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ABSTRACT

The anticodon-codon (A-C) segment and the tRNA charging segment (7 nanometers apart) are coupled through the
spin torque current arising as aresponse to the triplet-singlet (T-S) crossing (the T and S energies are equal) on the
A-C segment. If the direction of thetorque vector at thetRNA end matches with the spin direction on the attachable
amino acid (AA) - spin directions must be opposite - the AA bonding to the tRNA (the tRNA charging) is allowed,
if not the bonding isforbidden. The finding works flawless and has multiple applications, including the creation of

new materialswith quantum properties.

INTRODUCTION

Inphysics, theoretica and experimental, useof the
phase concept iscommonty. In chemistry, the phase
concept ismostly unclaimed®?. Thereasonisobvious.
Chemical reactions operate with Avogadro number of
mol ecul es, which collisionscancel randomly dispersed
phases. In contrast, the major biological aggregates,
including DNA/RNA molecules, A-C segmentsand
coupled with them synthesized proteins, arehighly se-
lective about information storage, transfer, and process-
ing. The processi ng i nitiates spin-dependent reactions
which sdectivity ismuch higher than commonly known
electrophilic or nucleophilic substitution reactionsin
bioorganic chemistry!?. Spin-dependent reactionsare
inevitably sensibleto phasethat up to sign and value
from both reactants (mathematically, the carrier (spin)
gainsatensor character®) ensurestheir fiddity tomake
or not to make bonds“.
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Hereweaimto show that theA-C and the charg-
ingtRNA (by ‘charging’ we mean a single AA bonding
to the unchangeabletRNA end — C-C-A-OH“) seg-
ments (7 nanometers apart) are coupled through aspin
flow (aspintorqueflow, ingenera)® arisingasare-
sponsetothetriplet-singlet (T-S) energy (E) crossing,
E™ = E5— aresult of tRNA and mRNA recognition
through the Watson-Crick pairing, Figure 1. When
thetorgquevector direction on thetRNA end matches
the spin direction onthe AA candidate (totally, there
are 64 possible amino acids?) — the spin directions
must be opposite— thetRNA chargingisallowed; if
not thecharging isforbidden.

Thefidelity of protein synthesisisvery high—one
mistake of 10.000 correctly assembled amino acids?.
Thisflawless operation stemsfrom aperfectly-tuned
communication between theA-C (the codon consists
of three nucleotides; the anticodon isits counterpart
bound to the codon through the Watson-Crick hydro-
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gen bonds“) reading segment™ (tRNA-mRNA) and
thetRNA charging segment™. How these segmentssee
each other at ananoscaledistanceisshrouded in mys-
tery. Thisleavesthe genetics, despiteitsindisputable
practical achievements, amysteriousbranch of sci-
ence.

EXPERIMENTAL AND MODELING

Thedatarest onthe DFT:(L)APW+lo computa-
tions, the Wien2k code®. Theunit cell intRNA isa
snglenuclectide, Figure 1. Herewe usetheset of plane
waves®, spreading over the most part of tRNA and
sandwiched between theA-C segment and thetRNA
end. Thelocdlization automatically switchesthe plane
wave code to the DFT:B3LY P (6-31G** basis set).
Thelocdization occursontheA-C segment, thetRNA
end,AA, OH, andAM Pfragments, Figure 1. Thecom-
putationsare carried out on the New York Blue Gene/
L supercomputer paralel complex (NY CCS center).
In our computationsweuseasmplified tRNA-MRNA
structure, Figure 1, (thisisanecessary requirement be-
causeof system’s complexity; the full structure of tRNA
can befound el sewhere). ThemRNA in our computa
tionsconsistsof five nucleotides, G-C-G-U(C,A,G)-
G (in bracketsare the nucl eotides that can replace the
U with noinfluence on theright AA attachment — the
genetic codeis degenerated); the core nucleotides,
C-G-U(C,A,G), arecomplementary to thetRNA — the
A-C segment. ThetRNA endisableto interact with
oneof theamino acids,AA =Arg (theright amino acid
predicted by the genetic code®), Gly, Ser, GIn (the
wrong amino acids; they show amismatch with thege-
netic code”); eAMP and ¢OH, Figure 1 (thedot stands
for aradical, see below). Wetreat thetRNA-mRNA
coreas‘““frozen” (the atomic positions are those from
the PDB, Japan). The computation variablesarethe
distances (the computationd stepinlocaized regions
doesnot exceed 0.05 A) between the tRNA and mRNA
(C-G-U(C,A,G) nuclectide sequence), AA,AMP, OH,
and the A-OH fragment in the two water volumes—
10x4x4 A (the A-C segment) and 18x32x23 A3
(thetRNA end together with thenamed molecules, Fig-
urel). Besdesfinding theoptimd structurewithinthe
segments, the computati onsincludethe hyperfinecou-
pling constants (hfc, scalar and vector; they comefrom

interaction betweenthe3'P nuclel, 100% natural abun-
dance, and the éectron), and the spin tensor torque,
Q(r) (theimaginary object, in general*38), over the
tRNA (PW + hfc®). At thetRNA end thetorque gives
afina spinvector direction sonthe Poincare sphere*€,
Thegppropriate system of coordinatesand the spin ori-
entationangle, 4, areinFigure2. Thespindensity, N(r)=
Tr[c,Q(r)] (o, isthefirst Pauli matrix), asapart of four
Q (hereinafter weomitr) tensor components—Tr[c,Q]
(i =0+3)38, is computed on theAA, AMP, OH, and
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Figurel: Asmplified structureof thetRNA used in quantum
computations. Thebluedotsindicate H-bondingin theA-C
segment. Theatomsin the box produce water. The curved
arrowsshow local spin transfers. The horizontal linesdis-
play thehydrogen bondsin thetRNA. Thebluevertical line
showsthenucleotideswith no hydr ogen bonding-theana-
logueof real RNA
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Figure 2 : (a) The system of coordinates. The x direction
coincideswith that of theelectron movement alongthetRNA
— from the A-C segment to the tRNA end. (b) the spin sis
oriented in thex-z planeat thevariableangle #with respect to
zdirection
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theA-C segment®. Theradicals, seAMPand ¢OH, arise
as aresponse to the ATP (ATP serves as the energy
source in biochemical processes) cleavage upon its
binding to Mg cation/cations (it could beone or twa!™),
which, firgt, convert the(Mg)-ATPintoatriplet (T) state
(herewea so haveacrossing point, E'=E8,) and, sec-
ond, decomposeitwitharadica par ({PAMPand ¢OH,
both spinsarepardld that forbidstheir recombination)
production and the energy release of 14.51 kcal/mol
(theATPcleavageproducing aradicd pairisdetalledin
ref.[). Thisenergy goesinto overcoming thetwo barri-
erd19, 7.23 kcal/mol and 7.28 kcal/mal, in the two
chemical reactions: A + ¢OH = eA + H O and A +
eAA = A-AA (the details see inref.'), The initial
atomic positionsintheA-C and tRNA segmentsare
those obtained earlier®1,

RESULTSAND DISCUSSION

Theoutlined structurereved ssomeintriguing facts.
The complementary pairing, nRNA-tRNA (theA-C
segment), showsatriplet-singlet (T-S) crossing®. Ini-
tially, both electronsareonthemRNA inthe T state
(the anal ogue of quantum dotsand wires*?). Thisstate
isenergeticaly unfavorable. It favorsthetransfer one
of the named el ectrons on thetRNA with no spinflip
(the T symmetry remains unchangeable; AE =-0.007
cn?) — theevidence of the computations. Further, the
electron onthetRNA goesasfar aspossiblefromits
counterpart (electrons of the same orientation experi-
ence arepulsion®) and occupiestheA-OH terminus
nucleotide (in bold) — C-C-A-OH, Figure2a,b. The
transfer takes 1.9 nsthat wetrack directly. Thisisthe
timewhentheQ of themoving eectron setsright onthe
A nucleotideleaving therest tRNA body empty of spin.

—— Regdular Peper

Such an observabletimeinterval comesup thanksto
the hfc existing on each nucleotide (without the hfc the
Q makesno sense). The fvauevariesintheinterva
30-33° depending on the nucl eotide nature. The data
do not pretend to be QM D computationswhich today
aredtill unavailablefor such complex systemsasours®.
Thedectrontransfer convertsthetRNA endinto aradi-
cal C-C-Ae. Theunpaired electron, inturn, changes
spin orientation on the «OH radical, thus opening the
way to the sAMP-eOH pair recombination (T—YS).
Therecombination, however, doesnot occur sincethe
HOe-H-O-A interactionismorefavorable, AE=-0.7
kcal/mol*9, Theinteraction breaksthe H-O bondin
thesugar core*®. Consequently, wehavethewater mol-
eculeandthebiradical ¢(O-Ae), or smply eAe. The
two electronsontheA areunableto exist. Having the
samespinorientation, T, they experienceanew, much
stronger, spinrepulsion, 0.024 cnmr?, thanthe previous
one on theA-C segment. One electron stayson theA
(weseeitinour computations), the other movesback
to the A-C segment (we seeits flow back in atime
interval of 1.4 ns) whereit undergoesaflip (theflipisa
responseof thee ectron trapping betweenthetwoiden-
ticaly oriented spins, Figure 3). Whenin S, theincom-
ing electron transfers back onto the mRNA, AE = -
0.009cm. This, inturn, shiftsthereading frame (tRNA-
MRNA) to anew position (MRNA experiencesthe H-
bond elongation of 0.1 A that removes the named ear-
lier T-Scrossing)!. The outlined scenario isdisplayed
inFigure 3. Totally, the spin flipsareenergetically neg-
ligible, <0.024 cm®. Theenergeticaly consuming are
the processes with ¢OH, eA, and eAA (see above).
Noteworthy, even these processes, despitetheir high
energy barriers, release no energy (thisleavesthe ET
and ES practicaly equd during thecomputetions), which

N\
AMPA  AA
AA
Ir=178A __‘JJ *
spin
C “, .
+ .( -.) - '+_'“ recognition
AN
electron electron
income:» OH pairing

AE=7.23 kcakmol ! AE=7.28 kcalkmol!
{ the energy required { the energy required }
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Figure3: Asmplified pictureof thespin flow in themRNA-tRNA structur e(the spin hastwo orientations—‘up’ or ‘down’; the
back flowisnot shown). Thewavy lineshowsinter action between theAA and A. Thedetailsarein text
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supportstheideathat biologicd reactionsinlivingcells
do not produce heat in normal state.

Themost important thing for usisthat the spin po-
larization of theremaining unpaired e ectron onthe e A
(the computation uniquely determinesthe spin polar-
ization unit vector n onthe Poincare spherd?) fed sthe
polarization vector onthe eAA which gainsspin den-
sity from the eAMP ((c) stage, Figure 3; the process
hasno barrier andlookslikeaspin density flow from
theeAMPtotheeAA (both moleculesare separated
by 1.78 A, Figure 3) with a negligible energy gain, 0.012
cnmt. If eAA and oA spin vectorsare of opposite di-

TABLE 1: Dot product of thespin density N and then =£x
vector withtheoriginat AA (+x) or A (-X)

AA X tRNA terminus -X
Arg 0.995 A -0.995
Gly 0.005 A -0.005
Ser 0.002 A -0.002
GIn 0.003 A -0.003

rection and of the samevalue, TABLE 1, Figure4a,
theAA attachesto the oxygen atom of A (Sstate; ini-
tialy, theAA and A are separated by 4.38 A) through
itscarbon atom, thus making thetRNA charged; if
not (Figure 4b) — there is no interaction (éAA =Gly,
Ser, GIn; the spin vector ontheAAispracticaly norma
tothespinvector ontheA). Evenif wechangethe spin
vector directionthrough theAA rotation, it makesthe
carbon-oxygen (AA-A) interactionimpossblesncethe
rotation removesthe named atoms from each other).

@
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Figureda: Spin density distribution on theA terminusnucle-
otideand theargamino acid (theright AA predicted by the
genetic code, seetext and ref [4). Green and violet color sshow
that thespin directionsareopposite
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Figuredb : Spin dendty digtribution on theA terminusnucle-
otideand thegly amino acid (thewrongAA for bidden by the
genetic code, seetext and ref ). Green color sshow that the
spindirectionson theA and AA areidentical

The TABLE 1 confirmsthepreviouswords. Theright
AA (AA =Arg) predicted by the genetic code (the
A-C segment) showsahigh value of the spin density
identical, up to sign, to that on theA terminus nucle-
otide (thedot product S=N-ninthen =+xdirection
considered as a link between the AA and A). The
wrongAA showsavery small value of the named dot
product.

The outlined mechanism of the genetic code op-
eration (theA-C segment) explainsthefidelity of the
processof tRNA charging. Physically, theorigin of com-
muni cation between theA-C segment and the charging
segment on tRNA stemsfrom the presence of the T-S
crossing (E"~ E®) and the hfc. Thelatter, the analogue
of thespin-orbit (SO) coupling®, isresponsiblefor the
total spincurrent (J =j +X.t.X (j —bare spin current, T,
= (1/ih) [c*,H]; H—the Hamiltonian) defines the torque
onthetRNA). Thehfc creastesthevector fiedld A which
becomesafunction of the spinand, in turn, determines
the magnetic field B = VxA.[M For organic systems
with periodically inserted 3P nuclel, the hfc coupling
constant G; isgiant and reaches, according to experi-
ment and theory!, thevalue0.07+ 0.1 T (MHz -+ low
GHZ region). Notethat the highest value of the 31P-
electron coupling isreached at 298-310° K, the MD
DFT computations™. Mathematically, the | Adx isa
curvaturedongthepathl. If | isaclosed path, we ded
withthe Berry phasd™®™, assuming the spinflipuponthe
| closure. So whenthed ectron comes back to theA-C
segment, itsspin orientationisfully oppositetothat it
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had beforestartingits ‘journey’ along the l.
CONCLUDING REMARK

A spincurrent necessarily suggestsexisting of aspin
phase. Thephaseplaysitscrucia rolethanksto energy
equality betweenthe T and S states. Inturn, the phase
isassociated with the spin direction. A three-nucleotide
combination (acodon) creates aunique direction of
spin vector depending on the nucleotide sequencein
the codon. Thephaseistransmitted tothetRNA end—
the adenine nucl eotide— where the spin vector gains its
final orientation. Therest scenarioisdiscussed above.

ABBREVIATIONS

A —adenine, C- cytosine, G — guanine, U —uracil,
ATP — adenosinetriphosphate, AMP —
adenos nemonophospate, Arg— argenin, Gly — glycine,
Ser —serine, Gln— glutamine, tRNA —transport RNA,
MRNA — messenger RNA, A-C — anticodon-codon
segment, AA —amino acid.
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