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ture since unsaturation has been excluded. b} IR-spectro-
scopy (as film on a Perkin Elmer model 125) revealed a
characteristic band at 9.8 pm.

The localization of the propane ring was determined by
GLC (Aerograph model 204 A equiped with a 240 cm
column of 109, SE-30 on Chromosorb W, programming of
temperature 100-260°, rise of 2°/min, N, flow rate 200 ml/
min) after oxidative degradation by refluxing with potas-
sium permanganate in acetone!?. A series of homologous
fatty acids up to C;; and from Cig;cyer to Cyy:eye1 was ob-
tained (see Figure 2). From the absence of Cg and C, fatty
acids, the C,, cyclopropane fatty acid was decided to be
9, 10-methylene hexadecanoic acid. The change of charac-
ter of the acids with increase of carbon number from
straight chain to cyclopropane was clearly demonstrated
by co-chromatography of a series of even numbered
straight chain alkanoic acid methyl esters up to Cyg.

The neutral lipid fraction of non-PHB consisted of a
variety of components. Only small amounts of long-chain
fatty acids were obtained by saponification. GLC of these
fatty acids (as methyl esters) revealed C;; cyclopropane
acid as the major component (98.4%,, w/w} besides pal-
mitic acid (1.6%, w/w).

C,, cyclopropane acid has been detected in a number of
bacteria, predominantly gram-negative (listed in12), the
localization of the propane ring, however, has not been
determined in all these cases. In cases known so far, the
propane ring is situated between C-9 and C-10.

Homologous series
C1 —— 57‘8

/ CDZH

Homologous Series Cy.qun = Cpgyy

Fig. 2. cis-9,10-Methylene hexadecanoic acid. Mode of oxydative de-
gradation.
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It is well established ! that e¢is-cyclopropane acids in
bacteria are synthesized by transfer to the corresponding
cis-monoenoic acid of a methylene group from S-adenosyl
methionine. It is worthy of note that both ¢is-9, 10-methy-
lene hexadecanoic acid and lactobacillic acid (i.e. cis-11,12
methylene octadecanoic acid, present in a variety of bac-
terial species) belong to the same w-family (with propane
ring at the same position from the terminal methyl group).
This fact is consistent with the finding that bacteria can
synthesize long-chain monoenoic fatty acids by elongation
of already unsaturated precursorsl®,

Zusammenfassung. Knallgasbakterien (Hydrogenomo-
nas H 16} wurden unter Speicherbedingungen in Submers-
kultur herangezogen. Die dabei gespeicherte Poly-§-
hydroxybuttersiure wurde zusammen mit anderen «ok-
ker gebundenen » Lipiden mit Chloroform extrahiert. Die
daraus abgetrennten polaren Lipide bestanden aus-
schliesslich aus Phosphatidylithanolamin. Die Analyse
der Fettsdurezusammensetzung dieses Phosphatids ergab
einen Gehalt von 429, (bezogen auf das Gewicht der Ge-
samtfettsduren} einer C,,-Cyclopropansidure. Durch spek-
troskopische Untersuchungen und oxydativen Abbau wur-
de letztere als cis-9,10-Methylenhexadecanséure identi-
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Optical Rotatory Dispersion of Proline-Rich Peptides from the Venom of Bothrops jararaca

The observation that the venom of the Brazilian snake
Bothrops jararaca potentiates bradykinin! and also inhi-
bits the enzyme? that converts angiotensin I into angio-
tensin IT led to the isolation?® ¢ of a series of peptides re-
sponsible for these activities. Subsequently, the sequences
of peptides I-V (Table I} were elucidated and proved by
synthesis4, Compound VI is a synthetic peptide prepared
to determine what is the active ‘core’ of IV, while VIIisan
equiactive analog of the pentapeptide isolated by GREENE
and FErRrEIRA® to which they assigned the structure Pyr-
Lys-Trp-Ala-Pro.

A conspicuous feature of the venom peptides I-V is the
frequency with which proline occurs in them. Compound
VI, a pentapeptide, contains two proline residues, while
there is only one in peptide VII. Yet, a second structural
feature is equally remarkable: in each peptide isolated
from the venom so far, pyroglutamic acid is the N-terminal
residue. Pyroglutamic acid resembles proline; its pyrro-
lidone ring is probably even more rigid than the pyrroli-
dine in proline, The combination of several constrained
areas in a sequence could result in a more or less well-de-
fined geometry of the chain and therefore it was'intriguing

to explore, with the aid of ord and cd spectra, the existence
of a preferred conformation in these peptides.

Not quite unexpectedly, the ord spectra of peptides
I-VII resemble those of proline oligomers® and of poly-
proline?, though no mutarotation could be observed in
acetic acid. All spectra {Figure) exhibit, as a principal
feature, a trough around 215 nm, although the mean
residue rotation at this wavelength is different from pep-
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Sequences, mean residue rotations and inhibitory potencies of venom peptides and their analogs

Venom Amino acid sequence Mean residue Inhibition
peptide rotation at Igo®
215 nm
I Pyr-Asn-Trp-Pro-His-Pro-Gin-Iln-Pro-Pro -15,300 8
I Pyr-Ser-Trp-Pro-Gly-Pro-Asn-Ile-Pro-Pro ~19,500 35
11 Pyr-Trp-Pro-Arg-Pro-Gln-1le-Pro-Pro -~12,900 1
v Pyr-Trp-Pro-Arg-Pro-Thr-Pro-Glin-lle-Pro-Pro ~14,000 5
\'s Pyr-Asn-Trp-Pro-Arg-Pro-Gin-lle-Pro-Pro ~14,3500 3
VI Pyr-Trp-Pro-Arg-Pro 12,600 14
VI Pyr-Lys-Phe-Ala-Pro - 6,000 0.05

s Amount ({in pug per ml) needed to inhibit 50% of the angiotensin-converting enzyme activity under standard conditions5,
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Optical rotatory dispersion curves of snake venom peptides
2 (I-V), synthetic analogs (VI and VII) and polyproline (VIII)
{Mann Research Laboratories) in aqueous solution, at 25°C,
in the concentration range of 0.03-0.04%,, measured with a
8 . L PR : PR L L Carey 60 recording spectropolarimeter in quartz cells of 1 mm
200 0 240 200 220 20 200 20 w0nm  pathlength.

tide to peptide. The cd spectra of the venom peptides were
also recorded and showed the negative Cotton effect
(205 nm) characteristic of aqueous solutions of polypro-
line?, butreduced insize. The weak positive band at 221 nm
could be clearly identified only in peptide VI. An attempt
to establish, in the IR-spectra of the venom peptides, the
presence or absence of the features characteristic for the
poly- and oligoprolines® failed because of interference
from non-proline side chains,

Hydrogen bonds seem not to play a major role in the
forces determining the preferred conformation in I-VII
as shown by a comparison of the spectra taken in methanol
and in water: no significant differences could be observed.
The fact that compound 11, with no basic amino acid in its
sequence, produced ord spectra quite similar to those of
the other venom peptides, each containing a basic residue,
indicates that ionic forces do not contribute to the geo-
metry. Thus the architecture that seems to be present in
peptides I-VII should be the consequence of the restric-
tions caused by the proline and pyroglutamic acid resi-
dues, and perhaps by the bulky side chains between the
prolines as well. A high content of proline alone does not
necessarily result in a similar conformation, e.g., the 6-
glycine analog of bradykinin®, Arg-Pro-Pro-Gly-Phe-Gly-
Pro-Phe-Arg, shows an ord spectrum° that sets it apart in
this respect from peptides I-VII.

Despite the lack of quantitative correlations, it is not
impossible that the preferred conformation revealed in the
ord spectra of the venom peptides is in some way related
to their inhibitory activity: the most active compound,
VII, shows the least rigidity, while peptide II, with the

most pronounced polyproline character (as expressed by
the depth of the trough at 215 nm), is the weakest inhibi-
tor of the converting enzyme!.

Zusammenfassung. Die optische Rotationsdispersion
mehrer prolinreicher Oligopeptide aus dem Gift der
Schlange Bothrops jaravaca wurde gemessen und mit jener
von Oligoprolinen verglichen. Es konnte nur eine qualita-
tive Beziehung zwischen der angedeuteten Strukturrigi-
ditdt und der biologischen Wirksamkeit der Peptide fest-
gestellt werden.

A. Bopanszky, M. A. OnpeTTI, C. A. RALOFSKY
and M. Bopanszky

Deparvtment of Chemistyy, Case Western Resevve University,
Cleveland (Ohio 44706, USA);

The Squibb Institute for Medical Research,

New Brunswick {(New Jersey 08903, USA), 24 May 1971.

8 T. Isemura, H. Oxapavasur and 8. SAKAKIBARA, Biopolymers 6,
317 (1968).

? M. Bopansgky, M. A. OxpetT1, J. T. SHEEHAN and S. LANDE, J.
Am. chern, Soc. 85, 991 (1963).

10 A, Bopanszky, M, Bopanszky, E, J, JoreEs, V. Mutt and M. A,
Oxperri, Experientia 26, 948 (1970).

11 This study was supported by a U.S. Public Health Service Grant
No. 1R0O1-AM-12473, Professor RosaLiA B. FRypman, Depart-
ment of Biochemistry, University of Buenos Aires, Argentina, du-
ring her visit at Case Western Reserve University, participated in
the experiments here reported.



