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1811

OTKpbITHE PEAKIIUU THAPOJAHU3A KpaxMaJia moj
NedCTBHEM MUHEPAJIBbHbIX M OPraHUYeCKHX

KHUCJIOT (CepHas, COJIAHas, A30THAdA, IaBeJieBas)

[lOKa3aTenbCTBO TOro, YTO KUC/ZIOTA He

BCTynaeT B peaKuunio B Ka4yecrtse peareHTa -

Hel\/'ITpa!'IM3aLI,MFI KUCNOTbl MEJZIOM MNOC/1e
OKOHYaHWA pearkunu

llepBan KaTaaiUTUYECKAA peaKuun



1814

Jloknan B Akagemun Hayk «Uber Zucker bildung
beim Malzen des Gestreides und beim Bebruhen
seines Mehl mit kochendem Wasser»

1815, onyomnukoBano B Journal fur Chemie und
Physik (I1IBerinapusi)

OcaxapuBaHHE KpaxMalia oI JCUCTBUEM aMHUIa3bl
KJIEUKOBUHBI U COJIOJIA



Biocatalysis

«In the living and animals thousand of

catalytic processes go on between the tissues and
the fluids, and produce the amount of dissimilar
chemical syntheses for whose formation from the
common raw material”

«B HCUBDLIX DACIMEHUAX U HCUGOMHDBLX 6 MKAHAX U
HCUOKOCMAX npomexKamom mbsvlciauu
KamailumuuecKkux npovueccoes, ocyuiecmaejini
0o0bUIOEC KOTUYECMBO PaA3TUUHDBIX XUMUUCCKUX
CuHmesoe6 u3 06M€20 UCXOOHO20 mamepuaia)

Berzelius, 1836



Modern trends
— Identification of ALL enzymes in ALL genomes
— Structural information on ALL enzyme active sites
— Molecular polymorphism of human enzymes

— Kinetic studies and intermediates identification on ALL
types of catalytical sites

— Molecular mechanics and molecular dynamic analysis

— Quantum chemical analysis of elementary acts

Basis: Information technologies and
high efficiency of computer operations



Principles of catalytical structures
formation



* How to find the » To construct of

catalytical ,structure . :
. o information
forming aminoacids

and variable positions (Shenon's) entropy
in enzyme from portret for enzyme

sequence data? fa mi ly

S.Varfolomeyev,Mendeleev
Comm.(2004)5,185-189
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* A large fraction of aminoacids in
polypeptide chain of related enzymes (90-
95%) 1s highly variable (H>2)

» There are several positions which are
conservative (H~0)



H
25F

20+ ﬂ 1
15} f
A g
0.5F ﬂﬂ N
1 £ ] 1 [ \
\ 51 \ //fl}lK\\ Sl/ 2 251 / \ \ AMMWHOKHCJIOTBI
6 28 31 63 96102 105108 112 159 164 165 16 291 298 311
i GG G GG R L QJ G L D R P G E
'L

1 13b140 190 194 195 196
G H G D

~ b

Lactate Dehydrogenase

* The amino acids forming a catalytical site always manifested
themselves as conservative amino acids

The method for 1dentification of catalyticaly active groups
from sequence data
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e Rating of
conservative
aminoacids

— Glycine is the most
important aminoacid
in the structure of
enzymes

— Aspartic acid
— Histidine

— Arginine






* Conservative structure forming amino acids (Gly,
Cys, Pro)

—His 57 Asp 102 Ser 195 (Chymotrypsin)
— Asp 32 His 64 Ser 221 (Subtilysin)

Put together the catalytical groups



2 Metal 10ons (2 Zn)\HDB Parathion hydrolase
(1DPM)




From sequence to three-dimential
structure (semi-empirical approach)

» Computer comparison of primary
structures of relative enzymes in large
family

 [dentification of prototype with known
3-D structure

* Molecular mechanics,energy
optimization of amino acids changes



Identification of catalytical site in
macromolecule

Computer comparison
3D structures,templates construction

1. Gariev .S.Varfolomeev .Bioinformatics,2006,0Oct
15,20(22) 2574



Chymotrypsin and Streptogrisin

* Primary structures are absolutely different

 (Catalytical sites are the same



Search template

residues

H is His

S is Ser

D is Asp or Glu
atoms

01 is
constraints

distance(H.NE2, S.CB)
distance(01, H.ND1)
angle(H.C, H.CG, S.CA)

angle(D.CB, D.C, H.CEl)
angle(D.CB, S.CA, H.CA)
angle(H.CA, H.C, S.CA, S.C)
angle(S.CB, S.C, 01)
angle(S.CB, S.C, H.CA)

angle(D.C, H.C, D.CB)

D.OD1, D.OD2, D.OE1 or D.OEZ2

between
between
between
between
between
between
between
between

between

and
and
and
and
and
and
and
and

and

4.2
3.9
138
78
46
120
95
90

37

Template-the set of constrains on the type of amino

acids,types of atoms and geometric
parameters,determening the space orientation



Automatic method for
identification of the catalytical
sites for the enzymes of different
classes
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Main structural paradox of
enzymatic catalysis

The great diversity of protein primary
structures

A 4

The very restricted number of catalytical
Site structures



Structural Unity of catalytical sites

Pyrophosphatase

Exonuclease
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Structural Unity of catalytical sites

activating selecting
sub-center sub-center

uniformed

(50-60 for all variable
enzymes)



Protein engineering,creation
of new enzymes



Structure of ternary complex
FDH-NAD*-Azid (1.9A resolution )




KoMmnbloTepHoe moaenupoBaHue aMUMHOKUCIIOTHOM
3aMeHbl Ala-Met N0 3anOfIHEHUIO MONOCTU BHYTPU
rnobynsi SoyFDH ana ctabunusaumm pepmenTa

eﬁlnnoTech
MSZU



TepmocTabUIbHOCTE PEKOMOMHAHTHOM
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Luciferase-photon producing enzyme

ATP 0,
AMP
AMP

1
ZYrnax

=540-570 Hwv




PacnonoxeHue Kn4yeBbIX MyTaLun, MOHNXKaKOLWMX
pH-4yBCTBUTENBLHOCTb CNEKTpa OMosNIOMNHeCcLeHUNN

F16

Y35

rpynna nwoundpepuHa
B KaHase cBA3bliBaHUA

A40

L. cruciata crystal structure: Nakatsu et al, 2006
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Engineering of LUCIFERASE




KpuBble HeobpaTuMmoun TepMONHAKTUBaL UK
MmyTaHTa 4TS n nroundgepasbl gukoro tuna (WT)

A
4TS, 37°C

4TS, 42°C

1{WT, 42°C

0 10 20 30 40 50
Bpems, Y

Ycnosuga: 50 mM tpuc-auerar, 20 MM MgSO,, 2 MM 3OTA, 0,2 mr/mn BCA,
pH 7.8, 0,01 mr/mn nmoundepassbl



Reaction catalyzed by
organophosphate hydrolase (EC 3.1.8.1)

X O
R,— O p ZR Y R~ 0-P-OH +HZR
L I|) : Organophosphate L I|) 3
R, hydrolase R,
X=0,S
Z=0,SandF,

when R 1s absent




N-terminus

C-terminus

 Presence of affine tags in the protein structure

 Systems for highly efficient expression of proteins
(plasmids and strains)

» Optimized conditions for high yield of enzyme synthesis
in the soluble active form



pH-optimum of native and polyhistidine-containing OPH
in the soluble and immobilized forms
(Cu-IDA-cryoPAAG)
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Temperature optimum of native and 10 e
polyhistidine-containing g, /_/-/ \
OPH in the soluble and immobilized forms P w P r—
(Cu-IDA-cryoPAAG) . .
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Elementary acts
Quantum chemistry and mechanism of catalysis



]
Dr. Nemukhin A.V,
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Supercompiuters for QM/MM
calculations

 SRCC MSU

— 60 TFlop/s
1250/5000

processors/cores

» JSCC RAS

— 95,04 TFlop/s
990/3960 (Intel
Xeon 3.0 HHz)
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*PacuéTr MHOropasMepHbIX
* IOBEPXHOCTEH MOTCHIUAIHHOU
* JHEPIUHU

*UccaenoBanuve v HaeHTH(PUKAIMA
* MUHUMYMOB H IEPEXOIHbIX
* COCTOSIHMI

IlocTpoeHune Y HEePreTHYECKUX
* npopuiIer XUMUYECKOHN PeaKIuu

‘UneHTu(puKamus MOJICKYJISAPHOIO
* MEXaHM3MA peaKIuu




Charge relay system

« Mattews B.W., Sigler P.B., Henderson R., Blow D.
CH,—O (1967)
« Blow D., Birktof T.A., Hartley BS (1969)

Ser-195

His-57

Asp~His Ser ---> Asp His Ser

mechanism that increases
Asp-102 ey
i the nucleophility of Ser



Structural Unity of catalytical sites

"charge relay system' I Yva

Phe 55 Arg 52

His 184

Trp 191
Asp246]">/

Asn 84

Chymotrypsin

Peroxidases His 176

Asp 238 jj'

@193






OOHO-NPOMOHHBIU UAU O8YX-NPOMOHHDII
MEXAHUZM:KAI0UEBAsl POlb OKPYHCEHUS

KBaHTOBO-XUMHYECKHE PACYECTHI
JHEPreTHYECKOro mpoguis:
Ser214 He BKJIIOYEH B CUCTEMY

Bo3MmoikeH nmocie1oBareibHbIA ABYX-
MPOTOHHBIN MEeXaHU3M



Ser195



OOHO-NPOMOHHBLU UTU 0BYX-NPOMOHHBLU
MEXAHU3M. KJIHOUY€EBdsl POlb OKDYIHCEHUS

KBaHTOBO-XUMHYECKHE PACYECTHI
JHEPreTHYECKOro mpoguis:
Ser214 BKJIIOYEH B CHCTEMY
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OIHO-IPOTOHHBIA MEXaHU3M
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n important conclusion: \ N
f Asp from catalytic tl‘//'l ' Iis, but not to serve




Acetylchohnesterase

* Enzyme of central nerve system,

degrades the neurotransmitter acetylcholfie -

* Seryne hydrolase %
* Structure: 537 aminoacid residues,

12 B-sheets, 14 a-helix

- Catalytically perfect enzyme:
/Ky~2%10° Ms

cat

e Active site at the bottom of 20 A narrow gorge \



QM /MM run:

QM/MM calculations

GL 116
* Quantum subsystem: GLy
— Ach molecule ALAZO
— Atoms of Ser199, His437, clrne % "
Glu324, Glyl17,Glyl18, o /1

| : ——IdﬂL‘P '\_..v ) o

Ala200, Glu198, Ser225 0. /S0 0

residues

[ SER199

&
D
._I_ E‘ ,_i X

— 3 water molecules o

— DFT(PBE0)/6-31G*,
HIS437

— 713 basis functions -
— Amber99 force field GL:’%



Enzyme-substrate complex

\
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Tetrahedral mtermedlate (acylation

N7 e stage f )[
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eaction coordinate




Tetrahedral intermediate (deacylation

X stage) | A

\f o Ser203 \: /
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[IporpamMmMupoBaHHas MOJEKYJIApHAasl MalllnHA

MOJIEKYJSIPHBIU CTAHOK
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Post genomic chemistry

One of the most interesting problem of
the modern chemistry,biology and
medicine

Individualization of the
genomic and proteomic
diversity of human
biomacromolecules

Pure Appl. Chem., Vlol. 77, No. 9, pp. 1641-1654, 2005,
DOI: 10.1351/pac200577091641
© 2005 IUPAC
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Molecular polymorphism-genetic
predisposition to different diseases



Genetic predispositions

- Cardiovascular diseases
* Oncology

» Respiratory diseases
*Diabetes

* Infections



Project-Molecular polymorphism
of human enzymes

» Enzymes-basis of transformation of all
substances in organism

» Enzymes-the most investigated biopolymers
* Restricted number of genes (2800)

* Kinetic basement of biosystems
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Molecular polymorphism of human

enzymes
PGH — syntase (COX 1, COX 2)
Cox 1 -842 A>G Reduced sensitivity to aspirin
Leu 257 Met Increased risk of colon cancer
Arg 8 Trp Reduced sensitivity to aspirin
Pro 17 Leu
Cox 2 -765 G>C Reduced risk of colorectal cancer,

squamous carcinoma

-1290 A>G, -1195 G>A

Increased risk of esophageal dis.

-84°73T>C

Increased risk of lung cancer

Val 511 Ala

Increased risk of bowels cancer

Arg 298 His

Increased risk of diabetes - 2
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Butyrylcholinesterase



Individual sensitivity to drugs

Succinyl choline-agent for
ICHz'COO(CHz)z'N+(CH3)3Cl' anesthesiology

CH,-COO(CH,),-N*(CH,),CI

Acetylcholine-neuromediator

CH,COO-(CH,),-N*(CH,),CI- .
S Defective gene
Acetylcholin esterase”™ | S
g Enzyme inhibition

(CWA)

Hydrolysis



Molecular polymorphism of human/®
enzymes i

Butyrylcholin esterase
Ala 567 Thr, Asp 98 Gly, Asp 98 His, [Glu 525 Val,
Gly 418 Val, Len 335 Pro, Len 358 lle, Thr 271 Met,
Tyr 156 Cys
“Atypical” butyrylcholin esterase Asp 98 His

Asp 98 Gly

“Apnoe” and paralysis






OM/MM calculations

/

| - \3u325
o’ ¢ Quantum subsystem:
géer@g \Q — Restricted Hartree-Fock
i} ol method
AN — cc-pVDZ basts set
Succynylcholine — 25 atoms 1n QM
N subsystem
\ — 335 basis functions

I J S _ Amber99 force field



'~n difference

(2N — Asp70Gl
y. BN p70Gly

BuChE

Catalytic triad




Asp70Gly SNP

 Km (snp)\Km(n)=100
e K3mn)\k3(snp)=8100
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