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The sequence specificity ol chamicin A, an anti-tumaur antibiotic, binding to DNA was cluckluted considering the inhibition of the tate of digestion

of lincatisad pBRA22 DNA by Ausll, Clul, EcoR1, Hindl1 and Nrul restriction cnzymes. Elsamicin A inhibits the rate of digestion by Nrul

{recegnition sequence TCGOGAD to a greater evtent than il does for the other cnzymes, thus evidenwing the sequenee-seketive binding of dsamicin

to OGC regions in DNA. Our reselis aho show the impontam role of the neighbouring wquenoss in the elamicin A-DNA interactions and their
cilixts 00 the clavage by reatriction enzymes,

Elamicin A Antibiotic-DNA binding: Restriction cngyine

L. INTRODUCTION

Anti-tumour antibiotics presently in use, and many
of those in clinical triwis are belicved te, :xert their activ-
ity by binding to DNA [1, 2]. In a few cascs even the
determinants of the antibiotic-DNA intcractions are
quite well understood.

Among the antibiotics that, because of their pieclini-
cal activities against vanous tumours, arc nowadays
sclected for phase 1 trials, there is a new and novel
fermentation product: clsamicin A {3-3]. the binding of
which to DNA has recently beer characterised {6-8).
This antibiotic appears to btind preferentially to se-
quences containing a CpG step. possibly as a tniplet
S'NCGY’ [6]. Morcover. ¢lsamicin produces extensive
DNA breakage in intact colls (4] that can be also ob-
served in vitro in the presence of a reducing agent and
Fe(l1) {8]. in tact, the chromophore maoicty of clsamicin
(chartarin) acts as a trues catalyst promoting the produc-
tion of hydroxyl radicals that act as the ultimate reactive
species that cleaves DNA [78]. Whereas the mecha-
nisms of DNA breakage induced by elsamicin is well
established by experimental [7.8] and theoretical 8]
<vidence, the exact composition of its sequence-selective
binding site remains partially unknown. As mentioned
above, it is perfectly established that the thicker binding
site for elsamicin A contains the CpG step [6]. but as for
the antibiotic daunomycin (which contains a different
chromophore bound to a sugar moiety [9]) we have
tentatively suggested that the sequence specificity of ¢l-

Correspondence address: 1. Portugal, Departamento de Bioquimica v
Fisiologia. Facultad de Quimica, Universidad de Barcelona. Diagonai
647, 08028 Barcelona, Spain. Fax: (34) (3) 490 14 83,

Published by Elsevier Science Publishers BV,

SAMICIN Foquires us to consider, at keast. a triplet site {6).
In order to clarify the sequence specificity of elsamicin
A, we have undertaken a complementary approach -
DNAse footprinting based on the use of difiere
restriction enzymes containing. or not. the CpG step
within or near their cleaving sequence. Observation of
differential sensitivity at restriction cnzyme sites is a
corroburated probye for the specific binding of antibio-
tics to DNA [9-13).

2. MATERIALS AND METHODS

V. Anrtibiotion. DN A umd resteiction enzvnaey

Ebamisin A (BN Y-28090) was a goncrous gifl from Bristol- Myers,
Wilitazford, LSA. 100 uM solutions of clsamivin were preparcd by
direct wrighing and dissolving in distithed water. Frosh dituted solu-
trons wore propered asing e appropriale resmtion enzyme buller,
Plasmid PBR3IZ was purchasad from  Bes™ '~ ~er-Mannhoim,
Eacariond using SomMiand if armaios aay Wity by agdfes
gl cectrophoresie. The followimg enzymes: Aarkl (Sipma) Clad,
EcoRL. Hindil and Nrul (Bochringer Mannheim) which contain a
unigue site in pBR322 were ased for the restriction nuckease assays.

22 Derermination of binding stoichiometry

This determination was performed using difforent concentrations of
lincarisad pBRI22 DNA and clamicin A 10 obtain different input
ratios of drug to DNA. between 0 and [. Absorbance measurements
at 421 nm. the maximum of absorbance of the antibiotic [3]. were
recorded using a Cobas-Bio autoanalyzer (Roche). Absorbance az 421
nm was plotted versus the input ratio of antibiotic (M) to DNA (@M.
in base pairs). The ratio corresponding to the break point. cakulated
by a least-squares fit. renders the stoichiometric valuc.

2.3 Epecr of oleoicin 4 an the sare of digestion of PBR322 DN A by
FesIriciion CnZVines

We followed the method described by Malcom and Moffau {10] 10

analyze the cffect of elsamicin A on the first-order rate constant at the

individua! restriction enzvmes sites. Al the digests were cammied oul

at 37°C using the buller suggesied by the supplicrs. In o npel
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Flg. 1. Structurnl formula of elsamicin (Ieft pancl) wnd plot of the ubsorbances at 421 nm against the concentrution of the antibiotic added to
liveurised pBRI2I DNA (right panel). The binding stolchiometry was ealenlated (rom this plot as described in the main text.

expetimient DNA solutions contalning between 18 and 30 uM DNA
(in base pairs) were incubated ut 37°C in the presence of different
antiblotie concentrations to tender o drug/DNA ratio below the stoi-
chiowetric value. The digestions of lincatised pBRI22 in the presence
or nbsenee - of the ‘aniiblotic were initinted by the addition of the
appropriute enzyme. At known thne intervaly, aliquots were removed
fron the renction thibe and the reactions were stopped us described in
[3]. The digestion products were resolved by clectrophoresls on 198
agarose gels in TBE bulfer. Gels were londed with about 0.1 ug
DINA/track, stained with ethidium bromide und photographed alter
ranning, Negutives were scanied, aul the relative aren of euch bund
wis determined using a Phastimage (Phurmacin) densitometer deviee,
Lincar least-squares it of the togarithm of the relntive amout of
uncut DNA versus time retwders the fiest order rate constant for
clenvage at cach restriction site.

3. RESULTS

The binding stoichiometry (1) was determined from
the break in the straight lings resulting from the plot
displayed in Fig. 1, For the linearised pBR322 we de-
tected one binding site, which saturates at about one
clsamicin A molecule per four basce pairs (r = 0.25), and
another weaker binding site that saturates at a higher
ratio of elsamicin to DNA (» = 1.43). These values were
used to design a study on the inhibition of the cleavage
of lincarised pBR322 by five different resteiction en-
zymes (sce section 2) in the presence/absence of ¢lsa-
micin. We: unalyzed the ‘differential reactivity at the
restriction sites using input ratios of antibiotic to DNA
around or below the stoichiometric value, thus analyz-
ing differences in cleavage that could be compared
straightforward, in order to define differences in the
antibiotic binding sites. The enzymes used in our experi-
ments, whose target sites are displayed in Fig. 2, have
& unique cutting site in pBR322. The recognition sites
for daill, Clal and Nrul contain the CpG step that has
been previously described by DNase Footprinting as a
component of the sequence-selective site for clsamicin
[6]. Digestion of BamHI linearised pBR322 DNA by
these enzymes results in the initial appearance of three
bands after electrophoresis on an agarose gel. They are
the complete linearised pBR322 and two fragments, one
smaller than the other, which are the products of the
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enzyme cleavage. Fig. 3 shows an example of such
results (note that the smaller fragment has migrated too
far to be seen). The four panels displayed in Fig. 3 depict
the time course of digestion of lincarised pBRI22 by
Nrul in the absence of elsamicin and in the presence of
three different antibiotic/DNA input ratios. All the
digestions were performed with cach restriction enzyme
under conditions in which the reactions follow Girst-
order Kinctics, Fig. 4 presents a plot of the logarithm of
the relative amount of uncut pBR322 versus digestion
time in the presence/absence of dilferent input ratios (r)
of drug to DNA. As described in section 2, the slopes
of these plots were used to caleulate the firstworder rate
counstants. However, we obtained poor reproducidility
in the calculutions of the first-order rate constant for
Clul, possibly reflecting some unknown peculiarites in

5 (BamHD}
pBR322
Clul wrut Aatll
9‘4 &90

mrcATC% ccﬁrrcs'ﬁaﬂ c.\ccrsAmrcms

AATAG 'ram;;rmrcua ccg_:ug_gs_crgsy GTGG»\CTG_I:AG-\TTCT

EcoRl Hind@
] 28
B: ' 1
+ +
TTCAAGAATTC TCATG TCCAT AAGCT T TAATS
AAGTT I:TTAA;S AGTAC AGCTATTCGAAATTAC
L]

Fig. 2. Map of BamHI lincarised pBR322, showing the sequences

sun‘oundm&, the Clal, Nrul, Aatll, EcoR1 and HindIll sites. Clal,

Nrul and Aatll cleavage sites contain the sequence CpG (A), while
EcoR1 and HindllI cleavage sites do rot (B).
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Fig. ). Agarose gebs depcting the tirme coutue of cleavage of lincarised pBRI2 DNA by Nrul, in the abwence of clsamicin, and its presence at input
ration of antibiotic/DNA of @), 0.18 and 023

its Kinetic behaviour. The presence of elsamicin inhibits
the cleavage of their putative sequences by Aarll, Nrul
(Fig. 4A and B) and Clel. but cnhances the rate of
cleavage by Hindlll and EceR1 that do not recognise
sequences containing the CpG step needed for se-
quence-selective binding of elsamicin [6.7). The mcaning
of these enhancements in restriction cnzyme cutting will
be considered in the following discussion.

Fig. § shows a comparison of the relative rate of
digestion of lincarised pBR322 DNA as a function of
the antibiotic added. These plots show that Nrul
(recognition sequence: TCGACGA) ceavage is 0% in-
hibited a1 an input ratio of about 0.18. while 41}
{GACG/T() is not inhibited by more than 15% at the
same ratro. Morcover. even though data for Clal (AT
CGAT) should be used with caution. for the 1easons
given above, the analysis of its agarose gels leads us to
consider that the degree of inhibition is cven smaller
than at the 4arll sites. These results are consistent with
the sequence-selective binding of elsamicin within. or in
the vicinity of, the Nrul recognition site.

4, DISCUSSION

In this study, we have used restriction enzymes to
disciose which is the preferential nucleotide (N) loczted
at the 5’ sitc of the elsamicin binding site: 5NCG3’
deduced from footprinting studies [6]. The rationzle of
our approach is that a triplet appears to be 2 more
‘realistic’ binding site for antibiotics consisting of a
chromophore plus a sugar moiety [2.9,13] than the CpG

step. where the chromophore would be intercalated.
Restriction enzymes seem to be a good probe to deter-
mine such triplet sequences [9.13). At first glance, the
relatively stronger inhibition of the Nrul reaction by
clsamicin A compared to the datl, Clal, EcoRI and
Hindlll reaction observed in Fig. § is consistent with the
preferential binding of elsamicin to the triplet GCGY’,
so clsamicin appears to follow an order of binding pre-
ferenee: TCOG < ACG < GCG. Hence, a purine seems
1o be favoured at the § site. in contrast to what happen
with daunomycin. in which a sequence containing an
AT pair is favour~i 12.24). The disaccharide moiety of
clsamicin could favour different kinde oF ¢ .2t with
the nucicotides at the § site, now (0 mentioa mere subide
dissimilarities that would arise from the different
aglvcone moiety. Nevertheless, a more rigorous analysis
of the possible structural basis of the elsamicin sequence
specificity will require us to wait until crystallographic
and NMR data are available. It is noteworthy that the
related antibiotic chartreusin also recognises CGC
triplet sequences [6.15).

The presence of the sequence TCGCGA at the Nrul
restriction {see Fig. 2) mises a question as to whether
we could be observing a mixture of bindings to TCG
and GCG sites, although because TCG sites (digested
by Clel) are poociy protected we consider that the
stronger protection arises mainly from zlsamicin bind-
ing to $"GCG3". The binding to alternating C+G se-
quences is =speciaily interesiing since one could conjec-
ture that, because of that preference, elsamicin mighi
behave as an antitumour drug by interfering with DNA
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Fig. 4. Comparison of the rates of eleuvage of the darll, Nred, EcoR1 and Harditl sites in the presence of different input ratios of elsamicin to
DNA, The plot displays the unclenved fraction (T ix the total DNA and A the uncleaved band observed on ai agavose gel) of pBHR3I22 DNA ay
u Bunction of time, Rute constants were determined from the slopes of the least squares HUof the experimental data

regions that may adopt the Z-DNA conformation in HindITl and EcoRl reaction sites do not contain
vivo [16.17). Direct evidence for such an effect is, at binding sites for clsamicin [6), see Fig. 2. and. therefore,
present, under investigation in our laboratory. 1o protection of its cleaving activity is detected, hut
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Fig. 5: Cmpp:\ris:m} of the relative rate of digestion of lincarised pBR322 DNA by Clal. Aarll, N (el panel} and Hindill and EcoR1 (right pancl)

as a function of difterent input ratios of cisamicin to DNA. The data show that inhibition of the cleavage reaction oceurs at lower antibiotic

concentration for Nrul relative than for the other restriction enzymes, Hindlll and EcoRI cleaving reactions are enhanced by the presence of
clsamicin A,
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cleavage enhancements are observed in Figs. 4 and S,
They can be attributed to changes in the DNA structure
induced by clsamicin binding in the vicinity of the
restriction sites. Indeed, as can be seen in Fig, 2. puta-
tive clsamicin binding sites are found near the EcoRl
and Himd11} cleavage sites, and the interpretation of the
- cnhanced cleavage as a result of DNA distortions is not
“at variance with. the explanations given to the dil~
 ferences observed in EcoRl1 cutting rates [18,19). Since

all the experiments have been performed at smaller anti-
 biotic concentrations than those required to obtain a
stoichiometric ratio of elsamicin to DNA (r < 0.25), our
results cannot be related to *weak® antibiotic-binding
sites.
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