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   NEOCARZINOSTATIN (NCS) AND 

     MICROTUBULE-ASSOCIATED 
             KINASE 

Sir: 
  Neocarzinostatin (NCS), antitumor antibiotic, 

is a single polypeptide with a molecular weight 
of 10,700 1,2). Recently, it has been shown that 
NCS possesses a nonprotein chromophore (de-

signated as NPC), which can be removed from 
NCS by methanol extraction 3-7), and also de-
monstrated that NPC is responsible for the NCS-
induced inhibition of DNA synthesis in growing 

cells and for the NCS-induced DNA degrada-
tion in vitro and in vivo 5-7). We have determined 

a part of t e chemical structure of NPC, which 
is a derivative of naphthalenecarboxylic acid 3). 

In addition, we previously showed that NCS 
inhibits cell spreading, cell surface capping and 
microtubular paracrystal formation by the bind-

ing of NCS to the cell surface receptors on the 
cell membrane8,9) Although the detailed mech-
anisms of these NCS-induced inhibitions arc 

still unknown, it would seem that these inhibi-
tions may be involved in the impairment of the 

membrane-microtubule systems9). Moreover, 
recent reports described that microtubular pro-

teins are associated with ATP-dependent protein 
kinase activity and their phosphorylations and 

dephosphorylations may play a role in the re-

gulation of the assembly and/or biological func-
tion of the proteins"-L> 

  On the basis of these findings, the present 
study was undertaken to test the effect of NCS 
and NPC on protein phosphorylation by micro-

tubule-associated kinase in vitro. We found 
that NCS and NPC greatly inhibit the protein 

phosphorylation in vitro by the binding of NPC 
to the kinase. Available data suggest the pos-

sibility that the NCS-induced inhibition of cell 
spreading, cell surface capping and microtubular 

paracrystal formation may be associated with 
the inhibition of the kinase activity by NPC at 
cell surface levels. 

  We used. microtubular protein (Mr=55,000), 
which was associated with cAMP-dependent 

protein kinase, purified from rabbit brain cells")
The activity of microtubule-associated kinase 

was assayed in the presence of [r-32-P]ATP and a 

phosphate acceptor (histone or nonhistone 
protein), as described in a previous paper.13) 
After incubation at 37°C for the appropriate

periods, the [32P]radioactivity of the phos-

phorylated substrate was determined 13). NPC 
and protein component of NCS, carrier protein 
of NPC (designated as PC), were prepared care-
fully from NCS powder in a dark room as de-

scribed in a previous report5). 

 The activity of microtubule-associated kinase 
assayed under various conditions are sum-

marized in Table 1, when histone H2a was used 
as a phosphate acceptor. The optimal condi-

tions of Mgt and cAMP were found to be 
8 nim and 1 tin. CAMP (I pm) highly enhanced 
the kinase activity (about five-fold). cAMP and 
Mg2l could not be substituted by cGMP and 

Ca 2,, respectively. No effect of N-ethylma-
leimide (NEM), which is an inhibitor of SH-

enzymes, on the kinase activity was detected. 
NCS and NPC highly inhibited histone H2a 

phosphorylation, whereas no effect of PC on the 
phosphorylation was detected at an even 100-
times higher concentration than that of NPC. 
This result show that NPC is responsible for the 
NCS-induced inhibition of histone H2a phos-

phorylation by the kinase in vitro. However, 
the NPC-induced inhibition of the phosphoryla-

tion was suppressed by the addition of PC. This 
suppression was in proportion to the PC concen-

trations (data not shown). In addition, the ki-
nase functioned in the presence of calf thymus his-

tones (HI, H2a, H3 and H4) and 13,000 dalton 
nonhistone chromatin protein (13,000 NHCP), 

which is a specific phosphate acceptor of nuclear 
cAMP-independent protein kinase from mouse 
spleen cells". However, human immunoglobu-

lin, phosvitin, actin, myosin and bovine serum 
albumin did not act as phosphate acceptors for 

the kinase. We used histone H2a for the study 
since the protein served as the most effective 

phosphate acceptor for the kinase tinder the 
conditions. The obtained results show that the 
substrate requirements and the optimal condi-

tions of the kinase activity in vitro are similar to 
those of cAMP-dependent protein kinase from 
rabbit muscle and from the nuclei of mammalian 
cells14)

 It has been reported that the cell cycle traverse 
is blocked in the G2 phase by NCS8,15)and 

several other antibiotics such as bleomycin16), 
mitomycin C"), adriamycinlo15) and cytochalasin 
1311). We examined the effect of these G.. 

blockers on histone H2a phosphorylation by the 
kinase in vitro. Table 2 shows that low levels
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of NCS and NPC highly inhibit the phosphoryla-
tion, whereas no significant inhibition by other 

tested G2 blockers including mitotic inhibitors 
on the phosphorylation was observed at even 
10-times higher concentration than that of NPC. 

A similar effect of NPC on the phosphorylation 
was observed when other phosphate acceptors 

(histone Hl, H3, H4 and 13,000 NHCP) were 
used instead of histone H2a (data not shown). 

These results suggest the possibility that the 
mechanisms of NCS-induced G2 block may be 
different from that of other G2 blockers such as 

bleomycin, which is considered to inhibit DNA 
synthesis in growing cells in a manner similar to 
that of NCS.6,20) 

 The kinetic experiments showed that an ap-

parent Km value for ATP of the kinase was 
1.89:< 10-7 M, whereas that of the kinase in the 

presence of NPC (1 tag) was 2.75 x 10-0 M (Fig. 
1). Although no exact Knt value for histone

H2a of the kinase was determined, since the 
kinase itself was also phosphorylated under the 

conditions, the obtained Km value was greatly 
reduced when the kinase was incubated with 
histone H2a in the presence of NPC (I pg). 

Moreover, 5-.25% glycerol density gradient 
centrifugation showed that the activity of the 

sedimented kinase, which was preincubated with 
different concentrations, was reduced depending 
on the NPC concentrations (Fig. 2). A similar 
result was observed when the kinase incubated 

with NPC was dialyzed against a suitable buffer 
before ultracentrifugation. These experimental 

results suggest that the NPC-induced inhibition

Table 1. Requirements for the activity of 

 microtu bule-associated kinase in vitro.

          Requirements 

Complete 

Complete-Mg2+ 

Complete -Mg++Ca2I 

Complete-Histone H2a 

Complete-cAMP 

Complete-cAMP+cGMP 

Complete - Dithiothreitol 4 NEM 

Complete+NCS 

Complete+NPC 

Complete+PC 

Complete+NPC (2 pg)+PC (20 tag)

Protein 
kinase 
activity 
(pmol) 

 96.0 

  0.1 

  0.3 

  0.3 

 18.7 

 23.0 

 83.6 

 55.4 

   8.8 

 95.7 
 60.7

 The complete reaction mixture (0.1 ml) contained 
20 mM Tris-HC1 (pH 7.5), 4 mM dithiothreitol, 8 mM 
magnesium acetate, 1 pM cAMP, 10 tig of bovine 
serum albumin, 20 pg of histone H2a, 0.2 pg of 

purified microtubule-associatcd kinase and 100,aNt 
[T-52P]ATP (2,000 cpm/pmol). 
 The reaction mixtures were incubated for 10 

minutes at 37°C in the presence or absence of 
various substances. The concentrations of Mgt}, 
Ca2+, dithiothreitol, N-ethylmaleimide (NEM), 
cAMP, cGMP, NCS, NPC and PC were 8 mM, 1 
mM, 4 mM, 2 mM, 1 pM, 1 pM, 5 beg, 2 pg and 100 pg 
respectively. The [32P] radioactivity of the tri-
chloroacetic acid precipitate was measured 13)

Table 2. Effect of G2 blocker on histone H2a 

 phosphorylation by microtubule-associated 

 kinase in vitro.

None 
(control) 

G2 block 
antibiotics 

Mitotic 
inhibitors

  G2 blockers 

NCS 

N PC 

Bleomycin 

Mitomycin C 

Adriamycin 

Cytochalasin B 

Actinomycin D 

Puromycin 

Vinblastin-sul fate 

Colcemid

Concen-
tration 
 (1€g) 

1 

  10 

1 

 10 

1 

  10 

1 

 10 

1 

 10 

1 

 10 

1 

 10 

1 

 10 

1 

 10 

1 

 10

Inhibi-
tion 
M 

  0.0 

21.3 

60.8 

78.2 

98.2 

  5.4 

12.5 

  2.3 

18.8 

  8.3 

19.6 

  6.5 

25.0 

 9.6 

15.0 

 4.8 

15.6 

 0.1 

  1.8 

  3.1 

17.5

 The kinase (0.2pg) was assayed in the presence 
of various inhibitors at the indicated concentra-
tions for 10 minutes at 37°C under the conditions 
as described in Table 1. 100% Activity (0% in-
hibition) of the kinase corresponds to the in-
corporation of 96.0 pmol of ['l-32P]ATP into histone 
H2a.
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of histone H2a phosphorylation by the kinase in 

vitro seems to be due to the binding of NPC to 

the kinase. 

 Finaly, the present data and our previous 

reports8,9)suggest the possibility that NCS may 

bind to the microtubular proteins on cell mem-

brane which consequently affects the micro-

tubule-associated kinase in vivo, resulting in the 

inhibition of microtubular paracrystal formation, 

cell surface capping and cell spreading. The 

future study of the detailed mechanism of the 

NCS and NPC effect on microtubule-associated 

kinase activity in vivo may lead to an understand-

ing of the biological role of the kinase and also 

should provide a new clue to study the bio-

chemical mechanism of the cell cycle in mam-

malian cells.

Fig. 1. Kin value of microtubule-associated kinase 
 for ATP. 

   The kinase activity was assayed in the presence 

 (0) or absence (0) of NPC (1 jig) using histone 
  H2a as a nhosnhate acceptor.

-10 0 I C 

         I/ATP [M1-1 x 106

             Acknowledgments 

 We are grateful to Dr. S. ISEKI for valuable dis-

cussions aid to Dr. Y. KOYAMA for a generous gift 

of NCS. This work was supported in part by grants 

from the Sendai Institute of Microbiology and from 

the Ministry of Education, Science and Culture of 

Japan. 

                      KENZO OHTSUKI* 

                      TSUNEAKI KOIKE 

                      TETSUO SATO 

                      KANEKO KOYAMA 

                      NAKAO ISHIDA 

         Department of Bacteriology 

        Tohoku University School of Medicine 

         2-l Seiryo-machi, Sendai 980, Japan

                      MASANOBU SATAKE 

        Department of Microbiology 

        and Immunology 

        University of South Carolina 

        Columbia, South Carolina 29208, U.S.A. 

         (Received August 29, 1980) 

                 References 

I) ISHIDA, N.; K. MIYAZAKI, K. KUMAGAI & M. 

   RIKIMARU: Neocarzinostatin, an antitumor 

   antibiotic of high molecular weight. J. Anti-

   biotics, Ser 18: 68-76, 1965 

2) MEIENHOFER, J.; H. MAEDA, C. B. GLASTER, J. 

   CZO MBOS & K. KuROMizu: Primary structure 

   of neocarzinostatin, an anti-tumor protein. 

   Science 178: 875-876, 1972 

3) EDO, K.; S. KATAMINE, F. KITAME, N. ISIHDA, 

   Y. KOIDE, G. KUSANO & S. NOZOE: Naph-

Fig. 2. Glycerol density gradient sedimentation of 
 microtubule-associated kinase preincubated with 
 NPC. 
   The kinase (5 jig) was incubated with different 
 concentrations of NPC in the absence of []"-32Pl-

 ATP and the phosphate acceptor for 10 minutes 
 at 37`C, then analyzed by 5-25% (v/v) glycerol 
 density gradient centrifugation. After centrifuga-
 tion (165,000 xg for 17 hours at 4°C), the gradients 

 (5.0 ml) were fractionated separately into 32 frac-
 tions. Aliquots (51d) of the indicated fractions 

 were assayed for the kinase activity using histone 
  H2a as a phosphate acceptor (10 minutes at 37 C). 
 Arrows indicate bacterial alkaline phosphatase 
  (BALP, ME -92,500, 6.3S), bovine serum albumin 
 (BSA, M 67,000, 5.OS) and ovalbumin (Mr 
 45,000, 3.6S). 
 Control (O), 5 Fig of NPC (•) and 25 jig of NPC 
 (A).

4 

2 

0
I IC 20

Frr.rtinn ni_mhar ~q

* To whom correspondence should be addressed .



1593VOL. XXXIII NO. 12 THE JOURNAL OF ANTIBIOTICS

   thalenecarboxylic acid from neocarzinostatin. 
   J. Antibiotics 33: 347351, 1980 

4) KOIDE, Y.; F. ISHII, K. HASUDA, Y. KOYAMA, 
    K. EDO, S. KATAMINE, F. KITAME & N. ISHIDA: 

   Isolation of a nonprotein component and a 

   protein component from neocarzinostatin (NCS) 
   and their biological activities. J. Antibiotics 
   33: 342-346, 1980 

5) OHTSUKI, K. & N. ISHIDA: The biological 
    effect of a nonprotein component removed 
   from neocarzinostatin (NCS). J. Antibiotics 
   33: 744-750, 1980 

6) KAPPEN, L. S.; M. A. NAPIER & I. H. GOLD-
   BERG: Roles of chromophore and apo-

    protein in neocarzinostatin action. Proc. Natl. 
   Acad. Sci., U.S.A. 77: 1970- 1974, 1980 
7) SUZUKI, H.; K. MIURA, Y. KUMADA, T. TAKE-
   UCHI & N. TANAKA: Biological activities of 

    non-protein chromphore of antitumor protein 
    antibiotics: auromomycin and neocarzinostatin. 
    Biochem. Biophys. Res. Commun. 94: 255 - 261, 

   1980 
8) EBINA, T.; M. SATAKE & N. ISHIDA: Inhibition 
   of surface immunoglobulin central capping of 
   Daudi cells and cell spreading of HeLa S3 cells 
    by neocarzinostatin. Cancer Res. 37: 4423-
   4429,1977 
9) YAIIARA, I.; S. IWASHITA, T. EBINA, M. SATAKE 

   & N. ISHIDA: Inhibition of ligand-independent 
   cap formation of mouse lymphocytes and Raji 

    cells by neocarzinostatin. Cancer Res. 39: 
   4687 - 4693, 1979 

10) PIRAS, R. & M. M. PIRAS: Change in micro-
   tubule phosphorylation during cell cycle of 

    HeLa cells. Proc. Natl. Acad. Sci., U.S.A. 72: 
   1161- 1165, 1975 

11) ASNES, C. F. & L. WILSON: Isolation of bovine 
   brain microtubule protein without glycerol:

   polymerization kinetics change during purifica-
    tion cycles. Anal. Biochem. 98: 6473, 1979 

12) MARGOLIS, R. L. & L. WILSON: Regulation of 
   the microtubule steady state in vitro by ATP. 

   Cell 18: 673-679, 1979 
13) OHTSUKI, K.; H. SHIRAISHI, E. YAMADA, M-

    NAKAMURA & N. ISHIDA: A nonhistone chro-
   matin protein that is a specific phosphate ac-
    ceptor of nuclear cAMP-independent protein 
    kinase from mouse spleen cells. J. Biol. Chem. 

   255: 2391 - 2395, 1980 
14) JOHNSON, E. M.: Cyclic AMP-dependent pro-

    tein kinase and its nuclear substrate proteins. 
   Advances in Cyclic Nucleotide Res. 8: 267309, 

   1977 
15) EBINA, T.; K. OHTSUKI, M. SETO & N. ISHIDA: 

   Specific G2 block in HeLa S3 cells by neocar-
    zinostatin. Eur. J. Cancer 11: 155158, 1975 

16) TOBEY, R. A.: Arrest of Chinese hamster cells 
    in G2 following treatment with the antitumor 

   drug bleomycin. J. Cell Physiol. 79: 259-266, 
   1972 

17) NOWELL, P. C.: Mitotic inhibition and chro-
    mosome damage by mitomycin in human 

    leukocyte cultures. Exptl. Cell. Res. 33: 445-
   449, 1964 

18) BARRANCO, C. S.; E. W. GERNER, K. H. BURK 
    & R. M. HUMPHREY: Survival and cell kinetics 
    effects of adriamycin on mammalian cells. 

    Cancer Res. 33: 11 - 16, 1973 
19) SPOONCER, B. S.; K. M. YAMADA & N. K. 

    WESSELLS: Microfilaments and cell locomo-
    tion. J. Cell Biol. 49: 595 613, 1971 

20) SAUSVILLE, E. A.; J. PEISACH & S. B. HORWITZ:


