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ELECTRONIC TRANSFER BETWEEN DNA OR BETWEEN RNA
OF SLIGHTIY DIFFERENT CHEMICAL STRUCTURES

/Folioving is a translation of an article by
Xme Andree Goudot, presented at the 8 April

1963 meeting of the French Academy of SBelen-
ces and published in the French-language per-

lodloal Copptes rendus de ]'Academie des %Li-
encas (Reports of the Academy of Sciences),
Vol 256, 1963, pages 3528-3531, under sub-
Ject heading of Electronic Bilochemistry

- The addition of a halogen at peak 5 of a
pyrimidine turns the RNA so modified into s
"domor™" on a INA or a normal RMA., That is why
FU and FO are adle to prevent the dlvision 1In
half of the DHA, The addition of CHx om the
oytosine turns the DNA of ithe T into an
"acceptor" with regard to the Dﬁt of E. .
This is vhat may causs the formation of RA

of the phage at the expense of the DA of thw
bacteriua, -

In two earlier articles (A, Goudot, apgqg wm.
Vol 255, 1962, p 3420; Vol 256, 1963, p 1 N se
two articlas i was written erroneocusly instead of
W, while . indicates guanine correctly), it was
s , ¥ith the ald of the calculation of the energy levels
of the mobile electrons, that under certain conditions there
1s & pussing bend ‘Brillouin rone) in polynuoleotides. This
aoaduotion band allovs resonance along the axis of the INA
cr REA moleoule through transfer of a palr of electroms be-
tveen the moleoules of the successive purine-pyrimidine
planes. This resonsnce favors ocpolymerisation.

In addition, & transfer of eleotrons may be establish-
ad betwesn purine-pyrimidins planes of two different DNA or
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of an adjacent DNA and RNA, For this to occur, the highest
level occupled by the "donor'' has to be jJust above the low-
est free level of the "acceptor". However, no conduction
band 18 formed threre, for the tranaferred electrons gereral-
1y remain on the purine-pyrimidine "acceptor" molecule plane
instead of resonsting on all the purine-pyrimidine planes
of the moleoule to whioh this planebelongs. This pair of
ginn eleoctrons may, nevertheless, serve sas a IT bond be-
ween the purine-pyrimidine "“donor" and "acceptor" planes.

A redistribution of the charges on the atoms of the
"donor" and of the "mcceptor" ensues from this electronic
transfer,

The "dunor”, as a resuit of the losa of two electrons,
may, according to the particularly "discharged" atoms either
(‘li divide in two if they are the bonding atoms hetwaen pur-
ine and pyrimide /sic; should resd "pyrimidipe"/ or (2)
they 4ivide in the vertical direction if the N atoms are the
ones that join the pyramidine and ths purine to the sugars,

. 'In order for these interaciions to be possible jp
tivo, 1t would be neoessary for the nucleotides to be de-

prived previously of the proteinic component that protectas
ther so that there 1s no screen between the two or the
DNA and the RKA that must intersot.

m,;g— Egnl;‘g:. Cancercus cells utilise uracll ina

re rﬁ% mamer. This may be due to the fact that sinoce
is an "avoeptor" with re to DIRA it obliges the DMA,

of which twvo atoms have purt oullrlzh::oom positive, to

aplit =more rap‘.dli than normally. noe & mere rapid for-

mation of RNA, following an atnormal, aoceleratsd metabol-

ism,

On the other hand, by substlituting the uraoil witna
such derivitives as 5-fluoro-urasil (FU) or 5-fluor-orotic
acid (F0), it is possidble to inhibit the proliferation of
tha oells of ocertain cancerocus f.\mkzrs (g. Doygsor; and R.
Trubaut . . Chim. . » 1962 15} A atud
of the hwutruntm o% A-F7 hes nirlo,udy been made 7
(Goudot, lgc. git.). It shows that RMA containirg the
halogen atom is & "danor" with regard to normal DMA, in-

stesd of being an "acoeptor" like normsl RNA, Tharefore,
1t 4oes uot cause cleavage of DHA.

S={luor-orotic acid is less active as a carcinostat
than S-fluoro=-uracil, but it is interesting, nevertheless,
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to kmow whether it acts in the same way, from the electronic
point of view.

The calculatlion of the Onorg levela of the free
electrons ias made on an RNA containing adenine-S~flucr-ore
o}ie acid (A-FO) alternating with the guanine-oytosine
Planes,

Menine-S-Fluor-Orotic Acid

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.
Suanlne-Cytonine

Highest occupled level: 1.3209,

Lowest free level: 1.1785,

There 1s no conduction band in the RNA formed by FO
and GC alternating, What ars the poasible relationships
betwaen RNApg and pormal DNA?

Adenine-Ihvmips in Normal DNA
Highost ocoupled level: 1,.6295.
Jowest free level: 1.2410.

The highest ocoupled level (1.2807) of the A-#( 18
practically the same as the lowveat “ree level (1.2410) of
the AT, The normal INA bas become an “acceptor" with re-
gard to the RNApy instead of bdeing a "donor" as it 1s with
respact to the normal RiA. In tue presaence of » then,
the normal IBA no longsr loses the pair of ~lectr that
entalls its iuduced oleavage, as the norwal RNA is adle to
do. Tharefore, REApyy does not cause mitosis and its caroino-
statlo effeot ls prggubly due to that, Neverthwless, it 1is
less "danor" than FU, therefore, without doudbt, less sotive
for that reason.

But without penetrating within the nucleus as has

Just been awsumed, e there an intersotion between Rilp,
and normal RRA in the cytoplasm?
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Adenine-Uracil in Normsd RNA
Higheat occupled level: 1.7709.

Lowest free level: 1.2534.

It 1s seen, atoording to these ensrgy levels, that,
A~FO has 148 highest ocoupied level (1,2407) above the
lowest free level (1.25313 of the adenine-urscil of normal
RHA; therefore, FO iu a “"donor" with regard to normal RNA,
Normal KXA Teceives the pair of electrons in the 1.2534
free level (of AU), which then becomes its highest oocupied
level (HOL). Its lowest free level (LFL), then, 18 0.9853
t0o high in order to receive s Dair of electrons from the
HOL (1,6285) of AT or from the HOL (1.3209) of GC, The
"supercharged" RNA can no longer be an acceptor of a palr
of electrons from the normal DNA, therefore, it can no long-
er produce cleavage of this DNA,

&e-m‘ « Certain baoteriophmges, wuch as T,,

infect J. © s 4n not have RMA and have 3 INA ir whieh

STnot.hg‘ln'ytoainc veplaces the ocytosine (P. Lapine, :ﬂ‘m
0

§;§g# onlnor ﬁnﬁon& cilans .aﬂur a
and Viruseg/, Paris: Masson, 1958)., Now, this DNA with
methyloytosine (Cd) imposes its structure in the metaboliam
of ths infected basterium,

It is pot posaidle, in the fres atate in the nucleus,
for the elesctronio intoraction between DNA rig S04
m&x&ﬁ a8, nor=

to be responaidle for this faoct,

Bally, e DNA is protected by histone. Novw, in order [or
an e ontrmloD;iu-f.r to o:uuxi- Qggn;;gn}; bo&:om o
hage and ‘baoteri t is necessary for two
to Yery oclose gg oao c'athor and for thw pyrln--p{rhi—
4ine planes of one to bte in the prolongation of or to be
parallel to the planes of the other, t is posslble for
the requisite conditions tv dbe fulfilled. In fact, thwe
mugm h.@ is incorporsted in a determined place in the
bacte gm s chromosome (P, Nicolle, Rev, . £8n. 8%

M. g].a,n., No 692, 1957, pp 15C1-1515). Thia place

without doubt normally -sserved for the bacterium's DNA.
Moreover, 1t is kmown (R. C. Williams, Rev, Nod., Phys., }%,
1959, p 234) that when the INA of ths phage polymerises i

contains tg:rt;:n rr;.pnntn oé’ INA ﬁu the host b‘;:uriun.
It aay, refore, assumed that A uu.p -
ghng- mast be adjsoent to eaoh other gg&uggmo-m. T
t say also be asgsumed that when the DMAypgsterium has beer
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rrlgontod. each purine-pyrimidine complex then has all its
moblle eleotrons resonating in a plene perpendicular to the
plane of the atoms located in the purine-pyrimidine plane.
Due to this faot, the energy levels are normally occupied.

We then have:
DNA (baoterium) DNA (prophrge)
AT GC GMC
Highest ocoupied level....1.2410 1.1785 1.3217
Lovest 1.66 level ........1.2239 0.9971 1.3026

It is evident that the DNibasterium is adble to "give"
a pair of electrons to the wnproph. ¢ by means of transfer
frou the HOL (1.2410) of AT on to LFL (1.3026) of GXC.

This transfer can cause the dissociation of the

DNApgateriym 2nd the pair of electrons "given" on a level
of gﬁa zgr ht may serve as & ¢ bond hetween AT coming
Irom the oggr g and G=NC of tho phage,

» The purine-pyrimidine AT and GC planss alter-
nate, e DNA of the heoterlum, accardiug to a sequence
suoh as_/{A + TZ/(G +C)/ = 1. A similer sequence must oo-
ourt

i

+ T)/(G + ¥}/ = 1 in order for the DRA of thw
prophage (after di¢scoietion of the phage) to be able to be
incorporated in the same "place” in the chromcscme ag the
DFA of the bDactarium, Nov, aoccording to the results obtain-
ed by caloulation, it seems that AT coming from the DEA of
the bacterium must be jolned to the G~MC of the INA of the
irophl.gr. Sinoe the DNA of the prophage cantained as many

T planes as GNC planss, the DMA of the phage that is formed
with the aid of IdA of the prophage and of the AT coming
from the DNA of the bacterium should yleld a sequence in
which two pyrine-pyrimidine planes of the pro enter for
one of the DNA of host dbaoterium. Then, sequenoe

IN p
°f the Miphage 10t [A + 1)/(6 + X¢)] = 2.

The sequence in the D&N hage is mimown experi-;
mentally. But the sequence t was found for the N;Kbm
n?‘OOI with the numbers given for the INA that wvere syht

. %)oumuo-ny (A. Xornberg, Ray. Mod. Xhys.. 3L, 1959,
p .

Evidently this eleotranic transfer within the chromo-
some of the infeoted host ocannot completely explain the for-
mation of ths phage, because the synthsais of the proteinio
“fritter" in which tbe DNA of the phage takes refuge occurs
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simultaneously. But a theoretic study explains the fact
that there is no multiplication of the phage through divi-
sion of the Dn?m e, bul rather synthesls of the DNA phage
on the basis cf t components of the prophage and of part
of the components of the DNA of the infected bacterilum.

A theoretis study also allows us to understand why,
in the absence of one of the DNA or RNA nuclelo acids, a

living organism cannot reproduce. In order to multinoly, it
has to infect & ihwost that provides it either (s) with the
nuolelic acld that 1t does not have, or (d) with the same
mucleic acld modified on one of its peaks, therefore with a
different electronio structure, so that one may be a "donor"
and the other ax “acceptor".

It seems that to initiate every cellular multiplice-
tion there ia an intra-nucleic acld electronio tranasfer,
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