Primary Structure of Neocarzinostatin, an Antitumor Protein

Abstract. The antitumor protein neocarzinostatin is an acidic single-chain
molecule, cross-linked by two disulfide bridges, and consists of 109 amino acid
residues. Complete disulfide bond reduction and S-carboxymethylation was
achieved in liquid ammonia. Sequence determination of five tryptic fragments

led to the proposed primary structure.

Most antibiotics of known structure
are small to medium-sized molecules
of molecular weights between a few
hundred and a few thousand daltons
(I). Several macromolecular antibi-
otics have attracted interest because of
their antitumor activity and relatively
low toxicity. These agents are small
proteins that have been isolated from
the culture filtrates of various micro-
organisms belonging to the genus
Streptomyces (2). One if these is neo-
carzinostatin (NCS). It was isolated
(3) from Streptomyces carzinostaticus
var. F-41 and chemically characterized
(4) as an acidic single-chain polypep-
tide. This compound exhibits typical
antibiotic activity (3) against Gram-
positive bacteria, such as Sarcina lutea
[minimum inhibitory concentration
(MIC), 2 upg/ml] or Staphylococcus
aureus (MIC, 8 to 16 pg/ml), and is
highly effective against several experi-
mental tumors in mice, including
ascitic sarcoma 180 (100 percent sur-
vival at daily doses of 0.8 to 3.2 mg/kg
X 6, intraperitoneally), ascitic leu-
kemia SN-36 (3), and leukemia L-
1210 (5). The principal effect of NCS
is arrest of mitosis (6), and the main
molecular target in susceptive bacteria
appears to be DNA. Studies on the

mode of action (7) indicate that NCS
inhibits DNA synthesis and also causes
degradation of existing DNA (7, 8) in
Sarcina lutea. Clinical tests are promis-
ing for the treatment of tumors in
the rectum and stomach.(9) and of
carcinoma of the bladder and penis
(10).

We now report the amino acid se-
quence of NCS molecule (/7). It
was purified from a commercial prod-
uct (I2) by twice-repeated carboxy-
methyl (CM)-cellulose chromatog-
raphy through gradient or stepwise
elution with 0.1M sodium acetate buf-
fers at pH 3.2 and 3.5, followed by
dialysis and Sephadex G-50 gel filtra-
tion in 0.1M acetic acid (I3). The
protein contains 109 amino acid resi-
dues, the molecular weight being ap-
proximately 10,700. The amino acid
composition (I4) is unusual in its
high content of alanine, glycine, serine,
and threonine (Table 1). NCS has four
half-cystine and two tryptophan resi-
dues (15), but no histidine or methio-
nine. Carboxypeptidase A digests {(16)
showed the carboxyl terminal to be
-Ile-Ser-Phe-Asn (17). The amino ter-
minal sequence, Ala-Ala-Pro-Thr-Ala-
Thr-Val-Thr-, was determined by the
Edman-dansyl procedure (18, 19).

Native NCS resists digestion by
trypsin. Performic acid oxidation fol-
lowed by incubation with trypsin gave
heterogeneous peptides that were not
useful for sequence analysis (13, 20).
Many attempts at reductive disulfide
bond cleavage failed. Neocarzinostatin
is extraordinarily resistant to reduction
by sodium borohydride, mercapto-
ethanol, or dithiothreitol even in the
presence of the highest possible con-
centrations of the denaturing agents
urea or guanidinium chloride (I3).
After the conventional procedures (21)
proved to be inadequate for NCS, we
found that treatment with sodium in
liquid ammonia (22) effected rapid
and quantitative reduction of the disul-
fide bond. However, undesired peptide
bond cleavage also occurred, probably
at proline residues via the known Birch
reduction (23). We discovered subse-
quently (24) that complete disulfide
reduction can readily be obtained by
dithiothreitol (25) in liquid ammonia,
without detectable side reactions. Alkyl
chlorides effect full thiol alkylation in
this solvent (21, 26). Evaporation and
simple repeated washing of the residual
solids with methanol directly afford
homogeneous reduced and alkylated
protein derivatives (23). For sequence
analysis the S-carboxymethylated de-
rivative of NCS was prepared by this
procedure with chloroacetic acid as
thiol alkylating agent. All four half-
cystine residues were fully alkylated.

Tryptic digestion of S-carboxymeth-
ylated NCS at pH 8.2 showed five frag-
ments on peptide mapping (27).
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Fig. 1. Structure of neocarzinostatin. Double arrows indicate tryptic cleavage; small arrows show some of the subsequent cleavages
by thermolysin '(Th), chymotrypsin (C), or pepsin (P). Overlap peptides are indicated by a bridged arrow.
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Table 1. Amino acid compositions and amino terminals of tetra-S-carboxymethyl neocarzinostatin
and of the peptides isolated after digestion with trypsin. Amino acid analyses (/4) were done
on 20- and 48-hour hydrolyzates (6N HCI, 110°C) in a Phoenix model M-6800 analyzer.

Residue T, T, T, T, Ts CM-NCS
Lys 1.0 (1) 0.9 (1)
Arg 1.0 (1) 1.0 (1) 1.0 (1) 3.1 (3)
CM-Cys* 1.5 (2) 14 (2) 39 (4)
Asp 1.0 (1) 5.5(5) 1.0 (1) 3.8 (4) 11.5 (11) -
Thr 3.7 (4) 4.3 (4) 1.0 (1) 2.8 (3) 11.9 (12)
Ser 2.7 (3) 4.1 (4) 0.9 (1) 1.8 (2) 9.6 (10)
Glu 2.0 (2) 1.0 (1) 2.0 (2) 5.0 (5)
Pro 2.1(2) 1.3(1) - 1.0 (1) 43 (4)
Gly ‘ 2.0 (2) 6.2 (6) 2.1(2) 5.1(5) 15.4 (15)
Ala 3.0 (3) 9.7 (9) 5.0(5) 17.4 (17)
Val 2.8 (3) 5.8 (6) 3.1 (3) 12.5 (12)
Ile 1.1 (1) 1.1 (1)
Leu 09 (1) 3.0 (3) 1.0 (1) 1.1 (1) 6.0 (6)
Tyr 0.9 (1) -1.0 (1)
Phe 09 (1), 2.9 (3) 0.9 (1) 5.1 (5)
Trp 1.0 (1)1 1.o0(1)t 20 ()%
Total 20 - 46 11 31 109
Amino Ala Val Arg Ser Trp|| ) Ala
terminal§
* S-Carboxymethylcysteine. + Determined spectrophotometrically. 1 Determined colorimetrically

after chemical modification (I5).
cein isothiocyanate.

Preparative separation and purification
of the tryptic peptides was carried out
by combinations of paper chromatog-
raphy, paper electrophoresis, and
Sephadex gel filtration. Amino acid
compositions of the tryptic peptides are
given in Table 1. Fragment Ty is free
arginine. The other fragments were
further digested by thermolysine (T;),
by chymotrypsin (T, and T,), and by
pepsin (T;). The separated subfrag-
ments were sequenced by standard pro-
cedures, in particular by the subtrac-
tive and Edman-dansyl procedures
(Fig. 1). The amino terminal 25 residues
of T, were also analyzed with an auto-
mated peptide sequenator (28). The
arrangement of tryptic fragments, in
the order shown, was based on (i)
coincidence of amino and carboxyl
terminal sequences of NCS with those
of T, and T;, respectively, and (ii)
on identification of overlap peptides
from a peptic-chymotryptic digest of
tetra-S-carboxymethyl NCS. Isolation
by paper chromatography and paper
electrophoresis was followed by amino
acid and sequence analysis. Overlap
peptide Val-Lys-Val-Ala-Gly-Ala-Gly-
Leu, positions 19 to 26, connected T,
and T,; and Thr-Val-Arg-Arg-Ser-Phe,
positions 64 to 69, connected T, and
T, with the single arginine T, placed
in between at position 67.

In the proposed primary structure of
NCS (Fig. 1), the single tyrosine resi-
due is located in position 32, the trypto-
phan residues in positions 46 and 79;
and several clusters of Ala, Gly, Ser,
and Thr are conspicuous. The positions
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§ Determined by dansylation (19).

|| By reaction with fluores-

of the disulfide bonds remain to be
determined (29, 30).

The knowledge of the NCS structure
offers possibilities of chemical synthe-
sis—for example, preparation of parts
of the molecule in search for an active
core (31). Group-specific chemical
modification of the protein should be
of particular interest. Deamination of
NCS at the amino terminal or acyla-
tion by treatment with fluorescein iso-
thiocyanate has been reported (32) to
result in considerably decreased toxic-
ity but retention of high antitumor
activity in mice.
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