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INTERACTION OF AN ANTHRACYCLIRE ASTIBIOTIC, 4’-0-TETRAHYDROPYRA~YLADRI,~?iYCI~ 

(PYRARUBICIN) , WITH PLASMID pJL3-TB5 DSA 

Yoshimi KAEDA. Kazuko ~~~O~URA, and Eiichi OHTSUBO 

Institute of Applied Microbiology, Cnirersity of Tokyo, Yayoi 1-1-l. Bunkyo- 

ku. Tokyo 113 (Japan) 

The effect of an anthracycline antibiotic 4’-0-tetrahydropyranyladriamycin 
(pyrarubicin) on the stepwise melting of plasmid pJL3-TB5 DSA by means of 
differential scanning calorimetry. The peaks seen at higher temperature 
ranges of the DSC curve of the DS.\ H‘ere affected by the addition of pyrurubi- 
tin in a manner essentially similar to the other anthracycline antibiotics 
(daunomycin, adriamycin, aclacinomycin .4), suggesting that pyrarubicin binds 
to the 5’-CG-3’ sequences of Delia. However, pyrarubicin broadened the peak at 
the highest temperature and shifted the peak in a manner different from other 
antibiotics. This suggests that the sugar moiety attached to the chromophores 
of pyrarubicin play an fmportant role in binding probably to the minor groove 
of DNA. 

Many investigations on the interaction of various drugs H’ith USA have 

been carried out to understand the molecular basis of drug action as sell as 

the structure and function of D4A itself. Drug-DXA interaction has been 
studied by various techniques including spectroscopy, X-ray crystallography 

(ref. l-2), chromatography (ref. 3). footprinting. and calorimetry (ref. 4-5). 

Despite these investigations, the effect of drugs on the steprise melting of 

DSA has not been reported. 

We have recently demonstrated that differential scanning calorimetry 

(DSC) is useful for the analysis of steprise, cooperative melting of double- 

stranded DNA to single-stranded D.\‘I along the molecular chain (ref. 6-10) and 

that the DSC method can be applied to study the interaction between DXA and 

various D~A-binding drugs (ref. 11). In the absence of drugs, the DSC curve 
of the plasmid pJL3-TB5 DftA (5277 base pairs in length) consists of seven 

peaks resulting from the stepwise melting of DNA. Various drugs caused posi- 

tions of these peaks to shift and their heights to vary in a characteristic 
manner depending upon the mode of binding of drugs to DXA. We have previously 
reported that anthracycline antibiotics with a monosaccharide (daunomycin and 
adriamycin) and a trisaccharide (acla~inomycin A) attached to the chromop~lores 
shift positions of DSC peaks to higher temperature ranges. In particular. the 
peak seen at the highest temperature decreased its height with increasing 
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temperatures, and reappeared as a clear peak at a higher temperature range 

depending upon the drugs examined. In these antibiotics, however, we could 

not specify which radicals of their chemical structures contributed to these 

differences in the DSC curves, because these antibiotics have several differ- 

ent substitutions of radicals attached to the chromophore rings. 

This paper deals with the effect of another anthracycline antibiotic, 

4’-0-tetrahydropyranyladriamycin (pyrarubicin) (ref. 121, on the stepwise 

melting of pJL3-TB5 DNA. Pyrarubicin is useful to examine the effect of the 

sugar moiety on the melting of DS.1, since it has a dissacharide containing an 

amino sugar attached to 7-O of the chromophore instead of a monosaccharide in 

adriamycin. We report here that pyrarubicin intercalates into 5’-CG-3’ se- 

quences of DNA like other anthracycline antibiotics and exhibits a DSC curve 
different from those of others, demonstrating that the sugar moiety attached 
to the chromophore play an important 

groove of DWA. 
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Fig. 1. Structural formulas of pyrarubicin (I). adriamycin (II), daunowcin 
(III), and aclacinomycin A (IV). 

MATERIALS AND METHODS 

Pyrarubicin was kindly supplied by Sanraku Co., Ltd., Tokyo. The struc- 

tural formula of pyrarubicin is shown in Fig. 1 together with those of adria- 

mycin. daunomycin, and aclacinomycin A. 

Plasmid pJL3-TB5 (5277 base pairs in length) used was described previ- 
ously (ref. 4, 9, 13). The covalently closed circular plasmid DNA prepared 
was linearized by digestion with EcoRI, followed by the successive treatment - 
with phenol, ethyl ether, and ethanol. The plasmid was dissolved in 1 x SSC 
(saline-sodium citrate) buffer solution (0.015 mol dmo3 KaCl and 0.15 mol dmw3 
sodium citrate, pH 7.0) 

Calorimetric measurements were performed using a heat-flux type of dif- 
ferential scanning calorimeter, SSC 560U (Seiko Instruments & Electronics 
Ltd., Tokyo) . About 60 mg of the DSA-drug mixture was put in a calorimeter 
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vessel at a DNA concentration of 0.5 % (w/v) and subjected to DSC scanning at 

the heating rate of 0.5 K min-‘. 

RESULTS ASD DISCUSSION 
Fig. 2 shows the effect of pyrarubicin on the stepwise melting of the 

plasmid pJL3-TB5 DNA. Seven peaks in the DSC curve (curve 1 in Fig. 2) seen 

in the absence of antibiotics Kere affected by the addition of pyrarubicin 

(curves 2 and 3 in Fig. 21. This is essentially similar to the effect of 

adriamycin and aclacinomycin A shown in Fig. 3. This suggests that pyrarubi- 
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Fig. 2 (left). Effect of pyrarubicin on the stepwise melting of pJL3-TB5 DX.3 
monitored by DSC. The molar ratios of pyrarubicn to base-pairs in the solu- 
tion are as follows: (11, 0; (2),0.03; (3),0.06. 
Fig. 3 (right). Effect of adriamycin and aclacinomycin A on the stepwise 
melting of pJL3-TBS DNA monitored by DSC. The molar ratios of antibiotic to 
base-pairs in the solution are as follows: (11, adriamycin, 0.036: (2). adria- 
mycin, 0.071; (31, aclacinomycin .I, 0.03; (4). aclacinomycin A, 0.06. 

tin intercalates into 5’-CG-3’ sequences of the DNA which occur abundantly in 

the region contributing to peak 7, as demonstrated previously (ref. 7). 

However. the effect of pyrarubicin on peak 7 is different from adriamycin and 

aclacinomycin A. Pyrarubicin broadened peak 7 and shifted the peak to a 
higher temperature with increasing its concentrations. Adriamycin did not 

cause such a shift even when scanned up to 115 ‘C (data not shown), while 

aclacinomycin A shifted the peak to form a clear peak. 

The chemical structure of pyrarubicin is different from adriamycin ouly 
in the sugar moiety substituted in the position of 7-O of the chromophore; 

pyrarubicin possesses a disaccharide, while adriamycin possesses a monosaccha- 
ride. Therefore the difference betreen pyrarubicin and adrfamycin in the 
behavior of peak 7 can be attributed to the sugar moiety, probably due to 
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binding to the minor groove of the DSA, as previously predicted with the X-ray 

analysis for daunomycin-oligonucleotide complexes (ref. l-2). The change of 

peak 7 observed in the presence of aclacinomycin A is also due to the sugar 

moiety (trisaccharide) attached to 7-O of the chromophore. The change of peak 

7 seems to depend upon the length of the sugar moities attached to the chromo- 

phore. 
We have previously reported the effects of various drugs other than 

anthracycline antibiotics (ref. 11): Distamycin A, a minor groove binding 

antibiotic, shifted positions of all of the seven DSC peaks to a higher tem- 

perature range to give rise to a monotonic broad peak, suggesting that dista- 

mycin A binds to a minor groove of DSA and stabilizes the A+T-rich regions or 

A+T-clusters: Peplomycin broadened each peak in the DSC curve and lost the 

steprise melting profile of DS.4 due to cleavage of DNA by peplomycin; cis- - 
dichlorodiammine-platinum (II) (G-Platin) caused all the peaks to shift to a 

lower temperature range and to form a broad monotonic peak, due to destabili- 

zation of double strands by distorting base-pairs or base-stacking. 

Thus we can readily obtain useful information on interaction of anthracy- 
cline antibiotics as well as of DN.\-binding drugs with DNA by the DSC method. 

We thank to Drs. H. Yamaki and T. Hayakawa for useful discussion. We 
also thank to Sanraku Co., Ltd. for supplying pyrarubicin. This paper was 
supported by a Grant-in-Aid for Scientific Research from the Ministry of 
Education, Science and Culture, Japan, 

REFERENCES 

1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 
12 

13 

A. H.-J. Wang, G. Ughetto, G. J. Quigley and .4. Rich, Biochemistry, 26 
(1987) 1152-1163. 
M. H. Moore, W. N. Hunter, B. L. b’Estaintot and 0. Kennard, J. Mol. 
Biol., 206 (1989) 693-705 . 
?I. Takeshita, A. P. Grollman. E. Ohtsubo and H. Ohtsubo, Proc. Natl. Acad. 
Sci., U.S.A., 75 (1987) 5983-5987. 
L. A. Marky. K. S. Blumenfeld and K. J. Breslauer, Nucl. Acids Res., 11 
119831 2857-2870. 
L. A.‘Marky, J. G. Snyder and K. J. Breslauer,. Nucl. Acids Res., 11 
(1983) 5701-5715. 
Y. Maeda, Y. Kawai, T. Fujita and E. Ohtsubo, J. Gen. Appl. Microbial,. 
30. 289-295 (19841. 
Y.‘Maeda, Y..Kawai, T. Fujita and E. Ohtsubo, Thermochimica Acta, 88 
(1985) 235-240. 
Y. Maeda and E. Ohtsubo, J. ?lol. Biol., 194 (1987) 691-698. 
Y. Maeda, K. Takahashi, H. Yamaki and E. Ohtsubo, Biopolymers, 27 (1988) 
1917-1925. 
H. Yamaki, E. Ohtsubo. K. Nagai and Y. Maeda, Nucl. Acids Res., 16 
(1988) 5067-5073. 
Y. Maeda, K. Nunomura and E. Ohtsubo, (submitted for publication). 
H. Umezawa. Y. Takahashi. M. Kinoshita, H. Naganawa, T. Masuda, M. Ishizu- 
ka, K. Tatsuta and T. Takeuchi, J. Antibiotics, 32 (1979) 1082-1084. 
C. Machida, Y. Machida, H.-C. Wang, K.’ Ishizaki and E. Ohtsubo. Cell, 34 
(1983) 135-142. 


