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Antitumor drug cisplatin forms in DNA intermediate monofunctional and final bifunctional adducts
that produces strong structural distortions to the double helix. To study the influence of both distortions on
DNA thermal properties, we have monitored 8T,,(¢) that is the time dependence of a change in DNA melting
temperature under incubation with cisplatin. Cisplatin/nucleotide molar ratio was 0.01 to 0.1, incubation was
carried out in 0.01 M NaClO,. Previously found alkaline conditions were used for melting experiments. The
alkaline medium makes the thermal effect of cisplatin much stronger and prevents further transformation of
intermediate monofunctional adducts under heating. Processing of the experimental curves 0Tx(f), modeling of
adduct formation and of the dependence 8T, (¢) were carried out. It has been found that, at /<8 min, only mono-
functional adducts originated from initially monoaquated cisplatin influence 0T (¢). Their concentration is
highest and impact on thermal stability is maximal at /=8 min. For 8 min<t<10 h, a change in 8Ty(¢) is mainly
caused by accumulation of bifunctional adducts, although there is some influence of intermediate
monofunctional adducts arisen from initially non-dissociated cisplatin. Only bifunctional adducts influence
OTw(f) at £10 hours. Kinetic and thermal characteristics of both intermediate monofunctional and final
bifunctional adducts were determined. Among other things, we have demonstrated a two-fold stronger thermal
destabilization of the double helix by a bifunctional adduct relative to a monofunctional one and a strong
influence of initial state of cisplatin in incubation medium on the kinetics of DNA thermal stability under
incubation with cisplatin.

DNA-complexes with platinum compounds — optical melting studies — kinetics of DNA platination

Zwljumpnigpujhtt phnuiynmpe hwinhuwgnn ghuujuwnhip juupnud § YuE-h htn' wnw-
owgutiny vhowiljuy dnundniuyghniiuy b Jpguwlw phpniughniiw) wnnijunutkp, npnip phpnud G
Epuwpnyph juenigywspuyht pwpindwip: YuE-h obpuughtt hwnlnipymttph Jpu wynuhuh
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TuE-h  huydwt  gipdwuwnhfuh  thnthnjumput jupjuwsmpnmut £ ghugjjuwnhuh  hbn
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wbu b yhpohuljutt phpnmiijghniiuy wnnilpinitph hwdwp:

Uwubuynpuybu gnyg E wpdws, np phdnilghntiuy wynmiljunp ghypnud YuE-h obpdw-
Yuyniinipynip 2 waqud nidtn £ tduqnud, b wwpplpnipinit dnindnitjghniw) winniljnh, husytu
twlb hwunwndus £ huljnipughnt dhowuypnud ghuyjjunhth uljqpiwljun Jhdwlh nidln wg-
nlignipniup Ful-h obpUwljuyniimpjut huknhlugh Jpu:

O miluykpullkp  ujunnplughll  dpwgnipimibbkph Ak - 2O-hp hwplwl wgklnpuy
muniinuuppnipnel — 2UO-h yjunpugdwl fhalnplu

[IpoTrBOOMyXO0JIEBBIN Tpenapar ucIuIaTHH cBszbiBaeTcs ¢ JJHK, oOpasys mpomexyTou-
Hble MOHO(YHKIMOHAJIbHBIE M KOHEYHble OM(YHKIMOHAIBHBIC aJUTyKThl, KOTOPBIE IPHBOIAT K
CHJIBHBIM CTPYKTYPHBIM MCKQ)KCHUSIM JIBOMHOW crivpaiu. [l u3yueHus BIUSHUS TaKUX HCKaXKe-
Huit Ha TepmoctabmibHOCTh JTHK MBI uccnenoBanmu gyukimo 8T,,(f), ABISIONIYIOCS 3aBUCHMOC-
TBIO U3MeHeHus Temiiepatypsl iasnenus JJHK ot Bpemenu nnkyOannu ¢ nucruiatuHom. Mcenous-
30BaJIOCh MOJISIPHOE COOTHOIIeHUe muciuiaTu/Hykiaeotun ot 0.01 no 0.1, nHKyOanuo NpoBoaMIN
B 0.01 M NaClO,. DxcriepuMeHTSI 10 IUIABJICHUIO POBOANIIN B ILEIOYHON Cpelie, yCUIHBAIOIIeH
s¢dexT nucmiatuHa Ha TepmoctadbminpHocTs JJHK 1 mpensrtcTBytomeit nanbheiiieit TpaHchop-
MalU# TIPOMEKYTOUHBIX MOHO(YHKIMOHAIBHBIX aATyKTOB, KOTOpass MPOMCXOMUT NPH HarpeBa-
HUM B HEHTpanbHOH cpenme. bputa mpoBemeHa MaTemaTHdyeckas oOpabOTKa IKCHEPHMEHTAIBHBIX
kpuBbIX 0T, (7), MomenmpoBaHe 00Opa3oBaHUs aAdyKTOB U COOTBETCTBYIOIIETO H3MEHEHHS TEPMO-
crabmneHOCcTH JIHK. OGHapy)eHo, uTo npH <8 MuH Ha TepMocTabmisHOCTh JJHK BiamstoT Tomb-
KO MOHO(YHKIHOHAIBHBIE aJUTyKThl, 00pa3yIoIHecss U3 UCXOMHO MOHOTHAPATHPOBAHHOTO IIHC-
wiatuHa. [Ipy =8 MUH KOHIEHTpanuss MOHO(QYHKIMOHANBHBIX aITyKTOB M MX BO3JEHCTBHE Ha
tepMmoctabunbHocTh JIHK Makcumanbhbl. B TeueHne BpemenHoro nepuona 8 MuH<t<10 4 m3MeHe-
uue 8T,,(f) B OCHOBHOM BBI3BaHO HAKOIUICHHEM OM(YHKIMOHATBHBIX aJUTyKTOB, XOTS IIPOMEXKY-
TOYHBIE MOHO(YHKIMOHAJBHBIE aJUIyKThl, KOTOpbIe 00pa3yloTCs U3 MePBOHAYAIBEHO HEMCCOLMH-
POBaHHOTO LUCIUIATHHA, TAK)KE OKa3bIBAIOT HekoTopoe BiusHue. Ilpu £10 4 Tonbko OGupyHK-
LMOHAJIBHBIE aJTyKThl OKa3bIBalOT BiMsHHME Ha OT,(f). Beutn onpeneneHsl KMHETHYECKHE Mapa-
METpPBI U H3MEHEHUE TEPMOCTaOMIBHOCTH, 00YCIIOBICHHOE KaK MPOMEKYTOYHBIMA MOHO(DYHKIIHO-
HaJIbHBIMH, TaK ¥ KOHEYHBIMHU ON(YHKIIMOHANBHBIMY aJlyKTaMi. B 4acTHOCTH, NOKa3aHO, YTO OU-
(GyHKIMOHATIBHBIN aAdyKT B IBa pa3a CUJIbHEE CHIDKAET TEPMOCTAOUIBHOCTD JIBOMHON CIIUpaITH MO
CPaBHEHHIO C MOHO(YHKIIMOHAJIBHBIM aJIyKTOM, a TaKXKe HMPOAEMOHCTPHPOBAHO CHIBHOE BIIUS-
HHE MCXOJHOTO COCTOSHHMS LUCIUIATHHA B MHKYyOaIMOHHOW cpefe Ha KMHETHKY TepMOCTalOHiIb-
noctu JIHK.

Komnnexcor /[HK ¢ coeOunenusmu niamuHvl — CHeKMpAanbHoe UCCie008aHue
naasnenus [JHK — kunemuka niamunuposanus [JHK

Cisplatin (cis-Pt(NH;),Cl,) is an effective antitumor drug that exerts its biological
activity by direct strong coordination binding to DNA. It is used for treatment of testicular,
ovarian, cervical, head, neck, esophageal, and lung cancer. Therefore various studies have
been carried out to reveal its action mechanism [4, 9]. Cisplatin includes two cis-amine
non-leaving ligands and two labile chloride leaving groups. The major product of DNA-
cisplatin reaction is intra-strand cross-links between adjacent purines [4, 9]. Their forma-
tion is slow and hindered by chloride ions. Therefore DNA platination in vitro is usually
carried out in NaClO,. The ion ClO4- does not stop platination in contrast to CI. The half
time (¢,) of the first chloride dissociation and substitution with a water molecule is
~2 hours [1]. The hydrolysis is followed by quick formation in DNA of intermediate mo-
nofunctional adduct mainly with N7 atom of guanine. The monofunctional adduct
undergoes a slow chloride dissociation and hydrolysis characterized with approximately
the same ¢, [1]. After that, the second coordination bond with N7 atom of a neighboring
purine of the same strand arises quickly. These intra-strand cross-links account for 90% of
products. Additionally, 6% of platinated sites form interstrand cross-links between neighbo-
ring guanines of different strands. Thus, almost all final adducts are bifunctional.
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As we have previously found, alkaline medium (pH~10.5) strengthens a change in
DNA melting temperature (§Tm) caused by cisplatin binding [7]. Moreover, intermediate
monofunctional adducts formed by cisplatin become stable against heating and can be stu-
died in melting experiments [7].

These findings allowed us to measure kinetics of the shift in melting temperature
under platination, i.e., to determine the dependence 8T,,(¢). The formation of intermediate
monofunctional and final bifunctional adducts of platination are well resolved in the plot
8Tn(?) if melting experiments are carried out in alkaline medium. It allows separate measu-
rement of the rate of their formation and their influence on DNA thermal stability. Such
measurements, their processing and modeling have been carried out in this study to deter-
mine kinetic and thermal parameters of platination.

Materials and methods. Ultra pure calf thymus DNA that we prepared was used
(protein<0.1%, RNA<0.1%, molecular mass ~30 MDa). The properties of this DNA have been
previously described (6). DNA at a concentration of 1.2 mg/ml was incubated with cisplatin of
Sigma-Aldrich Chemical Company. For measurements of melting temperature kinetics under
platination, Pt/nucleotide molar ratio (r) was 0.01 to 0.1.

Cisplatin was added to DNA from a stock solution in distilled water (1 mg/ml) after
several day of incubation at 25°C. This stock solution contains 35 % of undissociated, 65 % of
monoaquated and less 1% of diaquated cisplatin [10]. The equilibrium is reached during 25 hours
after cisplatin's dissolution [2, 10].

The DNA-cisplatin mixture was incubated in 0,01 M NaClO, at 37°C in the dark (pH~6).
At time intervals from 1 min to 48 h, aliquots of the reaction mixture were withdrawn. Platination
in the aliquots was stopped by adjusting NaCl concentration to 0,1 M. This chloride concentration
stops cisplatin binding and transformation of intermediate monofunctional adducts at temperature
lower 37°C, but there is a well pronounced further development of this reaction if the temperature
is higher 50°C (not shown). Then the samples of DNA solution were diluted to concentration
0,075 mg/ml and frozen at -28°C [3,7,8,11].

For melting experiments, DNA was thawed and diluted to 0.04 mg/ml. The melting was
carried out in 0.1 M NaCl, 0.005 M Na,CO;, 0.001M NaClO,, 5.10°M EDTA, pH 10,5. In this
buffer, the melting temperature of unmodified DNA is 65+0,3°C. DNA helix-coil transition was
registered by measuring the optical density at 260 nm as a function of temperature using a SF-26
spectrophotometer (LOMO, Russia) or Perkin-Elmer Lambda 800 UV/VIS (USA).

The results of the time dependences obtained under incubation and further melting of
platinated DNA were exhibited as a relative change in melting temperature 0(#)= 87,,,(£)/8 Trax Where
S8T(?) is the time dependence of a change in melting temperature, i.e., 87,(£)=Tn(f)-T(=0), and
0T 1max=0T(#>10 h) is the maximal shift in melting temperature that is reached during 10 hours of
incubation. The dependences O(t) are almost the same for the Pt/nucleotide molar ratio r from
interval 0,01 to 0,1. For these r values, almost all cisplatin binds to DNA during incubation [5].

In all calculations, the fractions of primary products (monoaquated and non-dissociated
cisplatin), intermediate monofunctional and final bifunctional adducts are given in regard to total
cisplatin in incubation medium.

Results and Discussion. The kinetics of DNA thermal stability under platination

In our previous study [7], we have found that alkaline medium (pH~10.5) makes the
shift in the melting temperature caused by cisplatin (57;,,) much stronger relative to melting
carried out at pH~7. Additionally, intermediate monofunctional adducts become stable
against heating in alkaline conditions. Therefore the properties of both monofunctional and
bifunctional adducts can be studied in melting experiments if registration of melting curves
is carried out at pH~10.5 after various time intervals of DNA incubation with cisplatin in
0,01 M NaClO,4 at pH 6. A monotonous decrease of melting temperature with time (7,,()
occurs from the first minutes of incubation of DNA with cisplatin, and the maximal destabi-
lization shift (8T ) is reached during 10 hours. Later 7,,(¢) and 87,,(£)=Tn(£)-Tu(=0) do
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not change. The maximal destabilization corresponds to the shift 87 ;,,= -12+1,5°C for Pt/nucleotide
molar ratio r=0,05.

In our present study, the shift 67;,(f) is normalized to 67;,,=87,,(t 210 h). For this relative
shift in melting temperature 0(¢)= 07,(t)/0Tax, all kinetic curves 0(t) are very close if r<0.1. All
dependences 0(r) are monotonous and change with time from zero to unity.

In fig. 1, the time dependence 0 (#)= 87,(f)/ 8 Tpax for »=0.05 is exhibited (curve 1 exp).
The parameter ¢, determined as 6(#,,)=0.5 is equal to 70 min. A two-step change in 0(7) is well
seen. To carry out separation of slow and quick steps, the curve 1 exp was differentiated and dissolved
into the two constituents. Then the constituents of the differential curve were separately integrated to
obtain corresponding constituents la and 1b of curve 1 exp (fig. 1). Constituent 1a is characterized with
tp:=1.2 min and its height is equal to 0.29. For constituent 1b, the value of ¢, is 120 min and the
height is 0.71.

1.040(2)= 8T 1, ()/8T pax

0.0

01 10 100 1000

Fig. 1. The time dependence of a relative change in DNA melting temperature caused by binding
and transformation of cisplatin: 0(#)=07,,(t)/0T pa; ST, (£)=T,,(2)-T,,(t=0);
67,,.=T,(t=210 h)-T,,(=0) is the maximal shift in melting temperature reached at  >10 h. The
experimental curve (1 exp) and the curve calculated using Eqs.(3)-(14) (1 cal) are in good
agreement. The curves 1a and 1b are the constituents of the experimental curve 6(¢) (1 exp). At
<8 min, constituent 1a reflects a relative change in melting temperature caused the formation and
accumulation of monofunctional adducts formed from monoaquated cisplatin. The growth of 0 (7)
above constituent 1a at £>8 min is depicted with constituent 1b that mainly reflects accumulation
of bifunctional adducts.

Binding to DNA and further transformation of cisplatin. In this study, the relative
concentration (fraction) of initial monoaquated (ma) and non-dissociated (c) cisplatin, intermediate

monofunctional () and final bifunctional adducts (b) are given in regard to the total concentration of
cisplatin in incubation medium.

In cisplatin stock solution we use (concentration 1 mg/ml and pHS, 6), the fraction of
monoaquated cisplatin (0,,,) is equal to 0,65 and the fraction of unaquated (non-dissociated) cisplatin
(0,) is 0,35 (10). The value of #,mma for formation of monofunctional adducts from monoaquated
cisplatin evaluated in various studies is 1+6 minutes ((1) and references therein). There are no other
types of adducts that can influence DNA thermal stability during the first minutes of incubation,
because parallel formation of monofunctional adducts from initially unaquated (non-dissociated)
cisplatin (6¢=0.35) is too slow (¢;,mc~2h). Although inter-strand and intra-strand cross-links can be
quickly formed from diaquated cisplatin, its fraction in the cisplatin stock solution is less 0.01 (10).
Therefore these DNA modifications do not influence 3Tm(t) and 6(t) if t is low. Thus, the first step of
the kinetic curve 1exp in fig. 1 is caused by quick formation of monofunctional adducts from
monoaquated cisplatin (ma) that arises in stock solution of
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cisplatin. Corresponding constituent la reflects a relative change in melting temperature
caused by the accumulation of monofunctional adducts formed from monoaquated cisplatin
from stock solution (mma). This process overlaps the time interval 0<¢<8 min and
tpmme=1,2 min. At £~8 min, constituent la does not change. Additional increase in 6(f) abo-
ve constituent 1a is exhibited by constituent 1b caused by all other types of adducts. This se-
cond step of curve 1 exp in fig. 1 corresponds to the two slow processes: transformation mo-
nofunctional adducts into final bifunctional ones and formation of monofunctional adducts
(mc) from unaquated (non-dissociated) cisplatin (c) that accounts for 35 % in stock solution
(6.(0)=0,35).

Modeling of the time dependences of thermal stability and of the fractions of mono-
functional and bifunctional adducts. As it was done before (1), let us consider cisplatin
transformation as parallel successive pseudo-first-order reactions. Initially monoaquated cis-
platin (ma) undergoes the following transformation during incubation with DNA:

monoaquated cisplatin (Mma) — monoadduct (mma) — biadduct (bma) (1

Initially undissociated cisplatin (c) transforms in the following way:
kmc kb
cisplatin (C) — monoadduct (Mmc) — biadduct (bc) 2)

The first stage in Eq.(1) is quick (1+6 min) and the second one is slow (~2 h) (1). In
Equations (2), both stages are slow (~2 h). Equations (1)-(2) are simplified by omission of
short-lived intermediates of very low relative concentration. Those are monoaquated
cisplatin originated from non-dissociated cisplatin (Equations (2)) and aquated
monofunctional adducts (Equations (1), (2)).

The time dependences of the fractions of all compounds involved in reactions given
with Equations (1), (2) are the following:

ec(t): ec(o) : exp('kmma 't) (3)
ema(t)z ema(o) : exp('kmc t) (4)
_ Ko
0,c()=6:(0) - —— - [exp(-t - kyc)- exp(-t - kp) ] (5)
mc + kb
6mma(t) :ema(o) km$ : [ exp('t : kmmu)' exp('t : kb) ] (6)
mma + kb

0,:(1)=6.(0) - [ 1- k. exp(-f 'kmc)+L - exp(-t-ky) | @)
b~ Mme kb T Me
_ k k
ebma(t) 7ema(0)' [ l-— . exp(-t : kmmaz)Jr mma__ - exp(-t : kb) ] (8)
— k. —
b mma b mec

In conditions of the cisplatin stock solution (1 mg/ml, pH 5.6), the sum of primary
total fraction of non-dissociated 6.(0) and monoaquated 0,,,,(0) cisplatin is equal to unity:
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0:(0)+ 61ma(0)=1 ©)
The fraction of total unbound cisplatin (0.5 «(?)) is the sum of monoaquated and non-
dissociated cisplatin:

6cisﬁlol(l‘): ema(t) +ec(t) (10)

The total fractions of monofunctional and bifunctional adducts are the following:
0m(1)= Omc(D)+0 mma(?) (11

05(5)= Obe()F Opmal(?) (12)

The time dependences of all fractions were calculated for parallel successive pseudo-first-order
reactions (Equations (1) and (2)) with primary conditions 0.(0)=0.35, 6,,,(0)=0.65 where 6.(f) and
0,,4(?) are the fractions of non-dissociated and monoaquated cisplatin, respectively (10). We also use
the values of the pseudo-first-order rate constants k,,=10,2 - 10~ and k;,=9,2 - 10” s™! for formation of
monofunctional adducts from non-dissociated cisplatin and bifunctional adducts from monofunctional
adducts determined by Bancroft et al. (1). Fig.1 demonstrates that, in 0.01 M NaClOy, t;/,,,=1.2 min
for formation of monofunctional adducts from monoaquated cisplatin. It corresponds to pseudo-first-
order rate constant Kyn,,=9.7 - 10757, Using these parameters, we have calculated time dependences of
fractions of two types of monofunctional (0,.(¢), 0 ma(f)) and bifunctional (0,.(¢), 0;,.4(f) adducts
arisen from non-dissociated (c) and monoaquated (ma) cisplatin, respectively.

If all cisplatin in stock solution is monoaquated (6.(0)=0, 0,,,(0)=1), the height of the first step
of curve 1exp and the constituent la in fig. 1 would be maximal, i.e., 8T, /0T =0,45
(0,29/0,65=0,45), where 87, m is a temperature shift caused by transformation of all cisplatin
introduced in DNA solution into monofunctional adducts only.

At a studied cisplatin/nucleotide molar ratio (7=0.01-0.1), final cisplatin-DNA products are the
same independently of cisplatin species in stock solution (1). These final products formed after
10 hours are mainly bifunctional ones (intra-strand and inter-strand cross-links account for 96 %) and
their total per nucleotide amount is close to r. Therefore the final and maximal shift of melting
temperature is almost fully caused by bifunctional adducts, i.e., 8T jnax 5= 07,5, Where 087, is the
maximal (final) shift in melting temperature, and 87, , is the contribution of bifunctional adducts in
this final shift. Thus, 87, » /0T is equal to unity and 87, ,/07,,,=0,45 where 87, , is a
temperature shift caused by transformation of all cisplatin introduced in DNA solution into
monofunctional adducts only. It means that destabilizing effect of bifunctional adducts is 2,2-fold
stronger than that of monofunctional ones (1/0,45). Taking into account these circumstances, the time
dependence of a relative change in melting temperature can be represented in the following way:

8 ()= 8T w(?) 8T,0aex=(8 Tomax m/ S Tmax )- Om(8) + (8 imax v/ T ). 05(1) (13)

0(1)=0,45 - 0,,()+ 0,(0) (14)

Kinetics of cisplatin transformation and its influence on temporal behavior of DNA thermal
stability under platination. As follows from fig. 2A, the fractions of free monoaquated (0,,,) and non-

dissociated (0,) cisplatin decrease to zero during 8 min and 10 hours, respectively. Those time
intervals correspond to the time of saturation for constituents la and 1b in fig. 1. During the first 8 min
of incubation, only monofunctional adducts arisen from monoaquated cisplatin of stock solution are
formed. Their maximal fraction

(0,ma(=8 min)=0,65) is close to the initial fraction of monoaquated cisplatin in
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stock solution (0,,,(+=0), fig. 2A) and to the maximal total fraction of the monofunctional
adducts 0,,(t=8 min) (fig. 2B):

0,0a(t=0) ~ 0,,,,4(¢=8 min) ~ 0,,(/=8 min) ~ 0.65 (15)

Fig. 2. A) Calculated time dependences of fractions of undissociated (0,(¢)) and monoaquated (6,.,(f)) cisplatin;
O1cs Ommas Obe, Opma are the fractions of monofunctional (m) and bifunctional (b) adducts arisen from
undissociated cisplatin (c) and monoaquated cisplatin (ma). B) Calculated time dependences
of the total fractions of monofunctional (0,=6,,:+6,...), bifunctional (6,0, + 0},,,) adducts, and the
total fraction of unbound cisplatin (6.5 ,»~0:16,..). The following parameter values were used for
calculation: 0,(0)=0.35, 0,,,(0)=0.65, Kne=9.7-10-3 -1, k,,,=10.2-10° s-1 (1) and kb=9.2-10" s (1).

Monofunctional adducts arisen from non-dissociated cisplatin cannot be
accumulated, since the rates of their formation from non-dissociated cisplatin and
transformation into bifunctional adducts are almost equal, and the maximal value of their
fraction is much lower (0,,(=3h)=0,13, fig. 2A).

An increase in the fractions of bifunctional adducts arisen from monoaquated and
non-dissociated cisplatin are characterized with S-shaped curves and half times about 2 and
6 hours, respectively (fig. 2A). For total fraction of bifunctional adducts (0,,,,705.), the half
time is 3 hours (fig. 2B).

The time dependence of the relative thermal stability O(t)=0Tm(t)/0T.x Was
calculated for parallel successive pseudo-first-order reactions (Equations (1) and (2)) with
primary conditions 6.(0)=0,35, 6,,,(0)=0,65 using Equations (13), (14). There is a good
coincidence between calculated (1 calc) and experimental (1 exp) curves 6(t) (fig. 1). Both
curves demonstrate a two-step shape. A decrease in the fraction of total cisplatin also
demonstrates a similar two-step character (fig. 2B).

Besides experimental primary conditions (6.(0)=0,35, 6,,(0)=0,65), additional
modeling for two limiting cases was carried out, firstly, for cisplatin fully non-dissociated in
stock solution (6.(0)=1, 6,,,(0)=0) and, secondly, for fully monoaquated cisplatin (6.(0)=0,
0,,,(0)=1). All three dependences 0(¢) are shown in fig. 3. It is seen that the state of cisplatin
in stock solution strongly influences temporal behavior of DNA stability. If all cisplatin in
stock solution is monoaquated (0,,,(0)=1), then the first step is markedly higher relative to
the present experiment, in which 0,,(0)=0,65. If cisplatin is fully non-dissociated
(0,,:(0)=0), the "quick" first step disappears and the shape of the curve is mainly determined
by accumulation of bifunctional adducts.

Computer modeling of a change in 0(¢f)= 87,,(¢)/87,,, without thermal impact of
monofunctional adducts formed from non-dissociated cisplatin demonstrates their weak
influence on 6(#) (fig. 3). It means that the second step in the curve 0(¢)= 87,,(£)/87 ., mainly
reflects accumulation of final bifunctional adducts.
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Fig. 3. Calculated time dependences of a relative change in melting temperature at various starting conditions:
0.(0)=0, 0,,,(0)=1; 0.(0)=1, 6,,,(0)=0; 6.(0)=0.35, 6,,,(0)=0.65 (curve 1 calc from fig. 1); and the same
dependence calculated without thermal impact of monofunctional adducts formed from undissociated
cisplatin. The values of 6.(0) are shown for curve identification.

The first step of 0(¢) that corresponds to accumulation of monofunctional adducts
from monoaquated cisplatin is well resolved because #;,,=t;/2m=1,2 min is a hundred times
lower than the time of transformation of monofunctional adducts into bifunctional ones
(t; 2%t 1 0my~ 2h) and the time of formation of monofunctional adducts from non-dissociated
cisplatin (¢;/5,,.~2h). Therefore monofunctional adducts arisen from monoaquated cisplatin
can be accumulated before their further transformation and give a resolved step.

Monofunctional adducts arisen from non-dissociated cisplatin cannot be accumulated
before their further transformation and give a resolved step, since the rates of their formation
from non-dissociated cisplatin and transformation into bifunctional adducts are almost
equal. The maximal contribution of monofunctional adducts from non-dissociated cisplatin
in 6(¢) is only 0.06 (fig. 3) and the maximal value of their fraction 0,,(=3h)=0,13, i.e., both
the impact and fraction of monofunctional adducts originated from monoaquated cisplatin is
five times higher: their maximal contribution in 0(¢) is 0.29 (fig. 1, curve la) and
0,,ma(=8 min) is close to 0,65 (fig. 2A).

Thus the results of modeling demonstrate that, during the time interval 0<¢<8 min,
only monofunctional adducts arisen from monoaquated cisplatin from stock solution deter-
mine the shift in melting temperature 7,,(f). The maximal fraction of monofunctional ad-
ducts and their maximal impact on DNA melting temperature occur at =8 min. That maxi-
mal fraction is equal to the initial fraction of monoaquated cisplatin in incubation medium
(and in stock cisplatin solution). At £~10 hours, only bifunctional adducts determine the va-
lue of thermal stability and their fraction is close to unity. The separate determination and
comparison of the impacts of monofunctional adducts at /=8 min and bifunctional adducts at
£>10 h, and further calculation of the per adduct thermal effect demonstrate a two-fold stron-
ger thermal destabilization of the double helix by a bifunctional adduct relative to a mono-
functional one.

A kinetic curve of a change in DNA thermal stability under incubation with cisplatin
is characterized with a two-step shape. The first "quick" step is caused by formation and ac-
cumulation of monofunctional adducts arisen from monoaquated cisplatin from stock solu-
tion. The second step is caused by all other processes that are much slower, but it pre-
dominately reflects the accumulation of bifunctional adducts, although there is some inf-
luence of intermediate monofunctional adducts arisen from initially non-dissociated
cisplatin. The state of cisplatin in stock solution strongly influences the shape of the kinetic
curve of a change DNA in thermal stability. If all cisplatin is initially monoaquated, then the
first step is the highest. If cisplatin is fully non-dissociated, the "quick" first step is absent
and a change in thermal stability mainly reflects the accumulation of bifunctional adducts.

In this case, the fraction and impact of monofunctional adducts is small, because of
they cannot be accumulated in a large amount, since the rates of their formation from non-
dissociated cisplatin and transformation into bifunctional adducts are almost equal.
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