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Recently, the amino acid sequences of the microsomal cytochromes By of man, monkey, pig, chick
[1], and rabbit [2] have been established, and the previously-proposed [3] amino acid sequence of calf
cytochrome By has been refined [4]. Tt is suggested that the bond of the porphyrin with the protein contain-
ing 93 amino acid residues is affected by the coordination of the iron of the heme with histidine residues.
Continuing our investigations on the synthesis of histidine-containing fragments of cytochrome Bj [5], by
the solid-phase method [6] we have synthesized the tetradecapes)tlde HBr —H-L-His — L~ Pro — L-Asp — L-
Asp — L~Arg — L-Ser ~ L-Lys — L-Ile = L-Thr - L-Lys — L-Pr8 — L-Ser ~ L-Glu — L- S&r-OH (1), corre-
gponding to the sequence 80-93 of its protein chain., The synthesis was performed by the method of "acti-
vated" (p-nitrophenyl) esters, using as catalyst 1,2,4-triazole [7] for all the amino acids with the exception
of N®-Boc-Nim-penzylhistidine, Boc-N“-nitroarginine, Boc-O-benzylserine, Boc-threonine, and Boc-
isoleucine (where Boc represents the tert-butoxycarbonyl group), which were caused to react by the car-
bodiimide method. The peptide was separated from the polymer by the action of dry hydrogen bromide on
a suspension of the polymer in trifluoroacetic acid. According to paper chromatography, the product
isolated consisted of a mixture of two substances: Ryy 0.14 (main fraction) and Ry11 0.43 (in small amount).
The tetradecapeptide was isolated from this mixture by gel filtration on Sephadex G-15 in water. The
fraction containing the main amount of substance was freeze-dried and then subjected to gel filtration on
Sephadex G-15 again. The homogeneity of the tetradecapeptide (I) synthesized was confirmed by paper
chromatography and electrophoresis in various buffers; its structure was determined by amino-acid anal-
ysis and also by the combined electrophoresis and paper chromatography of its acid hydrolysate.

EXPERIMENTAL

Chromatography was performed on Leningrad B ["fast"] paper in the following solvent systems: 1)
butan-2-01—10% ammonia (3: 2), 2) tert-butanol —889 formic acid —water (70: 15 :15), and 3) butan-1-ol—
acetic acid—-water (4:1:5).

Electrophoresis was performed on Leningrad B paper in 0.2 M acetate (pH 2.7), 0.2 M borate (pH
8.6), and 0.2 M phosphate (pH 7.36) buffers.

Nlm-Benzyl — L-histidyl ~ L-prolyl — L-asparagyl — L-asparagyl — N¥-nitro-L-arginyl — L-seryl —
L-lysyl — L-isoleucyl — L. —threonyl — L-lysyl — L-prolyl — L-seryl — L-glutamyl — L-serine Hydrobro-
mide (I). The peptide was synthesized on a chloromethylated copolymer of styrene with 29 of divinyl-
benzene (7% of chlorine). Na-Boc-O-benzylserine was added by boiling 1 g of the polymer with 0.58 g of
the protected amino acid and 0.27 m] of triethylamine in 20 ml of anhydrous ethanol for 48 h. The amount
of Boc-O~-benzylserine added to the polymer, determined colorimetrically [8] after acid hydrolysis of the
sample in 6 N hydrochloric acid at 110°C for 48 h,was 0.31 mmole/g of polymer. Tn order to introduce
Boc-O-benzylserine, Boc-isoleucine, Boc-N¥ -nitroarginine, Boc-threonine, and Boc—N‘m—benzylhlshdme
into the peptide chain, N,N'-dicyclohexylcarbodiimide was used as the condensing agent; the other amino

M. V. Lomonosov Moscow Institute of Fine Chemical Technology. Translated from Khimiya
Prirodnykh Soedinenii, No. 4, pp. 466-468, July-August, 1971. Original article submitted March 12, 1971.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

443



acids were introduced by the p-nitrophenyl ester method with 1,2,4-triazole as catalyst. For each amino
acid the cycle comprised the following steps: the splitting out of the Boc protection by the actionofa 1 N
solution of hydrogen chloride in acetic acid for the first five amino acids and by a 1 N solution of hydrogen
chloride in dioxane for the following amino acids (15 ml, 30 min); neutralization of the hydrochloride with
109 triethylamine in chloroform (15 ml, 15 min); condensation with the subsequent amino acid (5 eq.)
under the action of N,N'-dicyclohexylcarbodiimide (5 eq.) in methylene chloride or dimethylformamide
(DMFA), or with the p-nitrophenyl ester of the protected amino acid (5 eq.) in the presence of 1,2,4-
triazole (6 eq.) in DMFA. The time of condensation for the carbodiimide method was 10 h and for the p-
nitrophenyl ester method 24 h. After the performance of 13 cycles of condensation, 0.39 g of the polymer
was washed with DMF A, methanol, and ether, and was dried in vacuum over caustic potash for 12 h. The
peptide was separated from the polymer by the passage of a dry current of bromine—free hydrogen bro-
mide through a suspension of the polymer in 10 ml of dry trifluoroacetic acid (90 min). The precipitate
was separated oif and washed with trifluoroacetic acid (3 x 5 ml). The solvent was driven off in vacuum
at 25° C. The residue was washed with ether, separated off, and dried in vacuum over caustic potash.
Weight 0.125 g. Paper chromatograms of the product in systems 1 and 2 showed two ninhydrin-positive
spots with RfI 0.14, Rf11 0.08 (main substance) and Ry1 0.45 and Rf11 0.32 (weak). A solution of 60 mg of
the mixture in 1 m] of water was deposited on a column of Sephadex G-15 (23 x 230 mm) equilibrated with
water. Elution was performed with water (v 30 ml/h). After 30 ml, the main fraction (25 ml) was col-
lected. It was freeze-dried and rechromatographed on a column of Sephadex G-15. The yield of tetradeca-
peptide after freeze-drying was 40 mg (63.59% calculated on the Boc~O-benzylserine added to the polymer),
[0l - 79.8° (c 1.2; DMFA), RfT 0.14, RfTr 0.08, RfTIT 0.20.

An amino acid analysis of the acid hydrolysate gave the following ratio of the amino acids: Lys 2.21:
N™Bz1His 1.05; Arg 1.0; Asp 1.97; Thr 1.0; Glu 1.15; Pro 2.23; Tle 0.95; Ser 3.18.

SUMMARY
1. The synthesis of the hydrobromide of the tetradecapeptide HBr-H-L-}[{is-L-Pro-L-Asp-L-Asp-L-ﬁ\rg-L-
Bz™ NO,

Ser-L-Lys-'L-lle-L-Thr-L-Lys-L-Pro-L-Ser-L-Glu-L-Ser-OH corresponding to sequence 80-93 of cytochrome
B; isolated from the microsomes of calf thymus has been synthesized by the solid-phase method.

LITERATURE CITED

F. S. Nobrega and J. Osols, Federation Proc., No. 2, 3794 (1970).

. A. Tsugita, M. Kabayashi, T. Kajihara, and B. Hagihara, J. Biochem., 64, 727 (1968).

1. Osols and P. Strittmatter, J. Biol. Chem., 243, 3376 (1968).

I. Osols and P. Strittmatter, J. Biol. Chem., 244, 6617 (1969).

V. M. Kozhukhovskaya, S. D. L'vova, and R. P. Evstigneeva, Khim. Prirodn. Soedin., 6, 599 (1970).
R. B. Merrifield, Advan. Enzymology, 32, 219 (1969).

H. C. Beyerman, C. A. Boers-Boonekamp, and H. Madsen van den Brink-Zimmermannova, Rec.
Trav. Chim., 87, 257 (1968).

8. H. Rosen, Arch. Biochem. Biophys., 67, 10 (1957).

IO kW

444



