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Hay4HbI (HOpIocT
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Esrenuit Axatonsesmy nepnﬁml = FNABHbIA Hay4HbiA

Py, Uncruryra

PAH, poxrop 6uonoruueckmx nayn, nM«:op Opuu

w3 Bepyux

nemmcnnu-momux &nm, astop 6onee 200 uay\omx

craveii u 10

 GbiBwmA

WBMN PAH, ox rpomen NyTb OT MONOAOrO HCC/IRAOBaTENA uo

B uHTepasio oK pacckazan o ceoeM nyTH nnayky,

MeTaNNCBA3b moumeem(al
u Gyaywem Guonormueckmx
MCCNeN0BAHMM.

- Estenuii Anamonsesuy, sawa

cBoii Way\wbiil nyms u wmo nowoeno
Bam deuzamscs eneped?

- R M 8AMATECH HAYKOR §
1967 rogy, a Tpetoe kypce Mocos-
CKOMD GHIANO- TEXHNECKOTO WHCTHTYTS.
¥ HAC Ha QAyMSTETE MANEKYARDHOR 1
TMIECKO s Gaina NpaKTHKE
CTYASHIOS PACRDERERANN 1O TaK AN
st GAI0BHM WHCTHTYTaN, (2 OW
DOCTENEHHO EMEAMICS & Kay U0 pato-
Ty. Moit APy 1 QRHOPYNNFtK BASZHMMD
HOBOTOPUES YTOBOPWA Mer NoexaTe
& Mysnho, 1€ TOMRA TONBKO 1O OBpa-
J062NCH Kayeii uenTp. Mt seibpans
Mn(hnyl GonormecKkoi dusAke M A

KPYNHOro Hay yeHTpa.

EBrenmi MlepvMAKOB: «[nagHan
Harpajja B HayKe — y3HaTb 410-TO
HOBOE, 4TO paHbllé HUKTO HE 3HaP»

sopmn ).’.‘/awl Sypumeitn, Tam
3 HINAN SAHHMATECR PASBHTHEN METORS
COBCTBENHOR MIOMMHECUENLM Bencos
TEMO, KOTOROR A NOCATHA Bonee 30 net
W HANMCAN e MOROT e, KCTaT, MOR
YT, KOTOPH MEHA csauane & Ty
O, BNOCNEACTEMNK CTAN AXAZEMAKOM 1
BAPEXTOpOM HIHCTHTYTS OB # Heop-
carmaechon i PAH & Mooe.

Lo, MV, HATDUR, KA, L, WSS,
WEDEI0, MADEIEL, KOBAMST, HKERS
HERDTOPSIE APYTINE METARN, B3 N He-
BOIMORAO GYHKLNOHHPOBIHIE it ALHOR
WABOR CHCTENEL [OCTATONHO CKASATS, IO
HEQERIA ADOSOUMICTS CCY=ETARNETCA
2 cuer vomoe ke

watecn nowo-
AT APYRECKER BTMOCGEDA B KOMNEK-
THEE W, KOEUHO, OFPOMHBI HHTEDEC K
Touy, KaK YCTPOSHS RPMPORS.

- Bet - odun us ocosonARCHNH-
KO8 usyvewun MemancensHIB@OWT
Gemnos ¢ mupe. Paccxawume, nome-
nyiicma, ann wezo Ha HyxKO SHaMS 0
maxux Genwax? [de oMy scmpevarmar

VAR M HETOMA, & MELIEWHOE CORPSEHAE
YIDAEARETCA WOKaMI KaRbLoA. Banno-
ReCTEYR €O CrELsAguraecxus Genkami,
WOHS METATNOB SSNQIMAIT DETyARTOD-
g, CIDYRIYPeSIE W GEpMETATIS e

Gens, 1 T06 NOHATS, Kk YCTPOEHS H
MBS CACTEMS, HEOD-

~ Hasepwoe, HAHEATS MeHA gt
5 OCHOBONQNORANKOS ~ 310 NpeyBen-
e, T Gt Sy 20 wer. Mes
APOCTO & CBOvEX PaBOTaX OBHApYXHAM,uTO
CBASmaNE BENKAMM  WOMOB METANNOS
MOXET QUEHS CHALHO BAVATE K2 DyTVe
CBORCTE GENNOB, NOXASAMM, KaK 3TH CBO#-

LI KOO ABSUX OFC B OS.
I HASLSNOT METAMMAMA WS KANb-

© Esrewmi AHGTONbEBHY C CHIHOM M AONEPLIO KA CBOEM 60-neTHH

XORMO SHATE, KK YCTROSHA 3T METANT-

® UncruTyT Guonorusecxoi dmamkw AH CCCP, Myuuso, 1970 r.

B Hawei gy

BNy TEREMEQMINKIN  CHCTEMY
U MOHKTODHNIS GEDEMENHOCTI 1 Y-
KANBHSI METO SHATISS MO NOBERI-
HOCTH eNBCTIS PEnbEdan.

B cepequne 90-x A 0cw08an & HEN
PAH aBOpatopmo HOSsX METONOS &
6ONOIIMY, KOTODER SarHMARACS ExiAEne-
HAEM NEDCNEXTHBNHSIX HANPAENEHME WC-
CheaOms 1 SOPMAPOBANMEM. HOSKX
KORNEATHEOB. MHOMHE M3 HtX, HANPAMED
NaBOPATOPI GHOTEXHONOMMK, BHPOCH
B CANOCTORTERBEA NQRPAIENEHIR.

B ractomeee epewin Nabopatopuei
HOBSIX METOAOE & GHONOINA PYROBOLMT
xgpw CE. Nepunoe. 38 roy cyme-
CrBosanwn NlaBOPTODH e COTRYIHMH
COYGAKCBANN B MEXAYMADOHEX W POC-
CiCKnX m3gasunx oxono 1000 crateh
", N0 Mermmed mepe, 8 monorpadwit. 3a
310 SpeNR fERTENSROCTS RABOPITODYA

DOQAECIKKY B BE MHOXECTES

Paios NO Nporpawsw Mpesamyua
PAH, POOM, PHO, Munodprayion B Nl
oK AMTEREHOR Spewn paoTan

'PEAOBONO HANDABNENI B waywe O Benkar,
MSYNSOUEND TAK MISHBIEMEI CHATVERD
HEYMODAZOEHEIS BENOY, XAPAKTEDISY-
WSO UBCTHHEM W MO OTCYT-
CTBMEN XECTHOR TPETHHOR CTPYKTYPM.

- Kaxue nanpassenus & uspvenss
Genwos B cuumaeme
2006ewiauouyuseu dnn ydyuiux nokane-
wuth yvensex?

- Hayxka Tem # yRNEKATEAbKS, WO
ACKAIATE  OTHDBTIA  DEKTINECHH

reso: Coimac axTuesno passi-
BAKTON METOZH M3 OCHOBE HOKYCCTBEN-
HOPO WeTennexta. Paspabarusanicn sce
Bonee Touwsmie METOQH NPEACKASAHAR
CIPYKTyDb BENKOS W MexBHHSOS G-
NOK-BERKDBOMD  ESAMMAREITENA.

(xmwe el Gypew 2T 06 yeTpORCTBE

nputo- wnw
rog wecnen dunu um ¢ 1994 % wwen
20,2017 100, Yots Sammince i~ coms ks nmepef.nu Bcerme fans

rspaRae chodema Taoe Sen
wan-

KO8, OcoBer0 Tex,
Ly, MOt W LK. ITH HCCREOBAHAR
BaN M mnw).:'ﬂWiuzmm-noi
Guonorim,

- Vswauansko, & 1965 rogy, Geuno
cosmo Cnewpusnsnoe

ysa. Mive npegno-
ot ComAETNT 3t R gt

DTN, TeM Ry
we cucmen neurs Ganesi. Hagencs,
OB SaiA BYIYT HCNONLIOBATECH
HEKTRNMTENSHO 50 BRATD W AOBEECTES.

- Mowuso sawei naywiod paso-

60T MOBMX RERADCTBEefix me:xlx

Gopo
ot (CKB BI). Ero sagava saxnovanacs &

HocT,
- Kaxue ocnoensie saisoest u 3o
cmumenun Bot Gt sssdenuny sa 203

paspabome n
PpW6opo6 A CoBpeNEGR Swanone-
wecno Heywor B CKB BN Beino onunoe
DOMSEOCTE, OCHBLIAHOS BCEM HEOS-

- 90-¢ roes B, NOKNYA, CamsiM
Cnowim nepuosow. Spnaated e
Pt W SageRREaNL U106 NONOA-

s, ecms nuy 2
- [10AMOE BPEMA § BOCCTaHARANBAN-
O, BEran Ha AHHLE SACTAHN W
KATAACE Ha NBOKAX, HABTIOREA 33 NPHPO-
0. CENAC S3HIMAOCE QUSKYRSTYPOR 8
novew e Ouens,

BaTh. A S BMECTE € CHHOM Mbl DOCKS-

rom—- Basrogaon
OpOWe GHHCOBON NONSEENKE (O~
CYASPCTBS PENIAOHO NOMOAHAICA NEDK

han
ymv-mu & NPOEKTaX, AshextX OF OC-
HOBHOR AEATENLHOCTH, HANDHMED, B6iTy-

neinaen namy W yxe po-
i 40 enans YIX pena A paccxasuean
BHYKAM 1 NDABHYKAM PO WX NDEARD.

B Maruane 90, nocne pacnaga CCCP,
GUHAHCUPOBANINE HAYKI PEIND CORPATI
100, \TO ApwBEND K Yrogy W3 Opra-
300 MHOTHX LEHHBLE CELMBTHCTOS &
MOKCKAX: 2]

K sty 90-x 8 wicTiTyTe chopus-
POBANMCY OCHOBNE HATDANENITE -

Hew, umO podumeny unu ywumens
Moeym cdename, umobel sdoxwosUMS

paboreL. Hexotopsie ezyume corpys-
o yexan 33 pyGe. CIano acHo, w1
KB,

MUTECHE  CNEKTNHLE  APAGODY,  demed W SaNAMUR HOYKOG?
Ternodusimecae NpBops, 0B0pYAOsE- ~Hy 4010 NOOZEATS AeTe, y KOTOPHX
e g yxe. e
Texonona, cncreuss, A, HO O 3TOM
G 2 1O 90T MyTh CAQMMRIR,
COPOCTHOR TIPS ypefiyer TREENOM YMCTEERHOMD W Gutsi-

Lonest, e smocmpet B 1994 rogy pysosos-
€180 PAH Npuano pessesie npeobips-
308476 €10 & MKCTUTYT BHORINMECKOND
OCTPOEHIA € CONTHEM NDOHS-
eoacriow (VN PAH), xotopet cran $u-
HEHCHPOBATEEN WS FOCORANET:.

6 Tou e 1994 0%y & Bepsynca us
CLUIA # NN HEORAAHHOE NpEANO-
Wene Q1 TOTRREMErD AMpERIORa My-
LIHCKOND HaYUHOD LEKTDA SKAZEMIKE
Anescanspe Cepreeais Cowpuna eos-

LNk KAMOPUALTD, 8 TAIORE LINDONI
CEKTD OBOpYAOBI LN MIKPOADYE-
V04 KITOK 1 BHOTEXHONONAR.

Hanpuwep, waws Tlsbopatopu
OTExMORONIN PaspIGOTaRS oMb
vty TERIONONAO AN NONYUENHA K3

poT—

WECKONO ToyAs, KOTOpSIi He BCETas 803
HAPERISETON Guancoso. Thasrin -
(P - 370 yAOANETBOpENME O TOMD, 10
YAEROCS Y3HATS TO-10 HOBOS, VIO pisiblle
HMKTO HE SHan. MOMMMO ECTECTBEHHONS-
M AKLIANS, BEKHO SHATS HCTODI
o 5

COBZMHENI ~ FATAPORBEPUETING 1
apaburoranaKtans. Jra paspsbores &
2005 rogy namyuwna rper-npw Kowkypca
PyCC imHoBALMIL Met TaKne Cosgamm

M, HOTOPL CHIAC REMRETC MEXAy-
HAPOHIM RSHKOM KW

Gomo npedocmaenend
2epoes nyumas

~

Vi

Vid



O USOBPETEHUAM W OTHPLITUR
ccop
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OMUCAHUE U3OBPETEHUA

H ABTOPCHOMY CBUAETENLCTBY

1
(21) 6406113/30-14 1
(22) 07.04.88
(46) 23.07.90. Bon, P 27 g
(71) HucTHTyT Guonormueckoit duaukit
AH_CCCP
(72) E.A.Tepmaxos, B.J.Unupos,
H.B.Jlarunn % 3.A.Bypureiin
(53) 612.015(088.8)
(56) Anal. Biochem., 1986, 157, 2,
. 345-352. .

(54) CrOCOB ONPEJIE/IERHA KOHIERTPAIGIH
HOHOB KATIBIIA B PACTBOPE
(57) Msobperenue oTHocHTCA K dusHKO=

2 .

XHMAGECKOM GHOMOTHK, GHOXIMIDE H o=
TEXHONOTUH ¥ MOXET OHTb HCHOMBIOBANO
AR OMpefenems KORUCHTPAWHH HOWOB
Kanwuua B pactsope. lles usoSperemms -
OBMIENHe UYBCTBHTENBHOCTH 1 CelieK=
THBHOCTH COCO6A B MPUCYTCTBHM HOHOR
Maruus. JIin 3TOro B WccenyeMsit pact-
30D MOMEWAWT WYNCTBHTENBHM SnieMenT

B Bune vspasnu napna.rbeynunn. MOGH=

PYIT u3MeWewHn criexTpa 1pun?o¢anosoﬂ
dnyopecuenwt MAPBANBEYMIHHA, 3aBHCH=
Mie OT KOHUEHTPALHH CBOSONMEX HOHOB
Kanbuun B pacTmope. 3 wi.

&
MITUECKOit GHONOTHM, a MMEHWO K crioco-
Gam onpenienenus KOWIEHTPALMH HOHOD
Kaibius B PACTBOPE, H MOKET OWTh EM-
POXO HCMONB3OBAHO, HATPMMEP, IUIA Onpe-
ZleSleHHA NapaMeTpos CBAIMDAMMA KaBIGR

uecrne snementa M-
TOBLIVRT MAPBATLEYVIIN, HMMOOKTHIOBAH—
@ KonIareMe W PerMCTPHPYOT M3Me-
WemMe cnexTpa TpHmTOdaWOROit duiyopec—
HewM napsanbEyMHa
Ha dur. 1 mpencrasnesa 3aBHCHMOCTE

wTpoIA 38
en peaxunii,

cnextpa dmyopec~
H

HHA KanbUA B TKAMEBMX XATKOCTAX M
xposu (Menpina), XowTpona 3a cosep-
aNHen KATSUAR B KAGHK THEBMX Moo~
ayxrax (mumesas

e
HOM 3MEMEHTe OT KOWUEHTPAIBDI HOHOS.
KalbuMA # JTHTETBHOCTH OGPAGOTKH ero
rayTaposun amnsrsuoii 58 e, 2-

llentsio u306peTemn ABARETCA MOBHE=
HHe, NYBCTBHTERBHOCTH Criocoba, & TaKke
CMEKTHBNOCTH TPH HCCHENOBANMH pacT=
BOPOB B MPHCYTCTRMH HOHOD MATHi

llens RocTHraeTca Tem, uTo cormacHo
CMOCOBY ompeneneiis XOKIEHTPANHH Ho=
HOB KamBWIA B pacTsope,
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#1:
HCDRIL: Phe Thr Phe Thr Gly Tyr Trp Met Asn Trp Val
Arg,
HCDRZ2: Val Ser Ser Ile Ser Ser Tyr Gly Gly Gly Thr
Tyr Tyr Rla Asp Ser,
HCDR3: Cys Ala Arg Glu Ser Leu His Gln Leu Phe Asp
Tyr Trp Gly Gln,
LCDRI: Gln Ser Val Ser Ser Ser,
LCDR2: Gly Ala Ser Ser Arg Ala Thr,
LCDR3: Cys Gln Gln Ser Tyr Ser Tyr Ala Pro Ile Thr
Phe Gly Gln,u/wm
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CRC REVIVALS

Luminescent
Spectroscopy. of Proteins

Eugene A. Permyakov

)
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Luminescent Spectroscopy of Proteins is devoted to the method of
intrinsic protein luminescence, one of the most popular experimental
methods in modern biophysics and biochemistry. The book discusses
general physical principles of the luminescence method; spectral
properties of the main protein chromophores; and protein
luminescence and its use for studies on structural physico-chemical,
and functional properties of proteins. Principles of luminescent
spectroscopy are illustrated by reallife applications and problems.
Luminescent Spectroscopy of Proteins will be an excellent reference for
biophysicists, biochemists, analytical chemists, and other scientists

interested in this topic.
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& - Vladimir N. Uversky

Eugene A. Permyakov

Protein research is a frontier field EDITORS

in science. Proteins are widely k- .
distributed in plants and animals N ‘ ] .

and are the principal constituents v lbr atl()nal
of the protoplasm of all cells, and e
consist essentially of combinations B S

of aamino acids in peptide o peCtrOSCOpy
linkages. This book gathers

together researCh from th roughout » In "Molecular Anatomy and Physiology of Proteins'
the world in this field of research. Viadtgir N. Uveraky (Setfes Bdltor
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Parvalbumin is a small (Mr 12000), acidic (pl 4-5), Ca2+-
binding protein of the EFhand superfamily, that is very Eugene A. Permyakov
important from severalpoints of view. First of all, this protein

takes part in Ca2+ regulation of activity of some types of
muscle cells, neurons and some other types of cells. At the
same time, the exact physiological role of parvalbumin in
some of these cells is not clear enough now. Second,
parvalbumin hastwo high affinity Ca2+ binding sites and for
this reason it is frequently used as a simple model Ca2+
binding protein. It is convenient for studies of effects of
interactions between two calcium binding sites and is very
useful for studies of calcium binding effectson interactions of
the protein with another proteins, peptides, membranesand
low molecular weight organic compounds, which frequently
have physiological significance. Third, parvalbumin forms
several partially folded intermediate states, which have been
studied by many researchersinterested in protein folding and
stability problems. It is very attractive for studies of the
properties and structure of intermediate molten globule-like
states The present book summarises our knowledge on
physical, chemical and physiological properties of
parvalbumins.

Parvalbumin

In "Molecular Anatomy and Physiology of Proteins" &
Vladimir N. Uversky (Series Editor)
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Vladimir N. Uversky |

Eugene A. Permyakov |
EDITORS §

Luminescence
Spectroscopy and
Circular Dichroism |

In "Molecular Anatomy and Physiology of Proteins"
Vladimir N. Uversky (Series Editor)

Methods in
Protein Structure
and Stability
Analysis

Protein research is a frontier field in science.
Proteins are widely distributed in plants and
animals and are the principal constituents of
the protoplasm of all cells, and consist
essentially of combinations of aamino acids in
peptide linkages. Twenty different amino acids
are commonly found in proteins, and serve as
enzymes, structural elements, hormones,
immunoglobulins, etc., and are involved
throughout the body, and in photosynthesis.
This book gathers new leadingedge research
from throughout the world in this exciting and
exploding field of research.
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Calcium Binginé Proteins

Eugene A. Permyakov
Robert H. Kretsinger

Calcium Binding Proteins explains the unique and
highly diverse functions of calcium in biology,
which are realized by calcium binding proteins.
The structures and physical characteristics of
these calcium binding proteins are described, as
well as their functions and general patterns of
their evolution. Techniques that underlie the
description of proteins are discussed, including
NMR, circular dichroism, optical rotatory
dispersion spectroscopy, calorimetry,and
crystallography. The book discussesthe patterns
of bochmical phenomena such as calcium
homeostasis, mineralization, and cell signaling
that involve specific proteins. It summarizes
ongoing researchand presentsgeneral hypotheses
that help to focus future research, and also
provides a conceptual framework and a
description of the underlying techniques that
permits someone entering the field to become
conversant



hesizes the current knowledge in the field and provides new insights
into medical applicationsMetalloproteomics is the large-scale study of
metal-binding proteins. These proteins, which represent about one
quarter of all the proteins in the Protein Data Bank, play important roles
in all biological systems and all biological
processesMetalloproteomics provides the latest information on all major
families of metal-binding proteins, including their structural, physico-
chemical, and functional properties, enabling readers to better
understand these proteins. Moreover, the book demonstrates how
understanding the structures, properties, and functions of intracellular
and extracellular metal-binding proteins may unlock the key to drug
development for the treatment of a myriad of diseases.
Written by Eugene Permyakoy an international expert and pioneer in the
structural analysis of metalbinding proteins, the book offers
Theoretical introduction to cation binding
Broad range of methods for investigating the binding of differentcations
to proteins
Characteristics of interactions of physiologically important cations of Ca,
Mg, Zn, Fe,Mn, Co, Cu, Ni, Mo, W, Na, and K with proteins
Detailed considerations of structural and physico-chemical properties of
the metal-binding proteins
Interactions of all other metal cations with proteins
Interactions of different types of cations with nucleic acids
Throughout the text, the author integrates principles of proteomics. In
addition, detailed examples underscore the role metalbinding proteins
play in health and medicine.
Bringing together and analyzing all the latest
findings, Metalloproteomics' scope and level of insight are unparalleled. It
is recommended for biophysicists, biochemists, enzymologists, cell and
molecular biologists, protein and peptide scientists, organic and
bioinorganic chemists, and chemical biologists.

$WILEY

LLEY SERLES IN PROTEIN AND PEPTIDE SCIENCE
— —_)7(\ 5 Viadmir N. Uversky, Series Editor
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METALLOPROTEOMICS

Eugene Permyakov
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VOLUME 1 A-C

Robert H. Kretsinger
Vladimir N. Uversky
Eugene A. Permyakov
Editors

Encyclopedia of

Metalloproteins

@ SpringerReference

In biochemistry, a metalloprotein is a generic term for a protein
that contains a metal cofactor. The metal may be an isolated ion or
may be coordinated with anonprotein organic compound, such as
the porphyrin found in hemoproteins. In some cases, the metal is
co-coordinated with a side chain of the protein and an inorganic
nonmetallic ion. This kind of protein -metal-nonmetal structure is
seen in iron-sulfur clusters

Metalloproteins deals with all aspects related to the intracellular
and extracellular metal-binding proteins, including their
structures, properties and functions. The biological roles of metal
cations and metal-binding proteins are endless. They are involved
in all crucial cellular activities. Many pathological conditions are
related to the problematic metal metabolism.

Research inmetalloprotein -related topics is therefore rapidly
growing, and different aspects of metatbinding proteins
progressively enter curricula at Universitiesandevenat the High
School level on occasion. However, no key resource providing
basic, but comprehensible knowledge on this rapidly expanding
field exists. The Encyclopedia ofMetalloproteins aims to bridge
this gap, and will attempt to cover various aspects of
metalloprotein / metalloproteomics and will deal with the different
issues related to the intracellular and extracellular metatbinding
proteins, including their structures, properties and functions. The
goal is to cover exhaustively all catalytically and biologically crucial
metal ions and to find at least one interacting protein for other

metal ions. The Encyclopedia ofMetalloproteins will provide a key
resource for advanced undergraduate and graduate students,
researchers, instructors, and professors interested in protein
science, biochemistry, cell biology, and genetics.
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B lyiuHHCcKoM Hay4yHom weHTpe PAH

E. A. Nepmakoe,
4. 6. 1., npogheccop, aupexTop MrcTHTyTa GRomonmeckoro
npriopocTpoerHA PAH, zamecTeTens [Tpegresarens
Mpeznauyra MywKHCKoro HaysHoro yertpa PAH

B IMywuncxom naysnos wenmpe PAH (ITHIT PAH)
COCPEdOmMONEN CHNECTSENNEE HOWYNRE ROMEHENLT
& ofnacmu cospesenno Guotosuu. Hecsompa na mo,
wmo ocHosHol sadaves decamu uverwuuxca & ITHIT
PAH uncruimymos SeXaemci noayyenue fynoamen-
MUOITEHEY 3HAHRE 0 wneold npupode, & Henmpe do-
CHUTROYHG MHOZ0 HNFEPECHBLY HMIK MM ECKILT Paipa-
GOm0, HEKOMOPLLE 13 KOROFB NCE MAUUTH CE0e Hpli-
MeHEHNE & Aponsodcmes. KoMMepuyuamiIauyis Hayi-
wbiy docmuwcenut & ITHI[ PAH cdepycuaaemca ne-
CROALKMAN RPMYHHAME ONCHRCIRSNEM CHEMMLTH-
chtog & oGIaCH N KOMMEPUNLINIAMIN, OMCHRCHE0eM
PEARBHBLY BNEECHTMMT § PEQTEHOZ0 CRENCE M HEIK-
MIUYECKUE PAIPRGGRKE OO CRIOPOND HOIT 8000 M.

VinHHCKHI Hayuesii nestp PAH (ITHIT PAH)
ABAAECTCA YHHEATNBHLIM UGp.l.ﬂaBdHIIrM. HMe-

MIIHM MHPOBDE FHAMEHHE 1 u-s'J'br.'l]llhIhalull.h

oxono 30% noTernata Poocun B of1acTi gumanke-xm-
MUYECED GIIlL‘JLaI'IIII. B HACTOANSE B SHOUIEHBOCTE
S lEHHNA MO COCTARARET okoan 2005 ThICAY HeI06eK.
koM kosnaekce [THIL PAH paSorant 3.3 Teic.

a ; .
Significamnt scientific poten- L_ b j'

tial is concemtrated in the

Pushchino Research Center of the Russian Academy
of Sciences (PRC RAS). In spite of the fact that the
main task of the tem institutes of the PRC RAS is
obiaining fundamental knowledge on living nature, the
Center has many interesting applied developmenis,
some of whick are already used in various branches of
industry. Commercialization of scientific results in
PRC RAS is kept back by several reasons: the lack of
experts in commercialization, the absence of real
investments and the lack of real demand for applied
developments from industry.

HENOEEK, 13 HHNX 13 TRIC, — HAVSHEE COTRVIHHER, RH-
wen Honee SO0 1z HIX — 570 A0KTOpPE 1 K WIATH HAVE.
ITHIL PAH aenseTca rpagooipasyiineil cTpyeTypoi
MyYHHUHAILHOro obpazosanna (r. [Iviommo Mockos-
crnil ofin. ). B eoctas ITHIT PAH BXOIAT CeIYRIIHE HH-
CTUTVTHEL, GTHOCAINHECH, B OCHOBEHOM, K Oraenennn Gino-
norHdeckuy Haye PAH:
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Human o-fetoprotein as a Zn>*-binding protein. Tight cation binding is
not accompanied by global changes in protein structure and stability
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Abstract

The binding of zinc to human a-fetoprotein (AFP) isolated from human um|

I+

sl cord serum was studied by Muorimetric

ration. We found that the total number of strong binding sites for zine on this protein was 3: AFP has one very

strong {dissociation constant, Ka< 1075 M) and at least four lower affinity zinc binding sites (Ky <107 M). Fourier

transform infrared (FTIR) analysis revealed that aspartate and histidine residues could be fovolved in the

coordination of zine. Intriguingly, binding of zinc to the pr

ong
duce structural changes that can be detected by

circalar dichroism, FTIR, intrinsic il cence or (1,17
Finally. scanni

g microcalorimetry measurements showed that stabl

hihalene-3, 5 -disulfonic acid (bis-ANS) binding.
y of the protein is also unaffected by zinc binding in

spite of the strength of the coordination. Such strong interactions without major structural consequences are highly nnusual,
and AFP may therefore be the first characterized representative of a new class of ligand-binding proteins. © 2002 Elsevier

Science BY. All rights reserved.

Keywords: a-Fetoprotein; Carcincembryonic protein; Protein stracture; Structural transition; Conformational stabiity; Zn®* binding

L. Introduction

o-Fetoprotein (AFP) is an oncofetal glycoprotein
consisting of 590 amino acid residues [1] that is pro-
duced primarily by fetal liver and yolk sack cells.
AFP levels correlate with fetal maturity, being very

* Corresponding author. Presemt address: Department of
Chemistry and Biochemistry, University of California, Santa
Cruz, CA 95064, USA. Fax: +1.831.458.2015,

Feil aoldress: uverskyi@hydrogen.ucscedu (V.N. Uversky).

9254430102/ § = see front matter © 302 Elsevier Science BV, All

PII: S0%25.4430{01)00079.5

high during embryo development and decreasing
abruptly just after birth. An increase in the AFP
content in adult sera is evidence of the development
of several disorders [2].

AFP is a well-known molecular marker indicating
either the development of cancer or fetal abnormal-
ities [2-9]. In addition to its substantial diagnostic
importance, the physiological functions of AFP are
also of great interest. It has been established that
AFP isolated from amniotic fluid or the fetal sera
of rats is capable of binding estrogens [9-12]. It
was shown that AFP strongly binds to fatty acids
[%,13.14] — material isolated from human fetuses con-
tains from 2-3 molecules of fatty acid per protein

rights reserved.

Abstract Small milk protein oelactalbumin {g-LA), a compo
nent of kactose synthase, i a simple model Ca®* binding protein,
which does not belong to the EF-hand proteins, and a classical
example of molten globule state. It bas o strong Ca®* binding
site, which binds Mg®*, Mn**, Na*, and K*, and several distinc
Zn®* binding sites. The binding of catiom to the Ca®" site
increases protein stability agaimst action of beat amd various
denaturing agents, while the binding of Zn* to the Ca™doaded
protein decreases its stubility. Fusctioning of e-LA requires its
interactions with membranes, proteins, peplides and low
moleculur weight substrates and products. It was shown that
these interactioas are modulated by the binding of metal cations.
Recently it was found that some folding variants of ceLA
demoastrate bactericidal activity and some of them cause
apaptuss of tumor celk.
© 2000 Federation of Evropean Biochemical Societies.

¢ wards: e-Lactalbuming Structure; Function:
Metal cation binding

1. Imtroduction

= Lactalburmn {e-LA) 15 a small (M, 14200), acide (pf 4=
“a** hinding milk prolein, which & very imporiant from
exal points of view. First of all, asLA performs an mpors
y ¥ L s ome of the two
compenents of laclose synthase, whch catalyzes the final step
in lactose biosynthess in the lactating mammary gland [1].
The other component of this system s galactosyliramsferase
(GT), which is involved in the processing of proteins in var-

iows secretory cells by tramsferring galactosd groups from
UDP-gal; W gl Neacetylglucos-
amme. In the lactating mammary gland. the specifiaty of
GT 25 modulated by interaction with a=LA, which increases
its aflimity and specificaly for glucose:

N AT e
UDPGial + glucose —  lactose + UDP

The reaction takes place in the Golgi lumen and requires
Mn** jons.
Second, o-LA posesses a single strong O

*Cornespanding msibor. Fax: (THOM1.79 05 12
E-mail: permyakoviibp.serpukhen su

b LA, GT, gl
DMPC, dmyristoy batidylcholine; DPPC, dipalmatoy
sidylchaline; DA, Sdoxylstraric acd; DSC, differential scanning
calorimeiry
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[2.3] and for this reason il & frequently used as a simple,
model Ca** binding protein. 1L is very convenient for studies
of akium binding effects on intersctions of the protein with
proleins, peplides, membranes and low molecular weight ore
ganic compounds, which frequently have physological signifis
cance.

Third, ee=L A has several partially folded intermediate states,
which are being studied by many researchers mierested in
protein folding problems. It is very attrsctive for studies of
the properties and structure of intermediate molten globule-
like stales since al acidic pH and in the apo-state al elevalad
temperatures gL A i the classic ‘molten globule’ [3-5]

Fourth, it has been found recently that some lorms of oL A
can induce apoplosis in lumor cells [6,7] which suggests that
this protein can (ullill many important bological functxons.

2. Primary, secondary and fertiary structure

Most of a-lactalbuming, including human, guinea pig. bo-
vine, goal, camel, equine and rabbil profems, consist of 123
amine acid residues (see for example [5]). Only rat @ LA con
tains 17 addivional Celermmal resicdues. @-LA 15 homobogous
in sequence Lo Lhe lysazyme Family, bul it exhibits cell Wlic
activity about 107% of the spectlic activity of hen sgg white
Iysozyme [9). Xoray erystallography has shown Ut the threes
dimensional strueture of ceLA 5 very smilar o that of lysos
zyme [10,11]. Natve a-LA consists of twe domams: a large
a-helical domain and a small fesheet domain, which are con
nected by a caleium binding loop (Fig. 1). The a-hebical do-
muain i composed of three major a=helices (resdues 511, 23—
24, and 86-98) and two short 319 helices (residues 18-20, and
115-118). The small domaim is composed of a series of koops,
a small threestranded antiparaliel fepleated sheet (residues
144, 47-50, and 55-56) and a short 3 helix {three residues
per Lum and an intrachain hydrogen bond loop containing 10
atoms; residues 77-80). The wo domams are divided by a
deep clell between them. AL the same tmme, the wo domaing
are held 1ogether by the cysteine bridge between residues 73
and 91, forming the Ca® hinding loop. A second important
desullide bridge 61=77 connects the two domains as well.
Owerall, the structure of c=LA is stabilized by four disulfide
bridges (6120, 61-77, T3-91, and 2%-111).

3. Location of cation binding sites

Ome of the most interesting features of e-LA 5 s ability 1o
band melal cations. 1t does nat belong 1o the EF-hand protein
family. The prolein has a single strong caleium binding site,
which i formed by oxygen ligands from carboxylic groups of

00145793100/ $20.00 © 2000 Federation of Ewropean Biochemical Societies. All rights reserved.
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ARTICLE INFO ABETRACT

Eeywan: 5100 peoteins eonstitute o the EF. of eabelum They passss
SUH" proam cne clsssteal EF-hand Ca**-binding domale snd an arypical EF-hand domain. Most of the 5100 peoteins form
Momoric $1000 stable symmetric An anslyss of on 5100 that their

Interiealin, comcemranions eould be mueh lowes than dissoclarion cosstasts of thelr diseric forms. It means that Just
;"‘H‘-"""‘" menomerie forms of these proteiss are Important for their fanetioning In the present wesk, thermal dens-

wuration of spe-S100F peotein sonhored by intrissie cymsine fuoresesnce has been sadied a1 varioes prosein
ecomcesarations within the region from 0.04-10 3. A transicion from na
shiftisg thee mid-1r st 8510 75 °C. Monomerke S100F

‘& sensor chip of &

1 o 1 compleses with bomen terdeukin-11 (aguilibium dissociation constant 1.28M) In contrast, (s
mobilized erleukin 11 Mmomuamnmmmmﬂm;unnum

255 0M. peotein is very low (0.5 M s evabuaned froo our
data) the sensitivity of the extsing pnm meshods doss not allow cxrylng out a detsiled study of S100P
msoimer properties. For this reason, hecular chasges

nnwwnnnmmmmmmmmmmmmmunymmunmuﬁmu
51008 and S100A11

our. It was fousd thar during the tansition from the homo-diser 1 monomer foem, the tiree 5100 menmer

structues undergo tee follovisg chasges (1) the helices in the four-bellx bundies withis each soscmer ot

in erder to shield the exposed non-pelar residues (2) almest all lost comteets at the dimes inserface are sub-

stituted with equivalent and newly formed intersetions inside each monomes, and new stabilizing lmemctions
formed; and (3) all comes. The resules of the present study show

that beth disseric and manamesie fams of 5100 proteins can be funetional.

1. Introduction the smallest members of the EFhand superfamily and their molecules

‘cansist of oaly two EF-hand domains. Acidic amino acid residues within

POCCHIACKAS AKAZIEMHS HAYK

HAYYHOE
ITPUBOPOCTPOEHUE

ISSN 0805-3580

HAYYHOE [TPHEOPOCTPOEHHE, 2001

OB30PhI a

VK 681.2:57

@ E. A. lepmaros, A. A, peiinnn

ToM 26 Ne |

ANBAPL—MapT

2016

Canwr-TerepGyprexas

e —

guepua <Hayas

PA3BHTHE BHOJIO'HYECKOI'O
MPHBOPOCTPOEHHA B POCCHH

F B HAYHHOM , NECATH-
OHKPETHO B GHOACrIHECKIM MpRGUPOCTPOCHAN. TIPHEARTCS IPHAMEPE OCIEARI. pm-‘mﬁulm( Hacriryra
Guonoriieckoro npufopoctpoenia PAH. JJ2cTch BRI NEPCICKTIHE PUISHTIS 0TRACTL,

S100 proteins constitute a large subfamily af the superfamily of EF.
hand calcium binding proteins [1,2]. All the proteins within this su-
perfamily have a cammen structural domain (EF-hand) consisting of a
Ca** -binding loap flanked by two a-helices [1-2). §104 prabeins are

the €a*.binding loop pravide ligands for Ca®* binding in a penta-
gonal, bipyramidal fashian. The €-terminal EF-band af $100s is cano=
nical and binds calcium with dissociation constant, Ka =10 to 50 M
[1]. The Neterminal EF-loop has twa mare residues (14 instead of 12) in
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OBUHE NOOKEHHA

BHOAOrMECKoe MPHBOPOCTRORHIE RRIRCTCR BHOI
. ,

PHOOPOCTROCHIA, 1

Ha mam earmen, 910 B aysmes crysac — roydo-
KOe 3WIYAICHIE, CIOCOBHOC CCPECIHD OCTORHNTE
PA3BMTHE OTCYECTBCHHON HAYEM. [ONBKO OJMH NpH-
MEP: NOCKOVIEKY MOCICAOBAHKA B 00nacTi Guotorim

npese Beero obec
HHEM WCCTEADRAHNA B - Enqnmumum;mx HayE

" HMCIOT HENOCPECTECHHOE OTHOWICHNE K
BANMOHATEHOI BezonackocTi vameil crpans [1], anm

[ Gronorna, Gepono-
TS, GuOduruKn, GUOXHMIE, ¥teTDNRAR Gronoris
J Xopomo HEBECTHO, HTO B HACTOAIICE BRCMA 3TH
oEusmq HAYRH n'puoﬁp_tm BEIyIee THEIEHUE JUTE pas-
muria Henoseuectsa. Ceropa paisnrie rocyaapersa
supa GOMRIYED HBCTE CPEICTR, IV Hi PAIRNTHE
HAYKH, HANDARISHT MPCHMYIUCCTECHHO HA PAIBNTHC
GHOMOTIN B METHUNHEL — HAYK, OIPCICTANAITIN 310
PoBLE H GEINACHOCTE THOACH.
OMernan0, 4TO yonemsoe pasenTHe GHONOTHHC-
CEHX HIYE [ o
o u smerogmucckore obfccneucrns. Kmanocs G,
ITOT TEIHC B CHOCH DHERMAHOCTH TRAHNNHT ¢ Ganum-
nocTwo. Boerma otcyTeteme npuGopoB B MeToAoR
GIOKHPOBATO PAIBATHC HAYEH, 8 NOKEICHNC TPHHIN-
THATEHO HOBAIX " METOAOE 10
M OfcclcdHBACT MPOPHIEH B PELTHHHE oGIacTAX
HAVE, B TOM wncie i Geonormsccknx. K comancamo,
¥ PAA OTCHCCTBCHHMIX YHCHBIX GRITYET MHCHNE, 4TO
"HacToAmmM"  1eN0M  SBINCTCA TOMBKO diyHIAMCH-
TANTEHAS HAYER, 4 MCTOMGL 1 OPHGOPE MIPAKIT THITL
pons 1 ofiec oTe-
HCCTECHHOTD MPHGOPOCTPOCHIA — 370 HC FIA9A AT
maveHTANEHOI Haykn. Bonee Toro, B pate onyeace
cme Gonee YTHEEIE-
HIE, HTO PaIBHBATE NpudopocTpoctne & Poccin, nake B
pavax Poceniickoil akaaesm wayk ana obecneucuim
©C HY#L, BOOOLIC HE HMCET CMBICIL BOC BOTHHELIOUING
HAYHHEIE :&:\I‘lﬂ MOGEHO PCIINTE © TOMOIEI 3AEYIKR
3a pyde-
HOM. "?m. KOHCHHD, Aoporo, 0 Beas "waumn” BCC PaB-
HO TARDIO HE CACIMUOT, 18 # € JHIiHoM ¥ HAC cabo-
BATO, HE TOBOPE 060 Boey npodew. "

TH OTEHECTBEHHRIN HAYH-
HEIX HCCIEA0BRHAI OT NOAHTHYECKOH NOSHIMN 3apy-
DERHLX CTPRH N0 OTHOWEHHK K Bawedi ctpane Poc-
CHE JOUIKHL HAYYHTECE OBCCneYHEaTs coba nmpaxTi-
HECKH THIHOCTEI) PEAKTHEAMH W NPEIAPATAMH, NpH-
Gopasi 1 0BOPYIOBINNEM AR NPOBESICHAR paspabo-
TOK X0TR Gel & 370l obnactn. C 370l TouH 3pcHng

W paIBNTIE ®Oi
npuﬁu‘pncqmmmwon Gaid B WHPOKOM CMHCTE
ITOND CHOBL — OAHA W3 CCPREIHRIN M NPHHLNITHAT:-
HBOX CTPATETHYECKNX 3373% COXPRHCHHA M PaIBNTHA
Poccniickoii axagcummn naye. B pamsax smoii mnaan
CEPRITA CUIC OJHA FOPRIAR Tpofacwa — obecnete-
HHC KAAPAMH, RHIHCHHO BIAHAL HC TOIRKO LA IpH-
GopocTpocHu, HO M A BCCi poccHilcKOl HAYRIL

[E T p— oTACALHOD cef pac-
CMOTPEHIS 1 BLIXONT 32 PAMKN JAHHOI CTATLI.
Kax wzmectho, JeCATE NET |

HAYKR, B TOM HuCIC M GHOTOTHMECKAd, n:pe:«uans
rayBokuii Kpuzne, onpeacamommiica NpeEAE Reera
T Heaoe i T "
KAK COASCTRHE ITOTD MACCOBEIM OTTOKOM Hambonce
CrocofHEIX HEYYHEIX KLIPOB KAK 33 IPasiy, Tax i B
apyrue Buael gestenswoct. [loteps axmiemnx w
i TOB B CEEIN C MH-
3epHOil ONAATOH TPYJa, OTCYTCTEHE CPEICTE HA MpPH-
oﬁpmnc psrxtuuux MATCPHANOE ATR TR pa-
cTapesie

cpc:,m, B TOM sicae NPUBOPOE ¥ OOOPYIOELHNA,
COCTARISHOT (IOH, HA KOTOPOM B TEYEHHE 3THX JECHTH
NeT  CTAPATACE BRDENTE (YHIAMEHTRILHAA HAYKAL
HecmoTpa va 31T Kpaiiue HEGIATONPHATHEIC YCIORMA,
| cueT yonmiii npemymysa PAH npefopocrpon-
TensHle Oprammiaunn (B ToM umcne B Gnonorie-
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Kepwards: the EF- o ealel They possess
S0 proasin uuumu:rmn-“wagmumWmnmuumslmmmmn
Morarmesic S100P stable An anatysis of that their

e s mmmmumwmmmmxmmmnmmp
- o mmemerie forms of these proteiss are important for their fosetionisg. In the present week, thermal dens-

uration of spo-S10GF peatein senstored by inreste yrosine Buaneseence hus been stodid 1 varkoms i
0.04-10 . A transicion from

TEC

chipaf
1to 1 compleses with bumsn isterleukin-11 feguilibeium dissociation consant 1.25M) In contrast, im-
mobilized isterleukin-11 binds two melecales of dimerie SI00F with dissoclation eossimes of Z2nM and

2881M. peotein ks very trom aur
data) the sensicivity of the extting physical methods does not allow esrrylng out a desailed study of S100P
s progerties. For this reasan, we have used maleculss hasges

i S100F upen its transition from the dimeric w0 monomeric e, S0-ns molecalsr dynamics simularioes of

1
out. I was foussd that during the transiticn from the homo-disser 1o menomer foem, the three 100 monomer
structuses undesgo Fotate
i ceder to shield the exposed non-pelar residues; (2] almest all lost cosamets at the dimes Inserface are sub-
stituted with equivalent and newly formed Intersctions inside each monomes, and sew stabilizing isemctions
are furmed; and (3) all monomers secreate funetionsl hydrophobic cores. The results of the present study show
that boeh disseric snd manomens fams of 5100 proteins ean be funetional.

1. Introduction the smallest members of the EF-hand superfamily and their malecules

5104 proteins constitute a large subfamily of the superfamily of EF-  the Ca®* <hinding loop provide ligands for Ca®* binding in a penta-
hand calcium binding proteins [1,2]. All the proteins within this s gonal, bipyramsidal fashion. The Ceterminal EF-hand of $1005 is cano-
perfamily have a common structural domain (EF-hand) consisting of a nical and binds calcium with dissociation constant, Kg =10 ta 50M
Ca** -binding lpop flanked by two a-helices [1-2]. 5100 proteins are  [1]. The Neterminal EF-loop has twa mare residues (14 instead of 12) in

Abbsreviations: IL-11, interleakin-11; sWT IL-11, pecombinast bussan interbeukin-11aeiiting the N-terssina] Pro residue of the mature protein (residues 23-199 of
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