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SUMMARY

. I .
The primary structures of VIIZ and V I3, two closely related basic

proteins of low toxicity from Naja melanoleuca venom are described.

Both consist of single 6l-residue chains cross-—linked intramolecularly

by four disulphide bridges. They differ by a lysine-asparagine substitu-
tion at position 36, VI3 being the more basic. A high degree of
homology with the cytotoxin (cardiotoxin) group is evident. The unusual
features of the sequences when compared to the cytotoxins are, the radical
substitutions at positions 19, 25, 34, 36 and 41 and particularly the
sequence of residues 38-44 Z.e. Gly-Cys-Ala-Ala=~Thr-Cys-Pro which occurs
at the corresponding position in all the 71-74 (long) neurotoxins. The
possible implication of certain amino acid substitutions is discussed.

The cytotoxins (cardiotoxins) are 60/61 residue polypeptides which
have been found in the venoms of the elapid genera Naja and Hemachatus.
They are highly basic proteins containing a high proportion of hydrophobic
amino acids arranged in prominent blocks. The eight half-cystine
residues form four intramolecular disulphide bridges. They make up a
considerable proportion of the weight of dry venom and are sometimes the
chief protein constituents of a venom. Their toxicities (intravenous
LDSO)vary, but are usually numerically an order of magnitude greater than
those of the neurotoxins when assayed in mice. Their biochemistry and

pharmacology have been extensively reviewed (1,2).

In our studies on the low toxicity components of Naja melanoleuca
. . . 11 11 11
venom, three basic proteins designated V''1, V' 72 and V "3 have been
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isolated and the primary structure of the major protein, Vlll, described
3). The present study reports the amino acid sequences of the two minor

cytotoxin type proteins, VIIZ and VII3.

MATERIALS AND METHODS

The experimental techniques for sequence determination were all as
previously detailed (3) except that a modified Edman-Begg degradation was
used .for manual sequencing of peptides (4). TFurther modifications to
the procedure were the use of 3-dimethylamino-l-propyne as coupling buffer
(5) and three extractions with 5:1 v/v n-hexane-benzene replacing the
single benzene extraction after the coupling stage. This latter
modification minimized losses of peptides at this stage and greatly
facilitated the sequencing of hydrophobic peptides such as T-9 (VIIZ) and
T-8 (VII3) which was impossible using the normal procedure. The identi-~
fication procedures for phenylthiohydantoyl amino acids were the same as

previously employed.

RESULTS AND DISCUSSION

Digestion of the reduced, S-carboxymethylated proteins VIIZ and VIIB
with trypsin and subsequent fractionation of digests on DEAE-cellulose,
yielded the chromatograms shown in Figs. 1 and 2, respectively. The
peptides were purified from the appropriate fractions by paper chromatography
and high voltage paper electrophoresis (3) and the amino acid analyses were
as given in Tables 1 and 2. Sequence studies, on the peptides using
manual degradation methods, and on the intact reduced, S-carboxymethylated
proteins using the Beckman Sequencer, are summarized in Fig. 3. Alignment

of the peptides was facilitated using the sequence data depicted in Fig. 3.

Protein VIIZ: Peptides T-1 to T-8 could be aligned, in that order, from
the NHz-terminal sequence obtained using the Beckman Sequencer. Peptide
T-10b was the COOH-terminal peptide since it did not contain lysine or

arginine (The asparginyl COOH-terminal residue was identified following
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Fig. 1 Chromatography of 2 h _tryptic digest of reduced,
S~carboxymethylated vIl2 on DEAE-cellulose (1.9 x 50 cm)
using 2 litre linear gradient of NH,HCO3 solution from
0.05 to 0.60 M at a flow rate of 100 ml~ h™! and
monitoring at 230 nm.

aminopeptidase M digestion). Peptide T-10a was placed NHZ-terminal to

T-10b by the amino acid composition of T-10, and T-9 placed NHZ—terminal

to T-10 by difference.
. 1T . . . .
Protein V' "3: The peptide alignment was achieved by analogous reasoning.

Proteins VIIZ and VII3 adhere to the general amino acid composition
and sequence pattern established for the cytotoxins (2), Some striking
differences are evident nevertheless. The intravenous toxicities are
very much lower than has been found for the other members of the cytotoxin
group (2,3). The structural changes introduced by particular amino
acid substitutions could be responsible directly or indirectly for this.
Rydén et al. (6) point out that iCys 3, 17, 24, 45, 49, 60, 61, 66; Tyr
25; Gly 44; Pro 50 and Asn 67 (numbering according to alignment chart
in ref. 6) are common to all known snake venom toxin sequences and are
probably necessary for determining the gross tertiary structure of the

chain. In Fig. 3 these positions correspond to the eight half-cystines,
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Fig. 2 Chromatography of 2 h_tryptic digest of reduced,
S~carboxymethylated vil3 using identical conditions to
Fig. 1.

Phe 23, Gly 38, Pro 44 and Asn 61. All these residues have been

conserved except for Phe 23 which probably represents a conservative
replacement of tyrosine in spite of the loss of a phenolic hydroxyl group.
Rydén et al. (b) further refer to the invariant grouping found exclusively
in the neurotoxins. Such a grouping is not as well-defined for the
cytotoxins, but comparing all known cytotoxin sequences (3,6,7,8,9) with
the neurotoxins (6), a group of residues, exclusively invariant in the
cytotoxins, emerges Z.e. (see alignment chart ref. 6) Leu 9, Lys 21, Leu 23,
Met 27, Pro 40, Lys 42, Asp 47, Ser 53. In Fig., 3 these correspond to
positions 7, 19, 21, 25, 34, 36, 41 and 47 respectively. This group, like
the invariant group in the neurotoxins, could be important for the

function of the cytotoxins as they have been conserved during evolution.
It is evident that positions 19, 25, 34, 36 and 41 have undergone radical
substitution. Position 19 shows the neutral glutamine for the basic

lysine. Position 25 shows glycine in place of the hydrophobic methionine
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with its potentially important sulphur containing side-chain. Besides
changing the hydrophobicity, glycine, lacking a side-chain, probably
introduces a change in geometry at position 25. The substitution of
threonine 34 for a proline would also result in a conformational change.
At position 36 the two proteins differ (Fig. 3) by a lysine-asparagine
substitution representing a polarity difference as well as the loss of a
potentially functional lysine in the case of VIIZ. This, however, does
not result in a toxicity difference (3). The substitution of an alanyl
for an aspartyl residue at position 41 results in the loss of a site for
electrostatic interactions. This region (38-44) is remarkable because
it has the same sequence as the corresponding region in the 71-74 residue
(long) neurotoxins Z.e. Gly-Cys—Ala-Ala-Thr-Cys-Pro. Other interesting

features are the NH,-terminal isoleucines, the absence of methionine at

2
position 27 and the asparagine at position 58,

The general conclusion is that the loop between half-cystines 22 and
43 has probably suffered conformational changes relative to the corresponding
region in the other cytotoxins. It has also lost the potentially functional
thio-ether side-chain of methionine 25. If this loop is important, which
it is in the neurotoxins, where it carries all the functionally invariant
residues except one (6), then these changes could be responsible for the

. . . I . .
low toxicity of proteins VIIZ and V I3 relative to the other cytotoxins.
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