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EBreauui AHarojibeBU4
IlepmsikoB

—  IJIaBHBIM  HAY4YHBIM  COTPYAHUK
MucTuTyTa OMOIOTUYECKOTO
PUOOPOCTPOEHHUS PAH, IOKTOP
OuosoTuYecKuXx Hayk, nmpodeccop. OnuH
13 BeAyLUIUX MHPOBBIX CHELIMaIMCTOB IO
V3yYeHUI0 MEeTAJUICBSI3bIBAIOIINX OEKOB,
aBTOp 0OoOJsiee 200 HAyYHbBIX CTaTell U 10
MoHorpaduii. OcHoBaTeslb W OBIBIIUI
nupektop UBII PAH, on npowen nyTs oT
MOJIOZOTO HcciesoBaTe st 7o
3aMeCcTUTeNs1 Mpejcefaresiss KPYHMHOTO
Hay4HOTO LIeHTpaA.
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EBrennii AnatojgbeBuuy pomwicsa 8 mas 1946 roma B L
HNBanoBo. Oren IlepmsakoB AHaToIMil AJleKCeeBHY - YYACTHUK
Besimkoir OrtedyecTBeHHOW BoOWMHBI, CTpeJIOK-paguCT Ha
oomo0apauposminke Cb u Ile-2, npenonaBain B MBaHoBcKoOM
MeJarorn4eCKOM MHCTUTYTE, KAaHAUAAT MeJarorun4ecKux HayK.
Marp Bpau-neguarp padoraJia B 6ojbHuIax r. UBaHOBO.
Yuwicsa B HauanbHoii mkose Ne 7 u B Cpenneii mkose Ne 36 r.
HNBanoBa. Co HIKOJBHBIX JIET HHTEPECOBAJICA €CTeCTBEHHbIMH
HayKaMu: (PU3UKOM, XUMH e, OHO0JIOTHEH.

B 1964 rony moctynuj B MockoBCKHH (PU3MKO-TEXHHYECKUI
uHeTUTYT (Pu3Tex) Ha (akyJbTeT MOJEKYJIAPHOH U
xummnyeckoi ¢Qusuku. Crnenuaju3alul ¢ TpPeTbero Kypca
npoxoaui Ha Kadenpe mouiexyasipuoii ouodusuxku. B 1967
rogy Bnepsble nomnaa B Ilymuuo. Ilocie 3-ro Kypca
MPOXOAWU/I TPAKTHKY B MHHcTUTyTEe OHOIOTHYECKOM
¢uzukn AH CCCP B rpymme 3Oayapza ApoHOBHYA
bypurreitha  (J/laboparopusi ¢u3uku  PpepMeHTHBIX
cuctem). [locne oxkonuyanmss HHcTHTYTA B 1970 TOAY
MPOAO/DKUI PAdoTaTh B TOM jKe rpymme. Tam Hagan
3aHMMAaThCA Pas3spadOTKON MeToxa JIIOMUHECHEHIIUN
0€e/IKOB - TeMa, KOTOPO# IMOCBATUJI 00/Iee TPUALIATH JIeT U
Hanucan 2 moHorpapum (Metroa  cOOGCTBEHHOM
JIOMUHecIleHnuu Oenka, Luminescence Spectroscopy
and Circular Dichroism).



Ilo3gHee 3amHTEpeCcOBAJICS UCCIEJOBAHUAMHU Ka/IbITAM-
CBA3BIBAIOIIMX OEJIKOB M CTaJl OJHUM W3 BeJyLIHX
Y4€HBbIX, 3AaHUMAIUMXCA 3TOM TeMoii. MO)XKHO cKa3aTb
OJHUM M3 OCHOBOIIOJIO)KHUKOB JAHHOTO HaNpaB/JIeHUS.
HoHbI MeTa/UIOB — 3TO Ba)KHEMIITNH KOMIIOHEHT YXUBBIX

cucreM. Mx Ha3pIBalOT MeTa/UlaMU >XU3HM: Ka/JabLMMH,
MarHui, HATpui, Kaaui, LDUHK u ap. be3 Hux
HEeBO3MOXXHO (yHKIIMOHHMPOBAaHHWE HU OJHOWN >XHBOM
cucrembl. B3aumogeiictBys co cmenudpudecKUMHA
O0e/TKaM¥, MOHBI META/UIOB BBITIOJTHAIOT PeryIsaTOpPHbIE,
CTpYKTypHbIe U PpepmeHTaTHBHBbIe PyHKIUN. U 4TOOBI
MOHATHh, KaK YCTpOeHbl W (PYHKIUOHHUPYIOT >KUBHIE
CUCTEMBbI, HEOOXOAWMO 3HaTh, KaK YCTPOEHBbI 3TH
MeTa/UICBA3bIBaOIEe OenKd. ITH HCCAeJOBaHUSA
Ba)KHBI He TOJBKO A PyHZAMEHTATbHON OHOIOrHH,
HO M I MeJUIIMHBI - i1 Pa3padOTKH HOBBIX
JIeKapCTBEeHHbIX mpenaparoB. B 1976 roay s3ammuTua
KaHAWJATCKYIO JAUCCEPTALUIO Ha TeMy
«/IroMMHeCcHeHTHbIe HCC/IeJOBAaHUS JVMHAMUKA
CTPYKTYPbI O€/TKa MPH HU3KUX TEMIIEPATyPaX».

B 1986 rogy 3amuTH JOKTOPCKYIO AUCCEPTALMI0O HaA
TeMmy «B3aumopgeiicTBue Ka/bIUCBA3HIBAIOIINX 0€/TKOB
C KaTUOHAMU MeTaJ/LJIOB».



/ - 32

B coBerckue BpemMeHa YyuyeHble T. IlymmHO akKTUBHO
COTPYAHUYATHA C AA0OPATOPUAMH COLAATUCTHYECKUX CTPAH.
BbUI HaTa)KeH peryisipHbIi OOMeH COTPYAHUKAMH.

B 9o-roapl mosiBMach BO3MOXXHOCTHh €3JUTh U B JApyrue
cTpaHbl. B Te BpeMeHa BO3MOXXHOCTH 3Ta 0COOEHHO IIeHU/IACh,
MOCKONbKY ¢(uHaHCcUpoBaHUe Hayku B Poccum ObLIO
ckygabiM. Torma EBrenmit AHatonpeBHM4Y dYacTo paboran B
CIIIA, corpysuunyan ¢ npodpeccopom Beprmuepom (Ohio State
University, Columbus, Ohio; mo3gnee Denver University,
Denver, Colorado) B o01acTu VCC/IeIOBaHHUA
Ka/IbIIUHCBA3BIBAIOINX OenkoB. B 1menom, on mpopaGoTan B
CIIIA oxomo Tpex mer. boiBan B nmadoparopusix B Kanaze u
IlIBenmn, paGoran B Snmouwmm (YauBepcuter XoOKKaiigo,
Canmopo).

B Hauane 9o-x, mocie pacnaga CCCP, pnHancupoBaHue HayKu
Pe3KO COKpPAaTU/IOCh, YTO NMPUBEIO K YXOAy M3 OpPraHU3aliuu
MHOTHUX I[€HHBIX CIEeNUa/IMCTOB B TIOMCKax Oojee
BBICOKOOIUIAaYMBaeMoii  paborsi. Hekoropsie Begyiue
COTPYAHUKHU yexanu 3a pyoexx. Cramo sicho, uro CKB BII,
OyAy4Yd XO3pacyeTHOW OpraHusanueil, He BbDKUBET. B 1994
roay pykoBoactBo PAH npuHsio pelreHne mpeoopa3oBaTh €ro
B UHCTUTYT OMO/IOTHYECKOTO IPUOOPOCTPOEHUA C OMBITHBIM
npousBoacTtBom (MBI PAH), koTopsiit cTan puHAHCHPOBATHCA
W3 roCcOIoIKeTa.




B ToMm >xe 1994 roay EBrenmii AHatonbeBH4, HocCiIe
Bo3Bpaumenuss u3 ClIA, nDoayyun npeajioKeHHe
BO3I/IAaBUTH HHcTuTyT OHMOIOrUYeCKOro
npudopocrpoenusi PAH (6p1Buree CKb BIT AH CCCP).
Kak BpimyckHuk M®TH oH wumen wuH)XeHepHOe
o0Opa3oBaHHe, HO BcerjJa IJIAaBHbBIM MHTEpecoM ObLIa
dyHgameHTanbHasn Hayka. beuto  mpepnokeHO
COBMECTUTHh J3TH /[Ba BHJAA [JeATEeIbHOCTA, U OH
cornacwicsa monmpoo6oBarb. OCHOBHbIE HATNPABIE€HUS
gesatenbHOCcTU Opranusanuu octaauch Kak u B CKb:
«pa3paboOTKa HAYYHBIX OCHOB UM CO3JaHHE HOBBIX
METOAWK, NPUOOPOB U  O0O0OpyAOBaHHUS  JJIsA
OMOIOTMYECKUX M CMEXKHBIX (MeauIMHA, CeTbCKoe
XO35MCTBO) oOO0/MacTeii wuccaegoBaHus». HWHCTHUTYT

TOABKO 4YTO OPraHU30BBIBAJICH, u EBrenmi
AHaTtonbeBUY  CTal JUPEKTOPOM-OPraHM3aTOPOM.
PunaHcoBOeE NMOJIO)KeHHue WHCTUTYTA ObLIO

TUIAYeBHBIM: OOJIbLINIE JOJITH, YaCThie 3aJepP>KKH C
3apIulaToOi, Macca JpyruX HeNpUATHOCTEeHd, HO
komaHga HUBII PAH cipaBunace.




K xoHny 9o-x rogoB B UBII PAH cnoxunuce cieayomue

OCHOBHBbI€ HanpaB/IeHUA HayYHO-TEXHUYIECKUX
pa3paboToK:
. AHanuTHYeCKHEe CIEKTPaJIbHbIe MPUOOPHI.

. Tensiodpusuyeckme npuGOPHI.

: OOGopyaoBaHue ISt KIETOYHBIX MCC/I€JOBaHHIA.

. buoTexHo/I0OrN4YeCcKoe 000opyAOBaHHe.

- Teneme sMIIMHCKE CUCTEMBI.

2 OOGuerabopaTropHoe 00OpyZOBaHHE.
B 1995 roagy EBrenmii AHaronbeBHMY OpraHu3OBajd B
Hucruryre J/laboparopuio HOBBIX METOZOB B OHMOJIOTHH,
KOTOpasi M CelYac 3aHUMAETCs HMCC/IeJOBaHUEeM MeTalll-
cBa3bIBalOmnx OenkoB. Ee pykoBoauTenem B HacTosiiee
Bpems saBisieTcs K.¢p.m.H. Cepreii EBrenbeBudu [lepmakos.
OcHoBHbIe HaTIpaBieHU JesaTeabHOCTH /laGopaTropun:

4 Pa3zpaborTKka HOBBIX METOOB JUATHOCTUKH

M Tepanu COLMAIbHO 3HAYMMbIX 3a00/IeBaHHI Ha

OCHOBEe OHOCOBMECTHMBIX HAHOOMOCUCTEM WM

MOJY/ISIUY aKTUBHOCTH 0€JIKOB.

- HccnepoBanve (PU3NKO-XUMHUYECKUX U

(YHKIIMOHA/IBHBIX CBOWCTB MeTa/UICBA3bIBAIOLIAX

0e/IKOB: OenKkW S100, HEMPOHA/bHBIE KaJIbI[EBbIe

CE€HCOPbI, KAJILMOAY/IWH, TaPBaJIbOyYMUH, U T.J,.

. Pu3nKo-XxUMHUYECKue UCCIeOBAHUSA

JIeKapCTBEHHBIX KAHAUAATOB Ha OCHOBE 0EJIKOB.




s Pa3paborka METOAOB

MOy YeHUS u TMPpUMEeHeHHUs
depmenToOB B MAIIEeBOA
IMPOMBIIIJIEHHOCTH, KOCMETOJIOTHA U
MeZuIHE.

. Pa3zpaboTka
KapTorpaduieckoro MeToAa

«[1nacruka penpeda» B IpuMeHeHUN
K Pa3MYHbIM 0O0JIACTAM HAPOJHOTO

XO35IMCTBaA.
3a roapl cymecrBoBanusa HWBII PAH
JlaGoparopueit ONy0/IMKOBAaHO B

MEXAYHAapPOJHBIX H3JaHUAX OKOJIO 1000
cTareil, U3JaHBI MO MeHbIIed Mepe 8
MoOHOrpadwuii, TOJAy4eHbI 2 TIATEHTa,
3alUIIeHbl 15 AUCCePTaluii, MOJTy4YeHbI
MHO)XeCTBO TPAaHTOB POPPU, PHO®,
nporpamMm IIpesnaguyma PAH,
MuHoOpHayKH.



B  Ilymmuo  Esrenmm
BCTpeTWJI CBOKO JIOOMMYIO >KeHINMHY, C
KoTOpo no>xeHmImch B 1968 r. Ero cynpyra
IlepmsakoBa TarpsaHa BacuiapeBHa - Bpa4-
neauarp. Bocimranm pgBOMX  Oerenr:
Exarepuny u Cepres.

AHaTOoNIbeBUY -
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Ceia Cepren Bcerma mMHTepecoBasics paboTom cBoero
0oTHa, yBJIeKajcs (pM3MKOM M MaTeMaTMKOM M IOciIe
OKOHYaHMA MIKOJIbI IIOCTYNnWsI Takoke B MOCKOBCKM
dpn3UKO-TeXHMIeCKUI  MHCTUTYT,
OKOHYaHMA cTajl pabotatk B 1abopaTropun otna. ITocie
yxona EBrenmsa AmHaTosbeBMYa C IIOCTa OVpeKTopa
Nnacmuryrta B 2017 rongy Cepren EBreHbeBu4 B TedeHMe
psAna jer Obi1  aupekropom MHctmryta. Ceridac oH
BO3IVIaB/IsAe€T CO3JaHHYIO ero OTIIOM J1a0opaTopuio.

| 3 m

® EBreHuit AHaToNbeBMY C CbIHOM U A04EPbI0 Ha cBoeM 60-neTum

a IIocJie €ro

Ero nour Kitam Exarepmuna EBrenpeBHa TOXKe CBsi3ajla CBOXO
Xn3Hb ¢ VIHcTMTYTOM OMoOI0TMYIecKoro npmuodopocrpoerans. C
1998 paborana koHcTpykTOpomM 1 Kareropum B [I'pynme
cIlenyaJIbHbIX 37IeKTPOHHBIX cpencTB 17t MeTO/I0B
OmorexHosmormueckmnx wmcciaegopanmii. Ceiryac  pabortaer
BeIyIIMM KOHCTpyYKTOpoM B JIabopaTopmu 610TexXHOIOT M.
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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

HOMO Hay yewTpa.

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

npubo-

wnw

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

gy

fonu wecnes
rspaRae chodema Taoe Sen
wan-

dum use ¢ 1994
20 2017 20k Yo Seveinaace micme-

# waen
o Magse nmepe(.nu ocon fuma

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

B 1999 EBrenus
AHaTonpeBU4Ya Harpaguiu
Meganblo OpaeHa «3a 3aciayru
nepen OreuectBom» Il cTennenm.

rogy
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. 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,

Hamene~
e samcrmcT nonoeiom MaxcH
cnexTpa dnyopecueruwHH MMMOGHHIOBAN~
HOTO Ha Konnarexe mMAPBanLOYMitHa OT
florapiua_KoNKENTPAUNK CBOGORKOTO ca*
B PacTeope npH pasmuwiLX p

@Hr.3 = HODMMPOBaHNME MO MAKCHMAIL-

v [ >
Y

ToMeZeHKE “yBCTSTERMOO 3nexeiTa

Homy
MAKCHMYMA CHeXTPa BMYOPECHEHIN! Mo~

pacTsop u py
aonnuxlmufx B Hew Hawewer, B xa-

ra=

PHOMA KONUEHTPAIHHM CHOGOMMOO KambunA

FOCYAAPCTBEHHBIM HOMUTET CCCP
110 AENAM USOBPETEHMIA U OTHPBTUA

wSVUw1411666 A1

p4 GOl N 3312

ONMUCAHUE UBOBPETEHUA
K ABTOPCHOMY CBUAETENbCTBY

(2I) 4076715/30-13

(22) 12.05.86
(46) 23.07.88. Bioa. Ne 27

WHCTHTYT MACHOR NPOMBILLTERHOCTH
(72) E. ®. Opewnn, M. A. Bopucona,
17C. tiysapona, E. A. Mepusnonn 5. A. Byp-

wredin
(53) 637.52(088.8)
(56) Opewkns E. ., Kpoxa 10. A., Yeruuo-
sa A. B. KoWcepBHPOBaHHHE MACONPOAYKTH.
M.: Jlerkan H NMUIEBAS MPOMBULAGHHOCTS,
1983.

Opewknun E. ®. Hccaeaosatue saunnns pe-
KHMOB TenA0BOA 06PaGOTKK Ha KAUECTBO KOH-
cepsuposanHof serumne. M., 1971.

POCCHACKOE ATEHTCTBO
O NATEHTAM W TOBAPHBIM SHAKAM

(54) CIIOCOB OMPEAEJEHWS MAKCH-
MAJIBHO JIOTIYCTHMOW TEMITEPATY
Pbl HATPEBA MSICHOT'O CbiPb$i BbICILIE-
ro COPTA

(57) M3oBpetenne OTHOCHTCA K MACHOH 1po-
MBILLIEHHOCTH, B YACTHOCTH K CNOC0GAM onpe
AeneNHs PEAHMOB TeNOBOR O6PaGOTKH MACO-
nponykTo. CorAacko H30GpeTeHmio Harpesa-
Hie 0GDA3UOB MPOBOAAT HENPEPHIBHO, AHAAN3
#X OCYLIECTBIROT 1YOPECUCHTHbIM MeTONOM
(yTeM CHATHS CEKTPOB B AHANA3OME ATHH
soH 300—400 KM, 3 MaKCKMAIbKO AONYCTH-
Mylo TeMfepaTypy HArpeBa yCTaHaBAMBaIOT
w3 pacueta HaHGOABWEH BEANMHHB OTHOLE
NS MHTEHCHBHOCTEH (IyOpECUEHLIK B O
Aactax 340—350 n 310—320 km. | na

“ RU" 2142 638" C1
e G 01 N 33/50

(12 ONUCAHWE U3OBPETEHWA K NATEHTY

(21).(22) 30mam: 98110240113, 26.05.1998

(24) AaTa sswana medcTens naTewTa: 26.05.1998

(71) Zesavrensia):
Wyt Bancemeckoro ﬂnuﬁumwun ¢
MMM NRCNIBOACTEOM P)

(46) Omytmeoasso: 10,12.1909 2 Aavontar
36) Crucor amwesros, mupsasiesx s orse o el N
jumene et all “improves Short orsticnlyt
Tandem. Repaat Ampifications of Highy i
Degraded DNA®. Ampitfications, The PCR (73) NatexrcosnazaTers(mmk
Hosmlir e PE AGples Brtuetrss VovaruryT Eman . A—
> 1908, vol. 4, p. 8, OrMTHbIM NPORIBOACTROM PAH
2T CY, T70895.3 RU mnw c1,
20,081
42090 78 negerwcaC
142202, Myupuno Mooosced obia
STCTITYTCoR.T, WA PAR, Awparopy N
PAH L6.H. Mopumeony E.
(34) CNOCOE NPOBEREHWA MPYTINOBLIX AHATM30B BHONOMHECKMX OSPA3LIOB B XXWIKOR
©OPME
- (57 Pesepar: HTDOGROTHHAMI . HETRTPOCIMSAMA NOCTHSN
VoolpeTeise  OTHOCTCR € Mecwaes, Manocen OGRS CERIBOTIN B PSSO KNEDS
o EwoToxsancrm w m..qa s B e i cots MOMSENOT 4O MNOCTM TeNE EOPOTHOR CTOPONOA
wenomaaoaso rposezess 207 HIADSANGHNR INETESE) -
pccpcssmps P ks mpepe S8 ) i g onssemctopploauses
©  ouncwDwDum COCOC BKNOUDGT POKATWSDWAO  COUGHWR AMDCTWNI TenA. CNOCOD OSOCHSAdeT
op SO oO3SOe. MOGrROMMWDyeWSA KOTDeR W QHOPOZHOTTH YCNOGHA POCKCNZSAMR
cxnowzewe O0POI0B 3 peseokHCR . Pk 50 BCeX 0BPOSAX. 3 W1
©  roCRRRONGe MGKTRODODSTINGCHDS PIATENSINS @ 2 1
RASCTAMIX TORR W MRS o 37oM
o~ B e e o S =
POGINSIING WAJOK OOPO30R MPORORST A
 rWrDoCKONMuHNX YSSCTKAX RONGCOR € USRROLMMNGS ot
-
o~
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POCCHACKOE ATEHTCTBO
1O MATEHTAM 1 TOBAPHBIM 3HAKAM

(13)

C1

112 QMUCAHWE M3OEPETEHWA K NATEHTY

(21). (22) 3ansra: 2001135083113, 26.12.2001
(24) flaTs wavna geficTans naTena: 26.12.2001
(46) OnyGnmwoaawo: 27.11.2002

(56) CrincoK oWy MEHTOR, LYTHPOBEHHSIX 8 OT4ETE O
moucxe: RU 2031933 C1, 27.03.1995. BUECTYP
¥:3. u ap. KynsTvauposanme.

MHKPOOPraKiIMon. = M.: Muwesan
ApoMunEHHOCTY, 1080, €54, BEKEP ME.
Beenenue & GiaTexronomo. - M.: Miwesan
PPOMBILINEHHOCTS, 1978, G.69-74.

Aapsc anm nepenicer
142290, Mocsoeckan ofin., r. Mywwko, yn.
MwcTuryrexas, MBI PAH

(71) amasrens)
WHCTUTYT GMOROMMEOROD NPHBOPOCTPOBHNS C
N THSIM NpoHaBORGTEON PAH

(72) Amop(ui):
Penwcynoues 10.8..
Wipuaros KB,
Kyapawos BK.,
Nepusios EA

(73) Navestoobnaparensini):
WHCTUTYT GHONDIMMECROMO MpHEOPOCTROBHHA ©
ONBITHBIM NPCHIBCACTEOM PAH

(54) CMOCOB KACKAQHO-NPOTOYHOMO KYNETUBMPOBAHWA MUKPOOPTAHWM3MOB

(57) Pecpepar:
VI0BpETeH#e  OTHOGHTCR K EyMBTAEMPOSSHID

hepusiTEDE K OCTemyOUMM G sapaHeM
WATEpEANOM, MDYEM S0 BCEK  MOCNEZyWLLNK

s annapaTax
B MW MTSTENSHMX CPEREX, MOXET BaTs
OMOMX0SSHO MM MPOWIEOZGTSE  MpoAyeTOS
MUKDOBHOTD CHHTE33 1 UCCNEN0BATENLCKON MSKTHKE.
Cocof  peRyCMATDUBIET NOPUMOHHYO  NOAAYY
PHTATEMSHH CPERs 8 NepESii hepEdTEp nocne
otMEs  wiBsTOMMGD  ODbeMA  KynsTypansoi

NPOSBORAT MoMHoE  asMELSHHE
KyTSTYpANSHO KHIKOCTA OBHEMOM KyMBTYPATsHO
WOCTA W3 TPEOMOYWEND  BEpMEHTEDS.
VNpABNEHME KSCKATHHM MDOTOKOM OCYLECTAMRIOT
YCTEHOSKON BPEMEHN KyMTHEMPOBEHAR U NayO!
MeNDy WATEMA ¥SCKZHOMO  MROTORA.  CncoS
NomonRET  payienMTE  pocTomse  dhaskl

20 BpemEtal 1w

souzweT. Mposoanr
XUGNOCTA 8 KCKAZROM  TPOTORE  OT  FEPSCRD
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(54) Asrurens ans 1

(57) dopuyna wiotpeTenns
1. Anturena, cnenidiansie k MJI-11 deonexa i MOTETLHEIX KHBOTHEIX, TAKKX KAK
ABAHCKAS MAKAKA, HIH HX B1E, HIIH M (parsenTsl anTiTen,
B KOTOPLIX BapHaOeILHEIE FOMEH L THKEION H AETKOR Uenefl CoMepAaT O/IHY H3 CIEAYIOIHX
HEIX 10C ) X YMACTKOB!

#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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MoHorpadusi mocBsilieHa PacCMOTPeHUI0 (PpU3UKO-
XAMUYEeCKUX W (QYHKUMOHANbHBIX  CBOWCTB
KaJIbLIUHACBA3bIBAOIINX OenkoB, BakHenmmx Ca-
DETYyIATOPHBIX  DJIEMEHTOB B OOJIBLIMHCTBE
6uonornyeckux cucrem. Oco6oe BHUMaHHeE yae/leHO
OenKaM, OOJIAIAIOUIMM HAUBBICIIMM CPOACTBOM K
KaJIbLIVIO: MapBaibOyMUHY, KaJIbMOY/TUHY,
tporoHuHy C, o-maktanbOymuny u gp. [logpo6Ho
paccMoTpeHbl uX (U3UKO-XUMHUYECKHe CBOMCTBA:
CPOACTBO K KAaTMOHAM MeTA/UIOB;  XapaKTep
CTPYKTYPHBIX U3MEHEeHUH, BbI3bIBAa€MBbIX
CBSI3bIBAHMEM KAaTHOHOB MeTa/ioB. OO6CYXIeHbI
MeXaHH3MbI OYHKIIMOHUPOBAHUS
KQ/IBI[AMCBA3BIBAIOIINX O€IKOB B  PA3IMYHBIX
OUOIOrMYeCKUX mpoieccax (MbIIIEYHOE
COKpallleHre, HepBHasi MPOBOAUMOCTH, CEKpelusi U
T.0.). PaccuynraHa Ha G6HOPUBUKOB, OGHOXHUMUKOB,
¢$H3n0I0TOB.



Mownorpadwus MOCBSIIIeHA PacCMOTPEHUIO
CTPYKTYPHBIX, UBUKO-XUMHUIECKUX u
$YHKIIMOHATBHBIX CBOMCTB Ka/IbIIMMCBSI3bIBAIOLINX
6e/IKOB napBabOyMHUHOBOTO ceMeicTBa
(mapBabOymuHbl, TporoHuH C, KaIMOAYTHH, 6eTOK
S-i00 wu T1.p4.). IlpoBemeHpl gnaHHbIe 00 UX
AMUHOKHUC/IOTHBIX TOC/IEJOBATE/IbHOCTSIX, A TAKKe
00 WX BTOPUYHOM W TPETHUYHON CTPYKType U ee
IUHAMUKE. [Mogpo6HO pPaccMOTpEeHbI
MeTa/I/ICBA3bIBAIOIEe CBOMCTBA OENKOB  3TOrO
ceMeiCTBA U WX OMpeJensiollee BIASHAE Ha
CTaOMIBHOCTh CTPYKTYPBI 3THX OenkoB. PacckasaHo
006 W3BECTHBIX Ha CerogHsi QU3HNOTOTUIECKUX
GYHKIMSIX TAapBa/Ib,OYMHUHOB Y IPYTHUX POACTBEHHBIX
UM OenkoB. KHura paccuumraHa Ha OHOPHU3UKOB,
OGMOJIOTOB Y MEIUKOB.
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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 real-life applications and problems.
Luminescent Spectroscopy of Proteins will be an excellent reference for
biophysicists, biochemists, analytical chemists, and other scientists

Luminescent
Spectroscopy. of Proteins

Eugene A. Permyakov

interested in this topic.

CRC Press

Uyt AT e

Y1 ITepexofax MeXy HUMH € IOAPOGHBIM pa3d6opoM poTodpHr3ndecKrX IPoLeccos, :
poucxofsAyX B HUX. [IprBeeHbI CBeJleHUsI O TEXHUKE U3MepeHUsI TIOMUHECIeHIIVH.=
Coo01IaroTcst U3BECTHBIE B HACTOsILIee BPeMsI CBEIEHHS O CIIEKTPA/IbHBIX CBOMCTBAX
V30/IMPOBAHHBIX O€TKOBBIX XPOMOPOPOB: TpHUnTopaHa, TUPO3UHA U PpeHMTaTaHNHa.
OcHOBHasi YaCTh KHUTY MTOCBsILIeHa COOCTBEHHOM O6e/TKOBOit

momuHecteHIUH. O6CyXaeHOo nonoxeHne U GpopMa CrieKTpoB ¢ryopecreHI NN
6e/TKOB, KBAHTOBBIH BbIXOZ, (IyopecLieHIINHU Oe/IKOB, 3aTyXaHHe 6eTKOBOM
¢dnyopecuenuyu. PaccmoTpeHa o611ast cTpaTerysi TIOMHUHECHEHTHOTO UCC/IeJ0BAaHUS
OeJIKOB.

Jl1st CTyI,eHTOB, aCIMPAHTOB U HAyYHbIX COTPYLHUKOB, CIEIMa/TN3HPYIOLIUXCS

B buodusuke, 6roxummu n GU3NKO-XUMHUYECKOH GMOTOTHH.




E.A. MNepmsakos

B KHure moapoOGHO pacCMOTPEHbBI CTPYKTYpPa, PU3UKO-
XUMHUYeCKHE CBOUCTBA ¥ GU3UOTOTHYeCKHEe QYHKIIUU
6e/KOB, crieliupUIeCKU CBSI3bIBAOIINX KATHOHBI METAJI/IOB.
Bosnbluioe BHUMaHMe yie/IeHO CTPOEHHIO LIEHTPOB
CBSI3BIBAHUS PA3/TUYHBIX METAJUIOB U IPUPOJE
B3aMMOJEeNCTBUHA METaJIJIOB C X JIMTAaHZaMH B OeJIKax.

B MoHorpaduu npuBeieHbl H3BECTHBIE HA CETOHS
TpeXMepHbIe CTPYKTYPbl MHOTOYHCIEHHBIX
MeTaJIJICBA3BIBAIOLINX O€/TKOB, 00CY)KI€HbI 0COOEHHOCTH UX
cTpoeHus U GyHKIIMOHUPOBAHUS

B Pa3/IMYHBIX GUOTOTUYECKUX CUCTEMAX, IPUBEIEHbI
IAHHBIE O POJIM KATHOHOB METAJJIOB B PAa3/TUYHBIX
3aboneBanusx. [[prBeseHbI TaK)Ke U3BECTHbIE HA CETOIHS
CBeJIeHU O B3aUMOJAEUCTBUM MeTa/IJICBA3bIBAIOLIUX O€TKOB
C 3arpABHSAOLUIMMU TSDKETBIMU MeTa/l/IaMH (PTYTh, CBUHELI,
KaJIMMH, IAHTAaHOU/IbI, AKTUHOM/IbI) I MX BIMSTHUM Ha
6uomoruveckue nmpoueccol. KpaTko oxapakreprsoBaHbI
OCHOBHbIE GUBUYECKHE K XUMUYECKHE METO/IbI
HCC/IeIOBAHMSI META/UICBSI3bIBAIOIIX OeTKOB. MoHOTpadus
OyzeT nose3Ha 6uodusrkam, GUOXUMHUKaAM, OUOIOTaMm,
MIMEIOIIVM [IeJIO B CBOek paboTe C MeTa/UICBA3IBAOIIMMU
6enkamMu. MoxxeT ObITh UCITO/Ib30BaHa B Ka4eCTBe
IOTIOJTHUTE/TbHOTO MaTepPHAJIA CTYyAeHTAMU, MaTUCTPAHTAMU
Y ACUPAHTaMU IIPU U3yYeHUU Kypca OMOXUMUHU U
610pU3UKU.
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in science. Proteins are widely
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Conformationa
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of Protemn Molecules

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

-~~~ Methodsin =
— 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 a-amino 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 leading-edge research from
throughout the world in this exciting and
exploding field of research.
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Parvalbumin is a small (Mr 12,000), acidic (pI 4-5), Ca2+-
binding protein of the EF-hand superfamily, that is very Eugene A. Permyakov
important from several points 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 has two 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 effects on interactions of
the protein with another proteins, peptides, membranes and
low molecular weight organic compounds, which frequently
have physiological significance. Third, parvalbumin forms
several partially folded intermediate states, which have been
studied by many researchers interested 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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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 a-amino 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 leading-edge research
from throughout the world in this exciting and
exploding field of research.
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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
X NMR, circular dichroism, optical rotatory
E;gigi‘;f{:“;‘;‘;‘g dispersion spectroscopy, calorimetry,and

crystallography. The book discusses the patterns
of bochmical phenomena such as calcium
homeostasis, mineralization, and cell signaling
that involve specific proteins. It summarizes
ongoing research and presents general 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
processes. Metalloproteomics 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 Permyakov, an international expert and pioneer in the
structural analysis of metal-binding proteins, the book offers
Theoretical introduction to cation binding
Broad range of methods for investigating the binding of different cations
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 metal-binding proteins
play in health and medicine.
Bringing together and analyzing all the latest
findings, Metalloproteomics’ scope and level of insight are unparalleled. It

ILEY SERIES IN PROTEIN AND PEPTIDE SCIENCE
— —)7(: : 5 Viadmir N. Uversky, Series Editor
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METALLOPROTEOMICS

Eugene Permyakov

is recommended for biophysicists, biochemists, enzymologists, cell and
molecular biologists, protein and peptide scientists, organic and
bioinorganic chemists, and chemical biologists.
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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 a nonprotein 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 in metalloprotein-related topics is therefore rapidly
growing, and different aspects of metal-binding proteins
progressively enter curricula at Universities andeven at the High
School level on occasion. However, no key resource providing
basic, but comprehensible knowledge on this rapidly expanding
field exists. The Encyclopedia of Metalloproteins 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 metal-binding
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 of Metalloproteins 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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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.
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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

Serge E. Permyakov *, Keith A. Oberg ®, Alexandra M. Cherskaya *,
Mikhail M. Shavlovsky ©, Eugene A. Permyakov *, Vladimir N. Uversky **
3 Instinute for Biclogical Irnstriamentation, Russian Academy of Sciences, 143202, Pushching, Moscow Region, Rusia
B Department of Chemistry and Biochemsistry, University af California, Santa Cruz, €4 95064, USA
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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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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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ARTICLE INFO ABSTRACT

the EF. of ealeium They possess
ane elusiesl EF-hden"-Mmlng ommain and an arypics] EF-hand domain. Mot of the S100 peoteins farm
An anslysis af an 5100 proteins showed that thelr physlogiesl
Wmmmmmmummmwﬂmmrmnmmm
mmaerie forss of these proteiss are important for thelr fasctioning. In the present weak, thermal dens-
suration of spe-S100P peotein meniored by intissie tyssine Hoorescence his been stadied ot varkms proteds
eomcestrations within the region from 0.04-10 . A transitian from the dimeste o monamesic fors sesalis In a
shiftizg the mid-ssssil 75°C. Monomerk: S100P
‘& sensor chip af
1to 1 compleses with b isterleukin-11 (eguilibeium dissociation constant 1.2sM) In contast, (-
mobilized fenerteukin-11 binds two medecales of dimeste SL00F with disociation comstants of 320M and
2881M. peotein s very low [0.5 M as evidaated from our
daa) the sensicviy of the exiting physical methods doss nat allow carying out & detadied srudy of S100P
s progerties. For this reasan, we have used maleculss dysami hasges
i S100P wpon &s transition from the diseric 1o monomeric state. S0-ns molecalsr dynamics simulatioes of
1 from

out. I was foussd that during the transiticn from the homo-disser 1o menomer foem, the three 100 monomer
structuses undesgo the followisg chasges (1) the belices in the four-belix bundles within ench swscmer rotate
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.

Kepwards:
S1008 prossn
Mormmeic SLON

[e——
Molecrber dynamics
Ef-hard

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

‘cansist of only two EF<hand domains. Acidic amino acid residues within

100 proteins constitute a large subfamily af the superfamily of EF
hand calciom binding proceins [1,2]. Al the proteins within this su
perfamily have a common structural domain (EF-hand) consisting of a
Ca**binding loap flanked by two cehelices [1-2]. $104 prateins are

the €2**-binding loop pravide ligands for €a®* binding in a pentas
gonal, bipyramidal fashian. The C-terminal EF-hand of $1005 is cano-
nical and binds calcinm with dissociation constant, Ka =10 to 50 ub
[1]. The Neterminal EF-loop has twa mare residues (14 instead of 12) in

EL-11, Interleakin-11; $WT 111,

rleukin-11amirting the N-termins] Pro residue of the mature protein (residues 23-199 of
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» Corresponding authars at: Proteln sesearch grop, lastitme fos

I the Russian o Seiences Federal Research Center "Pushching

Scleatific Center for Bialogicsl Bescarch of the Russian Acsdeny of Sciences”, Insiratskaya sir. 7, Pushchino, Mascow region, 142290, ussia.
E-muil addresse: permyakov.sgmall.com (SE. Permyakov), epermyak@yandes ns (EA Permyuken).

hotps:/ Aol e 10,101/ coea 2019.04.008

Received 11 March 201%; Recelved in revised fom 13 April 2019; Accepted 27 Aprll 2019

Available online 39 Apeil 2019
0143-4150/ & 2019 Published by Elsevier Lid

Current
Protein & Peptide
Science

Sewd tvders for Reprints o reprintsihenty

382 Clurrent Protein and Peptide Science, 2016, 17, 352367

Disorder in Milk Proteins: a-Lactalbumin. Part A. Structural Properties

and Conformational Behavior

Eugene A. Permyakm-"

lnstinete for Biolegical Instrumtentation, Russian Acadeny of Sciences,
142290 Pushching, Mascow Region, Russia;
cine ancl USF Health Byrd Alheimers Research Institute, Morsani College of
Medicine, University of South Florida, Tampa, Flovida 33612, USA:
IDepartment of Biological Science, Faculty af Science, King Abdwlaziz Uni-
versity, Jededah, PO Box 50203, Jeddah 21589, Seudi Avabia;* Protective and
Therapentic Proteins Laboratory, Protein Research Department, Genetic En-
gineering and Biotechnology Research Institute GEBRI, City for Seientific

R, & and T

drie, Egypt

" Serge E. Permyakov', Leonid Breydo®, Elrashdy M. Redwan™*
Hussein A. Almehdar’ and Viadimir N. Uversky'**

Department of Molecular Medi-

New Borg EL Arab 21934, Alean- " Clomirs. Lvatsiy

Abstract: This is a first part of the bwospart article that contmues 2 series of reviews on the abundance and rles of intane
sic disarder in milk proteins, We introduce here au-lactalbumin, a small (4% 14 200), simple, acidic (pf 4-5), Ca™-binding
profein that might constitate up to 20% of total milk protein. Although fianction (it is one of the two components of lactose
synthase that camalyzes the final step of the lactose biosynthesis in the lactating mammary gland), stnactare (protein has
two domains, 3 large n-helical domain and 3 small f-sheet domain comected by a calcium binding loop), and folding
‘mechanisms {e-lactalbumin is wellknown as 2 classic example of the molten globule state) of this model globular protein
are relatively well understood, n-lactalbumin continwes to surprise researchers and chearly continues to have high discove
ery potential. The goal of this review is bo summarize some recent advances in the field of a-lactalbumin research and to
analyze the peculiarities of the “intrinsic disorder code™ of this protein.

Keywards: a-Lactalbumin, molten globule, caleium binding, intrinsic disorder, strocture, stability.

INTRODUCTION

Being the first source of nutrition for mammalian infants,
milk & known to have numerous health benefits, with milk
proteins possessing a wide spectrum of different biclogical
functions in addition to their role as the primary source of
amino acids. The composition of milk of different mammals
has been adapted during evolution of the species to fulfill the
needs of the offspring [1]. As a result, milk proteomes of
different species are rather different. This divergence in the
profein composition beging already at the levels of the ratios
of whey to casein protein in milk from different species. with
cow milk containing 20% of whey proteins and B0% of ca-
sein [2], and with human milk possessing these proteins ar
the 60% to 40% ratio [3]. The major proteinaceous constitu-
ents of the whey from cow milk are f-lactoglobulin (f-LG,
~35%), a-lactalbumin {e-LA, ~12%, note, according o other
sources, the content of a-LA in cow's milk whey could also
be as low as 3% [4, 3]), glycomacropeptide (GMP, -12%, a
casein-derived peptide), proteose peptone (~12%, another
casein derivative), immunoglobuling (1G, —8%), serum al-

*Address comespondence o these sathors at the Depanment of Molecular
Medicine, Callege of Medicine, University of Sowh Florida,
Bivd, MR350, Tamga, FL 33612,
yuverly@hchmtody, Eugene A Permynko, Instiute for Bnlog.lml
Instrumzniation of the Russian Acadensy of Sciences, Instimtskaya sir.,
Preshchino, Moscow region 142950, Russia; hmu.epennyah’gyuﬂm:m
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bumin (SA, ~3%), lactoferrin (LF, —1%), lactoperoxidase
(LPO, ~0.5%). and amylase [6]. On the other hand, human
whey containg 23% of a-LA, but does not have f-LG, which,
being the major protein in bovine milk, is pot also found in
rat, mouse, guinga pig. or camel milks [4, 5]. Also, high con-
centrations of proteing involved in the mucosal immune sys-
tem, immunoglobulin A, CI4, kctoferrin, and lysozyme,
were found in human milk [1]. Even relatively close species
might possess dramatic variability in the sizes and composi-
tions of their proteomes. For example, a recent proteomics
study identified 1606 and 218 proteins in human and ma-
caque milk, respectively [T]. Furthermore, human milk was
shown to contain significantly larger quantities of such pro-
wins as lactoferrin, polymeric immunoglobulin receptor,
vitamin D-binding protein, ¢ i-antichymotrypsin, and hapto-
corrin. At a more general level, 82 of 88 differentially abun-
dant proteins in these proteomes were more common in hu-
man milk relative o macaque [7]-

By this article, we continue the series of reviews on
abundance and functional roles of intrinsic disorder in milk
proteins. Three previous papers in this series were dedicated
o the representation of functional disorder in lactoferrin [8]
caseins [9], and | idase [10]. Here, c-tactalb
{u-LA), is presented, which is one of the major whey pro-
teins. We discuss struciural properties of this protein and the
peculiarities of its refolding i vitra.

2 2016 Bentham Selence Publishers
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Abstract: Parvalbumin (PA) is a small, acidic, mostly cytosolic Ca™-binding protein of the EF-hand
superfarmily. Structural snd physical properties of PA are well studied but recently twe highly

structural motifs ids each (clusters 1 and 1), which contribute
to the hydrophobic core of the EF-hand domains, have been revealed. Despite several decades of
studics, physological functions of PA are still poorly known. Since no target proteins have been
revealed for PA so far, it is believed that PA acts as a slow calcium buffer. Numerous experiments on
various muscle systems have shown that PA accelerates the redaxation of fast skeletal muscles. It has
been found id of FA by ygEn species (KOS) is conformation-dependent and
ome more physiological function af PA in fast muscles could be a protection of these cells from ROS
PA is thought to regulate calcium-dependent metabolic and electric processes within the population
af gamma-aminobutyric acid (GABA) neurons. Genetic elimination of FA results in charnsu in
GABAergicsynap Sulin (M), the B isofo £ PA, is exp
maostly in cochlear outer hair cells and in vestibular hair cells. OM knockout mice Jose their Iman'ng
after 3~ months. It was suggested that, in sensory cells, OM maintains auditory function, most likely
affecting outer hair cells” matility mechanisms.

— Luli ctability- caksi

inlogical functions

¥ P

1. Introduction

Acadimnic Editer: Lisigi Vitgano
Reviived: 5 A 202

Aceephind: 28 Apeil 22
Fublishud: 30 Apeil 122

Publisher's Note: MOPT stays nwstral
with nigard

(PA) is a small, acidic, mostly cytosolic Ca2*-binding protein of the
EF-hand superfamily. It was found in lower and higher vertebrates, including humans (for
reviews, see [1-4]). PA was found in fast twilch muscle cells, heart tissue, nephrons, specific
neurons of the central and peripheral nervous system, certain cells of several endocrine
glands, and sensory cells of the mammalian auditory organ, the organ of Corti, and some
other cells.

Intracellular PA was suggested and partially proved 1o serve as a soluble relaxing

preblishid maps and institational affil-
-

Copyright © 207 by the muthors.

factor | the Ca?*. diated relaxation phase in fast muscles (reviewed in [1]). It
is assumed that PA serves a5 a slow metal buifer in non-muscle tissues, modulating flows
of metal ions. An extracellular form of PA was found in some biclogical systems [5-7].
Biological fu d for llular PA include antibacterial, chemoattractant,
and immunomodulatory actions.

Despite many years of r&f.eavch an PAs, which have prmldecl a gom.‘] understanding
of their ‘and physi the ions of PA are

Licunses: MOPY, Based, Switoerlassd
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distributed weder the s and
comditaoms of the Creative Commens.
Attribation (CC BY) license (hitpse/f
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P
still far from being clear. This short review covers some new findings on structural and
physicochemical properties of PAs and focuses on their potential physiological significance.

2. Parvalbumin Structure
PA consists of 106113 amino acid residues and its molecular mass is ~11-12 kDa.
Ispelectric points of PAs are within the range of 3.9 to 6.6 (see Table 1). PAs are characterized
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ABSTRACT

The triggering of Ca™* signaling pathways relies on
Ca®™*Mg™* specificity of proteins mediating these
pathways. Two homalogous milk Ca**-binding pro-
teins, bavine z-lactalbumin (bLA) and cquine hyso-
zyme (EQL), were analyzed using the simplest
“four-state” scheme of metal and temperatures
induced structural changes in a protein. The associ-
ation of Ca®*/Mg™* by native proteins is entropy-
driven. Both prateins exhibit strong temperature
dependences of apparent affinitis to Ca™ and
Mg**, due to low thermal stabilitics of their apo-
farms and relatively high unfavorsble enthalpies of
Mg™* association. The ratios of their apparent
affinities to Ca®* and Mg™*, being unusually high
at low temperatures (3.3=-6.3 onders of magnitude),
reach the values inherent to classical EF-hand
motifs at physiclogical temperatures. The compari-
son of phase diagrams predicted within the model
af competitive Ca®* and Mg** binding with experi-
mental data strongly suggests that the association
of Ca®* and Mg™* ions with BLA is 2 competitive
prucess, whereas the primary Mg?* site of EQL is
different from its Ca’*«binding site. The later con-
clusion is corroberated by qualitatively different
molar ellipticity changes in near=UV region scome
panying Mg™* and Ca®* association. The Ca™/
Mg selectivity of Mg**-site of EQL is beow an
arder of magnitude. EQL exhibits a distinct Mg™*-
specific site, probably arising as an adaptation to
the extraccllular emviranment.

Proteins 2010; 78:2609-2624.
© 2010 Wiley-Liss, Inc.

Key words: a-lactalbuming  lysoryme;  thermos
dynamics; phase transition; phase diagram; state
diagram; thermal stability; ligand binding metal
binding: metal sebectivity.

© 2018 WiLEr-Les, INc.

INTRODUCTION

The most abundant metal in

» human body, caldium, is
involved in a myriad of vital biological processes (for reviews, see
Refs. 1-5). In fact, it is almost impossible o find a truly Ca®*-in-
cellular
messenger, calcium reversibly binds to either specific sensor pro-
"a* buffer proteins
modulating the free Ca* concentrations and fluxes in temporal,
spatial, and amplitude domains. A set of proteins integrated into
membranes is intended for control of the Ca®" concentration via
To meet the need for the fulfill-
ment of a vast range of functions, Ca T-binding proteins were
adapted 1o bind Ca™ with over a million-fold range affinities
(nM 1 mM), thereby Luitrl(lh all possible free Ca™ concentra-

dependent physiclogical process. Being the most versat

teins decoding cellular caleium signals or 1o

its tramsport across membrane

tions within an organism, spanning from 0.1-0.2 pM (cytosol,
auclew:

lular

nd mitochondrion; resting state) to 1-2 mM (extracel-
12

u). 1

The observed coordination number for Ca® varies from 6 to

& "hard” (low polarizability) oxygen containing ligands are pre-
ferred: carboxylates, carbonyls, water, and hydroxyl oxygen
atoms  As the Mg™ jon also prefers "hard” ligands, with oxygen
being the most preferred coordinating atom (carboxylates, side
chains of Asn/Gln, backbone carbonyl groups, SerfThr and Tyr

side chains, water oxygen atoms), and tends o occupy the center

Abrvimion: BLA c-lactabumin, ot o bovive ol OB, ccule dichrshes DSC
Aifferensial seanming calurimetry; ETA, ethylmedismineteirascesic
b -amisethylesher)- ¢ocmacetic. acd; EQL, Ipweyme, ilated from equine
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Abstract

Absorption spectroscopy can be used to
monitor structural changes upon
transitions from ordered to disordered
state in proteins. Changes in
environment of tryptophan, tyrosine,
and phenylalanine residues result in
changes of their absorption spectra. In
most cases the changes are small and
can be measured only in a differential
mode.
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SUMMARY

Interactions of human a-bctalbumin with Ph™ and He™ were studied by intrinsic protein
fluorescence. Lead ions bind to the strong Ca®* binding site of a-lctalbumin (association constant
K= 10° M ) with concomitant spectrsl changes which are similar to those induced by the
binding of Ca™. PE*" also binds 1o the strong Za™* site with K= 10° M and some secondary
binding site(s) (which probably contain histidine residues) with apparent K,,=10° M, cavsing
pronouncesd aggregation of the protein. Mereury jons bind to c-lactalbumin at the prinary ™
sites with Ka=(1-4)<10% M, although the stoichiometry of the binding depends on the
conformational state of the protein, Secondary Hg™' binding sites were swgpested to contain
histidines, while the sirang Ha™ site contains carboxylates in the coordination sphere and seems
1o coincide with the strong Za® site, The binding of both Pb™ and Hg™ decreases the thermal
stability ol the Ca™-loaded protein and in seme conditions causes pronounced predein
aggregation,

Keywords: a-lactalbumi metal binding, lead, mercury

INTRODUCTION

Metal binding regulatory proteins are potential tarpets for polluting heavy megal jons,
lence studying their binding parameters is important for understanding their toxic mechanisms in
cells.

a-Lactalbumin {o-LA) is the medifier protein of the lactose synthase {E.C. 2.4.1.22)
complex. This small (Mr=14,200, 123 amine acid residues) globular protein contains 3 or 4

! This reseanch was supporied in part by grants from Tutcrmationsl Sclees Fousdation (413000 and MI3300) and
it peart by pranis from SATC (LG 930245 and LG 940412),
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Fluorescence Studies of the Calcium Binding
to Whiting (Gadus merlangus) Parvalbumin
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The caleium binding by purvalbumin of \Ahmngt(:r.lr-l’m merfangus) hus been studied wsing trypto-

phanyl Meorscende characterist

pronounced blue shifl, narrowing and intens
changes proceed im two stages reflecting the exis
LA with one
fluorescence of these forms has been identified and the finorescence spectra measured at variod
concentrations were reselved into three components coreesponding 1o these spectral lonms,
ion of the ihree forms on Ca®* concen
Ibumin:

as (a) the protein withoom

dependence of the relative concentr:
the two-step binding of Cat' o pa

Protein + Ca 3=

progein - Ca;

- Titration of Ca®*free parvalbumin with Ca® " leads to a very

ation of the finorescence spectrum, These speciral
anee of at beast three forms which can be inltﬂ'pm:tcd
and () with twao hound Ca®* iong/malecule, T‘Iu

e
s agree well with

Protein - O+ Ca 5= Ca - protein - Ca,

The equilibrium binding constants K, and K. obiained by the computer fit are approximately

Sa 10" W amd 6 10" M

!, This scheme and the & and K: values ane in a good agreement with
the independent experimental data resulting from EGTA timation of O

ated parvalbunin

and pH titration of purvalbumin in the presence of EGTA and Cu®',

Parvalbumins are a Tamily of Ca®*-binding pro-
teins (M, 10000 — 13000} found in rather high concen-
trations in the sarcoplasm of wertebrate sheletal
muscles [1]. The three<dimensional structure of one
af the carp parvalbuming [2] shows that the mol
contains six helical regions, Twe pairs of them {C1
amd EF) o o loops form 1wo
high-affinity C ~hinding sites. THfl it
constants for the binding uf_(:'il2 ! Lo par
Found in the Blerture: 107 M”
S 105 M7 10T M (8] ?x 10
[6]. This may be due cither to the diversity Or]'.lh\'i'IEO
chemieal conditions and tegl lmuunﬂ of e
of 1o the 1vpe of parvalbumi paled
figures are also proposed for the bind
parvalbuming: some authers [3,7] report that Mg'*
competes successTully with Ca* for both EF and €D
sites with binding constants of 2.3 10° M~ and
about 4= 10° MY respectively, others report that
My hinds non only to EF and CI3 sites, but toother
low-affinity sites [8]. [t has alse been shown that K
and Ma* bind 10 parvalbumin with much lower bind-

Abbreviarin. Hepes, d-(-hwdrosyetayl) 1-piperasimeethanesul-
d

ing constants [9,10], Therefore the study of the mecha-
nism and encrgy of Ca®* and M_x_-_’ wuiling 1o parval-
bumins mportant, especially when it 35 cirmed oo
swslematically in 2 wide range of physicochemical
conditions which approach those existing in living
muscle,

Until now intrinsic Auorescence properties of
parvalbumins have been investigated in the a ol
parvalbumins devoid of tryptophan bul coniaining
e of tyresing [12] 1118 well known, how-
that the fluorescence propertics of tryplophan
residues ane much more sensitive 10 the chromophore
envionment than those of phenylalaning and tyrosine

sidues [12]. Therefore, the location of tle single
tryplephr ddue ¢ Urp-102) in close vicinity to the
binaling sites of whiting paevilbumin []I| gives
v of obiaining, by means of its
Aucrescence. information about the physico.chemieal
and structural pzouliarities of this parvalbumin and,
particularly, about the calcium-binding mechanism,
The pH and temperature dependences of the Muores-
conee properiies were alse investigated. In this work
we ook advantage of the extensive changes of Muores-
wence vccurning on Cu' ' binding to develop o method
of estimating the Ca’~ binding equilibrium constanis
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PRECMOTPIR OCHOBHBIE PEIVILTATE NPHMCHGHHE METOT0B IeHAof ITRGICPHIE B HOCTGIOBAHHAY
ERMGIAHCRALMARIIN Gekes ¢ HAMBRCIGN CPOJSTROM K KaMAR0e ¢ nbecTHoH Tpexsepnol

Ko £a08a.

B HACTON e w “JECJ'_"I'IJ'O1 HTO HOHBI KATh-
UHA CITYHAT BHYTPHKIETOMHBIM TIOCPCIHHKOM B
CAMBIX PA3HOOBPAIHRX KACTOTHELX MPOIECCAX, TA-
KHX KaK CCKPCUHA M Npouligepaliis, MBnucoHos
cokpatieHie H apeihs, lpn sanbomnee obues crio-
cofi¢ MePelayH CHIHATOB ¢ YYACTHEM HOHOB Kall-
LHA, PCRIMIOBAHHOM TIOSTH BO BCEX IYKAPHOTH-
WECKMX KICTKAX, MOCHKE CHIHATHHON MOJICKYIR
H PELETITOP KICTOTHOW TOBEPXHOCTH MPMBOJHT
K BHCBOOOHICHHIC KaTbina w3 Ca®-sanacamums
opraHet. JEHOBHBIMH MHIICHAMH JUTA BLURCTLRN-
WIHKCH NPH 9TOM HOHOB Ka/bIIHA ABNAINTCA He/IKh,
YTO NpeBpaliaeT HeCNeAOBAHUE QYIKIMOHHPOBA-
HHE KAMRIWHCBALIBAIGIHM GenKkoB B Kpaiine ak-
TYATBHYKY 3RAAYY.

Kampupiiceazeisaomme  Gefli © HAHBLICHIIHM
cpoacreoM k Calt corrannmor oTmensuLli Kinee
BEMKOB, CYUICCTREHHO OTHHYAWHACA oT JpyTHX
ENACtoR GOTKoB. Ha <eromHa HIBeoTHO HOCKOMLED
coTeH GeNKaB, BXOIANHY B 3T kaace, TMonpob-
HOE HCENCHOBAHHE HX CTPYKTYPE M CBOJCIE Ha-
qanock NpHMepHo 30 1T HA3al, W B HACTOANICE
BPCMA O HEKOTODBIX H3 JTHX OCIKOE MBI MMCCM
09D JIETAIBHYIO CTPYKTYPHYED # (DHIHKO-XMMH-
MecKyRe HudopMauHio (om., vanpumep, [1,2]). doc-
TATOMHO CKA3aTh, 9TO JUIA HOCKONLKHE [ICCATKOB
KATHUHHCBRIGIBIIOMHE DUIKOR HIBCCTHE TREXMCP-
Has ﬂpympﬂ, HPH'{BI( B HEKDTDPEU( (.II"‘!E.“K
Ofd OTIPEENela METONOM PEHTTeHOCTPYKTY PHOTO
AHANHZE JUTA KPHCTALIOR SI'JIK&, 4 B HEXOTOPRELX
— Takke H MerogoM AMP s Genia B pacreope.
B mociefHes JISCATHICTHE I HOCHeIoBaHd
CIPYKIYPH H CBOHCTE KTbUHACBRIBIBAONIMY G-

CTPYETYpoi — mappamOyMioss, KabMOLyEe, Tporoine C, ka0, pekoBepiio, o-lK-
TanbGysmita W 0p. Obcymmcsel ocofiHHOCTH poroM
TIpSmeAgcHLl TAHEEE MO TCHETHUCCKOMY BREACIR0 B GO fUIyOPCeneTHiMY MeTok - OCTATKOR
TPANTOMAHE H THPOIMHA. OUCy#Neie DEHAHAE MYyTAGH b PanDiLy YAcTaL MoTeRyIh (K-
AFHCRANMBARIEE TETH, rivpodiofisoc AP0 W Ap.) Ha CIPYKTYPY B CAOIHCTEA KAk CRAEIBAE I
GeTKOR, @ TAKKC OOCVIRASHE! MOMEITHH COTMAMMS HCKYCCTREHHEIX HANLUMACHRILMEIONGE UCHTROR,

hix KALEiicERIMBAONE  Gemxon,

Geant, GEIKORAR LHANCCNGM, CIBYRIFDG, CHaafutaiocHib,

KOB GBUTH JOBOILHG INHPOKO MPHEICHEHE MCTOT
GemoBoi woxenepr. [TpHMeHeIHe YTHX MOTIHE,
COBPEMEHIEIY  METONOB K HCCHENOBAHIG KAT
[HACBAILIBAIOIIHNY GeMkoB HMEET CBOH crelHd:
weckme 0oBCHHOCTH, ONPCICIRIUHCCA 0CoGbn:
COOFCTRAMH JToroe Kacea Genxon. Hacrosmg
afi30p MOCBALICH NEKOTOPHIM NPOMERYTOTHRL
MTOTAM [PHMEHCHHA METONOR GCIKOBON MewcH:
pPHA LA K BRILIBATIM
Gerkos, ocoDelHOCTAM HX NPHMCHEHNR, CI0HH
ETAM B HE HEMONLAOBAIHH, OfLYHICHHID Hanbor:
SHAYHMLIK PedyILTATOR, MOTYYeHHIY ¢ HEX TIOMC
LEED, 3 TAKMWE nﬁcymunm MEPCNEKTHE JAMLEe
UIETD HETIOMLIORAHMA FTHX METOAOR.

KAJTBLMHACBA3ILIBAIIUHME BEJKH,
HX CTPYKTYPA M ®VHKLUHH

B oroM of30pe Mbl PRCCMOTPHM peaynTatr:
MPHMCHCHNS MCTONOR GEIKOBOR MFKCHEPHH L
HCCHIEZIOBAHHA HAaHBONCE MIBCCTHRIX KalbMHCD:
ILIBAIONAX  GENMKOB, OO/IANAOUIAY  HAHBBICH
CPONCTROM K HOHAM KAJBLHS, ¢ JABHO HWIBCCTHC-
TpeXMeptiol cTpykTypoit. HeobxomuMo oTMeTHT:
WO MOCHENHHA QaKTOp ABMACTCA OMIHM HI o)
HOBHRIX YeroRui BoIMoRHOCTH 2OHeKTHEHOID 1
NONL30BAHKA METOJOB TeHHOR MiDKeHepUd 17
HCCTEAOBANMA CTPYRTYPLT H cBoficrs Semka. Tox
KO B 9TOM CIy4ac MOKHO GCOIHAHHO NIAHAPOBAT
COOTRETCTRYIOIHE MOCTARIEHHOA JAAHYE JAMEL:
AMHHOKHCAOTHELX 0CTATKOR, [TOCKOMERY KPHCTA
JE3anHa anodopM, KK MPABKIO, CHILHO 3ATPLS
HCHA, MOJARISIONice GONBIIMHCTEO MMEIOWEN -
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