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       RECONSTITUTION OF 
     NEOCARZINOSTATIN (NCS) 

Sir: 
 Neocarzinostatin (NCS), an acidic antitumor 

protein which contains a non-protein chromo-

phore, was isolated in 1965 from the culture fil-
trate of Streptomyces carzinostaticus var. F-411). 
The chemotherapeutic uses of NCS for patients 

with gastric cancer, pancreatic cancer, acute 
leukemia, bladder cancer and hepatocellular 

carcinoma were comprehensively documented 
by MAEDA in 19812). 

Recently, we3) and others 4,5) demonstrated 
that the NCS chromophore can be separated from 

NCS. The isolated chromophore is responsible 

for the inhibition of bacterial and tumor cell 

growth3) and for the inhibition of DNA synthesis 
in tumor cells6). The NCS chromophore is very 
unstable to UV irradiation and heat and contains 
1-naphthalenecarboxylic acid7), N-methylfuco-

samine8 and peroxide9) moieties. It is suggested 
that naphthalenecarboxylic acid and N-methyl-

fucosamine moieties are covalently linked to a 
highly unsaturated part of the chromophore 

which possesses a cyclic carbonate ring10). Al-
though no biological activity of the NCS apopro-
tein (protein moiety which carries the chromo-

phore)3,6,11)has been observed, the protein may 
nevertheless play an important role in enhance-

ment3) and stabilization11 of the biological acti-
vities of the chromophore. Physicochemical 

and analytical data on the NCS apoprotein sug-

gest that this protein is identical to pre-neocar-
zinostatinl2) which is a biosynthetic precursor of 
NCS13). Two distinct research groups reported 

that the NCS apoprotein can be reconstituted 
with the NCS chromophore to form a whole NCS 

molecule. KAPPEN et al.1 demonstrated that 
NCS can be reconstituted when the chromophore 

is incubated with the NCS apoprotein both under 
diluted and concentrated conditions. Further-

more, JUNG et al.14) reported that the NCS chro-
mophore binds to apoprotein which coupled with 
monoclonal IgG1 antibody against mice mye-

loma cells. However, these authors did not 
mention the optimum conditions for reconsti-

tuting NCS. 
  In this communication, we will describe the 

optimum conditions for reconstituting whole 

NCS molecule from the chromophore and apo-

protein of NCS detecting with acrylamide iso-

electric focusing analysis. Also we discuss the 
application of this reconstituting method to 
modify the NCS molecule. 
 NCS preparation (clinical grade, 1,500 units/ 
mg), which is produced by the Kayaku Antibio-
tics Research Laboratory (Tokyo, Japan), was 
used in this study. The NCS chromophore and 
NCS apoprotein were prepared from the powder 
according to the method previously reported3,6,7). 
The protein bands of NCS, NCS apoprotein and 
reconstituted NCS were detected at a concentra-
tion of I mg/ml by the isoelectric focusing techni-

que, after staining with Coomassie brilliant blue 
R-250 and then decolorizing. Stained bands 
were quantified by scanning at 570 rim with a 
densitometer (Asuka Model OZ-802). The ratio 
of reconstituted NCS to unreconstituted NCS 
apoprotein was calculated from the integral value 
obtained by densitometry. In this experiment, 
all chemical preparations and reactions were 
carried out in the dark room. 

  The isoelectric focusing patterns of native NCS, 
NCS apoprotein and reconstituted NCS are shown 
in Fig. 1. The isoelectric point of the reconsti-
tuted NCS was found to be identical to that of 
native NCS (pl-3.3). Whereas, the NCS apo-

protein had a isoclectric point of about 3.2, cle-

Fig. 1. Isoelectric focusing of reconstituted NCS on 

 polyacrylamide gel. 
   Polyacrlamide (5%) gel contained 2%carrier 
 Ampholite (LKB-produktcr AB, Bromma, Sweden) 

 pH 2.54.0, was prepared as per specification given 
 in the LKB manual. Riboflavin was added as a 

 photochemical polymerizing agent. After appli-
 cation of the sample (1 mg/ml, 40 1d), isoelectric 
  focusing was done. The run was increased from 
 270 to 550 V after an initial 30 minutes run at a 

  constant current of 50 mA. The run continued for 
  3 hours at 550 V. Focusing was carried out under 

  running water at 10°C. 

   (1) NCS apoprotein plus chromophore (10 : 1, 
 weight ratio), incubated at 37'C for 24 hours, (2) 
 Native NCS, (3) NCS apoprotein.
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ar)y distinguishing it from reconstituted NCS. 
Under the same condition, the chromophore 
alone (1 mg/ml, 10 ,rul) did not show any bands 
(data not shown). 
 The process of reconstituting NCS from NCS 

apoprotein and chromophore was examined 
under various conditions. 
 First, in order to show the effects of tempera-

ture and reaction time on the NCS reconstitution, 
the chromophore and NCS apoprotein mixture 
was incubated for 48 hours at 8°C, 28°C and 37°C 

(Fig. 2). Reconstitution reached a maximum of 
75 % of the theoretical value at 37°C after 24 hours, 
whereas no reaction was observed at 8°C even 
after 48 hours. At 28°C, however, 50 % recon-
stitution was obtained after 48 hours. By these 
experiments, it is clear that the reconstitution of 
NCS is highly dependent on the temperature. In 

general, the side chain of a protein is apt to change 
its three-dimensional conformation more ready at 

higher temperature. We think that the energy 
of high temperature may make the conformation 
of apoprotein suitable for reconstitution with 
chromophore. On the basis of these results, 
reconstitution of NCS was carried out at 37°C 
for 24 hours.

 Second, the effect of pH on NCS reconstitu-
tion was examined. The NCS apoprotein in 
various buffer solutions at different pH levels 

(1 ml) were incubated with methanol solution of 
chromophore (10 mg/ml, 10 pl) at 37°C for 
24 hours. Fig. 3 shows that the chromophore 
and apoprotein were reconstituted at a wide pH 
range between 3.0 and 8.0. However, the highest 
level of 75 % reconstitution was obtained at pH 
5.0. Coincidentally, this was equal to the pH at 
which the biological activities of NCS was most 
stable15). 

  Third, the effect of chromophore concentration 
on NCS reconstitution was tested. As shown in 
Fig. 4, higher reconstitution was obained in pro-

portion to the final chromophore concentration 
(l0-.500lig/ml) when the concentration of NCS 
apoprotein (1 mg/ml at pH 5.0) was kept con-
stant. However, at concentrations higher than 
100 lrg/ml, the reconstitution was equilibrated. 
These experimental results may indicate that at 
the weight ratio of 10: 1 of apoprotein to chromo-

Fig. 2. Effect of temperature for the reconstitution 
 of NCS. 
   Chromophore in methanol (10 mg/ml, 10 1d) and 
 NCS apoprotein (1 mg/ml, 1 ml) in 0.01 M acetate 
 buffer solution (pH 5.0) mixture was incubated for 
 24 hours. Reaction temperatures are at 8°C, at 
 28°C and at 37°C. Reconstitution ratio (%) was 
 calculated on the integral value of densitometry: %

, of NCS reconstitution-

       _ NCS (pI 3.3) x100 .    NCS (
pI 3.3)+NCS apoprotein (p1 3.2)
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Fig. 3. Effect of pH for the reconstitution of NCS. 
   NCS apoprotein (1 mg) was dissolved in 1 ml of 

 0.01 M tartarate (pH 2.6), 0.01 M acetate (pH 4.0), 
 0.01 M acetate (pH 5.0), 0.01 M phosphate (pH 6.0), 
 0.01 M phosphate (pH 7.0), 0.01 M phosphate (pH 
 8.0) or 0.01 M borate (pH 10.0) buffer solutions, re-
 spectively. The solutions of NCS apoprotein at 
 various pH's (1 ml) were incubated with a methanol 
 solution of chromophore (10 mg/ml, 10 µl) at 37°C 
 for 24 hours, respectively. Reconstitution ratio 
 (%) of NCS was calculated by the same method as 
 in Fig. 2.
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phore (molar ratio, 1: 1), the greatest amount of 
reconstituted NCS is obtained when they are 
incubated at 37°C for 24 hours. This ratio is 

almost the same as that found with native NCS. 
All of these results suggested that the chromo-

phore and the NCS apoprotein combine stoichio-
metrically to form NCS. One hundred percent 

of reconstitution, however, did not occur, pro-
bably because the chromophore was released 

spontaneously from the reconstituted NCS. 
This hypothesis was supported by the experi-

mental data in Fig. 2, where the reconstitution 
rate decreased after 48 hours at 37°C. 

  Through these experiments, the optimum con-
dition for NCS reconstitution were determined 

to be incubation of chromophore and apopro-
tein at a molar ratio of 1 : 1 at pH 5.0 and 37'C 

for 24 hours. 
 When the chromophore was inactivated before-

hand by heating (65°C, 2 hours) or UV irradia-
tion (germicidal lamp, 500 itW/cm2 for a few 
minutes) treatment, it failed to reconstitute with 

NCS apoprotein. However, pretreatment of 

the NCS apoprotein by heating or UV irradiation

under the same conditions as for chromophore 
did not impair the reconstitution of the apopro-

tein with the active chromophore (data not 
shown). 

  These results demonstrate that the apoprotein 
is stable but the chromophore is quite sensitive 

to such treatments. Heating or UV irradiation 

causes NCS to lose its biological activity and also 
reduces its active oxygen content9). These obser-
vations suggest that degradation of the peroxide 
moiety of the chromophore decreases its ability to 

bind itself to the NCS apoprotein. 
 Through this method of reconstitution, we 

could also verify that the 41 residue fragment 

(position 68 - 109) of NCS apoprotein is neces-
sary for the chromophore to retain its anti-
bacterial activity16F). However, the chemical 

mechanism by which the chromophore binds 
with the NCS apoprotein is still unknown. We 

would like to speculate, however, that the chro-
mophore may bind to the NCS apoprotein not 

only by an ionic bond between the aminosugar 
basic center of the chromophore and the acidic 

residue(s) of the NCS apoprotein residue (posi-
tion 68- 109) but also by a hydrophobic bond 

between the hydrophobic region of the chromo-

phore and the two hydrophobic regions of the 
NCS apoprotein (position 69-74 and 102- 108). 

 By fully understanding how NCS is reconsti-
tuted, researchers could be able to discover new 

types of NCS with different molar ratios of apo-

protein to chromophore and to develop new hy-
brid molecules particularly with antitumor cell 
antibodies.

Fig. 4. Effect of the chromophore concentration on 
 the reconstitution of NCS. 

   Various concentrations of the chromophore were 

 prepared in methanol at 1 - 50 mg/ml. The con-
 centration of the NCS apoprotein was held constant 
 at 1.0 mg/ml in 0.01 M acetate buffer solution (pH 
 5.0). Chromophore (10 µl) was added to the solu-
 tion (1 ml) and incubated at 37°C for 24 hours. 

 The reconstitution ratio (%) of NCS was calculated 
 by the same method as in Fig. 2.
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