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Summary

Chromatographically purified neocarzinostatin exhibits absorption, fluor-
escence, magnetic circular dichroic and circular dichroic spectral character-
istics above and below 300 nm atypical for a protein with its reported amino-
acid composition, indicating the presence of a non-protein chromophore. The
drug complex, stable at acidic pH, can be dissociated by treatment with reducing
or denaturing agents at neutral or basic pH. Chromatography of the dissociated
complex, or more conveniently, methanol extraction of the lyophilized drug,
separates a protein with an amino-acid composition identical to neocarzinostatin
and a highly fluorescent chromophore free of amino-acids.

The antitumor antibiotic neocarzinostatin (NCS)* is a single chain acidic
protein of MW 10,700 with 2 disulfide bonds (1,2). Evidence indicates that the
cytotoxic action of NCS is closely related to its ability to damage DNA. NCS
selectively inhibits DNA synthesis in sensitive cells (3-6) and induces both DNA
strand breakage (5-11) and DNA repair synthesis in whole cells (12-14) and
isolated nuclei (13). NCS introduces single-strand breaks in helical and linear
duplex DNA in vitro, almost entirely at deoxythymidylic and deoxyadenylic acid
residues (15-17). Mercaptans greatly stimulate this reaction (7,11,15). Pre-
incubation with mercaptans in the absence of DNA rapidly inactivates the drug
(18).

The isolation, purification and chemical characterization of NCS have been

described (1,2,19-21). In addition to the 2 disulfides, NCS contains 2 trypto-

phan, one tyrosine, and 5 phenylalanine residues. Optically active absorption

¥

Abbreviations: NCS, neocarzinostatin; CM-NCS, S-carboxymethylated neo-
carzinostatin; CD, circular dichroism; MCD, magnetic circular dichroism;

Tris, Tris(hydroxymethyl)aminomethane.
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bands have been reported above 300 nm (19), and inactivation of NCS by irradia-
tion with 300 nm-400 nm light has been found (22,23, M. Napier and I.H. Goldberg,
unpublished). These spectral characteristics are inconsistent with those ex-
pected of a purified protein and have led us to further characterize native NCS
spectroscopically and to separate a previously unidentified highly fluorescent

chromophore from the protein.
MATERTALS AND METHODS

NCS (clinical form, lot #730859) was generously provided by Dr. W.T. Brad-
ner of Bristol Laboratories. Purified NCS and S-carboxymethylated NCS (CM-NCS)
were gifts from Dr. T.S.A. Samy of the Sidney Farber Cancer Institute. The
original source of NCS is Kayaku Antibiotics Research Laboratories, Tokyo,
Japan. Preliminary experiments were carried out with the clinical drug, but all
data reported here were obtained with highly purified NCS. All chemicals were
of reagent grade. Absorption spectra were recorded on a Cary 118 or 219 spec-
trophotometer, and uncorrected fluorescence spectra were obtained on a Perkin-
Elmer 512 or MPF-3 spectrofluorometer. All spectra were recorded at room tem-—
perature. Magnetic circular dichroism (MCD) spectra were measured on a Cary
Model 61 circular dichroism (CD) instrument equipped with a Varian Model V4145
superconducting solenoid at a field strength of 40 kgauss. The slit width was
adjusted to permit spectral dispersion of 2 nm or less. CD spectra were mea-
sured under identical experimental conditions in the absence of a magnetic
field. All samples were corrected for appropriate solvent blanks. Protein
concentrations were determined by amino-acid analysis. Methanol extraction was
done by addition of methanol to lyophilized NCS (1 ml per mg). The mixture was
vortexed and allowed to stand at room temperature in the dark for 1 hour, cen-
trifuged and the supernatant, fraction A, removed. The precipitate was washed
with methanol and dissolved in 0.01 M aqueous ammonium acetate, fraction B. In
all steps, care was taken to reduce the exposure of the drug to light.

RESULTS AND DISCUSSION

NCS purified by CM-cellulose, Sephadex G-50, and DEAE-Sephadex A-25 (19) is
homogeneous on acrylamide gel electrophoresis and exhibits an absorption maximum
at 270 nm (e 23,000) and a broad shoulder tailing into the visible between 300

nm and 400 nm (e ~ 8,000) (Fig. 1). The spectrum is unchanged in 0.1 N HC1l

340
after 24 hours at room temperature, or after extensive dialysis against 0.1 N
acetic acid. 1In alkaline solution a maximum is observed at 250 nm - 255 nm, as
previously reported (21). The presence of an abnormally high extinction co-

efficient, the location of Amax below 277 nm, and the increase in absorbance at

250 nm at alkaline pH is not expected based on the amino-acid composition of NCS
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Figure 1. Ultraviolet-visible absorption spectrum of neocarzinostatin, (3.5 x
10-5 M, 0.015 M sodium acetate, pH 4.5). 1Inset: Magnetic circular dichroism
(—), circular dichroism (-~-), and absorption (-°*--- ) spectra of neocar-
zinostatin (3.5 x 10‘4M, 0.015 M sodium acetate, pH 4.5).

alone. The atypical absorbances above and below 300 nm indicate the presence of
a chromophore other than simple amino-acids.

The MCD and CD (Fig. 1, inset) of NCS both exhibit strong activity above
300 nm, with extremes in the MCD at 320 nm and 365 nm corresponding to the CD
minima at these wavelengths (19). The positive maximum in the MCD near 290 nm
and 283 nm is due to two tryptophan residues (24).

The fluorescence spectrum of NCS (Fig. 2) has major excitation maxima at
285 nm, 340 nm and 380 nm with emission maxima at 345 nm, 420 nm, and 490 nm,

respectively. The 345 nm emission band is attributable to tryptophan residues,
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Figure 2. Fluorescence excitation (emission wavelength = 345 nm, 420 nm, 500
nm) and emission (excitation wavelength = 290 nm, 340 nm, 380 nm) of neocar-
zinostatin (2 x 1073 M, 0.05 M Tris, pH 8.0). Absorption spectrum (—--) of
neocarzinostatin.

but the intensity is low for the two tryptophans present, 457 of the intensity
of an equivalent concentration of N-acetyltryptophanamide. The tryptophan emis-
sion is enhanced by treatment with reducing or denaturing agents. In the pre-
sence of 0.01 M 2-mercaptoethanol or 4 M guanidine-HCl, in 0.05 M Tris, pH 8.0,
for 24 hours, the 345 nm emission is increased 1.4-fold and 2.0-fold respec-
tively. CM-NCS, which has virtually no absorption or fluorescence excitation
above 300 nm, exhibits normal tryptophan emission. Guanidine-HCl-treated NCS
has increased absorption below 270 nm and a broad maximum at 380 nm. The
fluorescence emission intensity is increased 1l.4-fold at 420 nm and 8-fold at
490 nm., NCS treated with 2-mercaptoethanol (or sodium borohydride) exhibits no
apparent change in the absorption above 300 nm. However, the intensity of the
420 nm and 490 nm emission bands is increased 2.4-fold and 1.3-fold, respec—
tively. The reduced emission of native NCS might be due to quenching resulting
from the tightly folded structure of NCS, which is relaxed by these treatments,
as measured by CD (19, M. Napier and I. Goldberg, unpublished). It is more

likely that the altered emission is due to the dissociation of a non-protein
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Figure 3. Methanol extraction of neocarzinostatin.

Absorption spectra of
methanol-soluble fraction A, in methanol (——) and methanol-insoluble fraction
B in water (——-).

The fractions were diluted to a volume approximately equi-
valent to 1 mg/ml neocarzinostatin.

chromophore, which quenches the tryptophan emission by competitively absorbing

excitation energy and by serving as an energy acceptor,

Separation of a non-protein UV/visible absorbing material from the NCS

protein is possible by several procedures. Sephadex G-50 chromatography of

guanidine-treated, of B-mercaptoethanol-treated, or of base-treated (0.1 N

NaOH), but not of acid-treated (0.1 N HCl), NCS, separates the protein and non-

protein components. The most convenient separation procedure, however, is

methanol extraction of the lyophilized drug. The methanol fraction (A) (Fig.

3), free of common amino-acids, has two broad absorption shoulders near 270 nm

and 340 nm, CD and MCD activity above and below 300 nm, and fluorescence emis-

sion at 420 nm and 490 nm (Fig. 4A). The methanol-insoluble fraction (B) with

an amino-acid composition identical to NCS, exhibits typical protein absorbance

(Fig. 3), with Amax at 277 nm (e 14,000). The absorption at 250 nm, seen for

NCS, is reduced. Absorption, fluorescence excitation, and optical activity
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Figure 4. Fluorescence emission spectra (excitation wavelength = 280 nm, 340
nm, 380 nm) of neocarzinostatin fraction A and fraction B.

above 300 nm are virtually absent. Also, there are no changes in the tryptophan
residues as determined by MCD. The only significant fluorescence remaining is
the tryptophan emission at 345 nm (Fig. 4B). The spectral properties of frac-
tion B are similar to those found for CM-NCS which has lost the non-protein
chromophore probably due to reduction and methanol extraction procedures used in
its preparation (20).

Thus, NCS purified by chromatography is an acid-stable complex of a protein
and a non-protein chromophore which can be dissociated and separated by a number
of procedures. It is of interest that carzinostatin, an uncharacterized anti-

biotic also isolated from S. carzinostaticus, has been described as a complex

consisting of a methanol-soluble, low molecular weight fraction and a methanol-
insoluble, water-soluble, high molecular weight fraction (25). Neither fraction

had significant biological activity alone, but recombination restored activity.
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NCS is a more stable antibiotic isolated from variant 41 of S. carzinostatin,
with biological properties similar to carzinostatin.

Experiments are in progress to purify, identify and determine the bio-
logical activity of the non-protein chromophore in NCS, and to determine its

contribution to the biological activity of NCS.
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