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EIECRONIC TRANSFER BETWE DNA OR BETWEE RnA
OF SLIGETIZ DFFERIENT CHEMICAL STRUCTURES

Lfolloving is a translation of an article by
1bne Andree Goudot, presented at tho 8 April
1963 meeting of the French Academy Of Sclen-
ees and published in the French-lauguage per-
iodical Cogmtj re~t 8e J'Aaademie des Sci-
c (Reports of the Academy of Sciences),

Vol 256, 1963, pages 3528-3531, under the sub-
Jeet heading of Electronic BiochemistryL/

The addition of a balogen at peak 5 or a
pyrimidine turns the RNA so modified into a
"donor" on a INA or a normal RIMA. That Is why
3T and PO are able to prevent the division in
half of the MA. The addition of CIon the
cytosine turns the DNA of 'he T2  into an
"acceptor" with regard to the DMA of A. nu.
This is what may cause the formation of the D1A
of the pbap at the expense of the IA of the
bacterium.

In two earlier articles (A. Goudot, Qgtas nau.
Vol 255, 1962, p 3420; Vol 256, 1963, p 1776. In 19hese
two artiolag was written erroneously Instead of
MN , while Fig. II Indicates guanine correctly), It was
se, with the aid of the calculation of the energy levels
of the zobile electrons, that under certain conditions there
In a passing band 'Brillouin zone) in polynuoleotides. This

•u Aduotion band allows resonanoe along the axis of the mIa
or RA& moleoule throu!hh traesfer of a pair of electrons be-
tween the Moleoules of the suaoeesive purine-pyrimidine
planes. This resonanoe favors copolynarisation.

In addition, a transfer of electrons W be establish-
ed between purine-pyrimidixne planes of two different INA or



of an adjacent DIL and E!A. For this to occur, the higheat
level occupied by the "donor" has to be just above the low-
est free level of the "acceptor". However, no conduction
band is formed there, for the transferred electrons Seneral-
ly remain on the purine-pyrimidine "acceptor" molecule plane
Instead of resonating on all the purine-pyrimidine planes
of the moleoule to which this plaembelongs. This pair of
f ivon electrons may, nevertheless, serve as a 1C bond be-
ven the purino-pyrimidine "donor" and "acceptor" planes.

A redl stributaion of the obarges on the ato6m of the
"donor" and of the "acceptor" ensues from this electronic
transfer.

The "dw•r", as a rcault of the loss of two electrons,
Mai, according to the particularly "discharged" atoms either
(I divide in two jf they are the bondin6 atomus ,etween pur-
ins, and pyrimide /sI-c; should read "pryrimidine:/ or (2)
they divide in the vertical direction If the N atoms are the
ones that ;oan the pyramidine and the purine to the sugars.

2QmA~.In order for those interactions to be possible ;&
j would be necessary for the nuoleotides to be do-

pr ved previously of the proteinic component that protects
thoe so that there is no screen between the two DNA or the
M Aand toe RNA that must interact.

•_M MrSONAX. Canuorous cells utillse uracil in a
ts r. This may be due to the fact that since

In an "acepter" with repr to M& It obliges te DMA,
of which two atoms have portioularly bocome positive, to
split a•cr rapldly tbh normally. Whenoe a more rapid for-
m•ation of IWA, following an abnormal, accelerated metabol-
Ism.

On the other band, by subatituting the uraoil with
such derivitives as 5-fluoro-urall (YU) or 5-fluor-orotic
acid (F0), it Is possible to Inhibit the proliferation of
the cells of certain cancerous tumors (G. Deysson and R.
Truaut, 1. *. A2. t. o, A1 , 1962, p 613). A study
of the eie ti on-e strueture of A-TU has already been made
(Goudot, U. 2j.. )- It shows that RNA oontainir6 the
balogen atom is a "denor" with regard to normal DM. In-
stead of being an "saceptor" like normal R]CA. Therefore,
it doos Uot cause cleave• of MEA.

5-fl.uor-orotic acid Is less active as a carcinostat
than 5-fluaro-uracil, but It is Interesting, nei•e•tbhless,
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to know whether it acts in the same way, from the electronic
point of view.

The oalaulation of the energy levels of the free
sleotrons was made on an RNA containing adenine-5-fluor-or-
otio &oid (A-PO) alternating with the gumalne-oytosine
planes.

Occupied levels: 6.1509, 3.8223, 3.6790. 3.6487,
3.4339, 2.8760, 2.8390, 2.4668, 2.3101, 1.6193, 1.2407.

Lowest free level: 0.9704.
Guanine-crtamuz

Highest ocoupled level: 1.3209.

Lowest free level: 1.1785.

There is no oonduction band in the RN& formed by P0
and GC alternating. What are tim poshible relationships
between RJAyO and nor•al iNA?

Ad2j~-ML~ JU 1qMj N
Higboat oooupled leveli 1.6295.

Lowest free levelt 1.2410.

M hlhest oaoupied level (1.2407) of the A-aC Is
practioally the same an the lowest *tee level (1.2410) of
the iT. The normal IMA bas become an "acceptor" with re-

r to the BJA 0RNo instead of being a "donor" as it is with
respeot to the lbrmal RU. In the presence of MUq, t]on,
the normal IEA no longer lose* the pair of oleotroM that
entails its iýAuoe4 aleavage, as the normal YOA is able to
do. Therefore, MAF1 does not ouse mitosis and its "aralao-
statlo effect Is pr;1bly due to that. Nevertheless, It to
less "donor" tAan lU, therefore, without doubt, lses aotlve
for that reason.

But without penetrating within the nuelmes as has
just been ausumed, ýs there an interaction between R3FO
and normal RNA In the cytoplasm?
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•MdAa-2MUA lu blamA

HBibest occupied level: . .7709.

Lowvet free level: 1.2534.

It is seen, a•coordin to these energy levels, that.
A-FO has its highest ooeuied level (1.2407) above the
lmowet free level (1.2534) of the adenine-uracil of normal
RNA; therefore, P0 Is a "donor" with regard to norm-al RN£.
Sorual ML reost-ves tba pair of eleoctona in the 1.2534
free level (of WU), vhioh then beoomes Its hipiest oooupied
level (HOL). Its lowest free level (LFL), then, Is 0.9853
too high In order to receive a pair of electrons from the
SOL (1.6285) of A2 or fro the HOL (1.3209) of (3. The
"supercharged" RUA can no lonter be an acceptor of a pair
of electrons from the normal DIUA, therefore, it can no lone-
or pcoduce cleavage of this DNA.

J~jXW-M Certain bacteriolphages, such ans
dn not ha" MIL and have a rIA in vhbih

5-Methl•7ytosine replaces the cytosine (Y. LApine, Z1UGIL

San. V oleK, Paeis: 14eason, 1958). sow, this DX& with
methbyloytosine (M() Imposes its struoture in the metabolism
of the infected bacterium.

It is not possible, in the free state Lu the nucleus,
for the electronic inturaction between DUat ud
mIE ,, to be responialble for this faot, M WA ga, nor-

Mai, ,he D L Is protected by hI-toen. Sov, Jn order ior
&a 0 eotrcao transfer to occur t between
DaUVh aeV I lbote r1.n- t Is necessaryfor the two Ma
to be very close to eoheotbsr szd for the prn-pyriai-
dine planes of one to be In the prolonatiom of or to be
parallel to the pl=Aze of the other. It is peoselble for
the requisite conditions to be fulfilled. In fact, the
D rophags Is incorporated in a determined plsce in the

bacterlum's chromosone (P. Wicolle, We.fg .A .3
Phyeiol. Ulu.. No 692, 1957, pp 1501-151 6). Thia plaoe

s without, -dovbt noitaslly -eserved for ths baeterium's DUA.
Moreover, It Is knovn (R. C. Williamss, Rev. Xod. Php.,
1959, p 234) that vhn the tWA of the ps* polymeriaesS
oontains certain fragnents of ME&L from the host bacterlum.
It my, therefore, be assumed that DRAbaeteriu and MU-9r,..
phaae wast be adjaoent to eaoh other n tbe *hcuoosome.

t, may also be aesumed that Wben the M[Abaoterlm has beer
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fr a ented, each purine-pyrimidine oomplex than has all its
mbeile eleotrons resonating In a plane porpendlcular to the
plane of the atoms located in the purine-pyrimidine plane.
Due to this faot, the ener•y levels are nornally occupied.

We then have:
DNA (baoterium) DRA (propbge)

AT GC aMc
.1.5host occupied level .... 1.2410 1.1785 1.3217

Lowest i.ee level ........ 1.2239 0.9971 1,3026

It is evident that the DNAbacterjum Is able to "give"
a pair of electrons to the IWAprophafe by means of transfer
from the HOL (1.2410) of AT on to IF (1.3026) of WC.

Th.s transfor can cause the dissociation of the
DNAý&ete and the pair of electrons "gIven" on a level
of F-•lrotha~e may serve as a it bond between AT coming
from the aot riun and G-KC of the p&hge.

D The purine-pyr•m•dine AT and GC planms alter-
•e MU of the _aoterium, aooording to a sequence

h an A * TO/(G+C 1. A similar sequence must oc-
t Z(A + T)/(* + Mr, 1 in order for tho DNA of tha

prophage (after diesooestion of the phag) to be able to be
Inoorporated In the same "plaee" in the chromosome at the
MNA of the baotarium. Now, aooording to the results obtain-
ed by calculation, it seems that AT ooming from the DEA of
the bacterium must be joined to the G-MC of the MqA of tbo
Ipoae. Since the DMA of the propbage contained as many
.. lIanes as GMO planes, the DNA of the ph that Is formed

the aid of the MA of the prophage and of the AT coming
from the DEA of the baoteri•m should yield a sequence In
Which two pyrine-pyr lidine planes of tbe pVrpha- enter for

m~e of %he DNA of the host baoterla. Then, the sequence
of the Npaelt oA + T)/(G + xc17 2.

The sequence In tho D•Arophage Is un)Mown erperl-
mentally. But the sequence tbht kas found for the D1Ih6
afes with the numbre Siven for the MEA that were s6ftbx-
misea en.ymatioally (A. Mornberg, . M 5. Z&I., L,, 1959,
p 207).

E!idently this electronic tromfer within tha cbrom-
some of t* Infeoted hoot oaenot completely explain the for-
mation of the ph", because the synthesis of the protelnjo
"=fritter" In which the DNA of the pha~ takes refupe occe
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simultaneously. But a theoretic study explains the fact
that there is no multiplication of the pha6e through divi-
sion of the DN&oba e, but rather anthesis of the MU pha&e
on the basis cf-th4 components of tlh propbase and of part
of the components of the DXL of the infected bacterium.

I theoretic study also allows us to understand why,
in the absenoe of one of the DNA or RNA nuolela acids, a
living orgadesm cannot reproduce. In order to multiply, it
has to infect a host that prov1des it either (a) with the
nuoleio acid that it does not hbae, or (b) with the same
nucleic acid modified on one of its peaks, therefore with a
different electronio structure, so that one may be a "donor"
and the other aa "acceptor".

It seems that to initiate every cellular nultlpliea-
tion there is an intri-nuoleio acid eleotronio transfer.
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