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Chaucok 0003HauYeHuit

Da  aJbron

M MOJTb /JIATD
mg  MUJIATPAMM
ml MUJLTAJIATP
(g  MHUKPOTPAMM
ul MHKPOJIATP
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1 Bsenenne

®epment dpykrozoaudocdaranpionaza (EC 4.1.2.13) karanusupyer obpaTumoe pac-
menienne ppykroszo-1,6-audocdara mexkay Cs u Cy ¢ 06pa3oBaHueM JIUOKCHAIETOHQOC-
dara u raunepagbieruidocdara. PaBHoBecue cujbHO CJABUHYTO B HallpaBjieHUU 00paT-
HOIT peakiuu. JlanHast peakiust sIBJIsI€TCS aCThIO TIMKOIH3a. Takzke (pepMeHT yaacTByeT
B IVINKOHEOTEeHe3e; OBbLI0 JI0KA3aHO, 9TO WHOT/IA OH MOXKET (DYHKITMOHHPOBATH KAK aall-
TOPHBII OEJI0K.
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Puc. 1. Peakuus obpasosanus rauuepansaerng-3-docdata u gurngpokcuauetondocdaTta

@epMeHT MpejcTaBageT cobOH TeTpamMep, COCTOLANNN U3 4 OJMHAKOBBIX CYO'be IMHUIL
(162kDa = 4 - 40.5kDa). ZKuBoTHble TKaHu COAEp:KAT IO MEHBIEH Mepe TPH pasTHdHble
aJTh10J1a3bl, XapaKTepHbIe JJisi MBIIIIbL, medenn u mosra (A, B, C).

Puc. 2. MNpocTpaHcTeeHHas CTPyKTypa afbgonassl A 13 MbllUL, KPOnKa, PUCYHOK Bbii B3AT 13 baHka
pavubix PDB, kog - 1ZAH

A, B, C koqupyoTCsa TpeMsl PA3HBIMU F€HAME W T10-PA3HOMY IKCIPECCUPYIOTCH B Te-
aenne paspurus opranusma [1] [2]. Anpronaser A u C 6b1n HAIEHB B TKAHAX B3POCIBIX



JKUBOTHBIX.
Kunemuueckue napamermpor: ayst gejoBeka koucranra Muxasmunca Km=52 pM gia
dbpyrrozo-1,6-6ucdocdara [3].
Hszosnexmpuueckas mouka: 6.1 [4]

2 IlpuroroBJjieHuEe BEMIECTB

Breun IIPpUTOTOBJICHBI U y6paHbI B XOJIOJUJIbHUK CJIEAYIOIIKE BeliecTBa:

1.

2.

2.1

Cynndar amMmMoHusI, HaCHIIEHHbIH pacTBop, pH 7.5

9/TA nunatpuenas coib, 5 mM pactsop, pH 7.5

. 5% pacrBop amMmMuaka (FOTOBAT W3 KOHIEHTPHPOBAHHOIO ammuaka, 25%)

pacBop cyabdara aMMOHHS CO CTeNeHbio Hackimenud (.52, npuroTosaeHnbi Ha, 5%-
HOM pacTBOpe aMMHaKa

pacBop cyJsbdara aMMOHUS CO CTeneHbio Hachimenusa (.5, MpUroToBjaeHHbIH HA 25
mM riumui-rannuHoBoM Oydepe, pH 7.5

oBenenne pH KoHIIeHTpupOBaHHBIX PACTBOPOB

B mekoropble pacTBOpBI HEJib3d TOTPYyzKaTh 37aeKTpoi pH-merpa, Tak Kax 3Tm pacTBo-
pPbl HACTOJILKO KOHIIEHTPUPOBAHHBI, YTO TOJyueHHoe 3Hadenue pH OyaeT HeTOUHBIM, a
9JEKTPOJI MOYKeT OBITh monopdeH. YTobsl moBectn pH Takmx pacTBOpOB 10 TPeOyeMoro

3HAYCHUS:
1. orobparpb HEDOJIBIILYIO IPOOY, HalpuMep, 2 ml
2. pasbasutrb B 20 pas
3. TOTPY3UTH JTEKTPOJ
4. nosectu pH 10 Tpebyemoro, mMpuKaIbiBad KACJIOTY WK MIEI0Tb
5. aTobwl moectu pH mcxomHoro pacreopa, cieayer 100aBUTH %%Va KHCJIOTHI WJIN

3

[1eJIOYUN (% — SMIUPHUYECKasl BeJIMUnHA), T1e: V — 00beM HCXOJHOrO pacTBopa, V, —
00 beM 100aBJIEHHON KHUCJAOTHI WX IIEJIOYN

BbIZ[GJIeHI/Ie (l)epMeHTa N3 CKeJIETHbIX MbIIII KPOJIUKA

Pa6ory nposoauiu Bo Jiby. Huskue TemepaTypbl ObLIH HEOOXOIUMBI, 9TOOBI YMEHDIIHTD
AKTHBHOCTH IpOTea3, 4ToOh M30e:KaTh MHAKTHBAIUK IejaeBoro depmenta. 1lo Toit ke
npUInHe ucnoab3oBancst pacrsop DATA (em. |3.2)).



3.1 BaeneHue B 3KCTPAKIIUIO

UccieioBanne yHUKAJIHHOTO METabOJIOMHOTO TTPOMUIIst CHCTEMBI, T.€ €70 MeTab0TMIeCKOTO
COCTaBa, sIBJSIETCS OJHON M3 aKTyaJ bHBIX 3aJad4, pemaeMblXx Meradbosomukoii. JlocTuxke-
HUE 3TOH Ten TpedyeT IKCTPAKIUU M KOJLIMIECTBEHHOIO OIIpeaeeHusT MaKCUMAILHOTO
KoJImgecTBa MeTabonToB B TKaugAX [5]. CoBpeMeHHbIe MeTO/IbI H3MeIbIeH s TKaHei 00bI4-
HO COYeTal0T C OJHOBPEMEHHOI 3KCTpakiueil OeJKOB U3 rOMOreHaTOB TKaHeill. Bo/bIimnH-
cTBO GeKOB TKameii xopomo pactsopumo B 8-10% pacrtsopax coseit. Tlpn sxcrpakumm
OEJIKOB IIMPOKO NPUMEHSIOT pa3judlble OydepHble CMECH € ONpeJIeIeHHBIMUA 3HAYCHHU -
Mmu pH cpespl, opranndeckne pacTBOPUTENH, & TAKKe HEHOHHBIE JeTEPreHThl — BelllecTBa,
paspyialomne rupodoOHbIe B3auMOJIEHCTBUS MEXKLy OeJIKaMU U JIMIUJIaMH U MEXK/Ly
OEJIKOBBIMU MOJIEKYJIaMHU.

I/IS OprannveCcKux COGILI/IHGHI/Iﬁ, ITOMUMO JaBHO NTPpUMEHACEMBIX BOJIHBIX PaCTBOPOB TJINU-
IlepHHA, IMUPOKO HCIOAB3YIOT (0COOEHHO s commobunusanum) ciabble pAaCTBOPHI caxa-
po3bl. Ha pacTBOpUMOCTH OEJIKOB IPH SKCTpaKIUU HoJIbIIoe BiausgHue okasbiaeT pH cpe-
JIBI, TO3TOMY B OEJIKOBOM XUMUM TPpUMeEHSIOT (dhocdaTHble, TUTpaTHBIE, DopaTHbIe Oydep-
Hble cMecH co 3HadeHmaMmu pH oT Kueabrx 10 caaboIe/I0uHbIX, KOTOPbhIe CIOCOOCTBY-
0T KaK PacTBOPEHUIO, TaK W cTabuu3arun 0enxkoB. s BoijieeHns O€JIKOB ChIBOPOTKHI
KPOBH HCIIOJIB3YIOT CIIOCOOBI UX OCAaXKJICHUA ITAHOJOM, alleTOHOM, OyTaHOJOM M MX KOM-
ounanuu. IlouTn Bce opranmyeckue pacTBOPUTEIH PA3PHIBAIOT OEJIOK-JIUIHIHbIE CBS3H,
crocobCTBYsI JTydItedi SKcTpakuu 6enkos [6].

3.2 kcrpakimd

100 g MbIIII KPoJIHKa OBLIO Pa3pe3aHo HOXKOM U HOXKHUIAMHU Ha (PparMeHThl, JIJIHHA KOTO-
PBIX He IpeBbIaia 5 MM. B roMoreHn3aTop ¢ MeTaLIHIeCKUMH HOYKAMH OBLIO J00aBI€HO
150 ml 9/ITA, 5 mM, pH 7.5. ITocse 3Toro (pparMeHThl MBIIIIBI TOMECTAJIM B TOMOI€HM-
3aTOP U M3METBYAIH JI0 TeX MOP, MOKa BEIeCTBO B TOMOTE€HU3ATOPE HE CTAJI0 MOXOXKe Ha
KAIIy.

CwMech OblLiIa mepeMeleHa B CTaKaH, MOCIe 9ero 100aBmIn emé 75 ml oXJIaxK/1eHHOro H
mM 9/ITA, pH 7.5, u nepememanu B rederue 10 munyT. [omoresar ¢puibTpoBaIn depes 4
cJiost Mapain 1 nenrpudyruposain (20 munyr npu 18000 g). Cynepnarant cobpasnu. O6b-
eMm cynepuaranTta cocrasmwi 240 ml. N3 cynepuaranra orobpanan 500 MKJI i aHAJIU30B
(npoba 1).

3.3 ®@pakumoHUPOBAHNE

pH cyneprnaranTa OblL1 joBejgen 10 7.5, co crenenbio Hacbimenus 0.5. g 3roro ObLI
nobasien paBHbIil 00beMm (240 ml) xosoxHOro 5%-HbI aMMEaKa ¢ TIOMOIIBIO TeJTUTETbHO
BOPOHKH, [PH HHTEHCUBHOM IepeMernuBanuu B Tevenun 30 munyT. [locse sroro ocrapuiu
Ha 15 MuHYT Ha XOJ07€.

Barem pactsop nentrpudyruposanu (20 muuyT npu 18000g). CymepHaTant cobpasiu.
O6bem cynepraranTa cocrapua 430 ml. U3 cynepuaranra orobpaan 500 MKJI /s aHAIHA-
308 (npoba 2).

CynepHaTant JioBejn J0 crenenu Hacbimenusa 0.52 qo0aB/ieHueM HACBIIEHHOIO pPac-
TBOpa cyabdara ammonus, pH 7.5 (4 ml Ha kaxkabie 100 ml pacreopa). pH moseau o 8.0



C HOMOIIBIO PACTBOPA CyJibdara aMMOHHSI CO CTeIIeHbIO HAChITeHns (.52, IPUTOTOB/IEHHO-
ro Ha 5%-Hom pacrBope aMMuaka. JJaHHBIH PacTBOP MOT MOBPEANTDH SJEKTPO, MTOITOMY
NPUIEPKUBAIICH TEXHUKH J0Be/eHusi pH KOHIIEHTPUPOBAHHBIX PACTBOPOB (CM. .

PacTBop ocTaBum Ha CyTKH B XOJOIUJIBHUKE, OXKUJIAs ITOSBJICHHS KPHCTAJLIOB.

OHAKO KPUCTAJIBI albI0Ja3bl TAK W He BbIIAIN. YTOOBI MOJIYIUTH KPUCTAJLIBI, PAC-
TBOP JIOBEJIA JI0 KOMHATHOM TEMIIEPATYPbI, MOCIEe 9ero MOCTABUIN B XOJIOAUIbHUK. Pac-
TBOP TTOMYTHE.

Barem pactsop nentpudyruposann (20 munyt mpu 30000g). O6bem cynepHaTanTa CO-
craput 410 ml. 3 cynepuaTtanTa oroGpann 500 MK 1151 aHamu308 (npoba 8). Ocanok me-
PEHECIN B CTEeKJIAHHBIM CTAKAHIUK IIyTEeM CYCIEeHIMPOBAHUS OCAJIKA B pACTBOPE CyIbdara
aMMOHUS CO cTeleHblo Hachierus 0.5, IpUroToBJaeHHOr0 Ha 25 MM rIHIUI-TJIMIIMHOBOM
oydepe, pH=7.5. 3arem ocamok, comepzKaiuii aabaoasy, TOMECTHIN B XOJOMHIBHIK
(npoba 4). O6bem ocanka cocTaBu mpuMepHo 8 ml.

4 OmnpegeneHne KOHOEeHTpamun OeKa

4.1 CnekrpodoToMeTpuYiecKoe OIpeajieHNe KOHIIEHTPAII

Meroa ocHOBaH Ha CIIOCOOHOCTH APOMATHYECKUX aMUHOKHUCIOT (TpunTodana, THPO3UHA U
B MeHbIIeil crenenn (eHUIATAHNHA) TOTJIONATE YAbTPadUI0JeTOBbI cBeT npu 280 HM.
[TockobKY OEMKH OTJIUYAIOTCS O COJAEPKAHUIO apOMATUIECKHX AMHHOKHUCJIOT, UX I0-
[JIOTIEHHE B YIbTPahUOIeTOBOM 00JIACTH CHEKTPA MOXKET CHJILHO Pa3andarhes. V3Mepss
BEJINIMHY ONTUYIECKOH IOTHOCTH MPHU ITOM JIMHE BOJHBI, OTIPEIESTIOT KOJTUIEeCTBO OeIKa
B pacrBope. Vcronb3oBanue JaHHOIO METO/A 1I03BOJISET IIPOBOIUTL OlpeieaeHre OeJika
OBICTPO U He TPedyeT MCIOJIb30BaHUS JOTOJHUTEIBHBIX PEATeHTOB.

Aggo = ecl

[IpoBepsu, ato 0.1 < Aggy < 1.
i Bcex mpob jieficTBOBaIN 110 CJejyoleil cxeme:

1. nabupaym 2 ml GuaCTUINPOBAHHON BOJIBI B KIOBETY
2. obuyJssm npubop

3. mosmmBasm 50 ul pacTBopa n3 HpoObl (JaHHOE KOJHYECTBO ObLIO TTO00paH0, 4TOObI
passeenne cocrasmio 41).

4. cuumasm 3Hadenne Asgg

Taxum obpazoMm, pa3Bejenue paBHo 41. BeL1o gomnymieno, 94To yaeabHoe MorJonenue € = 1
s 6enka. Jas mpobbl 4 OBLIO HCMOIb30BaHO TUTepaTypHoe 3Hauenne € = 0.91. Tommmuna
kioBeThl [ = lem. Takum o6pazom, KoHIeHTpaus 6eska B mpode pasua: ¢ = 41-A [mg/ml|.

4.2 Bsenenme B metoa Bpaadopa

Meton Bpandopa — oauH 13 KOIOPUMETPHUIECKAX METOI0B KOJUYECTBEHHOTO OIpeese-
Hug OEJIKOB B pacTBOpE (0C06eHH0 C HU3KOH KOHHeHTpaHHeﬁ). Jlanublit MeTOJI OCHOBAH Ha,



Tabnuua 1. KonueHTpauus besnka, onpegeneHHasi CnekTpohOTOMETPUYECKUM CMOCObOM

[IpoBa | A | Clmg/ml|
1 0.49 20
0.54 22
9 0.177 7.257
0.2 8.2
3 0.154 6
4 0.148 32.7

cBsa3piBannu Gesikamu kpacuresss Coomassie Brilliant Blue G-250 [7]. Mexamu3m cBa3bIBa-
Hust Coomassie 3aKIF0IALTCS BO B3AMMOIEHCTBIY aHNOHHON (DOPMBI KPACUTEIsT ¢ DEJTKOM

[8].
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Puc. 3. Kpacutens Coomassie Brilliant Blue G-250

Casa3piBanne ¢ 0EJIKOM OCYIIECTBJISETCS 3a CYET SIeKTPOCTATHYECKOTO B3amMMO/Ieii-
CTBUS CYJAb(MOHMIBHBIX TPYIII KPACUTEId ¢ aMUHOKHCJIOTHBIMEA OcTaTKaMu Oesika. CBd-
3piBanne Kpacuresis Coomassie TPOMCXOAUT HPEUMYIIECTBEHHO € apPTHHUHOBLIM OCTAT-
KOM W B MeHBINIeil cTelmeHu ¢ oCTaTKaMH THCTHIWHA, JU3WHA, TUPO3UHA, TpUNTOdaHA H
denmnantannna. KomnuecTBo cBsseil, obOpasyeMbix Mexkay Coomassie u 6JIKOM, 3aBHCUT
OT KOJIMYeCTBaA MOJIOKUTEJIbHO 3apAXKEHHBIX I'DYIII, PpaCIIOJIO2KEHHBIX B MOJIEKYJIE 6eﬂKa.
CunTaercd, 910 1.5-3 MOJIEKYJIbI KPACUTES CBA3bIBAIOTCS OJHOM MOJIOKHUTEIbHO 3apsizKeH-
Hoii rpymnmoii [9]. Mexoausiit kucaptit pacrBop Coomassie nMeer MaKCHMYM HOTJIOTIEHHsT
npu jgauHe BoJHBI 465 HM. [locse cBa3biBanus ¢ 6€IKOM U U3MEHEHHsI OKPACKHA MAKCUMYM
IOTJIOMIEHHsI CMeTaeTcst K 595 HM (pUCYyHOK .

4.3 KamubpoBka jajasa meroga bpaadopa

Cocras mpo6er: 1.9 ml Bpaadopa, 6ydep u BCA ¢ kornenrparueii 0.4 mg/ml.
[Toxn sKcnepuMeHTAJbHBIE JaHHBbE OblIa IIOJOTHAHA JIMHEHHAsI 3aBUCHMOCTH (pHUCY-

HOK .



55 HM 595 Hm
o '\\I _,.-If \
\
.--".:‘I'.I III'.
i A
Pa !
. o A

ANHHE ECNHE (HM)

Puc. 4. Cpsnr makcnmyma nornowenns nocne ceassieannss Coomasie ¢ benkom
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Puc. 5. Kanubpoeka ans
>KaHusa benka B kroBeTe

3 10

15 20 25 30
pg of protein/cuvette

meTtoaa bpaadopa. Ha rpacduke nokasana
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3aBUCUMOCTb Asgs OT copep-



4.4 OmnpenesieHnne KoHIleHTpaluii 6eaka merogom bpaadopa

YVdauThiBasg NpUMepHbIe KOHIICHTPAIINH, IOy YeHHbBIE CIIEKTPO(POTOMETPUICCKUM METOJIOM,
pacTBOp M3 Ipob pas3Besd TakK, YTOOBI KOJIUYECTBO OeJIKa JIeXKajo B IIpejesaX KaJuopo-
BouHoit Kpusoit (0.1 — 0.2).

Konnenrpanus 6e1xa B upobe (mg/ml):

m-N
Ve

rie m — coaepxkanue Gesqka B kiopere (ug), N — passegenue, V. — o0bem KoBeTsl (2 ml).

C =

Tabauua 2. KoHueHTpauns benka, onpegenenHas cnocobom bpagdopa

[Tpoba | Cmg/ml|
1 15.6
17.6
2 25.1
3 6.2

5 OJaekTpodopes

B mamnom pasjesie MCHOJIB30BAINCH MaTepHaJibl U3 METOAUYECKOTO MOCOOUs 1O TeHHO
UHZKEHEPUH.

DaekTpodopes 1o J[SMMIHN ABJIsIeTCd OJHUM U3 Haudo.1ee MOMYISPHBIX METOIO0B 110 pa-
oore ¢ 6enkamu. C MOMOIIBIO JIeKTpodope3a B MOTHAKPUIAMUAIHOM rejie, OeJTKH MOKHO
ppakImoHupPOBATH IO MOJIEKYJISIPHON Macce, pa3Mepam u popMe, TaK KaK JaHHBIH MeTO/
nMeeT OOJIBIIYIO pa3periaolieio CrocoOHOCTh. [IpenMyIecTBa JaHHOIO MeTO/Ia CJIeyI0-
IAe: rejib XUMUYeCKN CTabWJIeH, HET IJTEKTPOOCMOCA, YCTOWIHBOCTH K PACTBOPHUTEISIM,
uzMenenuio pH u Temmeparype.

[Ipomnecc momMepu3aInuu MOJUAKPUIAMHUIHOTO Tejisd HPeJcTaBIdgeT coDOi XuMHuUIe-
CKYIO PEaKIuio, MOHOMEPOM KOTOPO¥ CiryKuT akpujiamuj. Tak Kak peakius HPOTEKaeT
0 PAJUKATHLHOMY MEXaHHU3MY, TO B KQUeCTBE MOJIEKY/IBI-HHUIUATOPA CIYKUT TepCcyabdar
ammvonnst (ITCA). Momumepusanus naunnaercs ¢ obpasosanus pajgukana n3 [ICA. Ka-
TAJU3ATOPOM Tporecca ¢y KuT rerpaMermwidTuienauamun (TEME/D). [leppast peaxius
HHUAIIEUPYET Ppa3pbiB CBA3M MEXK/IY ABYMsS aTOMaMHU KHCJIOPOJIA B MOJIEKYJIe Iepcyabdara
amMMoHHusI. B pesyabTare 3To#l peakmun oOpa3yercss CBOOOIHBIN paauKkas ¢ OIHUM Hecla-
PEHHBIM 3JIEKTPOHOM y aTOMa KHCJA0poa. JlaHublil pajukall BAUIET Ha PAa3pbiB ABOHHOIM
CBSA3M B MOJIEKYJIe aKpujaMuia. lakas 1enHas peakiius MpoI0JIzKaeTcs, TTOKa JIBA pa/Iu-
KaJia He 00pa3yioT MexK1y cOO0il KOBAJEHTHYIO CBA3b.

5.1 IloaroroBKa OEJIKOB

Tax kak MHOTHE OEJIKHA UMEIOT BTOPUYHYIO, TPETUYHYIO U HHOT/IA YeTBEPTUUHYIO CTPYKTY-
Py, TO CJIeJyeT UX MpeABapUTeIbHO JeHATYPUPOBATD, YTOOBI N30€KATh BIUAHAA CTPYKTY-
PBI 1 3apsa 6e/IKa Ha ero MOoJABUXKHOCTD B rese. Jnsg storo ux kunatar B Sample Buffer
(SB). D10 6ydep, KOTOPBIH BKIOUYAET KpacuTeab 6poMdbeHOMOBbIH cuHuil (mo3Bosisier

11



HaM CJEeIUTh 3a XOJOM Tporecca), riuneput (oberdaer Hanecenwe obpasiia Ha reJib),
SDS u [-mepkanTosranor. SDS — 510 HoHHBIA geTepreHT (moernuacyandar HaTpus ), KO-
TOPBIH 3a cueT ruApodOOHBIX B3aUMOIEHCTBUN CBA3BIBACTCA ¢ OEJKAMU B COOTHOIIEHUN
1,4 mr SDS nma 1 Mmr 6enka. Tak kKak B pacTBope oOpa3yercsd H30BITOK JIUCCONMUPOBAH-
HBIX OCTATKOB CYIBMOKUCTOTHI, COOCTBEHHBIN 3apsi/i OeJIKa CTAHOBUTCS HECYIECTBEHHBIM.
[B-MepKaITOITAHO/I CIIOCOOCTBYET PA3PhIBY MUCYIH(MDUIHBIX CBsI3€ei B MoJiekyJie benka. [le-
HATypanun OeTKa TakKe CrocoOCTByer KutisitaeHue. 13 31oro MOKHO ¢1e/1aTh BBIBO, YTO
B TIOJIMAKPUJIAMETHOM TeJjie pa3neeHne OeJTKOB UIeT TOJTHKO 0 MaCCe.

5.2 CyTb mporiecca

Opana u3 ocobennocreit mauHoit cucteMbl P 3aKAIOIACTCS B TOM, 9TO yIaCTBYIOT 2 re-
JIsT — pa3IeJIsTIoIuii (MeJTKONOPUCTHI, HUKHWUIT) ¥ KOHIIEHTPUPYONHi (KPYITHOMOPUCTHII,
BepxHuit). Kpome pazmMepos mop, 3tu resin oraundanTcs no pH. B KoHmeHTpupyommeM reje
pasjiesieHre OEJIKOB He TPOUCXOIUT. B HeM OeJIKu cobupaioTcs B OJHY Y3KYIO 1oJiocy. s
PAa3IESIONIEro T 3Ta MoJI0ca OyIeT cTapToM i Hadasaa (ppaknuoHupoBanust. CMBICT
MPOIECCa 3AKITIOYAETCS B CAEIYIONIEM: CPa3y MOC/e BKIIOUEHUs JEKTPUIECKOTO HATIPSI-
JKeHUST, HATIPSIZKEHHOCTh 3JIEKTPUIECKOTO TOJIS OJIMHAKOBA MO BeceMy re 0. OOpasiibl Hadw-
HAIOT BXOJUTH B I'eJib. VOHbI IunuHa B KOHIEHTPUPYIONIEM I'ejie MMEIOT OTPUTIATEeIbHbBIiH
3apsl 1 HAUWHAIOT 3aMelaTh WOHBI XJopa. CaeaoBaTesIbHO, B KOHIIEHTPUPYIONIEM Tejie
(¢ Bosee kucabiM pH) GOTBITHHCTBO MOJIEKYJT TINIUHA U3MEHAT 3apsijl Ha HeHTPATLHbII.
Takas mefiTpaan3aiius yBeIUINBACT HAIPSIKEHHOCTD 3/IEKTPUIECKOTO MO/ B KOHIIEHTPHU-
pyIoIneM rejie u 00pas3ibl HAUHYT JABUTATHCSA. B pasessionieM reje MOXKHO HaOII0IaTh
obpaTHOe U3MeHeHNe HAITPAZKEHHOCTH MOJIsA. DTO HPUBE/IET K 3aMe IJIEHUIO JIBIKeHnd OeJl-
KOB. C 3TOr0 MOMeHTa HAUHETCS MeJIJIEHHOe Pa3/ieeHre OeJIKOB 101 BO3/eficTBHEM HU3KOM
HAPSZKEHHOCTH JJEKTPUIECKOTO TTOJIS.

5.3 HcxoaHble KOHIIEHTPAIIU IIPOO

[Tocne paccMoTpenns KOHIEHTpAIil Mpod, MOJIYUYEHHBIX CIEKTPO(MOTOMETPUICCKAM Me-
TOJOM U MeToaoM Bpaadop, ObL10 00HAPYKEHO, ITO TOYHOCTH KOHIIEHTPAIUHA MPOOBI 2
BBI3BIBAET COMHEHUSI.

SHaveHnsT KOHIEHTPANNN npoObl 3, MOTyIeHHbIe 00OMMU METOJAMHU, TMOYTH COBIAJIN
(6 mg/ml). Konmnenrparust npodsr 1 npuasara 3a 15.6 mg/ml. Konnenrpaiust mpobsr 2
JIOJTZKHA OBITH MEHbIIe KOHIIEHTPAIUK TPoObl 1 (yzKe mOTOMY, 9TO 00beM, U3 KOTOPOTO OT-
Gupanach mpoba 1, MeHbIne ofbeMa, U3 KOToporo orbupasack npoba 2). B o xe Bpewms,
KOHIEHTPaIus HPoObl 2 J10J12KHA ObITH 00JIbIlIe KOHIEHTPaUK IPOObI 3, Tak Kak 1poda 3
oTbupaJiach U3 pacTBOpa, U3 KOTOPOro ObLja yIa/leHa ajabio/ia3a. ¥ YuThiBasg 3TH co00pa-
JKeHUs, penuin rpybo OKPyTJINTh KOHIEHTpAuio npobsl 2. JIaa maabHeRInX pacyeTon
ucrnoap3oBatn 3uadenne 10.8 mg/ml.

5.4 PazbaBiieHue 6eJIKOBBIX ITPOO

Macca, KOTOpYI0 MOXKHO MOMECTUTH Ha JIOPOXKKY, paBHa b ug. OObeM, mOMeaeMbiii Ha
JIopoxKKYy, paBen 10 pl. CremoBare/bHO, I HCIOJIb30BaHUA IPOOLI B 3JeKTpodopese
KOHIeHTpalus Gefka J0kHa ObiTh npuMepro 0.5 mg/ml. O6bem obpasua st 3JeK-
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tpocpopeza: 200 pl. Bouio pemeno cnadasia pazdaBuTh Bce HpobbI B H pas, MOCje 4ero
oTo0paTh U3 HUX 00beM, HEOOXOMUMBIH /i 31eKTpodopesa.

H10o6bl moIyYnTh 00paser] ¢ KoHmeHTpamueii 0.5 mg/ml, u3 pacrBopa, MOJYIEeHHOIO
pasbapjienueM MpoObI B H pa3, He0OXOIUMO O0TOOPATH

_ NC'QVQ _ 50.5mg/m1 -0.2ml _

v Ch Ch

0.5
——|ml
ool

rae C — KOHIeHTpaIus Oejka B mpobe.
Paccanraem o6beMbl, KOTOPbIe HY?KHO 0TOUpaTh U3 pa3baBaeHHbIX B 5 pa3 mpob (Tad-

JTUTIA .

Tabnuua 3. Obbembl, oTbupaemble ans anekTpodopesa s npob, pasbaesneHHbix B8 5 pas
[IpoGa | Cy [mg/ml| | V' [ul]
1 15.6 32.05
2 10.8 46.3
3 6.2 80.65
4 32.7 18.7

5.5 IlpuroroBjieHne oOpa310B AJid 3JIeKTPpodopesa

4-x kparubiit 6ydep s obpasnos (SB) 6bL1 BeIaH mpenogaBareniem. it moJydeHus
OJIHOKpaTHOro Oydepa, 4-x KpaTHbiX Oydep ObL1 pasdbasien B 4 pasa. B 1 ma SB 6b110
so6aBsieno 50 pl MepkalTodTano 18, KOHUEHTPAIM MEPKAIITOITAHO/Ia B 110JIyYeHHOM Oy-
depe 5%. g nonydenna o6pa3uos A1 31eKTPodopes3a cHATaIa, J00AB/IAIN BOLY, 3aTeM
npoby Gesika, pasBegenuyo B 5 pas, 3arem H0 ul SB. Cmorpu Tabauiy

Tabnuua 4. Cocras npobbi 5 g
IIpoBa | Hy, | [IpoGa/5 | SB
1 118 32 50
2 104 46 50
3 70 80 20
4 131 18.7 20

5.6 Mapkepsl a4 3y1eKTpodopesa: SM0671
1. 170 kDa

2. 130 kDa
3. 95 kDa
4. 72 kDa — xpacubrii

5. 55 kDa
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6. 43 kDa
7. 34 kDa
8. 26 kDa
9. 17 kDa

10. 10 kDa — xkenToiii

5.7 IIpoBenenue ajnekrpodopesa
B 10 1yHOK Tesist ObLTN HaHECEHBI 00PA3IIbI:

1. mapkep

2. npoba 1 (8 ul, 4 pg)

3. mpoba 2 (8 ul, 4 pg)

4. npoba 3 (8 ul, 4 ug)

5. mpoba 4 (8 ul, 4 pg)

6. mycras

7. Mapkep

[Tapamerpsr aekTpodopesa: 20 mA, 400 V.

Pesynbrat siekTpodopesa — cMOTpH pucyHOK [0}

5.8 Bpiuncienne Macchbl BbIJIEJIEHHOIO DeJiKa

Buoigesennbiit 610K HEMHOIO Jierde Mmapkepa 6, HMeroIero Moeky/asipayio maccy 43 kDa.

Buin moctpoen rpacduk (pI/IcyHOK, C TIOMOIIIHIO KOTOPOT'O ObLjIa BHISICHEHA, MOJICK Y ISIpHAS

macca Genka: 40.9 Da. Jlanmoe 3HaveHne COracyercs ¢ JUTePATYPHBIMA JaHHBIMHA (CM. [1).
Buieod: nocienuss craaus 3pOEKTHBHO OTIEIHIA AJIbI0Ia3Y.

6 Omnpeaenenne akKTUBHOCTH aJIbA0JIA3HI

Pemunn nsmepars aktupHocTh 1o NADH.
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Puc. 6. PesynbTtaTel 2nekTpodopesa

21eKTpodOpeTHIECKOe OIIpeIeIeHHe MOJIEKYISpHOil Macchl HEJIKOB
0.9

+

0.8

0.7

0.6 T
0.5

0.4

0.3

0.2

0.1

34 36 38 4 42 44 46 4.8 5 5.2
In M

Puc. 7. Onpegenenne mMonekynsipHoii Macchl BblfeseHHoro benka
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AJabI0J1a38

IJIUIepaJibierui-3-ocdar

Tpuosodocdaruzomepasa

nuruapokcuraierondocdar

aneposi-3-ocdar-geruaporenasa
-NADH

raunepoJi-3-ocdar

6.1 IIpuroroBjieHUEe PacTBOPOB

6.1.1 Tyaunuia-rauituHOBLIN 0y dep
m=M-c-V =132.12Da - 0.06M - 0.11 = 0.6606g
pH pacTBopa 6bL1 g0BegeH 10 7.5.

6.1.2 NADH
m=DM-:c-V =763Da-0.02M - 0.0011 = 0.01526g

6.1.3 Coap dpykTo3006mcdocdara
m=M-c-V =378Da-0.075M - 0.0011 = 0.02837g

6.1.4 Kommepueckuii npenapat (pepMeHTOB

Kommepueckuii mpenapar ¢pepMeHTOB, cojiepzKaliuit Tpuo3odocdaru3oMepasy u IIUIEPOJI-
3-docdar-geruaporenasy. Konrenrpanus pabodero pactsopa coctasuia 6.3 mg/ml. Ak-
TUBHOCTB riuieposi-3-pocdar-nernaporenassr: 150 E/ml. Akrupaocts Tprozodocdarn-
somepasbl: 1.6 E/ml. Pacrsop 6b1 upurorossen Ha 50 mM rmimui-rannuaoBom 6y depe.

6.1.5 ®Ppykrozobucdocdaraapaonaza

Pactsop 6b11 mpurorosien va 50 mM raunnua-rumunmaoBom 6ydepe.
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6.2 H3mepeHume aKTUBHOCTHU

JIast m3MepeHnsi aKTUBHOCTH 3HAUeHUsT Asyg CHUMAIOT Kakabie 30 CeKyH/ B TEUEHWHN KaK
MHUHUMYM 3 MUHYT.

1. nmobaputk 1.9 ml rumua-raunraOBOTO OYydepa

2. 25 pl BcoMorarebHbIX (hepMEHTOB

3. ajJapaoJasa

4. MOMECTHUTH KIOBETY B IMIPUOOP U OOYIUTH

5. mobasutnb 15 ul NADH

6. mobaBuTh OuchocharT HA MATOUKe U MepeMeNaTh TOH Ke HAJOUKOif
7. BallyCTHTL IIPUOOP

[Ipu w3Mmepennst aKTHBHOCTH M3MEHAIN 00HEeM BHOCUHOM ajibj10/1a3bl, IIPU H3MEPEeHUN
Ky — obbem Gucdocdara (cyberpara anbaosassr). [Ipn n3aMepenns ak THBHOCTH 00beM
nobasistemoro 6ucdocdara ocraBasics noctogaasim (60 pul).

6.3 IIpoOHBbIE ONBITHI

NADH srocar tak, arobsr 3uagenne A nocie pobasiaerns NADH 6wr10 okoso 0.8

B nepsyto nmonbiTky Brecsu 2 ml 6ydepa u 30 ul NADH. 3nauenune A cocrasuiio 1.484.
DTO 3HAUYEHHUE CJIUIIKOM BEJIHKO.

B Bropoit pa3 (u B nocseayromue passt) saocuian 10 15 pl NADH u 30 pl anbposnassi
u3 poOsl 4. OHAKO TAKOE KOJTUIECTBO A/TbI0/Ia3bI CJAUITKOM OBICTPO H3PACXOI0BAJIO BECH
cyberpar.

Anbnonazy u3 npober 4 pasbasuium B 100 pas (10 pl anpaonaser B 1 ml Boasr). B
TpeTnii pa3 orobpaau 30 ul pazbasienHoit aabmoaa3bl. OTCYET BpeMeHH 3alyCTUIN IOCTIe
nobasiaenuss NADH. [Mosyuniack 10BOJBHO CTpaHHAs 3aBUCUMOCTH (D GbLIO HU3KUM JI0
nobapienus cybcTpara, a 3areM BbIPOCo). [To-BumMomMmMy, 3T0 BBI3BAHO Te€M, YTO OTCUYET
BpeMeHU OBLT BKJIIOYEH 710 TIePeMelTnBaHUsI.

B gerBeptrhiii pa3 BrHecau 20 pl anbaonasel (HaYHHAS ¢ STOTO ONBITA, BHOCHIH Das3-
paBJIeHHYIO ajbaosasy). [loxyuniack Xopoinas 3aBUCHMOCTh. OJHAKO PENTIn CHUMATH
MOKA3aHMUsI B TEUCHUU D MHUHYT.
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0.3
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6.4 CHATHe aKTUBHOCTHU IIPU PA3HBIX KOHIIEHTPAIUAX aJIbJI0J1a3bI

Bbuia mpoBejieHa cepusi 9KCIEPUMEHTOB (CM. . ITpu srom KoHIEHTpalus cydcTpara
ocraBajgach Hemsmenuoit (60 ul). Jlureparypuoe snauenne Ky = 52uM. Tlpn nobas-
siernn oucdocdara B KIOBETY €ro KOHIEHTPAIUS CHUXKAJIACh B % = 33 pa3z. lcxoanas
KoHIleHTpaIus oucdocdara pana 75 mM. 3naunt, KonnenTpaius ducdocdarta B KioBeTe
OKOJIO % = 2.3 mM, gyro HamMHOro npepbimaeT K ;. Tak Kak HacblIaionel KOHIEHTPAaIH-
et MOxkHO cuuTarh KoHueHrpaiuio 10-20 K/, uctojib3yeMas KOHIEHTPAIUS HABEPHAKA
ABASJIACH HACHIAOIIIEN.

Ucnonb3yembie obbembl (pasbabiaenHoii) ambaoiassr: 20 ul, 10 pl w 5 pl. Tokazanus

an60pa CHAMAJNCL B TeYeHUHN O MHHYT. Bern II0JIy4€eHbl cJeAyionnue 3aBUCUMOCTH:
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0.9 —

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1 20 pl anpaomazpr ———
-l 10 pl anpaomaspr - .
0 5 pl anppoaszpr oxo- |
00:00 01:00 02:00 03:00 04:00 05:00

BasucumocTu nepecuntasn Ha AD, KOTOpOe MPOTOPIHOHATLHO KOJIUIECTBY M3PACKO-
JoBaHHOTrO cyobcTpaTa. AD pacCUuTHIBAIN, KAK PA3HOCTH HCXOTHOIO M TEKYIIEro 3HaYeHn i
D. Kpome Toro, paccMaTpuBaand 3aBUCHMOCTD, CIIYCTS 2 MEHYTHI OT HadaJa OTCYeTa, TaK
KakK JI0 2 MUHYT peakIius, KazKeTcs, HaXO/JUTCs B Jjiar-gase.

0-6 1 1 T T T
200
20 approx ———
0.5 - 10 |
10 approx +
04 | 5approx - L 1
A 03¢t ]
< 02 ) . ]
0+ o -
-0.1 . . I . . I . . I . . I . . I . .
02:00  02:30  03:00  03:30  04:00  04:30  05:00
3aBUCHMOCTHU CHPSIMU/INA. SHATCHUS %:
‘/am,,uonamﬂ AD/HIHI
20 0.172
10 0.087
05 0.045

[lo naHHBIM TOYKaM MOCTPOUIN I'paduk:
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0.18

exp' I I | 20
aApprox -—-———
0.16 bP -
0.14 + ]
§=
S
Foo0a2f .
)
= 01} ) |
< 10
0.08 i
0.06 | / |
004 5/ I I I I I
0.001 0.002 0.003 0.004 0.005 0.006 0.007
mg of F
Coneprkanne (B mg) aabIoJa3bl B KIOBETe MOKHO MOy 9UTh TI0 CJIeyomeil bopmy.ie:
1
m = m‘/&nb;{on%m : 327mg/Hﬂ

ITo ocu abenucee OTI0KEHO cofeprKanne (B mg) aabaonassl B KioBere. O0beMbl 100aBIsI-

emoit anbaosassl (20, 10 u 5 ul) ormedenbl BHyTpH rpaduka.
AD

[Tocne cipamieEns 3aBUCHMOCTH BBISICHUIOCH, 9TO g 25.9.
BoraucmM akKTUBHOCTD aJTb/101a3bI:
1 ADs3y -V 1 2ml mol
E=- 340 —2959. 2 — 49 L
2wmuH - 6.22 - mg anbgosa3el 2 6.22 mg - MUH

1
3 B dopmye, TaK KaK Ha OIHY MU3PACXOJOBAHHYIO MOJIEKYIy CyOCcTpaTa pacxomyercs JBe

mosekysbl NADH.

AKTHUBHOCTD AJIBA0JIa3bl JOBOJIBHO BBICOKA, YTO IIOATBEPZKAa€T BBICOKOE€ Ka1€CTBO IIPO-

BCJACHHOI'O BBIJICJICHUA.

7 UW3mepenune Km

Bouia nposejiena cepus sKkcnepuMeHToB, onucaiubix B [6.2) TIpu srom kosmdectso asbio-
Ja3bl ocTaBasock moctogaubiM (10 pl, pasbasmennas B 100 pa3), a kosumvectBo 6ucdoc-

daTa U3MEHSLIOCH.
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Passesn emnié B 10 pa

[Ipumep JaHHBIX, CHUMAEeMbIX ¢ Ipudopa:

P#szsenu B 10 pg

Bpema | 100 80 60 40 20 10
0:00 | 0.796 | 0.837 | 0.865 | 0.849 | 0.858 | 0.882
0:30 | 0.773 | 0.814 | 0.847 | 0.829 | 0.837 | 0.868
1:00 | 0.741 | 0.783 | 0.822 | 0.799 | 0.817 | 0.860
1:30 | 0.704 | 0.748 | 0.792 | 0.770 | 0.806 | 0.856
2:00 | 0.665 | 0.713 | 0.761 | 0.747 | 0.805 | 0.855
2:30 | 0.626 | 0.676 | 0.732 | 0.735 | 0.799 | 0.855
3:00 | 0.587 | 0.645 | 0.706 | 0.728 | 0.798 | 0.856
3:30 1 0.550 | 0.625 | 0.687 | 0.726 | 0.799 | 0.857

[Ipumep moy4eHHBIX IpadpUKOB:

|

umol
min

VS

0.016

[Ipsimble KOOPUHATHI

0.014

0.012 |-/

S+

0.01

0.008 |:

0.006 |
0.004

0.002 F

0

20

40 60 80

100 120 140 160 180 200
S [uM]

Km = 1.91 gM; Vm = 0.0151 pmol/min
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Koopnunarwt Jlaitnyusepa-bepka
1600

1400
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il
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[

1
v
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400 e .
200 :

7 +
b b + T

0 0.2 0.4 0.6 0.8 1 1.2

s [l

0

Km = 3.84e+05 puM; Vm = 431 pmol/min

K CO2KaJICHUIO, IOJIYYCHHBIX /JaHHbIC OKa3aJ/JIUCbhb CJUMIIKOM 3alllyMJICEHHBIMU, TOJIBKO

3 TOYKHM NPUILIOCH Ha «CIycky rpaduka Muxasnuca-Menren. [Tosromy nsamepenne Km
OBLIO TIepeeaHo.

8 Uzmepenue Km

8.1 Beruancienue yuctorhl cybcTpara

Yrobbr BhIYHUCIEHNE KOHCTaHTH Muxasinca ObL10 60/1€e TOYHBIM, TPOBEJIN SKCIEPUMEHT
JUTA BBIMMCJIEHHS] YUCTOTHI cyOcTparta. s sroro m3mepman A cpal3y mocie n00aBIeHH
NADH, no mo6asnenust cybcrpara. 3Hadernne A cocrasmio 0.805.

KonmaectBo mobasaennoro cyberpara: 10 ul, pazdasaenue B 10 pas.

Suadenne A cTaj0 CHUKATHCS, TOCIE 9ero BBINLIO HA miaTo Ha yposue (.5.

AD = 0.305
AvNADH = % = 0.098umol

1
vS = iAl/NADH = 0.049pmol

% B (hopMyJie, TaK KaK HA OJHY H3PACXOJOBAHHYIO MOJIEKYJY CyOCTpaTa Pacxomayercs
nse mostekyasl NADH.

vS  0.049

B KIOBETE —— = 0.024 M
CS ‘/;(IOBQTBI 2 O 0 5m
Cs = Cq s xiopere - N = 0.0245M - 200 - 10 = 49mM
49mM
= = (0.65(65
HCTOTA = (65%)
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8.2 IloBTopHoe m3mepenme Km

eficTBoBasn 1Mo mpeskHeii cxeme (cM. , HO:

1. crayayia npoBe/i U3MEPEHUS MPHU CAMBIX OOJBIMNX U CAMbIX HU3KHX KOHIEHTPA-
nugx cyobcrpara, 1mocjae 4ero mpuIepKUBAJINCh OMHAPHOTO moucka. [lo-Buammomy,
furaromaps 3TOMY yAaJ0Ch H30eKaTh JJINTEJTHHOI0 N3YYeHHd TOYeK Ha ILIATO;

2. nogorpenu Oydep;

3. MCIOJIb30BAJN HATPHEBYIO costb (bpykTozobucdocdara (M = 340 Da) (em [6.1.3).

8.2.1 3aBuUCHMOCTh CKOPOCTH PEAKIIN! OT KOHIIEHTpaluu cybcrpara

S [uM] | V [delta D/min] | V [gmol S/min| | V [pmol NADH /min|
2437 0.062 0.00997 0.01994

1462 0.061 0.00980 0.01961

243.7 0.060 0.00964 0.01929

121.8 0.059 0.00948 0.01897

60.93 0.052 0.00836 0.01672

24.37 0.045 0.00723 0.01447

18.2 0.041 0.00659 0.01318

12.18 0.035 0.00562 0.01125

8.531 0.021 0.00337 0.00675

6.097 0.011 0.00177 0.00354

2.437 0.004 0.00064 0.00129

BHadeHne A Tpex MOCJEeIHHX TOYEK CJUIIKOM HH3KOE, UTO YXYIIIAeT IpaduKu:

min
pmol ]

[

1
v

1600
1400
1200
1000
800
600
400
200
0

Koopnunarwt Jlaitnyusepa-bepka

A

A+

0

0.05 01 015 02 025 03 035 04 045

5 [l

Km = 160 gM; Vm = 0.0452 pmol/min
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Koopaunarer Eaun-Xodceru

0.01
0.009
0.008 \
0.007 R
0.006 h
0.005
0.004
0.003
0.002
0.001

|

pmol
min

Vi

0 0.1 0.2 0.3 0.4 0.5 0.6
V/S [ pmol

min-mM

Km = 14.2 pM; Vm = 0.00959 pmol/min

B xoopaunarax Ejpu-XodcTu 9TH TpU TOYKU HAXOJAATC O] allPOKCHMU3UPYIONIEH
npsaMoii. Ecan BBIYepKHYTDH 3TH 3 TOYKH, 3aBUCUMOCTHU TOJYYAIOTCA 3HAYUTETBHO JIydIIle:

[Ipssmble KOOpIWHATHI
0.01 — -

0.009
0.008
0.007 {
0.006
0.005
0.004
0.003
0.002
0.001

0

|

pmol
min

Vi

0 500 1000 1500 2000 2500
S [uM]

Km = 9.44 pM; Vm = 0.00997 pmol/min
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min
pmol
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1

v

|

[mMcdotmin
pmol

5
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Koopmunarwr Jlaitnyusepa-bepka
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Km = 9.38 uM; Vm = 0.00996 pmol/min
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Km = 10.2 pM; Vm = 0.00997 pmol/min
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Koopannarer Epu-Xodcrn
0.01
0.009 | o
0.008
0.007
— 0.006 S
2 0.005 )
- 0.004
0.003
0.002
0.001
0 B S
0 0.2 0.4 0.6 0.8 1
V/S [t
Km = 9.4 pM; Vm = 0.00996 pmol/min
8.3 PezyabraThi
Koopunarer Km, uM | Vm, /%;S
Tpsvite, V(S) 0.44 | 0.00997
Jaitnynsepa-Bepka, +(3) 9.38 0.00996
Xoiinca, 2(S) 10.2 0.00997
Fn-Xodern, V(%) 9.4 0.00996
Mo sureparypHbIM JAHHBIM, JJIst desioBeka [3] 52

8.4 O6cyxaenune

Buadennst Km, moiydeHHbie B pa3HbIX KOOPJAMHATAX, XOPOIIIO COTJIACYIOTCS MEKITY CO0OI 1
HECUTBHO OTJIMYAIOTCS OT JINTEPATYPHBIX 3HAYEHHUI (OTJIMINe MEeHbIIe, YeM Ha MOPSIJIOK ).

26



9 BriBoabl

B namnoit pabore ObLIa HpOBeJdeHa OYMCTKA M YaCTHYHAS XapaKTepUCTHKa (pepMeHTa,
dpykrT030-1,6-6Hcdhocdaranbaota3bl B3 MBI KPoauKa. CTyIeHTbl 03HAKOMUIHCH ¢ Me-
TOJIOM IKCTPAKIUU, (DPAKIIMOHUPOBAHUS U OIIPE/Ie/IeHUs AaKTUBHOCTU (PePMEHTHOIO Pac-

TBOpA.

XapakTepucTuky (hepMeHTa ONpeIe/Isii 10 KUHETHYeCKUM HapaMeTpaM: u3Mepe-

HUIO aKTHBHOCTHU U OIllpeaeJIeHNEeM KOHCTAaHTBI Muxasimca.
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