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In the preceding  pape r  [1] we have desc r ibed  the synthes is  of the (74-93) e icosapept ide .  Continuing 
the growth of the polypeptide chain on the pept idylpolymer  we have obtained a compound containing 32 
amino-ac id  res idues .  Since it includes two histidine res idues  (63 and 80) which, as has been as sumed  [2], 
can par t ic ipa te  in coordination with heine in cy tochrome bs, it appeared  of in te res t  to p e r f o r m  the reac t ion  
of the di t r iacontapept ide (I) with heroin. 
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I a) R=Bzl; R ' -~NQ; b) R = R ' = H ;  c) R--Bzl; R ' = H .  

In the synthesis  of the di t r iacontapept ide (I) we used 15-fold exces se s  of the pro tec ted  amino acids .  
In all  s tages  of the condensation, before  the r e m o v a l  of the Boc protect ion the unchanged amino groups 
were  acetylated.  

During the synthes is  of the polypeptide (I), the po lymer  underwent degradat ion and some of it washed 
through the pores  of the g lass  f i l te r  of the reac t ion  ve s se l ,  as  a r e su l t  of which the weight of the dried 
d i t r iacontapept idylpolymer  fell  to 27%. 

The polypeptide (1) was separa ted  f rom the po lymer  support  by means of hydrogen b romide  in t r i -  
f luoroacet ic  acid. The pas sage  of hydrogen b romide  for  30 min l ibera ted  77% of the peptide,  and its p a s -  
sage for  another  30 min l ibera ted  18%; when hydrogen bromide  was pas sed  for  90 rain, the whole of the 
peptide fixed to the po lymer  was l iberated,  but some of the pro tec t ive  groups r ema ined  unremoved.  An 
inc rease  in the t ime  of pa s sage  of hydrogen b romide  to 100, 110, and 120 rain led to an accumulat ion of 
peptide decomposi t ion  products .  

The peptide (Ia) spli t  off f rom the po lymer  with the par t ia l  re tent ion of the benzy l -p ro tec ted  side 
chains of the amino acids was hydrogenated with hydrogen over  pal ladium black.  In addition to the spli t t ing 
off of the benzyl  groups,  the reduction of the nitro group of the arginine and the spli t t ing off of the benzyl  
protect ion of the imidazole  r ings  of the histidine took place.  The complete ly  reduced di t r iacontapept ide 
(Ib) was purif ied by ion-exchange chromatography  on DEAE-Sephadex in an a m m o n i u m - a c e t a t e - b u f f e r  con-  
centra t ion and pH gradient .  The N- t e rmina l  acid de te rmined  by means  of dansyl chloride was glycine.  
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Fig. 1. E lec t ron ic  spec t ra  in 0.1 M t r i s  acetate  buffer ,  pH 7.6 
(reducing agent sodium dithionite): a. 1) heroin; 2) heme; 3) 
h is t id ine-hemochromogen (beginning of coordination); 4) h is t i -  
d ine-hemochromogen (saturation); b. 1) heme-d i t r i acon tapep-  
tide (II, oxidized form); 2) heme-di t r iacontapept ide  (II, reduced 
form); 3) heme-d i -Nim-Bzl -His -d i t r i acon tapep t ide  (IH, oxidized 
form);  4) heme-d i -Nim-Bzl -His -d i t r i acon tapep t ide  (III, reduced 
form);  c. 1) cytochrome b5 (oxidized form); 2) cy tochrome b 5 
(reduced form);  3) heme-di t r iacontapept ide  (II, reduced  form).  

When the peptide (I) was spli t  off f rom the polymer  support  under  the action of anhydrous liquid hy-  
drogen f luoride in the p resence  of anisole,  a more  homogeneous product  was obtained with a ve ry  smal l  
amount of impur i t ies .  Compound (Ic) was purified success ive ly  by gel f i l t ra t ion on Sephadex G-~5 and ion- 
exchange chromatography on DEAE-Sephadex in an ammonium-ace ta te -buf fe r  concentrat ion and pH g ra -  
dient. The polypeptide (Ic) isolated was homogeneous on paper  chromatography and e lec t rophores i s  and 
gave a single peak on ion-exchange chromatography.  The N- te rmina l  amino acid de termined with the aid 
of dansyl chloride was glycine. The reduction of the compound (Ic) obtained over  palladium led to the f ree  
di t r iacontapeptide (l'b). 

The homogeneity of the peptide (Ib and c) synthesized was confirmed by the r e su l t s  of paper  e l ec -  
t rophores i s  in var ious  buffers  at var ious  pH values,  and by th in- layer ,  paper ,  and ion-exchange chromato-  
graphy; the amino-ac id  composit ion was conf i rmed by quantitative amino-ac id  analysis .  

The peptides (Ib and c) were  investigated in the complex-forming react ion with hemin in0 .1  M t r i s  
aceta te  buffer  (pH 7.6) under the conditions descr ibed  by F. S t r i t tmat te r  [3]. 

The format ion  of coordinated complexes of the peptides with hemin was judged from the nature  of 
the absorpt ion spec t rum in the visible  region expressed  in the shift of the Soret  band and in the appearance 
of absorpt ion bands in the 520-580 nm region.  The shape of the spec t rum in the 520-580 nm region on the 
format ion  of a coordinat ion bond of the peptide with the heroin r e semble s  the spec t rum of h is t id ine-hemo-  
chromogen in the initial stage of complex-format ion  (Fig. la ,  curve 3), which must  obviously correspond 
to the coordination of only one histidine with the heme. The e lec t ronic  spec t rum of the heme-d i t r i acon ta -  
peptide (II) fo rmed  differed f rom the spec t rum of the heme-d i -Nim-Bzl -His -d i t r i acon tapep t ide  (III). This 
was shown in the di f ference in the nature of the Soret band in the oxidized form (see Fig. lb,  curves  1 and 
3) and in the hypsochromic  shift  of the Soret  band in the reduced form (curve 4) for  (III) as compared with 
the heme-di t r iacontapept ide  (II) (curve 2). 

The spec t rum of the heme-di t r iacontapept ide  (II, reduced form) differed f rom that of the cytochrome 
b 5 (Fig. lc)  by the fact  that no separat ion of the ~ and fl bands was observed  in it. A s imi la r  phenomenon 
has been repor ted  by S t r i t tmat te r  and Huntley [2] in an investigation of the complexes  of hemin with the 
t ryp t i c  peptides 3-68 and 69-84 of cytochrome b 5. 

One of the possible explanations of the difference in the e lec t ron ic  spec t ra  of the heme-d i t r i acon ta -  
peptide (II) and cytochrome b~ may be that in natural  cytochrome b~ the bond of the apoenzyme with the 
heine is not effected through the pai r  of histidine 63 and 80.* Another possible cause of the observed dif-  
fe rence  in the spec t ra  may be a d i f ference in the fine spatial  s t ruc tu re  of the peptide chain in the complex 
obtained and in cytochrome b s. 

* An x - r a y  s t ruc tura l  analysis  of cytochrome b 5 with a resolut ion of 2.8 A has recent ly  been published [4]. 
This showed that the bond of the apoenzyme with the heme takes place through the pa i r  of histidine r e s i -  
dues in positions 39 and 63. 

507 



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

Chromatography  and e l ec t ropho re s i s  were  p e r f o r m e d  on type B (fast) paper  of the Leningrad mil l .  

The following solvent s y s t e m s  were  used  for  chromatography:  1) 2 - m e t h y l p r o p a n - 2 - o l - 8 8 %  fo rmic  
a c i d - w a t e r  (75 : 15 : 15); 2) 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); 3) b u t a n - 2 - o l -  
f o r m i c  a c i d - w a t e r  (15 :3 :1 ) ;  and 4) b u t a n - 2 - o n e - a c e t i c  a c i d - w a t e r  (10 :30 :25) .  

Hydrobromide  of G•ycy•histidy•sery•thre•ny•asparagy•a•any•arginy•g•utamy••eucy•seryl•ysy•thre•ny•- 
phenylalanyl iso leu cyliso leucy lglycylglutamy lleucy lhis t idylproly l a s p a r a g y l a s p a r a g y l a r g i n y l s e r y l l y s y l i s o -  
l eucy l th reony l lysy lp ro ly l se ry lg lu tamylse r ine  (I). The di t r iacontapept ide (I) was  obtained by the addition 
of pro tec ted  amino acids to the e icosapep t idy lpo lymer  [1] (1.41 g, peptide content 0.223 mmole)  by the c a r -  
bodi imide method (Boc-O-Bz l -Ser ,  B o c - O - B z l - T h r ,  Boc-N-NO2-Arg and Boc -Nim-Bz l -H i s )  and by the 
p-n i t rophenyl  e s t e r  method (Boc-~-OBzl -Asp-ONP,  Boc-~/ -O-Bzl-Glu-ONP,  B o c - N e - L - L y s - O N P ,  Boc-  
Leu-ONP,  Boc-Ala -ONP and Boc-Gly-ONP) in the p r e sence  of 1 ,2 ,4- t r iazo le .  At each s tage of the con-  
densation,  before  the r e m o v a l  of the Boc protect ion,  the amino groups that  had not r eac ted  were  acetyla ted 
with ace t ic  anhydride (0.5 ml) in the p re sence  of t r i e thy lamine  (0.3 ml).  The amino acids and the ca rbo -  
di imide were  used in 15-fold excess  and the 1 ,2 ,4- t r iazo le  in 18-fold excess .  After  the pe r fo rmance  of 
twelve cycles  of condensation, the pep t idy lpo lymer  was acetylated,  washed with d imethy l fo rmamide ,  with 
anhydrous methanol ,  and with e ther ,  and was dried in vacuum ove r  caust ic  potash. The weight of dried 
pept idylpolymer  was 1.39 g ( theoret ical ly  calculated:  1.91 g; loss 0.5 g ~  27%). 

Splitting Off of the Peptide (Ia) f rom the P o l y m e r  Support by the Action of Hydrogen Bromide.  A 
cu r r en t  of dry hydrogen b romide  was passed  through a suspension of 500 mg of the pept idylpolymer  in 5 
ml  of t r i f luoroace t i c  acid containing 0.5 ml  of anisole for  90 rain. After  the t r e a t m e n t  descr ibed  for  the 
e icosapept ide  [11] and reprec ip i ta t ion  f rom m e t h a n o l - e t h e r ,  0.193 mg  of the peptide (Ia) with some of the 
pro tec t ive  benzyl  groups not e l iminated from the side chains of the amino a c i d s , w a s  obtained. A solution 
of 180 mg of the peptide (Ia) in 5 ml  of wa t e r  was deposited on a column of Sephadex G-25 (3.5× 50 cm, 
V=60  ml/h)  equi l ibrated with water .  After  110 ml,  the main f rac t ion  was collected (90 ml), and its f r e e z e -  
drying gave 162 mg of the peptide (Ia). 

Hydrogenation of the Ditr iacontapept ide (Ia) ove r  Pal ladium Black. A solution of 70 mg of the p a r -  
t ial ly purif ied peptide (Ia) in 20 ml  of aqueous methanol  (1 : 1) was t r ea t ed  with 0.12 g of Raney nickel,  and 
the mix ture  was s t i r r ed  for  15 rain. Then the ca ta lys t  was sepa ra ted  off and was washed with 10 ml  of 
aqueous methanol  (1:1) .  The f i l t ra te  and washings were  combined, acidified with acet ic  acid (3-5 drops) ,  
and hydrogenated in the p re sence  of 0.12 g of pal ladium black for  48 h. The ca ta lys t  was sepa ra ted  off 
and was washed with 100 ml  of 2% 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 ,  the r e s -  
idue was dissolved in 1 ml of water ,  and the solution was deposited on a column of Sephadex G-25 (3.5 × 50 
cm, V= 24 ml /h) .  The f r e e z e - d r y i n g  of the main  f rac t ion  gave 27 mg of substance  fib) with Rfl  0.40 and 
Rf2 0.31. E l ec t ropho re s i s  in 0.05 M aceta te  buffer  (pH 2.9, i= 4.5 mA, 1200 V, 80 rain) and in phosphate 
buffer  in the p resence  of 8 M u rea  (pH 7.2, 1200 V, 2 h, i= 4.5 mA) showed a single n inhydr in-posi t ive  sub-  
s tance,  which was also revea led  by the Pauli  and Sakaguchi reagen ts .  The N- t e rmina l  amino acid,  d e t e r -  
mined by means  of dansyl  chloride,  was glycine [slight contaminat ions (< 1%) with ser ine ,  lysine,  and glu-  
t amic  acid]. 

Pur i f ica t ion of the Ditr iacontapept ide (Ib) on DEAE-Sephadex.  A solution in 1 ml of 0.1 M ammonium 
aceta te  buffer  (pH 7.6) of 64 mg of the peptide (Ib) that had been reduced and purif ied on Sephadex G-25 
was deposi ted on a column (1.4× 35 cm, V= 40 ml/h)  of DEAE-Sephadex equi l ibrated with the s ame  buffer .  
After  150 ml  of eluent had been passed ,  1 M ammonium aceta te  buffer ,  pH 7.6, was added to the mixing 
f lask  (V= 100 ml) filled with the init ial  buffer ,  and a f t e r  400 ml  had been passed  a s i m i l a r  buffer  with pH 
6.25 was added. After  a total  of 220 m l  had been eluted, the main  f rac t ion  was collected (50 ml). It was 
f r e e z e - d r i e d  and desal ted on Sephadex G-25. The f r e e z e - d r i e d  peptide (Ib), 42 mg (20.2% calculated on 
the Boc-O-benzy l se r ine  at tached to the polymer) ,  was  homogeneous on paper  e l ec t ropho re s i s  in 0.05 M 
aceta te  buffer  (pH 2.9), in pyridine aceta te  buffer  (pH 3.7), and in phosphate buffer  (pH 7.2). [ a ] ~ - 2 9 . 4  ° 
(c 0.7; 50% MeOH), Rf2 0.31 and Rf3 0.40. Amino-ac id  analys is  of an acid hydrolysa te  (6 N HC1, 110°C, 24 
h, vacuum t rea tment ) :  Lys 3.3 (3); His 1.55 (2); Arg 1.95 (2); Asp 3.8 (3); Thr  2.8 (3); Ser  5.0 (5); Glu 3.4 
(3); Pro  2.1 (2); Gly 1.75 (2); Ala 0.88 (1); Ile 3.5 (3); Leu 1.9 (2); Phe 0.63 (1). The N- t e rmina l  acid de-  
t e rmined  by means  of dansyl  chloride was glycine. 

The Splitting Off of the Ditr iacontapept ide (Ic) f rom the Po lymer  Support by the Action of Hydrogen 
Fluor ide .  To 0.5 g of the d i t r iacontapept idy lpolymer  was added 0.5 ml  of f resh ly  dist i l led anisole and 
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anhydrous liquid hydrogen f luoride.  The mixture  was s t i r r ed  at 0°C for  45 rain. The hydrogen fluoride 
was evaporated off in a cur ren t  of ni t rogen at 20°C, and the residue was t r ea t ed  with dry ethyl acetate  (2 x 
5 ml). The colored product  of the oxidation of the anisole passed into the ethyl aceta te .  The res idue was 
dr ied  in vacuum over  caust ic  potash and was then washed succes ively  with methanol,  aqueous methanol 
(1 : 1), water ,  and 5% acet ic  acid (2 x 10 ml in each case).  The methanol was evapora ted  off in vacuum, and 
the aqueous washings were  immediate ly  f r eeze -d r i ed .  This gave 206 mg of substance (Ic), the paper  ch ro -  
matography and e lec t rophores i s  of which showed the p resence  in it of a single substance revealed by means 
of ninhydrin and the Sakaguchi reagent ,  contaminated with compounds having a lower chromatographic  too- 

. bil i ty.  

Purif icat ion of the Ditr iacontapeptide (Ic) on DEAE-Sephadex. A solution in 1 ml of 0.1 M ammonium 
aceta te  buffer  (pH 7.6 ) of 28 mg of the peptide split off f r om the po lymer  with hydrogen fluoride was passed  through 
a column of DEAE-Sephadex (in a s imi l a r  manner  to compound Ib). After  210 ml  ofe lua te  hadissued,  the main 
f ract ion was col lected (25 ml), and i twas  desal ted on Sephadex G-25 and f r e e z e - d r i e d .  The yield of (Ic) was 
21 rag (61.2% calculated on the Boc-O-benzylse r ine  attached to the polymer) .  

The peptide was homogeneous on chromatography on paper  (RLfl 0.37, Rf~ 0.40) and in a thin layer  
of s i l ica  (Rf4 0.84). E lec t rophores i s  in 0.04 M acetate  buffer (pit 2.9) and ammonium acetate  buffer (pH 
7.6) (1200 V, 80 min), showed a single n inhydr in-pes i t ive  substance.  The peptide (Ie) was revealed by the 
Sakaguchi reagent  but not by the  Pau l i reagen t .  [ ~ ] ~ - 4 1 . 6  ° (c 0.6; 50% MeOH + 0.03 M. CH3(X)OH). Amino- 
acid analysis  of an acid hydrolyzate  (6 N HC1, 110°C, 24 h, vacuum t rea tment ) :  Lys 3.23 (3); Arg 1.57 (2); 
Asp 3.0 (3); Thr  3.16 (3); SOr 4.57 (5); Glu 2.73 (3); Pro  2.3 (2); Gly 2.0 (2); Ala 0.86 (1); Ile 2.89 (3); Leu 
1.85 (2); Phe 0.87 (1). The N- te rmina l  amino acid, de termined by means of dansyl chloride,  was glycine.  

Reduction of the Peptide (Ic) over  Palladium Black. The di tr iacontapeptide (Ie) (178 rag) was hy-  
drogenated in the p resence  of palladium black under  the conditions descr ibed  previously  for  48 h. After  
purif icat ion on DEAE-Sephadex, 55 mg of the di tr iaeontapeptide (Ib) was obtained (31.2% on the Boc-O-  
benzylser ine  attached to the polymer) .  Rf2 0.31 and Rf3 0.40. 

React ion of the Pept ides  {Ib and c) with Heroin. The exper iments  were  pe r fo rmed  with a f resh ly  
p repa red  (not more  than 3 tl) solution of heroin made by dissolving 3.25 mg of heroin in 0.5 ml of i N caust ic  
soda solution and diluting with 0.1 M t r i s  acetate  buffer ,  pH 7.6, to 150 ml. 

The peptide was added in port ions (2-3 mg each) to 2.5 ml of the solution of heroin in 0.1 M t r i s  ace -  
tate buffer .  The e lec t ron ic  spec t ra  of the oxidized and reduced fo rms  of the complexes  were  r eco rded  
a f te r  2-3 rain (see Fig. 1). Sodium dithionate was used as the reducing agent. With a 50-fold excess  of 
the peptide (Ib), the complex precipi ta ted.  

S U M M A R Y  

1. The synthesis  of the di tr iaeontapeptide forming the (62-93) f ragment  of the polypeptide chain of 
cy tochrome b 5 has been effected using the sol id-phase method. 

2. Complexes of the f ree  di tr iacontapeptide with hemin and the di tr iacontapeptide with the histidine 
res idues  protec ted  by benzyl  groups have been obtained, and a compar ison of the i r  e lec t ron ic  spec t ra  with 
the spec t rum of cytochrome b 5 has been made. 

1. 

2. 

3. 
4. 
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