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1. Intrpduetion

Angzlogs and derivatives of the chemical carcinogen
N-2-fluorenylacetamide (AAF), afier metabolic activa-
tion, are known io induce tumaors in many different
tissues {1—8]. :

By using synthetic analogs of these meiabolites, we
have a unique opportunity to smdy in vizro the 1ela-
tionship between carcinogenic activity and physmal
modification of DNA.

Calf thymus DNA was reacted in yitro with #-acet-
oxXy-V-2-acetylamino-7-fluoroflnorene { AAAFF), an
nltimate metabolite of the strong carcinogen N-2-
acetylamine-7-fuorofluorens {AAFYE) [2] and with
Neaceloxy-V-2-acetylamine-7-indofluorens { AAALIF)
a possible metabolile of the non-carcinogen N-2-
acetylamino-7-jodofluorene (AAIF) [7].

In the case of N-acstoxy<V-2-aceiylaminofinorens
{AAAF) and AAAFF, the covalently linked fluorene
induces local denaturation of the double helix. In fact,

_the modified base is shifted ouiside the double helix,
while the fixed carcinogen is inserted. By means of
kinetic experiments, we have shown that “"breathing™
of the DNA duplex takes place preferentially in the
neighborhood of gach meodified base plate. Such an -
effect was no longer observed with AAAIF, which af-
fects only slightly the thermal stability of the DNA
molecule and its dynamic properties.

2 Matenals ;a:ud methods

'The way of syn‘thesxs of the two new compounds
AAAFF and AAATF will be des:ribed slsewhere [9].

. DNA was the same as des nbed i *apxex,edlng paper {1 B] ‘

"Aorzh-HoHand _Pubhshm‘, Cx)mpany Amst erdam

The reaction of DNA with AAAF, AAATF and
AAATF, the extraction and the purification of the
modified DNA were performed in a way similar to
that described by Miller ex al. [11]. In the uliraviolet
spectrum of the modified DNA | a shoulder appears
at 305 nm, 310 nm and 313 mm with AAAF, AAATFF
and AAAIF, respectively.

The determination of the iodine in the DNA-AAIF
samples by the ultramicromethod described by Spitzy
et 2l. {12] enables us tc calenlate the specific extine-
tion coefficient of the addition product at 310 nm. The
percentage of modified basss in AAAIF-teacied DNA
was calculated according to our method [13]). In the
case of DNA—AAFF, work is now in progress to titrate,
after mineralisation, the fluorine ion by meansof a.
specific electrode.

3. Results and 2 scussion
3.1. Circular dichroism

' Upon binding of ﬁﬁra fluorene derivatives, a negative
band appears at 300 nm (fig. 1). 1t has been shown
[13] that for a given carcinogen, the intensity of the
signal is only dependent of the total amount of car-
cinogen bound and noi of the ratio carcinogen/DNA.

3. Ma?];rmg CHIVES.

- "As in the case of DNA-AAF 1}3 15}, we observed
with DNA—AA"FF a iinear ﬁecxea&, of Tj;, of abom

Coace per 1% of modified bases.

With DNA—AATF, the destabilizing effect is ﬂuee
times sma.le; {f B 2). Ai 305 mm, a ;cc»npgranve melt-
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Fig, 1. Circular dichrolsm spectra of native and modified calf
thymnz DMA in 2 X 103 M wodinm citsate buffer {pH 7). The
specira were recorded with a Jounan I dichrograph. n-DNA:
native DNA; DNA—AAIF: 8.85% of mcdified bases, DNA—~
AAF: 13.0% of modified bases. DNA-—AAFF: ~ 13% of mod-
ified bases. The concentration of DNA was in each case of

=~ 1.5 % 107 mel of phosphoms/2.

ing curve is still observed in svery case. The melting -
temperature T, is similar at the two wavelengths
260 and 305 nm.

When a large amount of AAAFF is bound to DNA.
{==2 13% of modified bases) the decrease of T, is as
high as 20C° but only 5C° in the case of AAA]F In -
the same conditions, the negative band at 240 nm of
the CD specirum dlsappems with DNA—AAFF (fig. 1).
Thus, the hypochromicity, the cooperalive ;meltmg
and the CD measured at 303 nm are present in each
case. Therefore these physical parameters do not ap-
pear as directly related to the carcinogenic properties.

The apparition of optical activity and hypochromism .

‘in the absorphon band of the: fieorens derivatives:

~which was considered asan evad»nce of mtercalatwn,. :

fméxcated only that the aromatic chromophore ex-
periences the internal fieid 'of the double helix.
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‘Fig. 2. Melting temperature at 260 nm vs. percentage of mod-

ified bases in 2 X 1073 MJ2 sodinm citrate buffer (pH 7).

+: DNA—AAIF. ®: DNA—AAF. The decrease of TES? with
AAAFF modified DNA is similar io that cbserved wnh
DNA-AATF.

More indicative is the change of T, with the rela-
tive amount of modified bases, since in this case =
strong linear decrease is found only with DNA modi-

fied by a carcinogen like AAAF and AAAFF.
3.3. Kinetic experiments

Finally the dynamic state of the DNA, as deter-
mined from kinetics of nnwinding is directly related
to the carcinogenic activity. -
Utiyama and Doty [16] and Von BHippel and meg
[17] have shown how it is possible 1o get very useful

" indications about the dynamic structure of DNA, by
: fb]lcewin:g the kinetics of unwinding induced by HCHO -

in given experimental conditions. At the same time:
Lazurkin et al. [18] wezre using the same experimenial
proce=. ses 1o detect the concentration of “weak”

“points in a DNA sample. -

We have compared the initial rate z:cmstam of un- |

winding kg for native DNA, modified DNA (fig: 3) -
o and denam:reﬂ DNA_ Table E gzves ‘the iniiial Tate: of
i unwmdmg in the case of DNA—AAF; DNA—AAFF
-~ and DNA—AAIF wnh
e bases, and ihe same rate ablamed wﬁh natlve (n_DNA)

1ﬁ"erent amounts of modﬁ‘seﬁ
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Fig. 3. increase in optical density of native and modified calf
thymus DNA followed at 251 nm. The reaction mixtore con-
tains 0.042 molf2 sodmm borate buffer pH 3.9 ang 1.05 molf2
formaldehyde. All experiments were performed at 49.0 = 0.2°C.
‘nDNA: native DNA; DNA—AATEF: 1.3% ©of modifisd bases;
DNA—AAF: 1.7% of modified bases; DNA—AAFF: = 1.4%
of modified bases. The initial rate constant X, is determined

in each case by: kg, = {initial slope){AZ? X H25Y), where
AZ®: absorbance at 251 nm at time zero {corrected for
formaldehyde absorbance) and 25 : total hypachromicity
due either o complete denaturation or o complete Teaction
at 251 nm. This parameier ‘was determined in sach case.

and denatured (d-DNA) in the same conditions of
temperaiure and jonic strength. According to Von
Hippel and Wong {17}, the ratio kX, pyal%apna 2P
resents the relative amount 8{T), py 2 of “open™
base plates in native DNA a2t a given temperature.

If Q(T)Q-DNA represents the corresponding relative

mouni in the case 0? mnﬂnﬁed DMNA, one finds :a]wayS' :

8 (T)c»DNA > EnDNA
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Table 1 .
Calculation of mhe number of open base plates x{T) introduced:
by a given single fluorene derivative bound o native DNA.

Percentags:

T=49°C kox 10% 8,(T) 80T ()

s : of modified minr]

bases

d-DNA ) ‘1700
nDNA D 8D 0.047
DMA—AAF 1.7 450 0.264 12-13
DNA—AAFF 1.4 - 360 0270 15-16
DNA—AAIF 1.3 310 .. DDBES 12
DNA—-AAF 3.7 B30 . G517 31213
DNA—-AAIF 2.5 180 03106 2

Al nnwinding measurem.ents were performed in sedivm boraie
buffer 0.042 molf2, pH 9. The melting temperature of native
calf thymus DNA in this buffer is 70°C.

The diffsrence §_—8,, can thus be attributed to the
additional “breathing” induced by the presence of
open G—C pairs. The ratio x(T) = (8 .—6,)/% modi-
fied bases will be therefore a measure of the local -
desorganization in the vicinity of the covalenily bound
molecule of carcinogen expressed as an average number
of open base plaies. Resnlts are given in table 1.

At a given temperature, i.e. 49°C {20C° lower
than T,,) we can notice that the number x of open
base plates in the vicinity of a covalently bound flu-
orene residue, is independent of the percentags of
modified bases and appears therefore as a character-
istic parameter of a given molecule. As shown in table
1, the iodo-derivative introduces only a weak destabi-
Tization {1—2 bass plate per residus) whereas the car-
cinogenic denvatives AAAF and ASAFF induce much
larger loops {12—13 base plates per bound residue).

The number x of desorganized nucleoti-le pairs ir.
the neighborhood of a binding site, can tais be con-
sidered as a physical measurement of the ¢ arcinogenic
activity. -

1t remains however to @xplam why cart an@gens

- Iike AAAF and AAAFF introduce such open loops,

whereas non carcinogens like AAAIF do n.ot. Several
steps may be introduced in this prozess:

1) the covalent binding of AAAF tc DMA was
shown [12] 1o be only possible if the bas: pair G—C
is open in order-to make Cy sierically accessible. It

is reasonable to assume the same initial step for the
¢hemical reaction between each fluorens derivative

and] DNA_Work is in progress to stdy the relative
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reactivity . of each carcmogen toward DNA bases, anﬁ

“to determine the chemical na&ure of thn addmon prod_

ucts.
i) The covalent bmdmg is fi ollowed \by a rotation

of the gronp “G-fluorene™ around the glycosyl bond "~ :
Mg —CY, inrorder to put the flaorene ring in the space

available beiween the two nearest neighbours of the -
G—C pair, and to push out the guanine residue. This
model is in agreement with recert works on {RNA
{19] and #rinucleotides [20). This second step is only:
_possible if the inserticn of the aromatic ring isnot . -
hindered -either for sterical reasons [:non»planzniy,
“bulky™ subsntuem) or for energetical reasons. In
fact, the stacking energy of aromatic rings decreases
-qmckly if their distance is kept greater than 3.2 A
[21]. Both effects are indeed present together and
for the iodo~-derivative the total energetical balance
is unfavourable to insert the fluorene nucleus in the
double helix (the Van der Waals diameter of iodine is
4,3 A). This second step s the most important to
make the distinction between carcinogenic and non-
carcinogenic moliecules. -

i) The fluorene ring is unable to be pmred with
the C-residue and such a local distortion indnces con-
formational and energetical changes in the neighbour-
ing pairs of nucleotides; Aronnd each covalently
bound carcinogen, able to be intercalated in place of

guanine, the secondary siructure of the DNA is there-

fore permanently opened. The existence of these local
-desorganized groups of nucleotides would be the key

of the carcinogenic properties. Such effect was no

longer observed with inolecules like AAAIF unable

10 be inserted because of their molecular thickness. -

The model which is presented and discussed here, . - '

relative to the mechamsm of action of a séries of

chemical cammogens, eould be extended 1o amy pro--. - )
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“cess gmng Tise 10 a local anﬁ permanent destabihza-_
tion of a sequence of ‘bas.,s mmde the DNA
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