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WEAT 1S THE BrocHIrALITY?

.1.

A

WHAT 15 CHIRALITY?

Multipartical Objects

Circular Polarized Light

Eu

il

LA AL LA LI L AL T A Ao

)
v
N
N
)
)

Chiral object has no sirror symsetry and

exists it two mirror-conjugated forms
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AsYMMETRIC CARBON

Tr ple bond HeN linear configuration
. H C N
achiral N . o
Double bond CIZCO flat configuration
achjiral Cl //1
C o O
[ —1
|/
cl
Single bond Tetrahedral configuration

Mirror

x
NH,, W, CHCOOH .. C ci
My
NH., .-’2?.\\\_ .4/"‘s‘\. NH
chiral E COOH COOH 3

3
{L} {D}
H Mirror H
[ [ ]
NH.,HCHCOOH ! c* 'I
:ch' 1 My '// ~ '2 V' NH
tra y COOH COCH . 3

‘s . b
The condition for existence of ch ral center C :

Four chemical groups bound with carbon should be different

Mirror conjugate forms of chiral msolecule

are called L and D enantiomers

Tr.4. L.1.

CHIRALITY AND PariTY CONSERVATION

IN ELECTROMAGNETIC INTERACTIONS

ClL
N Q
bed o)
l+)=1L)+]|D)
T =1, exp (288" 7Q) l-)y=11)-1p)

Of course, 1t is not
a chiral object.
It is the achiral object.

Of course, It is
the chiral object !

The chiral solecule can be
agaociated with the ach'ral object

L and D mirror-conjugated states
are observed as ateady atates oo

short scale t for example,
obn

on long scale rob.,

in cossochemical reactions.
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RACEMIZATION:
INVERSION OF ENANTIOMERS IN CHEMICAL REACTIONS

B -
+ | .
« j .. C
e« OH . O R, ././ \.33

{ : ; R

| Ry ~ // : (L)

* C’ > ./\IG—:—.

B -//\-Et Rz. IR3 \ R,

(L) {achiral} m

Tetrahedral Flat Tetrahedral

\J
(L}
E is the energy of molecule

Z is8 tne reaction ccordinate

At TR
VI .
——— e} (A}
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THE PROCESS OF RACEMIZATION:

KINETIC APPROACH

QUANTITIES DESCRIBING SYMMETRICAL PROPERTIES

Chiral polarization :

m=(c - e,i/(c+ c,l
The chemical system with

{ e, and ¢, are concentrationa of

L and D enantiomers )

L and D enantiomers

Concentration of chiral product :

8= ¢+ L
Symmetric (so-called racemic) state : n =0 { ¢.® ¢, }
Asymmetric state : 0 < Inl =1 { ¢ c, or ¢ <¢p }
Chirally pure state : Inl =1 ¢{ € = 0 or cp* 0)
THE CHIRAL POLARIZATION CHANGES
k k,
L — D D — L
k,1 is the rate constant
de an
Tl -chL+ chD Frilie Zk?-ﬂ n= M, axpl - ant 1
de 8 =8
» a8 o
& T MO ks a = °
n s
1l - - -1
® (Zk.)
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e 7. Lo
THE PROCESS OF RACEMIZATION: WHAT 1S BIOCHIRALITY?
THERMODYNAMIC APPROACH Tue F1sT INSIGHT
THERMODYNAMIC ?QTENTIAL OF oLU
OF L AND D ENANTIOMERS IDEAL S TION PRACTICALLY ALL BIOLOGICAL OBJECTS CONTAIN ONLY ONE
ENANTIOMER OF CHIRAL BIOORGANIC CCOMPOUNDS.
Fziece + ¢} + kT (cln e, *+ cylnep )
CLASSICAL EXAMPLES:
¢L and QD are internal energies of L and D isomers, kB is the All enzymes contain only L-amino acids
Bolzmann constant and T is temperature. In symmetrical environment, for All RNA and DNA contain only D-sugars.

e ample in achiral solving, ¢L = ¢D (= mo) .

THE MINIMUM OF THERMODYNAMIC POTENTIAL CORRESPONDS
TO THE MAXIMUM OF LNTROPY, NAMELY TO RACEMIC MIXTURE,

LT
. F
min [ - ] = ¢0 + ‘%— c(ln®-1n2) when n=20,

In vicinity of racemic state

k
B
and BO = “Ek

-3

( —gh ) Ayt Bo'n2 + where A, = [ _g_ ]"*"

£
]

THE LIVING MATTER IS CHIRALLY PURE

Non-living Racemic Environment

Chirally Pure

Biocordanic World

(>0

BIOCHIRALITY IS THE PHENOMENON OF
MIRROR SYMMETRY BREAKING

then the molecular world should be racemic.

If the racemization is the thermodynamic imperative,

IN MOLECULAR WORLD
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Tr.9. L.1.
. WHAT 1S BrocurraLiTY?
YPOTHESIZES More DEEP INSIGHT
ASYHHETRICAL FORMATION OF ENANTIOMERS:
The influence of weak neutral currents on the formation of chiral ? ?
wolecules stipulated by Bose condensation of atoms to molecule. CQMPOUNDS WITH COOR — ¢*— C*— COCH
TWO CHIRAL CENTERS OA AH

ASYMMETRICAL CHEMICAL REACTIONS

Tartaric acid
DUE TO THE INFLUENCE OF ASYMMETRICAL PHYSICAL FACTORS:

H H
chiral minerals {quartz}, circular polarized light, COOH ~— Ct_ Rl + Bz"’" C'— COOK
chiral combinations of magnetic, electric and gravitational fields, A [
polarized product of P-decay ; H OH
P . H H
HASE TRANSITIONS:

* x
T CO0H— € —C-— COOH + [ R,.R, i
forwation of chirally pure crystals in raceaic sclutions,

OH OH
the bifurcation with symmetry breaking in non-equilibrius
chemical systems
. R] . Rz
-I c‘ b e ) ! C‘r
If the physical point of view requires only to show the existence ./ \. oH ./ \.
of some natural mechaniss for the appearance of asymmetrical OH COOH
molecular world, then this objective i3 reached today. H COOH H
{L) (L) P=2 N
The rhetorical question: Many phyzical causes for mirrer symmetry breaking in R R
molecular world exist. However the non~living matter is racemic at the Earth 'l 1
and in cosmic space. Why? 2 *
/C’ /C.
» v OH . VO OH
COOH . H COOH "
The problem of the Origin of Biochirality is not equivalent to (D) (D)
the problem of the formation of asyametrical wmolecular world

»
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CHIraL DiscrIMINATION ENANTIOSELECTIVITY

INTERMOLECULAR INTERACTIONS UNDER THE FORMATION OF DIMER.

M i SR
e P L+l —(L1—L] L+D—2>[{L—0D]

L. L T .
Ry Ry Ry Ry
LL DD
int int Barriers of reactions for homechiral and heterochiral dimerizations.
kl = Ko exp f - Eho- / kBT o k2 = KO exp [ - Ehet/ ks‘l‘ 1
The discrimination energy AE is the average over all Enantioselectivity can be defined as a relative difference
possible orientations of molecules relative to each other o_f pmb?blhhe? of tl:re forsation of homo- and heterochiral
dimers in racemic environment.
{w -w )
hom het _ -1 - -1 . AE
-2 -6 re {w + W ) ' ¥ hoa” kl t e : ' yeh [stT}
L oo (10" « 10 " )< E. . > 1in solutions hom het
int
OB = < Bipp - Eint: > y -2
{ 107 +~ 10 ° )< Eint > in solids

The enantioselectivity ¥y is less than 10‘2 in most part
of reactions in solutions. For complex compounds with strong

limitations for their mobility ¥ can reach 0.1 + 0.5 .

Bioselection of enantiomers reaches (.9999999%
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More THEN Two CHIRAL CENTERS:
SuGars
RIBOSE
Linear fora Ring form

OH r H OH OHCH2 o OH
« s é* A I

S I N
Q H 2 H

H OH OH H |=|i/

OH OH

: 4 R
4 chiral centera: 2 sterecisomers ; 8 different enantiomeric pairg -
arabincse, xylose, ribose, lixose and sc on.

Only two sterscisomers of ribose exist.
They are L and D enantiomers

Purine or

pyrimidine — _‘

i)

Only two sterecisomers of ribonucleotides
and desoxyribonucleotides exist.
They are L and D enantiomers.

HO o HZCHO
t}/ "‘-.__-.' ®
H
H —
OH OH

during the chemical evolution.

Nucleotides are more complex chiral compounds than amino acids.
However this complexity does not lead to fundamental limitations.
If the number of chiral centers is lesa than approx.mately 10, then

all possibie sterecisomers are accegsible for abjiogenic aynthesis

Tr.14. L.1.

CaIrAL POLYMERS

L L D L D

A — ) — g e, =g

N units P=2N different sterecisomeric forms
THE KEY MOLECULAR OBJECTS IN LIVING SYSTEMS -
DNA, RNA AND ENZYMES - ARE CHIRAL POLYMERS.
EnZYMES CONTAIN aBouT OF 10% - 10® CHIRAL CENTERS .
DNA conTaIns up To 10° CHIRAL CENTERS .

The key biomclecules are chiral objects

with very high degree of complexity.

For N = 400 , P =~ 10'3° is more than the number of all electrons

in the Universe.

Such a level of complexity leads to the fundamental limitations.
If the number of chiral centers is of the order of 102 and more,
only vanishingly small part of all poesible sterecisomers can be

realized in Evelution.

The rhetorical question: Nevertheless, this fundamental limitation has not
been an obstacle for the origin of Life. Why?

Just such a level of complexity corresponds to the phenomencn of Biochirality:
all entymes contain only L enantiomer of amino acida and all DNA and RNA

contain only D enantiomer of nucleotides.

Key biopolymers are homochiral structures.
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WHAT 15 BrocHIRALITY?

N a‘-\"mzlr.'\“fh
get™

ThE ORIGIN OF BIOCHIRALITY :
How Many SceENarIcus Can Be ?

THE PHENCMENON OF BICCHIRALITY IS, FIRST OF ALL,
THE TAKEOVER OF ORGANIC MEDIUM BY HOMOCHIRAL POLYMERS
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THE PoLYMERIC TAXEOVER BY

HoMOCHIRAL STRUCTURES

HAD THIS PROCESS ANY GENERAL LIMITATIONS ?

The probability of the formation of
homochiral chain depends oo both
chiral polarization
u L
L L L 1 ‘L
€ —— ] ———n *n—‘ffi
m‘k'u

LD ]

n=le- ¢ lile ¢ c))

(cL and ¢, are concentrationa of

N units L and D enantiomers in the wedium)

- - and enantioselectivity

o o LA C AR AR T

)

LD
(QLL and @ , are relative probabi-
lities of adding the L and D units in

racemic environment.

The normalization constant:

-t 2

N=(CU + ¢ W =W

i ] LLL o LD,

The relative probability of adding L unit:

S L1+n)(1 ey}
[N 2(1+nmr)

Q = w
LN

The relative probability of adding the chiral defect (D unit):
Qdel‘ =1- Ql.
The relative probability of the assembling a of bomochiral chain with the

length N:

Q, = n: =exp {Nln (1-0 1)) .

i

Tr.2. L.2.

Two TyPes orF CoNDITIONS

ForR PoLyMERIC TAKEOVER

THE GENERAL CONDITION FOR POLYMERIC TAKEOVER:

Q" =exp{ NIn {1~ Qdef

%

.75

Por b > 1

. _2<(1
LA

- , where max [ o } « 1

Approximation for N >> 10 .

n Y
08
nc(T) = { pure abe
0 , i 1 7‘b.
025 1
where (1 ~-n pure }J <N
-1
- « .
. | | RS ER NSRS
¢ 025 05 075 i zr

THE PHYSICAL MEANING OF APPROXIMATION:
For escape a conflict with s0 small probabilities

as 2-100

-1000000

the total number of

chiral defects wust be of the order of unity.

1. If enanticselectivity ¥

is less

than
polyweric takeover by homochiral chainse can be possible
only in chirally pure mediua ( 1 > n pur

Y‘b. y the

Yo

2. If enantioselectivity 7

in any chiral environment

is more than
polyweric takeover by homochiral chains can be poasible

r.h- , the
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Two TYPES oF TRAJECTORIES OF PREBIOTIC

EvoLuTrioN 1N TERMS oF CHIRALITY

THE ©IRST TYPE :

n 1 The Beginning of the
Prebiotic Evolution
14 i " 2‘
pure 1 :
H The End of the
:, Prebiotic Evoluticn
k
Y T
Taba I 7

The trajectory involves an overcome of two critical points:

1. The appearance of chirally pure organic environment
for polyseric takeover.

2. The appearance of the absolute enanticmelective
polimerization.

THE SECOND TYPE

n The End of the
J Prebiotic Evolution
0 - g —
Ve Tahe 1 7

The Beginning of the
Prebictic Bvolution

The trajectory involves an over:zome of one critical point,
napely the appearance of the absolute epantioselactive
polimerization.

Tr.4. L.2.

WHAT 1S ATTRIBUTES ofF LIiFE ?

AN INTUITIVE DEFINITION

THE SCHEME OF BIOLOGICAL SELF—REPLICATION

INA
INA

200000000
owmoc-—' INA.
200000000¢

+-RNA
3% 3F
RTT

Amino acids

)

|

The basis patterns of
biochemical functions are
polymers.

The self-replication is, in
some sense, the assemoling
fixed chains with the length

5 = 10 + 10% unita.

The total number of informa-
tional sequences

P=m ¥

for enzymes = = 20
for DNA and RNA w = 4 ,

For replication of primary
stractures of informaticonal
chains the total opumber of
mistakes should not be more
than unity.

The bioclogical selectivity
in the process of
gself-replication is wmore
than 0.99 and reaches
0.999 999 :

1

{1 - } x &N

Tyiol

The abgolute enantioselectivity

the function of the biochemical

'abs

level

={1- K" ia

of complexity.

polymeric chains.

The biological self-replication can be represented in terms

of chirality as the absolute enantioselective asasembly of
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THE ABIOGENIC SCENARIO FOR

THE ORIGIN OF BrocHIRALITY

Chiral
polarization

Another =specific
functions

The End

THE EVOLUTION OF
STRUCTRURES

—
.

1 Enantiogelectivity

THE EVOLUTION OF
FUNCTIONS

Synthesis of simple organic compounds

%ﬂdi um

Strong mirror symsetry breaking

l“-EPirally pure medium

'\

Polymeric takeover of sedium

Bvolution of homochiral polymers

Homochiral patterns of

biochemical functions

The appearance of the absolute
enantioselection

Homochiral primary
Biosphere

Tr.6. L.2.
THE BIOGENIC SCENARIO FOR
THE ORIGIN OF BIOCHIRALITY
Another specific
Protoenzymes v The End
chiral
polarization
0 1= ) )
Va Tabs 1 enantioselectivity

The Beginning

THE EVOLUTION OF
STRUCTRURES

THE EVOLUTION OF
FUNCTIONS

Synthesis of simple organic compounds

I Racemic medium

Heterochiral and
achiral polymers

Polyweric takeover of racemic sedium

Evolution of polymers

Heterochiral and/or
achiral pattens of

The appearance of the absolute
enantioselection

Homochiral patterns of

biochemical functions

Polymeric takeover by hosochiral
structures )

Homochiral prisary

Biosphere
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CouLp HETEROCHIRAL PROTOENZYMES WITH
RanpoM SEQUENCES oF L anp D UNiTs Exist ?

OUR APPROACH:. The short-range and long-range orders of polymeric units

are needed for the formation of enzyme-like patterns

CHAINS WITH CHIRAL DEFECT

e

The appearance of heterochiral protoensymes with random sequences
of L and D units seems to be unlikely due to a atrong structural
limitation for the formation of short-rangd and long-rang orders in
compact sacromclecules

Tr.8. L.2.

CouLp HETERGCHIRAL PROTOENZYMES WITH

REGULAR SEQUENCES oF L anp D UniTs ExisT ?

OU}? APPROACH: The abiogenic conditions for pclymeric takeover of
racemic medium by unique chiral sequences should
exist.

defect-free chain

S — 0 — g — 1 o — EBnantioselectivity:
L P L D L o=l -0, .0,
where w is the relative
L b L L L def - .
probability of adding any chiral defect
A e ) —— e @ —— P — . - .
I in racemic environmsent.

chiral defect

The relative probability ol i lenpi1-73)
of adding L-defect: def 2{1+nr)
The relative probability Wl Ll -ni1-y})
of adding D-defect: def 2( 1+ 0y}

The relative probability of the assembling of a regular heterochiral chain

. ) 1oL N2, D N2
with the length N: QN 2 {1-w def ! {(1-w def )

The general condition for polymeric takecver:

L D

exp { In(l - @ g 3-(1-w g0} } > - 2aNl,  where max { o } T 1,

Thia condition is fulfilled only
for absclute enantioselection:

¥>1 - 20N}

The polymeric takeover by any unique heterochiral chain

is exponentially suppressed in abiogenic conditions.




Tr.9. L.2. Tr.10. L.2.

CouLD ACHIRAL PROTOENZYMES Exist ? THE ABIOGENIC SCENARIO FOR

THE ORIGIN OF BIOCHIRALITY

QuR APPROACH: The abiogenic conditions for polymeric takeover of
or;mic medium by unique achiral sequencea should Another specific
exist. A functions

Chiral
inforsational chain polarization
B o @ —— D — — — . .. Selectivity of i-type:
€ % 3 ® A £ - 1=
o= ll-aw o) n -
¢ 5 > 5 ! £ {1} . . pure
B e ® o D o B — O — .. where Wier 12 the relative
T probability of adding the defect of
defect I-type in no apecific environment. 0
'ahs 1 Enantioselectivity
Specifity of The polymeric takeover by any
environment specific chains in non-apecific THE MAIN REQUIREMENT:
environment, i.e. the appearance
1 of "informsational"” polymers, is
possible only if the absolute Chiral purity is necessary not only in the
selection exist. beginning of prebiotic evolution, but bad to be
0 v sainptained in the course of the entire transition
Selectivity Habs ! g to the absolute enanticselection.

CONCLUDING REMARKS:

KEY QUESTIONS :

Frimary protcenzymes could not appear on the basis of
heterochiral and/or achiral polymers, either because of

L X What kind of conditions are necessary for strong
a strong structural limitation for no apecific chains or b A 1 bem 1

L . wirror symmetr reakin in chiral chemica
because of strong kinetic limitations for the appearance 7 8
s . . systess?.

of any informational structures in the npon-specific
abiogenic environment.

What kind of chemical processes are able to
saintain chiral purity during the prebiotic

evolution?

BIOGENIC SCENARIO CANNOT BE CONSIDERED AS
THE BASIS FOR THE ORIGIN OF BIOCHIRALITY.
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THE ABIOGENIC SCENARIQ FOR
THE ORIGIN OF BroCHIRALITY

Another specific
Ve functiona

Chiral Vs -
polarization + ;
P - / i'he Beginaning
. The End
CouLp B1oCHIRALITY RESULT FrOM n T : ' :
pure ;®
THE ACTION OF ANY ASYMMETRIC ForcEs ?
7
/ /
0 ¢ i
Tabs 1 Enantioselectivity
THE EvVOLUTION OF THE EVOLUTION OF
STRUCTRURES FUNCTIONS

Synthesis of simple organic compounds

Strong asirror symsetry breaking
Polymeric takeover of medium
wl polymwers
4 Evolution of homochiral polywers

Homochiral patterne of

biochemical functions

The appearance of the absolute
enantioselection
et ionelec

Homochiral primary

Biosphere
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THE PrOBLEM OF STRONG MIRROR SYMMETRY BREAKING

Two KEY QUESTIONS:

WHAT KIND OF CHEMICAL PROCESSES ARE CAPABLE OF
STRONG MIRROR SYMMETRY BREAXING?

ARE THERE SOME OF THEM ABLE TO MAINTAIN THE
CHIRAL PURITY OF MEDIUM DURING THE PERIOD OF
THE FORMATION OF THE ENANTIOSELECTIVE FUNCTION?

QUR APPROACH:

OuRr BACKGROUND:

We sust show the very fact of existing of the

processes of atrong mirror syamsetry breaking.

We must show that at least some of them could be
stable dvring the formation of the absolute
enantioselection.

The general theory of mirror symmetry breaking in
chiral chemical systems.

[t has been developing in the late 70’s and in the
early 80's

by L. Morozov, V. Kuz’mwin, V. Goldanskii and
Y. Avetisov (on the bamis cf the kinetic theory of
chemical reactions) and

by [. Prigogine, @G. Nicolis, D. Kondepudi and G.
Nelson ( on the basis of methods of the bifurcation
theory).

Tr.3. L.3.

THE MATHEMATICAL MODELLING

OF STEREOCHEMICAL REACTIONS

CHEMICAL SYSTEM

L enantiomers

D enantiomers

}
3

. A (achiral) reactants

SYMMETRIC CONDITIONS :

ASYMMETRIC CONDITIONS:

KINETIC EQUATIONS:

dn
dt

40
dt

TYPES OF TRANSFORMATIONS:

The formation of chirality

The destruction of chirality

L D
(k5 (el
[ emdege A D i A
feby=g k? by =i, d.

(kb peie?), forany 5.

The terse on the right-hand side of equations
are poiynomials in concentrations L and X, of

L and D epantiomers.




Tr.4. L.3.

THe DESCRIPTION OF SYMMETRICAL PROPERTIES
or CHIralL CHEMICAL SYSTEMS

VARIABLES: Chiral polarization :

n={e - c,h/le+cpd

{ €, and c, are concentrations of L and D enantiomers )}

Concentration of chiral product :

8 = ch <,
EQUATIONS:
dn _ L D
@ (a8 e e, 0]
de L D
— = -]
I rz[kj,kj.sj,ck, 1)

813(13- k'})/(k§+ k'j) is the advantage factor (AF).

For asymmetrical conditions gj# Q.

The right-hand side of the eguations
are polynomials in variables 1 and 8

WITHOUT ASYMMETRIC FACTOR

an _ . n?

I AI(G; n + 81(9) n o+ ...

[ 2 2, o2

a s Az + Batn -0 Cz(n 38+ ...

Only two types of behaviour for chiral polarization are exsist

Tr.5. L.3.

PrROCESSES OF THE RacEMIZING TYPE

THE TYPICAL FORM OF THE EQUATION FOR CHIRAL
POLARIZATION UNDER SYMMETRICAL CONDITIONS!:

prie Kﬁn , Kn ig the half life for racemization.

ExAMPLES

THE REACTION OF RACEMIZATION:

L k|:|
L—D . D—1L
an ool ., 49
dt-K(S o dt-o'
g = (k- Ky kL, K=k ek

max { N} =&

THE SIMPLE SYNTHESIS OF ENANTIOMERS:

K¢

dn _ L _ . @8 )
at * e Lg- s g EKe,

g= (k- D/ k), Rk ork

max { ) =g

Such processes have no ability for the

foreation of chirally pure medium.
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ONE IMPORTANT ExaMPLE

MOLECULAR REPLICATION:

The ideal reprecsentation:

k
A+L — L+

In reality:

k

A+L —— L+L
kZ

A+L — D+

dn _

E--K(l—rln:

Y= (k- kM ks k)

k
A+D — D+D

.\/"\\\f,c"’"'t

K= “‘1 + k2)CA

The molecular replication of chiral compounds with out absolute
enantioselectivity is the reaction of the racemizing type.

Te.7. L.3.

ONE MoRE IMPORTANT ExAMPLE

DesTRUCTION OF CHIRALITY

K K’
L——4A . D—A
an . N .

g = k- kD "), K=k 2

Chiral polarisation increases to 1 { or -1) in asymmetric conditions.

Processea of the racesizing type

can amplify an asymmetric forces.




Tr.8. L.3.

AsYMMETRIC FORCES AND

StroNG MIRROR SYMMETRY BREAKING

THE GENERAL FQRM OF THE EQUATION
FOR RACEMIZING TYPE PROCESSES:
d 3
Frel1-n) -k,
g is the advantage factor
veTo oot is the dimensionless time related

to the scale t_ « (k' + k® !
o } 3

KR is the racemizing factor
(i g=0, K ' is the half life

for racemization }.

THTMAXIMUM CHIRAL POLARIZATION N

max *

riuus(= (g/xn)'[l + 1+(8/Kl)2 ]-1 *

THE CONDITION FOR STRONG SYMMETRY BREAKING:

£ 5

K

THE CONDITION FOR THE BEGINNING OF PREBIOTIC TRANSITION:

ir & 2 o L o5t
if Ka >N { N>10" }, then Moax > npm_e { r:pure =z N )

If there are no additional requirements, the
problem of strong mirror symmetry breaking may
be discussed within the framework of the

racesizing type processes.

Tr.9. L.3.

THE MopEL oF PREBIOTIC EVOLUTION

IN TeeMs oF CHIRALITY

n The Beginning
Monomeric 14 ./’___.———-—o 2;
subaystem _ :
n pure 1
- L
N o
Polymeric Q
subaysten !
0 T
rabs ! Y
The End

ae _
f-rle.x).
ASSUMPTIONS:
The functions ¢1 and "2 sust describe the flux

of enantiomers out subsystem X to subsystes @ .

Kt K
L—0Q . bD—20Q
e 0Qb=-Kr (1-10");  6(Q) =-K(1-m)e ,
g= k- ke, B (ka2

Evclutionary changes of the polymeric subaystem proceed
much slower than chemical transforsations in wonomeric
environment. Therefore we can copsider ¥ as a slowly

variable parameter.
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CouLb BrocHiRALITY RESULT FROM

THE ACTION oF ANY ASYMMETRIC Forces ?

EouATICNS FOR EVOLUTION ON A THERMODYNAMIC BRANCH:

2
ar - 8- TKT)(1-n")-K -

at = %+ #.{Q)

THE EQuATION FOR THE ORIGIN OF BIOCHIRALITY
T K"f

Enantioselective pressure: [}

Enantioselective pressure ghould increase along

the trajectory of the prebiotic transition.

THE POSSIBLE STEPS:
Synthesis of simple grganic compounds

Aaplification of agymmsetric forces

Chirally wry n> ﬂpure

: Polymeric takeover of medium
aps
?

Evolution of homochiral polymers

The transition to self-replicating aystems ias
forbidden on thermodynamic branch of Evolution
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CHEMICAL PROCESSES WITH
Te MopeL or PreEBioTIc EvoLuTION

IN TERMS oF CHIRALITY THE UNSTABLE RACEMIC STATE

The Beginning .
Monomeric / s 2 THE SIMPLE EXAMPLE:
subaystes H
1 k‘l k‘l
5 L+l ——X, D+D—— X,
1/2 kz 1/2 kz
Polyweric Q L+D————_,KLD D+L—.XDL
subayatenm :
¥
Tobn ' ! d 3 49 2 2
The End B o=-(r9)n s (ye)n’ Te-(1+yn° e
XL N
T = 0.5-(k1+ k2)~NA-t is the dimensionlesa time,

NA is the Avagadro number;

8= { e *ey )/NA ig the dimentionless concentration
of chiral monomers;
%:fs[q,x). (k, -k, )
7 = ———————— ia the enantioselectivity of
ASSUMPTIONS: kv k) dimerization.
The functions ¢l and ¢2 must describe the Flux
of enantiomers out subsystem X to subsystem q . n
X K 1 2
L * 0 , D — O If ¥ > 0, only racemic point

n=0 is attractive (1)
$lQ)=-ky (1-n"}; %,(Q) =-K(1-m)e 0 =

1
If ¥ < 0, only chirally pure /—'—
L D L D L D
= (k- k k'+k K=1(k +k .
= W ), { /2 points N = ¥ 1 are attractive (2) \
2
-1

Evolutionary changes of the polymeric subszystem proceed

much slower than chemical transformations in sonomeric

environsent. Therefore we can consider ¥ as & slow The mirror symmetry can be broken

without asymssetric forces.
variable.
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AUTOCATALYSIS:

TYPES OF PROCESSES:
Autocatalytic reproduction

A+L—L+L A+D——D+D
A+L—D+L A+D——L+D

Dimerization
L+D-—2A4A
L+L—2A4A D+D—24A

The complete scheme of the autocatalytic reaction

I‘1 kt

A+L " L+L A+D " D+D
k—l k,
kt k1

A+L T D+L A+D — L+D
k-z k-z

FOR COMPARISON: The classical model of F. Frank for the

bifurcationwith mirror syssetry breaking.

A+L—L+L A+D——D+D
L+D—24

The complete scheme of autocatalysis is
the modification of classical Frank mode)

without absolute enantioselection.

Tr.4. L.4.

BIFURCATION wITH MIRROR SYMMETRY BREAKING

THE MODEL OF AUTOCATALYSIS:
Dynamic Equations

dl
ag = ( 2Ky -0 + 1-1 )-n - 2Ky _- O-na

48

w9 [zx~( 1-7) - 2Ky -( l-nz)]'ﬁg.

H

T = (kt+ kz}-cA-t is the disensionless time,
r+= (kt_ ka)/(k1+ kz) is the enantioselectivitv of direct reactions,
Y= (k_z- k_1)/(k_2+ k-1) is the enantioselectivuty of revers reactions,
K = (k_2+ k_l)/(k1+ kz’ ig "the weasure of non-equalibrium”.
a 1-{y +71)
The bifurcation equation -+ [ (1= RISER ]-ﬂ =0,

The controlling parameter depends only

on enantioselectivity of reactions.

Jfor (1‘+ ¥} ¢ 1 only stable steady racemic state exists.

n=0, ®=(2k)"
For (1.+ r_) > 1 three steady states exist, namely unstabie

raceaic state and two stable mirror-conjugated asymsetrical states.

-4y +7) 172 1-(7r +7) 172
1= [ (i-7, (170 ] n.E [ (T-7(1 1)

H

+

O ETT )

In critical peint (1‘0 T} = 1 the racemic state loses

the stability and two new symme'rical states bifurcate.
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AutocaTaLysIs: ExPERIMENTS
THE CRITICAL ENANTIOSELECTIVITY

AND COMPLEXITY OF ComMpounps.

G.v.Kiedrowski, J.Helbing, 3. Jordan, M Matzen, B. Wlotzka

= —
~ )
THE CONDITION FORBIFURCATION WITid SYMMETRY ! AB
Scheae * b
BREAKING IN PROCESSES OF AUTOCATALYTIC TYPE: 1y ~0.5 ( . R
\ ¢
vl h ;
THE ENANTIOSELECTIVITY . " Q3 =T
FOR SIMPLE COMPOUNDS: 10" - 10 < T A
e
(2x) v
Il ¢
Tue ENANTIOSELECTIVITY FOR | K, > L
2 Y e
COMPLEX COMPOUNDS REACHES 9.5 = a2
f——
D
Tae bifurcation with symsetry breaking can be realized
H H BF, cst 0.0 H
for sutocatalysis of sufficiently coaplex chiral compounds. Ty o)l uts oy ok%.o
& HGC% i ‘: B ?)
B! i f a NA@
1 2 3 ®
Coapounds: w R o= oy o r? = No, . B! = edu . R? x NO,
5 R = Me b: BT 3 B 3 R! = e, R? = NO,
o B! = tg, R = H
R? r!
52 RZ
CHo H'N\C @
o L o H
olu H‘;‘ﬁﬁy'ﬂ q»;J:q Hoyoiny -
HooH P 4 H

!'.:' K : : : :
H'" > N.,H aj;-o H,N o N._H o-:.r,-o
AT
()\© %NJ\(;
R? &S

4 R* s R4
. R’IR‘:N‘O, ™ n‘:n‘-no,
LIEN LT 8% =2 R? = tau
B &' = Noy, BT = e b R' = Nog Al = Ne
R = 8y . R* = K R = igu . 8% = 1
e R!' =RY =2 K



AUTOCATALYSIS: EXPERIMENTS

J.Rebek, P.Ballester, T.Tjivikua, Q.Feng, J.Nowick

Scheae

Compounds

Tr.7. L.4.

Can such experiments be used as the background

of the atrong mirror sysaetry breaking ?

Chirally pure state can be formed only if vy

reaches

Therefore one needs more complex processes .

Tabs *

Tr.8.

L.4

BIFURCATION WITH MIRROR SYMMETRY BREAKINC:

(GENERAL APPROACH.

BIFURCATION EQUATION:

In the simplest caae

The

CHIRAL PGLARIZATION

=3
o

i
o
n

-10

critical

[V I |

P

>

1

Bt a g n - Ayn=0

W=3

k] i
- + -t tn=
n [ 1 3 ] n=0

p ie the controlling parameter.

point is pcr = 1

The only stable racemic state n;": 0 exiats.
The racemic ateady state is unatable.
Twe steady states
1/2
(e) _ _ _l_
Te = [1 o ]

with a broken mirror symmetry are stable

As p tends to infinpity,

the chiral polarization reaches n .
pure

BIFURCATION DIAGRAM
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T EouaTioN ForR THE ORIGIN OF BIOCHIRALITY

n The Beginning
Monomeric 14 2
subaystea _&" :
n pure 1 ;
0 T
rabs 1 ¥
The End
The bifurcation equation under the stereoselective pressure:
-0t [1-'%7]'ﬂ— ¥{1-n")=0; plx o,
The enantioselective pressure plays the role of an
external "chiral f.eld” with the amplitude ¥.
For N = 100
19)
i x
min { pinit } = 100
0.5 -
(1 npure) @ 0,01

=4
<

CHIRAL POLARIZATION

- 0.5

(l-r‘bs)ﬂfﬂ.ﬂl

(1- ¥.) x0.01

IF THE CHIRALLY PURE MEDIUM HAS BEEN FORMED BY THE
BIFURCATION WITH SYMMETRY BREAKING. THE ABIOGENIC
TRAJECTORY FOR THE ORIGIN OF BIOCHIRALITY BECOMES OPEN.







