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Neocarzinostatin (NCS) is a unique antibiotic
protein with the antitumor activity isolated from

the culture filtrate of Streptomyces carzino-
staticus var. F-41i:>. NCS consists of apo-
neocarzinostatin (apo-NCS) and neocarzino-
statin chromophore (NCS-chr)2~4). NCS-chr,

which alone is extremely unstable to UV light,
heat treatment etc., exhibits full biological

activities of its parent NCSsuch as DNAstrand
scission5) and inhibition of DNA synthesis6).
Apo-NCS plays an important role as stabilizer

and carrier of NCS-chr7).
The total chemical structure of NCS-chr was

determined by these authors as a bicyclo[7,3,0]-
dodecadienediyne (BCD) derivative^ having
tf-D-N-methylfucosamine (MF)9) , 2-hydroxy-7-

methoxy-5-methyl- 1 -naphthalenecarboxylic acid
(NA), ethylene carbonate (EC), and a highly

strained epoxide (SE) (Fig. 1). It was surmised
that the BCDmoiety was the biologically active
center of NCS-chr10) and through comparative

analysis of the extra-weak chemiluminescence
of native NCS-chr (1) and the hydrogen chloride

adduct form (2a)n) it was shown that the SE

was the most unstable functional group of NCS-
chr.

In order to obtain more stable derivatives of
NCS-chr retaining its biological activities and

Fig. 1. Chemical structures of NCS-chrs.

possessing improved chemotherapeutic prop-
erties over 1 and 2a, a hydrogen bromide adduct
of NCS-chr (2b) was prepared. In this paper,
the stability and biological activities of 2b are
described in comparison with those of 1 and/or
2a.

First, the antimicrobial activities against
Micrococcus luteus of 1, 2a and 2b were tested
in the presence and absence of apo-NCS. In
the absence of apo-NCS, the MICs of 1, 2a and
2b, were 0.63, 0.63 and 1.25 ^g/ml, respectively,
while in the presence of apo-NCS (10 /Wg/ml)
they were 0.08, 0.16 and 0.16/Wg/ml, respec-

tively. These results indicated that the three
NCS-chrs had the almost same MICs in the
presence and in the absence of apo-NCS, re-
spectively and the antimicrobial activity of these
NCS-chrs in the presence of apo-NCS were 4

to 8 times more potent.
Second, the cytocidal activities (IC50) of the

NCS-chrs against LI210 cells were examined
in the presence and absence of apo-NCS. In
the presence of apo-NCS (0.1 ^g), IC50s of 1, 2a
and 2b were 0.027, 0.060 and 0.058 ^g/ml, re-
spectively, while in the absence of apo-NCS
those were 0.038, 0.072 and 0.056 ^g/ml, re-
spectively. Since the IC50 value of NCS was
4.9 ng/ml in the same experimental conditions,
100~ 200 times higher molar concentrations of
NCS-chrs are required to get the same cytotoxic
activity as the native NCS. In vitro antitumor
activity was less affected by addition of apo-
NCS although the antibacterial activitiy of NCS-
chrs was enhanced in the presence of apo-NCS.
These results suggested that different perme-
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abilities of NCS-chrs between bacterial cell mem-
brane and mammalianmembranemayexist.
Next, the effect of NCS-chrs on 0X174 DNA
was studied. In the absence of apo-NCS, NCS-
chr derivatives induced single strand scissions of
ccc DNA (form I), converting to the open
circular form (form II). NCS-chrs 1, 2a and

2b induced DNAstrand scission in the presence
and absence of apo-NCS. The degree of con-

version ofform I to form II of 1, 2a and 2b in
the absence of apo-NCS were 26.4, 40.6 and
65.9%, respectively. In the presence of apo-
NCS (20 //g/ml), 1, 2a and 2b gave 9.4, 39.5 and
22.2% conversion of form I to form II, respec-
tively. These results indicated that apo-NCS
inhibited the DNAstrand scission of NCS-chrs.
Recently, Myers5) reported that the nucleophilic
attack at C-12 and epoxide opening of NCS-chr
(1) by methyl thioglycolate generate a cumulene,
which cyclized to form the spontaneous biradical
and this radical formation is a key step for DNA
cleaving by NCS-chr (1). 2b was more potent
than 1 and 2a in DNA cleaving activity. 2b
may easily be attacked at C-12 by the nucleophile
of a thiol compound because bromine atom of
2b is more potent as a leaving group than chlorine
atom of 2a and opening the epoxide of 1.
Last, the stability of NCS-chrs to UVlight

and heat treatment was testing using anti-
microbial activity for M. luteus. The residual
activities of 2a and 2b after heat-treatment at
50°C for 2 hours was reduced less than 10%,
while after for 5 hours they were 60 and 90%
of the control, respectively. The residual ac-
tivity of 1 was completely lost after 5 hours heat-
treatment. On the other hand, after UVlight
treatment for 30 minutes, residual activities of
2a and 2b were 40 and 90 %, respectively, whereas
the residual activity of 1 after UYlight treat-
ment for 6 minutes was 20%of the control.
These results indicated that 2b was more stable to
heat and UV light treatment than 1 and 2a.

These NCS-chr derivatives showed almost
equal levels of biological activity to native NCS-
chr 1. In addition 2b was more stable than 1.
If more stable and easy-to-handle NCS-chr is
obtained, the NCS-chr alone could be used
clinically. This may decrease the risks inherent
in using a foreign peptide in clinical use. Fur-
ther investigation of stable NCS-chr derivatives
possessing antitumor activity is now in pro-
gress.

Chemi cal s

Materials and Methods
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NCSand apo-NCS were generously provided
by Kayaku Co., Ltd., Tokyo, Japan. All other
chemicals were of the highest grade commercially
available.

Preparation of NCS-chrs
Native NCS-chr (1) and its hydrogen chloride

adduct (2a) were prepared by the method pre-
viously reported3>12). Hydrogen bromide adduct
of native NCS-chr (2b) was prepared by treating
NCSpowder (500 mg) with a mixture of 25 ml
of acetic acid and 0.25 ml of 47% hydrobromic
acid at 4°C for 30 minutes. The resulting

suspension was centrifuged at 3,000 rpm for 15
minutes and the supernatant was lyophilized to
give 2b (yield ca. 30 mg). The hydrogen bromide
adduct (2b) showed a single peak on HPLC
analysis with Zorbax ODS column (4.6x150
mm,DuPont) using MeOH-H2O-HCOOH
(90 : 10 :2) as solvent. Physico-chemical prop-

erties of 2b were as follows : Amorphouspowder;
mp 122°C (dec) ; fast atom bombardment (FAB)-
MS m/z 740 (C35H34BrNO12, MH+); [a]g +5.1°
(c 1.0, MeOH); UV ^ea°H nm (s) 228 (20,300),
262 (5,840), 271 (5,800), 296 (4,940), 330 (3,810);

IR 4S cm"1 1805, 1780, 1729; XH NMR (300
MHz, CD3OD) 1.26 (3H, d, J=6.6Hz), 2.56

(3H, s), 2.91 (3H, s), 3.42 (1H, dd, /=3.8 and

ll.0Hz), 3.69 (1H, d, /-3.0Hz), 3.82 (3H, s),

4.00 (1H, dd, /=11.0 and 3.0Hz), 4.07 (1H, q,
/=6.6Hz), 4.65 (1H, dd, /=5.2 and 8.7Hz),

4.68 (1H, dd, /=8.7 and 7.7 Hz), 4.97 (1H, br s),
5.13 (1H, brs), 5.32 (1H, dd, /=7.7 and 5.2

Hz), 5.68 (1H, d, /-3.8Hz), 5.92 (1H, brs),

6.16 (1H, brs), 6.62 (1H, brs), 6.83 (1H, brs),

6.97 (1H, d, /=9.2Hz), 7.47 (1H, brs), 7.99
(1H, d, /=9.2 Hz); 13C NMR (75 MHz, CD3OD)
16.6 (q), 20.3 (q), 32.6 (q), 46.2 (d), 56.1 (q),

59.5 (d), 67.4 (t), 68.6 (d), 69.3 (d), 72.7 (d), 79.8

(s), 80.2 (d), 83.0 (d), 83.1 (d), 90.5 (s), 95.0 (s),

96.1 (d), 100.0 (s), 101.8 (s), 103.5 (d), 108.4 (s),

108.4 (d), 116.4 (d), 118.1 (d), 124.4 (s), 131.6 (s),
132.9 (d), 135.3 (s), 137.2 (d), 138.5 (s), 157.2

(s), 157.5 (s), 160.9 (s), 162.3 (s), 172.3 (s).

Determination of Antibacterial Activity
MICs against M. luteus (1x107cells/ml)

were determined using agar plate dilution method
with nutrient agar in the absence or the presence
of apo-NCS (10 pg/wl).
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Cytocidal Activity Tests In Vitro
Cell suspensions of L1210 murine leukemia

(5x104cells/ml), which contained various
amounts of NCS-chrs in RPMI 1640 medium
supplemented with 5 % fetal calf serum (GIBCO)
in the presence or the absence of apo-NCS
(0.1 /^g/ml), were incubated at 37°C for 2 days
in CO2incubator. Cell numbers were counted
by dye exclusion method with trypan blue to
calculate the 50 % inhibitory concentration (IC50)
values.

NCS-chr-induced DNADamage
The extent of DNAstrand damage induced
by NCS-chrs was monitored by following the
conversion of supercoiled DNA(form I) to its
relaxed circular form (form II). The reaction
was conducted with 50mM Tris-HCl buffer
(pH 7.5) solution into a mixture of 0.5 jug 0X174
DNA(Bethesda Research Laboratories), 10 mM
2-mercaptoethanol and 2 jug/ml NCS-chr, in the
presence or absence of 20 /^g/ml apo-NCS.
The incubation was started immediately after
the addition of NCS-chrs and continued for 30
minutes at 37°C and stopped by the addition of
5 ^1 of 0.1 % bromphenol blue in 50% glycerol.
Agarose gel (1 %) electrophoreses were run

at 4 volt/cm for 4 hours at room temp in 50 mM
Tris-HCl buffer (pH 7.5) containing 2mM
EDTA, 20 mMsodium acetate, and 18 mMNaCl.
After staining in 1 ^g/ml of ethidium bromide,
DNAbands were quantified with densitometer
(Shimadzu CS-920 High speed TLC scanner).

Acknowledgment

This work was supported in part by a Grant-in-
Aid for Cancer Research from the Ministry of Educa-
tion, Science and Culture, Japan.

References

1) ISHIDA, N.; K. MlYAZAKI, K. KUMAGAI & M.
Rikimaru: Neocarzinostatin, an antitumor

antibiotic of high molecular weight. Isolation,
physicochemical properties and biological ac-

tivities. J. Antibiotics, Ser. A 18: 68~76, 1965
2) Napier, M. A.; B. Holmquist, D. J. Strydom

& I. H. Goldberg: Neocarzinostatin chromo-
phore : Purification of the major active form and

SEPT. 1988

characterization of its spectral and biological
properties. Biochemistry 20: 5602- 5608, 1981

3) Koide, Y.; F. Ismi, K. Hasuda, Y. Koyama, K.
Edo, S. Katamine, F. Kitame & N. Ishida:

Isolation of a non-protein component and a
protein componentfrom neocarzinostatin (NCS)

and their biological activities. J. Antibiotics
33: 342-346, 1980

4) Suzuki, H.; K. Miura, Y. Kumada, T. Take-

uchi & N. Tanaka: Biological activities of
non-protein chromophores of antitumor protein
antibiotics : Auromomycinand neocarzinostatin.
Biochem. Biophys. Res. Commun. 94: 255-

261, 1980

5) Myers, A.G.: Proposed structure of the
neocarzinostatin chromophore-methyl thiogly-
colate adduct; a mechanism for the nucleo-
philic activation of neocarzinostatin. Tetra-

hedron Lett. 28: 4493-4496, 1987
6) Goldberg, I. H.: Novel types of DNA-sugar

damage in neocarzinostatin cytotoxicity and
mutagenesis. In Mechanisms of DNADamage
and Repair. Ed., M. G. Simic et aL, pp. 231-
244, Plenum Press, New York, 1986

7) Kappen, L.S. & I.H. Goldberg: Stabiliza-

tion of neocarzinostatin nonprotein chromo-
phore activity by interaction with apoprotein

and with HeLa cells. Biochemistry 19: 4786-
4790, 1980

8) Edo, K.; M. Mizugaki, Y. Koide, H. Seto, K.
Furihata, N. Otake & N. Ishida: The struc-
ture of neocarzinostatin chromophore possess-

ing a novel bicyclo[7,3,0]dodecadiyne system.
Tetrahedron Lett. 26: 331 - 334, 1985

9) Edo, K.; Y. Akiyama, K. Saito, M. Mizugaki,
Y. Koide & N. Ishida: Absolute configura-

tion of the amino sugar moiety of the neo-
carzinostatin chromophore. J. Antibiotics 39:
1615-1619, 1986

10) Koide, Y.; A. Ito, K. Edo &N. Ishida: The
biologically active site of neocarzinostatin-
chromophore. Chem. Pharm. Bull. 34: 4425-
4428, 1986

ll) Edo, K.; H. Sato, K. Saito, Y. Akiyama, M.
Kato, M. Mizugaki, Y. Koide & N. Ishida:

Unstability of neocarzinostatin-chromophore.
J. Antibiotics 39: 535-540, 1986

12) Albers-Schonberg, G.; R. S. Dewey, O.D.

Hensens, J. M. Liesch, M.A. Napier & I.H.
Goldberg: Neocarzinostatin : Chemical char-

acterization and partial structure of the non-
protein chromophore. Biochem. Biophys. Res.
Commun. 95: 1351-1356, 1980


