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1. Introduction

. Chromomycin A3 (CHR) and related antibiotics
have shown anti-tumor properties against experimental
and human tumors [1]. A systematic study on the in
vivo action of these drugs has been undertaken in our
laboramry to establish the relationship between their
tumor mhibitory and immunosuppressive properties.
Smmltaneously their interaction with chromatin isolated
from normal and neoglastic tissue is being studied with
a view to evaluate the relative therapeutic potential of
these antibiotics in terms of antibiotic—chromatin in-
teraction constant and to understand the mechanism
of drug action. The preliminary results of these studies
have been reported recently [2]. During these in-
vestigations it was observed that Mg2* ion influences
the binding of chromomycin A3 to chromatin even
under conditions where salt induced dissociation of .
chromatm into DNA and histones does not occur.
Similar observation was made earlier in case of inter-
action between DNA and chromomycin A5 [3, 4].
Studies [3, 4] concerning the role of Mg2* ion in this
interaction are not very systematic and therefore, the
influénce of Mg ion on the binding is not well under-
stood. The study of Waring [5] shows that chromo-
mycin A 3—DNA complexes are different from the in-
tercalated dye—DNA complexes in their ultracentrifuga-
tion behavlour, but the details are lacking to draw any
definité conclusion regarding the nature of these com-
plexes, Thus a reinvestigation is felt necessary to find

‘out i) how specifically Mg2+ ions are involved in binding,
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and ii) the nature of chromomycin A;—DNA complex.

An attempt has been made to resolve these prublems
by spectrophotometric investigation of DNA—chromo-
mycin A5 complexes under varying pH and concentra-
tions of Mg2* ions. From the data preseatcd here it is
concluded that Mg2* ion is directly involved in binding
to counteract electrostatic repulsions beiween nra-tive-
ly charged phosphate group of DNA an.i anioni:
chromomycin A ;.

2. Materials arnd methods

DNA isolated from mouse tumor mouse fibrosar-
coma {(MFS) following the procedure of Kay et al. [6]
and calf thymus DNA from Sigma Chemical Company
were used. Chromomycin A 3 (Calbiochem, Switzerland)
and heparin (Sigma Chemical Company, St. Louis)
weie used directly. Spectrophotometric titrations were
carried cut at room temp. (29°) using Cary-14 spectro-
photometer.

3. Results and discussion

The structr.ral formula {7] of chromomycin A,
(CHR), shown in fig. 1 suggests that one of the (OH)
groups attached to the chromophore should dissociate
between pH 6—8. To find out whether CHR exists as
an anion at neutral pH, pKa was determined from the
pH-induced changes in the spectrum of CHR (shown in
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Fig. 1. The structural formula of chromomycin Aj.
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Fig-2. (A) Absorption spccu'a of CHR {5.7 % 10“5 M} at three d:ffe:ent pH ] (ind!cnwd in tl’u: paremheds) of 0.1 ionic stmnsth "
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{B) pﬁ-&ep&ndence of absorbance of CHR at 405 nm.
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Flg ;s (A) Absorptlon spectra of CHR (6.5 X103 M) in

0.01 M Tris-HC1 buffer, pH 8, containing different amount of
Mg?*: (1) without Mg (2) 0.97 X102 M Mp?* (3) 2.38 X
10-2 M Mg?*. (B) A t extinction co-cfficient of CHR at
440 nm as a function of ratio of Mg?*/CHR.
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.profile is “shown in fig. 2B’ and therefrom pKa of CHR

is calcuiated as 7. This.value agrees well with that
.detenniriéd from pH—dependent Ry values of CHR in
14, -
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n-amyl alcohol—buffer mixture [8]. The addition of ’
Mg2* in large excess also produces a similar spectral
change (fig. 3A). The spectral Jata represented in fig.
3B yield a value of 2.03 for pKy¢g2+. Such low value
of pKjq 2+ suggests that when presem in low concen-
tration fz 0—4 M), Mg2* ion does not interact with
anionic CHR at pH 8. The addition ot DNA to a solu-
tion of anionic CHK at pH 8 without any extra Mg2*+
jon, produces hardly any immediate ineasurable changes
in the spectrum of CHR. The spectizal changes, if any,
occur very slowly, whereas in presence of small amount
of Mg2t (10—4 M), spectral changes do occur rapidly
and the equilibrium is established in 15—20 min after
addition of DNA. Similar rate enhancement was also
observed in presence of NaCl. Figs. 4 and 5 show the
changes in the spectrum of CHR when increasing
amounts of DNA are added to a solution of CHR of
constant concentration containing i0—4 M and

~ 10-1 M Mg2*, respectively. The spectrum was
recorded 30 min after each addition of DNA froma
micropipette. From the titration curves (figs. 4 and 5),
the amount of bound CHR (aCo) (where Co = the
total concentratinn of CHR and a = the fraction
bound) is calculated using the relationship:
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Fig. 4. Spectrophotometric titration of CHR (6.8 x10~5 M) in 0.01 M Tris-HCl buffer +23 6 X 10~5 u MeCl. pR 8 with MFS
DNA, numbers indicate dzft‘erent DNA[CHR mtlos ) ]

) Table i
Association constants (Kap (M~Y) and number of binding site/nuclectide (n) for the binding of chrcmomycm A3 to DuA at
pH 8.G0, and 29° under different conditions: :

n {Sitef

(M- (29° - Mg?*/CHR
Sample Knpp (’M ) (29 ), nucleotide) Solvgnt 3 N ‘-'\.ig ‘r‘
MESDNA S 85 w0t ~0.097 00t MTHs 346
: - - 236 X107° M o
: : : MgCl,. pH 8 -
Calf thymus DNA 1.36 ¥.10°5 : 0303 . T e0rMTHS 0 - 294
: : o ~ 244 %X107% M SN
7  MgCly.pH 8 ‘
Calf thymus DNA 97 »io* 0235 ' -~ 00628 M Tris 144 %10°
: . o - . S0 T 3098 MMgCly B R
: S  pHB -
Calt thymus* DNA 20 x10°% 09 s e

\IX‘S rmouse fibro s:m.;oma-
* Taken from the Hterature, [3)
150 )
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Fig.’s. 'Spectrophoiometric ti:miicn,df CHR (6.9 X 10~
DNA; numbers indicate different DNA JCHR satios.

O it ' , = A
i roul _ : - (1)
a.'vhere eﬂ; is the measured extmcnon coefficient. of a
/CHR»DNA mixture. €gand €, are those of free and
bound, CHR. In these calculdnons € corresponds to
m at ratio CﬂR{DNA — 0 and is obtained by extra-

'potatmn “The binding data is turthet analymd accord~ -

mg to Scatchard relatmnsth [‘3}

r!m -«Kapp\.z r) ) A_f'_' o _(2).

'whem r= the concentmtlon of CHR bOH"ld per phos— '
' ;zhate, # is the number of bﬁzémg site per phasghatef
fnucieomie, Kapp

,shcwu m ﬁg. 6- fEhe calcuiated apparent bmdmg con-

- Alomi

“given in the table 1. The A

~ equilibration suggests that MgZ*

the assoctatmn constant, and m = the.
'concmtmnon of free CHR. A typical Scatchard plot is :

440 . 460 380

5 %) in 0.028 M Tris-HCl buffer + 0;098 M AgCl,., pH 8 with calf thymus

stant K, M~1 and number of sites per nucleotide

(#) from the slope and intercept of these piots are

thus obtained agree

fairly well with those repﬁrted in the lterature [3]

but the value of »n differs conmderably {see table)

The fact that the presence of Mg2* increases ot only
the number of binding site pe; nucleotide but facilitates
is required for the
binding to counteract the electrostatic repulsions
between ihe neganvcly charged ahes;)h.ate group of
DNA and anionic CHR at pH 8. If this be the case, »
one would not expect any mtela(.tmn bhetween hep.mq

. and CHR, both being anionic uander this cendition.

Indeed no spectral change was observed when CHR
(9.5 X10-5 M) and heparin (1.27 X 10~% M) in

" 0.05 M Tris-HCI buffer, pH = 8 were mixed together.

But in presence of _Mw-* (l 9 X100~ -3 M) a lowering in
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'Fw 6. Plot of rémvs r for the binding of CHR to MFES DNA o
in 0.01 M Trs-#HCl buffer + 23. 0 X107 5 n \Igf*b pH 8 at 29°.

absorbance above 405 nm wras observéd without any
red shift in the absorbance maximum [10]. This
observation agrees well with what one would expect
if there is no nearest neighbour interaction between
bound CHR . These data together with those in table 1
can be taken to indicate that Mg?* ions are involved -
directly in the interaction of anionic CHR with DNA.
Th= observed spectral chmues shown in figs. 4 and 5
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_ ‘are stmllar m those fmmd for D\IA—-proﬂavm DNA_
o actinomycin and DNA»ethldlum bromide complexes
~ for which intercalation modetis favoured [11-13]..
.. The csmpetstum experiments’ [10} in which ethxdmm
- bromide (EB) is gradually added to mixtures of
_ mithramycin and DNA and of CHR aml DNA show
. that the addition of small amount.of EB can cause

replacement of mithramycin and CHR bound to DNA.

~ This indicates definitely that the bmdmg of EB affects
- the bmdmg of CHR!mxthramycm to DNA, even though

the mode of binding may differ in each case as in-
dicated by ultra»entntugatmn studies [SL. Further

" studies to decxde this pomt are in progress.
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