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Cytoehrome Bs, isolated f rom the m i c r o s o m e s  of mammal ian  l iver  [1], is a hemoprote in  part icipat ing 
in e lec t ron  t r a n s f e r  in the r e s p i r a t o r y  chain of cel ls .  The p r i m a r y  s t ruc ture  of the apoprotein and the 
physieochemieal  p rope r t i e s  of this enzyme have been establ ished by the work of S t r i t tmat te r  and Osols  [2]. 
Cytochrome B 5 consis ts  of a complex of f e r r ip ro toporphyr in  (IX) with a prote in  consisting of 85 amino acid 
res idues .  Two of the four histidine res idues  are  probably involved in the coordination bond of the i ron of 
the heine with the prote in .  

This paper  f o rms  par t  of studies on the synthesis  of hist idine-eontaining peptides of cytochrome B 5. 
It gives a study of the nature  of the bond of the apoprotein with the pros the t ic  group.  We have obtained the 
nonapeptide. 

Tos ~ 
I 

HBr.L--Lys--L--Phe--L--Leu--L--OIu--L--OIu--L--His. L-- 

IBzl im 
- -Pro - -Oly - -Oly  (I), 

corresponding to sequence 26-34 of cy tochrome B 5 by Mer r i f i e td ' s  sol id-phase method [3]. All the amino 
acids except N ~ - t e r t - b u t o x y c a r b o n y l - N a - t o s y l - L - l y s i n e ,  which was brought into the react ion by the p-  
ni trophenyl  e s t e r  method, were  synthesized by the carbodi imide method. To facil i tate subsequent pur i f ica-  
tion, a f te r  each stage of condensation the f ree  amino groups were  aeetylated [4]. The peptide was separa ted  
f rom the res in  by the action of hydrogen bromide on a suspension of the po lymer  in t r i f luoroacet ic  acid for  
90 min. A product  was isolated in which paper  chromatography in a b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5) 
sys tem (system 1) showed the p resence  of three  ninhydrin-posi t ive spots.  The mixture  of substances was 
separa ted  on Sephadex G-10 in 0.1 M acet ic  acid. The N-acetyl  der iva t ives  of the peptides ( revealed with 
iodine) were  eluted f i r s t ,  and then substances with Rfi  0.30, 0.20, and 0.80. An amino acid analysis  of the 

las t  substance showed that it was the nonapeptide I. The compound with Rf i  0.30 was found to contain the 

same amino acids as the nonapeptide, with the exception of prol ine and glycine. Thus,  when the nonapeptide 
is split off f rom the po lymer  support,  cleavage of the peptide bond between prol ine and the amino acids ad- 
jacent to it takes place.  This  is in agreement  with l i t e ra tu re  information [5] on the instabil i ty of p ro ly l -  
containing peptides.  A s imi la r  cleavage of the polypeptide was also observed during its purif icat ion.  

To study the influence of the method of separat ion f rom the po lymer  on the stabil i ty of thepropylgly-  
cine bond,we synthesized the t r ipept ide L - P r o - G l y - G l y  (II), corresponding to sequence 32-34 of cytochrome 
Bs, by the sol id-phase method. The chain was extended by the carbodiimide method, or  by the N-hydroxy-  
succinimide or  p-ni t rophenyl  e s t e r  methods using 1 ,2 ,4- t r iazole  as  a catalyst  [6]. The completeness  of the 
condensation in the las t  two methods was de termined by potent iometr ic  t i t ra t ion [7 ]. At the glycylglycyl-  
po lymer  stage,  the yield was 98%, and at the L-pro ly lg lycy lg lycy l -po lymer  stage it  was 96.5%. The peptide 
was separated f rom the res in  by acidic (HBr/CF3COOH or  HBr/CH3COOB) o r  alkaline (methanolic solution 
of caustic soda) agents.  
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P a p e r  ch roma tog raphy  showed that in each case  the products  of the separa t ion  of the peptide f r o m  
the p o l y m e r  contained, in addition to the t r ipept ide  (II), the dipeptides L - P r o - G l y  (III) and Gly-Gly  (IV) [8]. 
The t r ipept ide II and the dipeptides III and IV used as  m a r k e r s  in pape r  ch romatography  were  obtained by 
independent synthes is  f r o m  the t r ipept ide  N ~ - B O C - L - P r o - G l y - G l y - O B z l  (V) and the dipeptides N~-BOC - 
L - P r o - G l y - O B z l  (VI) and N ~ - B O C - G l y - G l y - O B z l  (VII) a f t e r  saponif icat ion and el iminat ion of the t e r t -  
butoxycarbonyl  pro tec t ion .  

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

The compounds were  ch romatographed  on type "B n (fast) Leningrad pape r  in a b u t a n - l - o l - a c e t i c  
ac id - -wa te r  (4 : 1 : 5) s y s t e m  ( sys t em 1) and in a thin l a y e r  of s i l ica  in b e n z e n e - e t h y l  aceta te  (1 : 1) and 
ethyl a c e t a t e - m e t h a n o l  (9 : 1) s y s t e m s  ( s y s t e m 2 and 3, r espec t ive ly ) .  

Sol id-Phase  Method of Synthesis .  Hydrobromide  of N ¢ - T o s y l - L - l y s y l - L - p h e n y l a l a n y l - L - l e u c y l - L -  
g l u t a m y l - L - g l u t a m y l - N - b e n z y l - L - h i s t i d y l - L - p r o l y l g l y c y l g l y c i n e  (I). The so l id-phase  synthes is  was c a r r i e d  
out on a ch loromethyla ted  copo lymer  of s ty rene  with 2% divinylbenzene (7.9% C1). t e r t -Bu toxyca rbony l -  
glycine was added by boiling 2.8 g of the po lymer  with 0.97 g of t e r t -bu toxycarbonylg lyc ine  and 0.76 ml of 
t r i e thy lamine  in 40 ml  of absolute ethanol for  24 h. The amount of amino acid bound to the p o l y m e r ,  d e t e r -  
mined co lo r ime t r i c a l l y  [9] a f t e r  acid hydro lys i s  of a sample  of the p o l y m e r  at 110°C in 6 N HC1 for  24 h, 
was  0.29 m m o l e / g  of po l ym er .  N,N ' -Dicyc lohexylcarbodi imide  was used as  the condensing agent for  all 
the amino ac ids .  

N ~ - t e r t - B u t o x y c a r b o n y l - N ¢ - t o s y l - L - l y s i n e  was added to the peptide by condensation using the p -  
ni t rophenyl  e s t e r  method.  

F o r  each amino acid the cycle  was  as  follows: 

A) Splitting off the t e r t -bu toxycarbony l  group by the action of 1 N HC1 in acet ic  acid (25 ml ,  30 min); 

B) N e u t r a l i z i n g  the hydrochl0r ide  with 10% t r i e thy lamine  in ch lo ro fo rm (25 ml,  15 rain); 

C) Condensation with the next amino acid (4 equiv) in the p r e sence  of N,N ' -d icyc lohexylcarbodi imide  
(4 equiv) in methylene chloride for  8 h, o r  for  24 h in DMF for  the act ivated e s t e r  of p ro tec ted  
lys ine;  

D) Acetylat ion of the f ree  amino groups  with a mix tu re  of acet ic  anhydride (0.7 ml) and t r i e thy lamine  
(0.7 ml) in DMF (25 ml) .  

Af ter  nine cyc les  the p o l y m e r  was washed with DMF and methanol  and dr ied in vacuo ove r  KOH. The 
weight of the po l ym er  with the peptide added to it was  4.15 g (weight i nc r ea se  of 1.3 g). The peptide was 
spli t  off f r o m  the r e s in  by the pa s s age  of a cur ren t  of HBr through a suspension of the p o l y m e r  in t r i f luo ro -  
ace t ic  acid (90 mill). The suspens ion  was  f i l te red,  the res idue  was washed with t r i f luoroace t ic  acid (3 x 10 
ml) ,  and the solvent was dr iven off in vacuo at 25°C. The res idue  was c rys ta l l i zed  f r o m  ether .  Yield 1.05 g. 
P a p e r  ch roma tog raphy  in s y s t e m  1 showed the p r e s e n c e  of three  n inhydr in-pos i t ive  spots with Rf i  0.80, 
0.30, and 0.20. A 50-mg quantity of the mix tu re  in solution in 0.1 M acet ic  acid was  deposited on a column 
of Sephadex G-10 (20 x 150 ram). The ra t e  of elution was 10 m l / h  (0.1 M acet ic  acid). The f i r s t  f rac t ion  
(17 ml),  negat ive to ninhydrin and read i ly  r evea led  with iodine, contained acetyl  pept ides .  The second f r a c -  
tion (8 ml) cons is ted  of a mix tu re  of subs tances  with Rf i  0.20 and 0.30, and the third f rac t ion  (10 ml) con-  

ta ined the nonapeptide I with Rf i  0.80. It was  f r e e z e - d r i e d ,  giving 20 mg of the nonapeptide I in the f o r m  of 

an amorphous  substance .  Yield 38.3% calcula ted  onthe BOC-Gly -po lymer .  An amino acid ana lys i s  of an 
acid hydrolyza te  gave the following ra t io  of the amino acids:  Lys  0.88, Phe 1.0, Leu 1.0, Glu 2.03, His 1.16, 
P r o  1.21, and Gly 2.11. E l e c t r o p h o r e s i s  in a phosphate  buffer  (pH 6.2; 600 V, 30 min) showed one ninhydr in-  
pos i t ive  spot.  

Hydrobromide  of L -Pro ly lg lycy lg lyc ine  (II). The fixing of t e r t -bu toxycarbonylg lyc ine  to the p o l y m e r  
was effected under  the conditions desc r ibed  above during 48 h. The amount of t e r t -bu toxycarbonylg lyc ine  
was 0.65 m m o l e / g  of po l ym er .  The chain was extended by the carbodi imide  method (4 equiv of amino acid 
and 4 equiv of N,N ' -d icyc lohexylcarbodi imide)  in methylene chlor ide ,  by the p-ni t rophenyl  method (4 equiv 
of amino acid and 5 equiv of 1 ,2 ,4- t r iazo le ) ,  o r  by the N-hydroxysucc in imide  e s t e r  method (4 equiv of amino 
acid and 5 equiv of 1 ,2 ,4- t r iazole) .  Af te r  each s tage acetyla t ion was  c a r r i e d  out as desc r ibed  for  the p r e -  
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ceding synthes is .  The peptide was  separa ted  f r o m  the res in  by the passage  of d ry  HBr through a suspen-  
sion of the r e s in  in t r i f luoroace t ic  acid for  90 rain, by the action of 36% HBr in acet ic  acid for  60 min,  or  
by t r e a t m e n t  with l~c caust ic  soda in methanol for  20 or  60 min.  The products  obtained were  c h r o m a t o -  
graphed on type B Leningrad pape r  in a b u t a n - l - o l - a c e t i c  a c i d - p y r i d i n e - w a t e r  (40 : 6 : 20 : 24) sys t em.  In 
each case ,  the dipeptides III and IV were  fo rmed  as well as the t r ipept ide II,  but the t r ipept ide ]I p r e d o m -  
inated. 

Benzyl E s t e r  of t e r t -Butoxycarbonylg lycylg lyc ine  (VII). To 1.50 g of the p- toluenesulfonate  of the 
benzyl e s t e r  of glycine in 20 ml  of dioxane was added 0.65 ml  of t r i e thy lamine ,  the mix ture  was s t i r r ed  at 
20°C for  15 min,  then 1.23 g of the N-hydroxysuccin imide  e s t e r  of t e r t -bu toxycarbonylg lyc ine  was added. 
After  4 h the reac t ion  mix tu re  was evapora ted ,  and the res idue  was  dissolved in 50 ml  of ch lo roform,  
washed with 3% sodium bicarbonate  solution (3 x 10 ml) ,  with wa te r ,  with 5% ci t r ic  acid solution, and with 
wa te r  again, and then dried with MgSO 4 and evapora ted ,  and the res idue  was c rys ta l l i zed  f rom aqueous 
methanol  (1:1) .  Yield 1.32 g (94%). mp 86.3-87°C, Rfi  I 0.53. Found %: C 59.68; H 7.06; N 8.66. 

C16H22N205. Calculated ~c: C 59.61; H 6.88; N 8.69. 

Benzyl E s t e r  of t e r t -Bu toxyca rbony l -L -p ro ly lg lyc ine  (VI). The compound was obtained in the f o r m  of 
an oil by the method descr ibed  above f r o m  0.43 g of the p- toluenesulfonate  of the benzyl e s t e r  of glycine 
and 0.20 g of the N-hydroxysuccin imide  e s t e r  of t e r t - b u t o x y c a r b o n y l - L - p r o l i n e .  Yield 0.22 g (95.1%). Rf i i i  

0.79, [~]~ - 4 5 . 5  ° (c 3 DMF). Found %: C 62.83; H 6.95; N 7.76. C19H26N205. Calculated %: C 62.96; H 
7.23; N 7.71. 

t e r t -Butoxycarbonylg lycy lg lyc ine  (VIII). A solution of 1.0 g of the dipeptide VII in 10 ml  of aqueous 
methanol  (1 : 1) was t r ea t ed  with 3.2 ml of 1 N caust ic  soda, and the mix ture  was s t i r r ed  at 20°C for  1 h and 
then evapora ted .  Theres idue  was dissolved in 5 ml of wa te r  and, with cooling, the solution was acidified 
with 1 N H2SO 4 to pH 4.5. The substance was ex t rac ted  with ethyl aceta te ,  and the ex t rac t  was  washed with 
5 ml  of ice wate r ,  dr ied with MgSO4, and evapora ted .  The res idue  was c rys ta l l i zed  f rom pe t ro l eum ether  
and r e c r y s t a l l i z e d  f r o m  ethyl ace ta te .  Yield 0.69 g (96%). Mp 131-132°C, Rf i i i  0.52. Found ~c: C 46.40; 
H 6.84; N 11.88. C9Hi6N205. Calculated %: C 46.55; H 6.95; N 12.04. 

Benzyl E s t e r  of t e r t -Bu toxyca rbony l -L-p ro ly lg lycy lg lyc ine  (V). A 2 -ml  quantity of 1 N HC1 in glacial  
acet ic  acid was added to 0.28 g of the dipeptide VII, and then, a f ter  30 rain, 50 ml  of e ther  was added. The 
prec ip i ta te  was sepa ra ted  off and dried ove r  KOH. Yield 0.20 g (95%). Mp 159.5-160°C (according to the 
l i t e r a tu re ,  mp 160°C [10]). To 0.20 g of the dipeptide hydrochlor ide  so obtained in 10 ml  of THF 0.3 m] of 
t r i e thy lamine  was added, and the mix ture  was s t i r r ed  for  15 min.  Then 0.20 g of the N-hydroxysuccin imide  
e s t e r  of t e r t - b u t o x y c a r b o n y l - L - p r o l i n e  was added and the mix ture  was left  for  12 h. After  the working up 
p r o c e s s  desc r ibed  for  VII, an oil was  obtained which solidified a f t e r  prolonged drying.  Yield 0.23 g (85.3%). 
RfIii 0.67, [~]}~ -20.5 ° (c 4.5 DMF). Found %: C 59.90; H 7.02; N 10.09. C21H29N30 6. Calculated %: C 
60.15; H 6.96; N 10.09. 

C O N C L U S I O N S  

1. The hydrobromide  of N e - t o s y l - L - l y s y l - L - p h e n y l a l a n y l - L - l e u c y l - L - g l u t a m y l - L - g l u t a m y l - N  i m -  
benzy l -L -h i s t i dy l -L -p ro ly lg lycy lg lyc ine ,  cor responding  to sequence 26-34 of cy tochrome Bs, has  been synth- 
es ized by the so l id-phase  method.  

2. The labi l i ty  of the bond between prol ine and the amino acids adjacent  to it under  the conditions of 
the split t ing off of the peptide f r o m  the r e s in  has  been shown. 
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