eicosapept ide  on DEAE-Sephadex.  A solution of 5 mg of the peptide {Ib) in 
1 ml of wa te r  was deposited on a column of DEAE-Sephadex (1.2 x 12 cm) equi l ibra ted with 0.1 M a m m o -  
nium aceta te  buffer  (pH 7.6). After  the passage  of 100 ml,  the addition of 1 M ammonium aceta te  buffer  
with pH 7.6 to the mixing f lask (V = 200 ml) filled with the initial  buffer  was begun, and a f te r  the passage  
of 250 ml  the addition of 1 M ammonium aceta te  buffer  with pH 6.25 was begun. Elution in the concen t ra -  
tion and pH gradient  gave only peak I of a substance  with Rfl  0.30, Rf2 0.18, Rf3 0.35, and Rf4 0.24 (paper 
chromatography)  and Rfs 0.65 (chromatography on a plate with a thin layer  of s i l ica) .  E l ec t ropho re s i s  in 
0.04 M aceta te  buffer  (pH 2.9, i=7 .5  mA, 90 min), in 0.05 M ammonium ace ta te  buffer  (pH 7.6, i=4 .5  mA, 
90 min), and in 0.05 M bora te  buffer  (pH 6.7, i= 4.5 mA, 90 min) showed a single n inhydr in-posi t ive  sub-  
s tance,  which was also stained by the Pauli and Sakaguchi reagen ts .  [~]~+ 9.58 ° (c 1.8; H20). Amino acid 
ana lys i s  of the f ree  e icosapept ide:  Lys 2.02 (2); His 1.05 (1); Arg 1.01 (1); Asp 1.96 (2); Thr  1.21 (1); Glu 
2.13 (2); Ser  2.86 (3); Pro  2.01(2); 1.01 (1); Leu 1.0 (1); Ile 3.26 (3); Phe 0.98 (1). The N- t e rmina l  amino 
acid was Phe (determined by means  of dansyl  chloride) .  

S U M M A R Y  

The synthesis  of an e icosapept ide  cor responding  to the sequence 74-93 of the polypeptide chain of 
cy tochrome b 5 isola ted f rom the m i c r o s o m e s  of calf  thymus has been p e r f o r m e d  by the so l id -phase  method.  
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