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SUMMARY: The relative distribution of bound cis- and trans-(NH3)2PtC12 at specific 
sites in SV40 DNA is evaluated by monitoring the extent to which five restriction 
endonucleases, each of which cleave at a single, unique site, are inhibited as a 
result of the DNA modification. The order of cleavage inhibition is Bgl 12 Bam HI : 
Hpa II, Epn I > ECO RI. Both isomers produce a comparable effect for any particular 
endonuclease. Inhibition correlates with the % (G+C) content within and about the 
recognition sequences. That modified sequences immediately adjacent to the recogni- 
tion sequence influence cleavage is further supported by differential cleavage 
observed with the multicut Hind III endonuclease. The binding of cis-(NH312PtC12 at 
the hyper-reactive ~gl 1 site may well be directly responsible for inhibiting SV40 
replication. 

INTRODUCTION. Cis-diamminedichloroplatinum(I1) (cis-DDP) has proven to be an 

effective anti-neoplastic agent , especialy when used in combination chemotherapy 

(1,2). The geometrical isomer, trans-DDP, is inactive. The critical cis-DDP 

interaction in mammalian cells is widely considered to be a direct modification 

of DNA, which in turn produces the selective inhibition of DNA synthesis both in 

vitro and in vivo (1). Recent findings reveal that the cis-DDP modification on 

DNA (1) produces a larger effective unwinding angle and also (2) stimulates far 

greater levels of Sl nuclease sensitivity than does the trans-DDP modification 

(3,4). Both these studies, and others (5,6,7), are consistent with the mode of 

binding for cis-DDP being different than that of trans-DDP and producing a more 

significant distortion in the DNA structure. Both isomers are expected to bind 

preferentially to guanines and (G+C) rich regions of DNA (5-9) and may form 

monodentate adducts or interstrand crosslinks (IO). However, a mode of binding 

which is stereochemically unique to the cis-DDP isomer and may alter the double 

helix significantly involves an intrastrand crosslink to adjacent guanines (5). 
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Kutinova et al. (11) have observed that cis-DDP treatment of SV40 virally 

infected permissive cells inhibits SV40 replication and V-antigen synthesis, 

while T-antigen production is unaltered. Because of the similarity of the 

effects of cis-DDP and ara-C, it was suggested that cis-DDP may inhibit the 

synthesis of SV40 DNA. These findings, coupled with the fact that the most 

(G+C) rich region in the SV40 genome is within the regulatory region (0.66-0.73 

on the physical map) (12,13 1, prompted us to suggest that cis-DDP may bind pre- 

ferentially in the regulatory region to inhibit metabolic processes, including 

SV40 viral DNA replication (3). In this communication, the relative distribu- 

tion of bound DDP within and about specific sequences in the SV40 genome is eva- 

luated by monitoring the relative cleavage inhibition of site specific restric- 

tion endonucleases (R.E.s). We find (1) preferential binding of both DDP iso- 

mers at the ~ql 1 and ham 

with the (G+C) content in 

discussed in light of the 

cells. 

HI sites and (2) that cleavage inhibition correlates 

and about the R.E. sites. These findings are 

effect of cis-DDP on SV40 replication in permissive 

MATERIALS AND METHODS -- 
SV40 DNA and the restriction endonucleases Bam HI, Bgl 1, Eco RI, Hpa II 

and Kpn I were purchased from Bethesda Research Laboratories. The cis- and 
trans-DDP were supplied by Mathey Bishop Co. and the National Cancer Institute, 
respectively. These solutions were prepared in DNA buffer solution (10 mM 

Tris-HCl, 5 mM NaCl, 1 mM EDTA, pH 7.61, filtered, adjusted to pH 7.6, stored in 
a foil wrapped container at 4OC and used within two weeks of preparation. 

Reaction of SV40 DNA with cis- and trans-DDP: The reactions were carried ------- 
out in DNA buffer for 3 hrs. at 25OC at 9 x lo'> M nucleotide [DNA(N)] and 4.5 x 
1 o-6 - 3.6 x 1O-5 M DDP, yielding formal [DDP/DNA(N)l mole ratios of 0.05-0.2. 
Drop dialysis (14), using Millipore VM type membrane filters (0.05 urn), was 
employed on all samples to remove unbound DDP prior to the cleavage reactions, 
including the DDP-free controls. Therefore, the rb levels are expected to be 
much lower than the formal mole ratios. 

Restriction Endonuclease Cleavage of SV40 DNA: --- Restriction enzymes, Bam 
HI, Bgl 1, Eco RI, Hpa II and Kpn I, which produce cleavage at a single, unique 
sequence in SV40 DNA, were individually assayed for the number of units required 
to just completely cleave a mixture of nicked and supercoiled SV40 DNA under our 
reaction conditions (0.64 ug DNA in 20 ul for 120 minutes at 37OC). These same 
conditions were used in subsequent analyses of the DDP modified-DNA. 

After cleavage reaction buffer was appropriately added to the dialyzed 
sample, the necessary amount of restriction enzyme was added to canpletely 
cleave the untreated DNA. Stop solution (25% glycerol, 5% SDS, 0.025% bromophe- 
no1 blue) was added to the reaction mixture and aliguots containing 0.32 uq DNA 
were loaded on the gel. 

Gel Electrophoresis: Agarose gel electrophoresis was carried out on ver- 
ticalxabs containing 1.4% agarose prepared and run in TBE buffer (90 mM tris 
base, 90 mM boric acid, 2.5 mM EDNA, pH 8.3). The DNA samples were 
electrophoresed at 7 V/cm for about 6 hrs. at room temperature, after pre- 
electrophoresis of the gel for 30 min. at 7 V/an. The gels ware stained for 30 
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minutes in 10 ug/ml ethidium bromide, destained 30 minutes in electrophoresis 
buffer, W illuminated and photographed on Polaroid P/N 55 film with a Polaroid 
MP-4 camera equipped with W haze and red filters. The negative photographs of 
gels were scanned with a Joyce Ioebl densitometer to quantitate band intensities 
and correlate the relative fluorescence in the gel to the amount of DNA applied. 
Samples with known amounts of DNA were employed to confirm that the peak areas in 
the densitometer traces were proportional to the amount of DNA. 

RESULTS AND DISCUSSION -- 

SV40 DNA was reacted with DDP, spot dialyzed and then sufficient restriction 

endonuclease (R.E.) added to just completely cleave an equivalent amount of 

unmodified DNA. - The recognition sequence for the R.E.s are located at O/1.0 (Eco 

RI), 0.1432 (Barn HI), 0.6594 (Bgl 11, 0.7158 (Kpn I) and 0.7259 (Hpa II) on the 

SV40 DNA physical map. Previous studies carried out under these conditions 

suggest that there are comparable levels of bound cis- and trans-DDP (7). A 

ccmparison of the band intensities in each lane of the gel in Figure 1 indicates 

that cleavage by all R.E.s is inhibited, but that the extents of inhibition 

differ greatly for the 5 R.E.s. For any R-E., the extent of inhibition produced 

by cis- and trans-DDP is comparable. Similar results were obtained at incubated 

[DDP/DNA(N)] mole ratios of 0.2 and 0.05. The relative band intensities indi- 

cate that the relative order af cleavage inhibition for the R.E.s as a result of 

either cis- or trans-DDP binding to DNA is: 

BgllA BamHI > HpaII,KpnI >EcoRI 

Assuming that a DDP modification in the immediate vicinity of the recogni- 

tion site will significantly modulate the sequence specific protein-DNA interac- 

tion and thereby inhibit the R.E. cleavage process, these data reflect the 

relative distribution of bound DDP within or about specific sequences in the 

SV40 genome. The order of inhibition observed suggests the sequence at the Bgl 

1 and Bam HI recognition sites are hyper-reactive to DDP binding in SV40 DNA. 

These two sites correspond to the site at or near the origin of replication (15) 

and a major site at which replicative intermediates accumulate during SV40 

replication (16). Beard et al (17) have recently reported that N-acetoxy- 

acetylaminofluorene (AAAF), which binds almost exclusively to guanines also, 

reacts preferentially within the control region in intracellular SV40 minichro- 

mosome. Cur findings with DDP, taken together with that of AAAF, suggest that 
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Figure 1: Cleavage of cis- and trans-DDP modified SV40 DNA by restriction endo- 

nucleases which cut at a single, unique site. Lane 1 shows the mobility c 

nicked (N) and super-coiled (S) forms of SV40 DNA. Lanes 2-6 contain 

SV40 DNA cleaved with Pam HI, Rco RI, Bgl 1, Hpa II and Kpn I, 

respectively. These controls demonstrate complete cleavage to the 

linear (L) form. Lanes 7-11 contain SV40 DNA [9.0 x 10v5 M DNA(N)], 

which was reacted with cis-DDP (1.8 x 10m5 M) and then cleaved with 

restriction enzymes. The order is the same as in the control series. 

Lanes 12-16 contain SV40 DNA reacted similarly with trans-DDP, 

followed by cleavage with restriction enzymes, again in the same 

order as controls. 

agents which bind preferential ly to guanines may exhib lit a preference for 

binding to the regulatory region of SV40 DNA. 

a 

Previous studies have revealed that DDP binds preferentially to guanines 

nd therefore to (G+C) rich regions in DNA (5,6,8,9). Stone et al (51, howew 
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BAM HI AGCTTCCTG.G&ATC.CAGACATGATA 
TCGAA(~;~~A(~~~~~~~TA~TCTGTACTAT 

BGL I 
TAGCTCAGA$,G~(IGAGG’CW+XTC@~~TCT 
ATCGAGTCTCCiXC~TBCGC.C4GAGC~GGGAGA 

EC0 RI AGTGTGSCTAG’AATTCCTTTGCCTAA 
TCACAtCGATCTTAA,GGAAAi.%GATT 

HPA II TGGTGCTGCG+XGCTGTCACGfC 
ACCACGACGC&Q$GACAGTGCCG 

KPN I CGCCTCAGAAG+TA&TAACCAAGTT 
GCCCAGTCTTCFATGGATTGGTTCAA 

Figure 2: Cleavage sites for restriction endonucleases. The recognition 

sequence plus ten base pairs on each side is shown for Ram HI, sgl 1, 

Eco RI, Rpa II and Kpn I. The base pairs that was essential in the 

recognition sequence are underlined with a solid line. Note that the 

central five base pair sequence for Bgl 1 underlined with a broken 

line is not an essential sequence. sequences of two or more adjacent 

guanines are shown stippled. The vertical lines within the recogni- 

tion sequence designate the cleavage site. 

have shown a base sequence dependent difference in the binding of cis- and 

trans-DDP. In this regard we examined the recognition sequences and the sequen- 

ces immediately adjacent to them, to discern whether the order of cleavage inhi- 

bition paralleled the 8 (G+C) content in the recognition sequences. As can be 

seen in Figure 2, the observed order of cleavage inhibition does not parallel 

the % (G+C) content within the recognition sequence. The most obvious discre- 

pencies are with Hpa II and Ram HI, with 100% and 67% (G+C) contents, respec- 

tively. Consideration of the influence of an additional 5 or 10 nucleotides 

immediately adjacent to the recognition site seemed reasonable therefore, 

in that although the effect of DDP binding on DNA is not expected to be long 

range, its influence may extend well beyond the immediate site of binding and 

therefore modulate the R.E.-DNA interaction. Focusing on these larger base 

pair sequences, cleavage inhibition by the DDP binding Parallels the number and 

relative position of the guanines in the sequence. Adjacent guanines enhance 

the inhibition more so than do non-adjacent guanines, with the inhibition being 

significantly greater if the number of adjacent guanines is more than two. This 

latter effect appears to be of particular importance in understanding the signi- 
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ficant inhibition of Barn HI. Although the % (G+C) content of the sequence shown 

in Figure 2 for Bam HI is lower (50%) than that of Bgl 1 (71%) and has fewer 

adjacent guanine clusters, it does have a nucleotide tract of four adjacent 

quanines, which is twice as large as any in the Bgl 1 sequence. Extending the 

analysis to more than 10 base pairs about the recognition sequences proved less 

justifiable (vide infra). Our findings are consistent with more limited studies 

of Kelman and Buchbinder (18) and Ushay et al. (19) to the extent that they 

found that cis-DDP bound to h and pBR322 DNA, respectively, inhibited Bam HI - 

cleavage. However, no comparison with trans-DDP was reported. 

The conclusions drawn from the analysis with the five single cut R.E.s are 

further supported by examination of Hind III cleavage of 5.740 DNA, which occurs 

at 6 sites (data not shown). Differential inhibition is observed at the 6 

equivalent recognition sequences, which can only be explained if DDP binding to 

nucleotides outside of the recognition sequence influences the cleavage process. 

The site wfiich is inhibited to the greatest extent by far is at 0.3231 on the 

physical map and has a tract of 6 guanines immediately adjacent to the cleavage 

site. This is consistent with our conclusions noted above and similar to pre- 

vious findings by Cohen et al. (20). 

In addition, the observation that inhibition does not occur at the 0.9449 

site, although it has a tract of 4 adjacent guanines which are 11-14 nucleotides 

from the recognition sequence, supports our assumption that although DDP binding 

can produce local distortions in DNA structure , its influence is reduced to 

undetectable levels if binding occurs ca 10 nucleotides or more from the 

recognition sequence. 

Three final points should be noted. By this analysis, cis- and trans-DDP 

binding appears to exhibit some binding preference depending on the base pair 

sequence (at least with respect to guaninesl; however, we observe little or no 

sequence-dependent differences between cis- and trans-DDP. Secondly, this and 

other work highlight the fact that different probes used to monitor the 

influence of DDP binding on DNA structure may exhibit very different sen- - 

sitivities to cis- and trans-DDP binding. Although studies using enzymatic or 
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physico-chemical probes have revealed differences in the binding of these iso- 

mers (5-81, the series of R.E.s used in this study appear relatively insensitive 

to the mode of binding and may be influenced predominantly by the local physical 

coverage of DDP at or adjacent to the recognition sequence. DNAase I, a general 

DNA nuclease, exhibits a similar character in that it also is inhibited corn- 

par-ably by either cis- or trans-DDP binding to DNA (21). 

Finally, the observation that the Bgl 1 cleavage is most inhibited suggests 

that this site is hyper-reactive to DDP binding. T antigen, an SV40 viral pro- 

tein, binds to three sequence-specific sites in S&740 DNA , one of which is at the 

Bgl 1 site (22,23). This binding interaction is essential for the autoregula- 

tion of T antigen production and stimulates SV40 viral DNA replication. Since 

T-antigen makes very close contact with guanines in this sequence-specific 

interaction (22), DDP binding to guanines may directly disrupt this regulatory 

binding interaction and possibly inhibit not only SV40 viral replication, but 

also other viral processes. 
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