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JlanHoe mocoOue co3aaHo BIEPBBIE HA TOCYTAPCTBEHHOM SI3BbIKE U JACT CTYJIEHTaM
MOJIHYI0O ~ BO3MOXHOCTh ~ CaMOCTOSTENIbHO  OCBaMBaTh  IMPAaKTHYECKHE U
TEOPETUYECKHE 3HAHUS 10 JTAHHOMY HalpaBJICHHUIO.

B yueGHOI mnoOCOOMM TPHUBOASTCS OCHOBHBIC IOHSATHS B OCJIKOBOU W
(GbepMEHTHOM HWHXXEHEPHUM, WCMOJb30BAaHUU OEIKOBBIX (EPMEHTOB, METOJbI
paznenieHus O€IKOoB M (DEPMEHTOB, COBPEMEHHBIX TEXHOJOTUSX MOJy4YCHUS
OpPraHHW3MOB C YJIYUYIIEHHbIMH META0OJMYECKUMHU CBOICTBaMH, HCIOJIb30BaHUE
0enKOoB M (epMEHTOB B OMOTEXHOJIOTMUECKMX mpoueccax. Kpome Toro, mis
3aKpEIUICHUs] TIOJIYYCHHBIX 3HAHUM MPEAOCTaBISIOTCS KOHTPOJIbHBIE BOMPOCHI U

00BSICHEHUS] HEKOTOPBIX OCHOBHBIX (ppa3.



OIJIABJIEHUE

Brenenue. OO1re METO bl U3BJICUCHUS OCIIKOB, HCIIOJIB3YEMbIX B OCITKOBOM M

(DEPMEHTHOM MHIKCHEPHH «...vvvveisereeesssresesssanesssssesssssnssssssessssssesssnssessssssesssnsssessssessnnes 9
§1. Paznenennie OENKOB JIEKTPOPOPE30M B MOTUAKPUIAMUIHOM TECIIC......cc.nnee. 12
§2. VIBYUCHHE CIICKTPA OCITKOB. .. c.veerveetresireesteesteesseessressneeseesseesseesseesnneanseesseesseesns 19
§3. MeTon ciiydaiiHOTO MyTarenesa B 0€IKOBOW U (PePMEHTHON UHKEHEPHUH ...... 23
§4. Metop cirydallHOTO MyTarenesa B O€JIKOBOW U ()ePMEHTHON UHKEHEPHUH ...... 26
§5. MeTo HampaBiIeHOW MyTaluu B O€TKOBOM U (DEPMEHTHON MHXKEHEPHUH ....... 30
§6. Brinenenue dpepmenToB (Ha mpuMepe (IIyopeceHTHBIX OCITKOB).
DITYOPECHEHTHBIN QHATHS ....vesvveessreesureeasseeassesessneessneessneesnsesaresasnessssneesnneesneens 48
§7. Metoas! onpenieneHUust HEPMEHTATUBHON AKTUBHOCTH ..veevvvvevreernreesneresnneennnes 51
§8. buyperoBas peakius onpeneaeHue KOHUEHTPALUN OCTTKA. ....c.eerveerrreereennss 55
§9. Meton JIoypu JIJIST OTIPEACITEHUS OCITKOB. ... .vvveeivrreessireresssreeessnnessssreesssseessssnes 57
§10. Onpenenenne KoHIeHTpauK Oenka ¢ momoibio Kymaccu Onpenenenue
KOHIIEHTpaIuu Oenka ¢ nmomoinsio Kymaceu (meton bpaadopna)............. 59
§11. OnpeneneHre KOHIEHTPAIUU OelIKa M0 a0COPOITUN PACTBOPA «..eveevvveervrenene. 60
§12. MeTo 1 MPEeIUMUTAITIN PA3ICTICHUS OCITKOB ...ecccvvveeererieeeeeriieessirneesssneeesns 62
§13. HUHTMAPUHOBBIA METOT ONIPEACTCHUS OCITKOB ....vvvveeeiiieeeesiieeeasieeeeesseneeesnens 66
§14. Meton auanu3a pasfaeICHUS OCITKOB. .......vveirrrerreessreeesneeasneesresennessnsnesanes 68
§15. Onpenenenrie KOHIEHTPALUK O€JiKa C UCIOJIb30BaHUeM 2-HadToa-1-
KAPOOKCHUATTBICTHIIIA «.vvevvveeeurreessureeessuseeesasseeessseesssseessssseesssssesssssesssnsesssnsnns 75
§16. Csi3piBaHME OCIKOB C OpOMIIMaH-aKTUBUPOBAHHOM arapo30i.........c..eeeeeviee.. 76
§17. Metopl onpeieIeHUs] aKTUBHOCTH (DEPMEHTOB ......evveeeenerreeeenrreeeenereeessseens 78
§18. MukpoxkarncynupoBanre (EpMEHTOB B HCHUJIOHOBBIC MAPHKH. ........ccerrveernenes 85
§19. Brenenue (pepMEHTOB B MOTUAKPUTIAMUTHBIA T€ITD..c.uvvverereeeereenereesaveessnineass 88
§20. KoBaneHnTHass uMmMoOuIn3anus (hepMEHTOB Ha TOBEPXHOCTH TTOPUCTOTO
G 1<) 9 € TP TR PP PR PPN 90
§1. Ilpaktuueckue 3anarue KoMmbroTepHast BU3yaau3alus, MOACIUPOBAHUE
TOMOJIOTOB ¥ OMOMH(pOPMAITMOHHBIE TTOAX0IbI B OCIIKOBON MHKEHEPHH. ....... 93
§2. IlpakTryeckoe 3aHsATHE MOJICTUPOBAHIE TOMOJIOTOB B OEJTKOBOI MH)XEHEPUH
1 OMOMH(POPMATUYECKUE TTOAXObI 114
§3. IIpakTrdeckoe 3aHsATHE. PacyeT u aHaIM3 y9acTKOB BHYTPHUMOJIEKYIISIPHBIX
1 MEKMOJIEKYJISIPHBIX B3AUMOJCUCTBHI. ...eeeeeeeeriieeeeeriinirieeeessnnrnneeesssnnnnneeas 125
§4. Ilpaktuueckoe 3ansTue. [IoMCKOBBIE AITOPUTMBI B paCU€THOM OEITKOBOM
1205 XS (<) 0) 1 SR TP PPN 134
§5. IlpakTuueckoe 3ansTue. MoaenupoBaHUe €CTECTBEHHBIX CBOMCTB OCJIKOB B
PACUETHBIX METOIAX .. .uvvveeeeeanerrrreeeeennssnreesennnnsseeessensnssssssesessamssnseeessansnsseeeess 141
§6. IIpakTrueckoe 3ansTre. KoMIbIOTEpHOE IPOSKTUPOBAHNE OCITKOB. 164



Kuckaprupuiran aramajaap
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Jlurang - (;mot. Jlurape-man "Oornmam" pgaH) - JOHOP-aKCENTOp Y3apo
TabCUPH OpKau OomKka aroM (akcenmTop) OwiiaH OOFJIaHTaH aToOM, HOH EKHU
MoJIeKyia. Ym0y TymyHuya Oup €xku Oup HedTa Mapkasui (KOMIUIEC XOCHII
KAJIYBYM) METaJUT aTOMJIapura OMPUKTUPUIITAH 3appajiapHu OMimupu0, Mypakkad
OupUKMalIap KUMECUA KyUIaHUIaIu.
NOH — u3031€KTpUK HYKTa
¢ - YOtunmum ko3 puureHT
A -EpyFIyMKHY I0TUIIMIIN
A, B, C -Creruduk muranap (Macanas, cyocrpariap)
BAPNA N-benzounn-L-apruavH-n-HUTPOAHUINT
BCA- BUnmHX0oHUH KUCIIOTAcH
E- ®epmenT
E -DOnekrpoxapakaTilaHTUPYBUYH Ky4
F- dapaneit koHCcTaHTAaCcH
h - JlonMHIITHK [JIaHKACH
| - Epyriuk HypH MHTEHCUBIUTH
K -Te3nuk KOHCTaHTaCH
kcat -KaTamuTuk KoHCTaHTa
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S -Cyb6ctpar
SMCC- (4-(N-mamenMu10MeTHIT) ITUKJIOTeKcaH-1-kapOOHOBOJ KUCITOTAaHUHT N-

TUAPOKCUCYKIIMHUMUIIN 3(DUpu



SUPHEPA- N-Cykuuaun-L-dennnananut-N-HATPOAHUINT
TES N-Tpuc[ruapokcuMeTns1| METHII-2-aMUHOMETaH-CYIb(OH KUCIOTACH
TLCK L-1-Xmop-3-(4-To3unamMui0) 7-aMUHO-2-Te€lITaHOH
TPCK L-1-Xnop-3-(4-To3unamuio)-4-heHmn-2-0yTanoH
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OKCUJUVIAP BA ®EPMEHTIAP MYXAHIAUCJ/IUT'UTA
KHUPHUI

Okcusl MyxXaHIUCTHTH Ba (PEepMEHTIap MYyXaHIUCIUTH - (oligamm Eku
KAMMATJIM OKCWJUIap, (DEepMEHTIapHW HWINUIA0 YWKAPWINA HWINTUPOK ATaJAUTaH
ouorexHosoruss OYnaumu. by HucbGaran sHru ¢dan OYynmb, y OKCHUI Ba
dbepMeHTIapHA KOHCTPYKIIUS KWJIMII Ba OKCHJI Ba (pepMeHTIapra y3rapTHpPHII
KUPUTHUII Y3rapTUPHUILL Ba IPATUI TAMOWWIIAPUHM YPraHUIITa KapaTHIIraH.

Tyxym okura yxmiami, TapkuOua a3oT TyTYBUHM Iy XWJJard MoJJIalapHU
rojuads onumu Mymnbsaep (1802— 1880) MyHTazam paBuilia TaIKUK KUJITaH, yiia
3aMOHHUHT Mamixyp xumuru bepuenuycHunr (1779-1848) rtaxnmudura kypa,
OupuHuyn Mapta 1838 iinm Oy mMojananapra HUCOaTaH I p O T € U H (FOHOHYAa —
MpOTOC — OWPHHYM Jlapa)kadu JeMaK) HOMHU KYJUIaHWIIW, Oy aTaMa yJapHUHT
Xa€T YUyH KyJla MyXUM aXxaMmHsITra sra SKaHJIUTMHU udoaanaiiu.

OKcua HOMHM TYXyM OKHU CY3WJlaH Kelud YMKKaH cojja atama. buoxumus
anabuéruga MpPOTEHMH Ba OKCWJI aTamajgapu Oup Xuia MabHOAA (CHHOHHUMIIAP
cudaruaa) numatwiaad. Okcuap xakuaa XX acpHUHT UKKUHYM sipMuaa Ba XX
ACPHMHI OMpUHYHM 4YOparuia OJMHIaH MabJIyMOTJAp, ACOCaH, TUAPOJIU3 KUIIUII
Wynu OumnaH ynap TapkuOura KMpaJural aMHHOKHUCIIOTaJIapHU aHUKJIAIl Ba CYHTpa
OKCUJI TapkuOuja N-menTuj [akiauaa OOFJIaHMIIMHM — Oenrwiam  OujiaH
yerapajgaHa/u.

v' OKkcwiiap MakpoMOJEKyJanap OVIUO, yIapHHHT MOJIEKYJIacucH Oup

Heya MUHTJIaH Oup Heva MJTH. ra TEHT.

v OKCHJI ~ MOJIEKYJaCHHMHI  Kypuidm  améch  cudaruga  a-
aMUHOKHCJIOTAJIap XU3MaT KWiaau, a-aMHOKHCJIOTaHWUHT Oup KapOOH
aTomura (a-yriaepoj; aToMH) aMUHOTYpPYX Ba KapOOKCHII TypyX Oupukanu
(1-pacm).

v' Oxcwmapaa 20 Ta a-aMHHOKHCIOTA ydpaiiau, yiaap Oup-Oupuman R-
rypyxu OunaH ¢apk Kwiaaud, y rtupodun €xku ruapodob, acociw,

KUCJIOTAIM EKU HEUTpan OYIuiy MyMKuH (2-pacwm).



NH;
R—C*—COOH
H

1- pacM. AMHUHOKHUCJIOTAaHUHT CTPYKTYypacH

A. Amino Acids with Electrically Charged Side Chains

Positive Negative
,_Arginine Histidine Lysi? ;\:partic Acid  Glutamic Ac?d
(Arg) 0 (His) 0 (Lys)o (Asp) 0 (Glu) G
0 “o “o Ho “o
0 o 0o (0]
NH, NH, NH, NH, NH,
== 0
N 0° o
NH Y\ ANH 0%
H2N~<
@NH,
ONH,
B. Amino Acids with Polar Uncharged Side Chains C. Special Cases
Serine Threonine Asparagine  Glutamine Cysteine Glycine Proline
sen @) (mhr) @) (asn) () (GIn} (3) vy (@ @y © (Pro) @

Ho lYo ‘90 "lo "O A’O ,70
o=§7 o? ) 0 0 0=& o
NH, NH, NH, NH, NH, NH, NH
HO
OH o SH
NH, ©
NH,

D. Amino Acids with Hydrophobic Side Chains

Alanine Valine Isoleucine Leucine Methionine Phenylalanine Tyrosine Tryptophan

(Ala) Q (Val) 0 [Ile}o (Leu) o (Men@ (Phe) o (Tyr) 0 (Tep) @

4, H,
A, /‘lo o] 0
4 o ol o © °
0 o © ° NH NH, NH, NH;
o NH NH, ey :
NH, : =
s\ Ny
OH

2-pacM. OKCHUIT TApKUOWHY TAIIKKWJI 3TaIUTaH aMUHOKHUCIIOTAIAp.
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[IpoTennnapaaru aMMHOKUCIOTanap Oup-Oupu OuiaH menTua OOFNapH, SbHU
amup Oofnmapu OwiaH OupukkaH, Oy OOF OMp aMHHOKHCIIOTa a-KapOOKCHII
KOJJIMFUHUHT WUKKUHYM aMHHOKHUCJIOTAa a-aMHHOTYPYXJU KOJJIUFH OuiiaH
Oormaanmu xucobura xocwn Oymamauw. Iy kypuHUIIIA Ty3wiIraH MOJIHMMEpIIap
nenTuuiap ned arajgaav, AW-, TpU-, TeTpa Ba X. K. Ae0 HOMIIaHTaH OJIJl
KylIuMyaiap, MOJEKyJia TapKuOuaard amMUHOKUCIOTa KOJJUKJIApU COHMra
OOFNIMK, MacallaH, JWIENTUANA 2 Ta KOJIAUK, TPUIENTHANA — yduTa KOJIIUK Ba
Oomka(nap). YHua Karra OyiamaraH aMUHONENTHUIApAaH (apkiau YiIapok,
nomunentuaiaap 20 €ku yHaaH OpTHK (OKCWI TaOuatura kypa, taxm. 50 Taman

2500 taraua) aMUHOKHCIIOTa KOJIUKIApU TyTamu (3-pacm).

A chain —S

. GEEEEHPEEHEENOEERTEE o

B chain S S

3-pacm. OKCUIUTApHUHT OMpIaMYU TY3HIIUIIH.

Oxcun Ba ¢epMeHTIap MYXaHIUCIUTMHUHT MKKHTA aCOCHM CTpaTerusicu
MaBKy/: MYHaNTUPWITaH OKCUJI MOJU(UKAIUSCH Ba HYHAITUPUITAH 3BOTIOLHUS.

Ymby ycymmap Oup-Oupura wmytiaako Oup Oupuman ¢dapk Kuiaau;
TagkukoTuminap KynrHYAa MKKajJacMHU uuuiatanwiap. Kemaxakaa OKCHILUTApHUHT
Ty3WIUIIM Ba (QyHKOUsUIapM —XakKujaa OJMHraH Oatadcusli  MabiaymoTiap,
IIYHUHTAEK, FOKOPH TEXHOJIOTHsUIApAArud IOTYKIap OKCHJI  MYXaHAMCIIUTH
MMKOHUSTIAPUHU CE3WJIapJId  JlapakaJa KeHratupumu MymKuH. Hatwxkana
TEeHETHK KOJI acocuja SHIM aMUHOKHUCIOTAJIapHU KUPUTHUILITAa UMKOH OepaauraH
SIHTH YCYJI OpKaJId XaTTo Tabuuii OyIMaraH aMMHOKHCIIOTaldap XaM KUPUTUIUIIN
MyMKUH. OKcHiutap ycTuja Typiu MyoJaxajaap YTKa3ullJaH OJJuH Ou3 yJapHU

QXpaTUO OJIMIL, TaXJIWJI KWIHIL, YII4aMU, MOJIEKYJISIP OFUPJIMKIIAPUHU aHUKJIAIl Ba
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KOMIBIOTEp/Ia MOACIUTAIITUPUII KaOW yCyJUIapHH OWIHMIIMMU3 Tanad 3TUJIAMH.
Cusra TakauM STUATaH YOy KyJUIaHMaJa YJIapHUHT Oab3wiapu TYFpHUCHIA

MabJIYMOTJIAp KCJITHPUIITAH.

§ 1. OKCUJVIAPHU AXKPATUI YCYJJIAPU (YMYMUH
TYHIYHYAJIAP)

Tabuuii oxcwwiapuu (($ha30BUN TY3WIHIIUHM Y3rapTHpMacaaH) OHOJOTHK
APUTMAJAH aXKPaTUILl YUYH KyMUJAry yCyJuiap KyJUlaHUJIaIn:
. Ty3nap Owian unuioB OepuO UYKTUPHII: HIIKOP Ba HIIKOPUNA €p MeTaiapu
(HaTpuit xyopua, Maruuii cyndar), aMMOHHI Cylb(aT OuinaH 4yKTUpHI; OyHIa
OKCWJIHMHT OMpJIaMyu TY3WIHILIN Oy3uIMaiau;
UykTupuiga: CyBCU3IAHTUPYBUM MOJIAJIAPHU: CHOUPT EKWM AllETOHHUHT TMacT

xapopatiapza (taxmuaa -20 °C) ayKTrpumm.

C-)p,mtn}kn:mk

TIHIPOCTATHE
KOOHK

Ty Ounan
HIOE OepHm

UyRTHpHI

Ty3EEEr KOHOeHTpAOHACH o+

4-pacm. OKCWIIIapHU Ty3 IpUTMACH EpJlaMHIa YYKTUPU YCYIIH.

Ymby ycymnapnan doijgananrana OKCWIUIAp THAPATIAHWIT KOOWFHIAH
Maxpym OYiu0, sapuTMajaa qyKau.

Jenarypamusi - Oy OKCWUIApHUHT (Ha30BUNA TY3WIHUIIUHU  OY3HIII
(MONeKyJTaHUHT ~ OWpiIaMuud TY3WIUIIM  CcakjJaHuO Komamu). Jlenaryparus
HaTHXKacuAa OKCHIIHUHT CTPYKTYpacH KalWTa TUKJIAHWUIIN MYMKHH — peHaTypaIus
(oKCWJI TapkuOWJaH JeHATypalys areHTH OJIM0 TallUTaHTaHWJAaH KeWWH y KahTa

TUKJIaHaIM) €KU KalTMac peakius (MOJEKyJTaHUHT (Ha3oBUM  Ty3WIMILIU
12



TUKJIAaHMAalI1, MacajaH, OKCHJIJIap KOHLIEHTPJAHTaH MHUHEpaj KUCIOoTajap, OFUp

MeTas Ty3Jlapu OWJIaH YYKKaH/1a) Ta yaparid MyMKHH.

OxcwuiapHu a:xkpatuil yeyJuiapu. OKCH/IJIAPHA NACT MOJIEKYJISIP
OFUPJIMKIATH apAJalIMAJIAPAAH a’KPATHII
JAnanus
Juanuszna MyailssH yayamaard Maxcyc TojauMmep MemOpaHalapuaaH
doiinananunagy, YHUHT Viadamiapu nopaiapura Oornuk OYmaau. Kuuwmk
MoJjiekynanap (MmacT MOJICKYJISIp OFUPJIMKIArd apajiaimMaiap) MeMOpaHaaaru
TeluKIapaan yTub, karra Oynrannapu (oxkcwiiap) cakiaanuo konagu. Lllynmait

KI/IJII/I6, OKCHWJIIIap KCPaKCU3 apaialaMajiapaaH FOBUJIAIH.

Okcn/LIapHU MOJIEKYJISIP OFMPJIHMKJIAPU Oyiinya aKpaTUII
I'eas xpomartorpagusicu

XpomaTtorpaguk KOJOHKa MabJiyM VyiadyamJard mnopajapra »dra rejb
rpanynanapura (Cedanexkc) Ownman Tymaupuiaad. KosloHKara OKCHIUIAp
apanammacu conuHaau. KojioHkana oKCHWIIapHUHT Ya4amu cedajieke nopaiapura
HUCOATaH KUYUTH Mopayiapra “TUKWINO” KOJaau, KOJTaHIapu KOJIOHKaJaH dPKUH
TymuO keTaau. OKCHUIHUHT VI4aMH YHUHT MOJICKYJISp OFUPJUTHra OOFIUK
oynanu.

(a) () (r) (=)

.
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MOTTeRyIAIap AXpATIHO THRAJHTAE
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uo'tex\ anap
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5- a Ba 6 -pacmmap. ['enbp xpomoTarpadus iynu OriiaH OKCUIUTAPHA aXKPATHIIT

Yabrpauentpudyraiam
YOy ycyn Typiv Xui 3UIMK TpaJgueHTiaapu (caxapos3a Oydepu éku 1e3uit
xJiopua) OuiaH spUTMalapiard OKCHUJ MOJIEKYJAJapUHUHT Xap XWI YYKHII

(cenuMeHTaIMs) TE3JIUTUTa acocaanrad (6-pacm).

] < =
4 — HamvEa J CexiH yYKagHraH KOMIIOHEHT I
I Hen’t_‘pnd)y’raaam, "l P PpaxmisaIam |
ks - Caxaposamusr B Tes YYKAINTAH KOMIIOHEHT
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6- pacm. OkcuuTapHU yibTpaneHTpudyranam iymm Ouian aXpaTul
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daexktpodope3

Ymly ycyn 3apsiara kapal, OKCHUJ Ba MENTUAJIAPHUHT JJIEKTP MalIOHH]a
TypAu XWJI CUJDKMII TE3JUTUTa acociaHaiu. DJeKTpodope3 ydyH TalryBUuiIap

cudaTria TypJu reiiep, alerar HeJuTio03a, arapo3a Xu3MaT KWIAIIH MyMKHH.
AsKkpanaauraH MoJieKyJianap Xaxmura Kapab renja XapakarjiaHaau: KaTTapok
OYnraHsapu TEJHUHT MOpajlapu OpKaidu YTuO KeiaraHjga TyTWIHO KOJaaud Ba
XapakaTJIaHUIIK Keunkagu. Ku4mkpoK MoJieKysiamap KaMpoK KapIUWJIMKKa Ay4
KeJlaJi Ba IIYHUHT y4yH TE3pOK Xapakar Kuhaau. Hatwxkana, snextpodopesnan
KEHMUH KaTTapoK MOJIEKYyJiajlap KWYMK KUCMJIapra Kaparahja crapTra sSKAHPOK

oynamu (7-pacm).

S s . D "sos

R - SH Tu1on

_ AeHATVPALNSLIAHTaH
TASIINI OKCILT prp—

1. Voy rEIrHT MOXHSITH

Kavon HaMVHAa
1

ILIACTHR KOPIIVC

Sy d epiiir FOKOPHT N
pesepsyap

&> r[o.,‘nl:l.l\'pll:la_\nl,:l
remn

rF; N—anon

__-_______5 Sydepair macTEI

pesepsyap

anexTpodopes KarMepPACHHIIHT TY3HIIIIINI

= Jopim tesmamn

a S (=3 20 <0 €0 80

Efmaram rex Macca xAa
MomxexyIsSp MacCaHH SJraamm
ACH -ITAAT axarm saexTrpodopes

7-pacm. OKcuIIIapHU Tell AIeKTpodopes EpaMuia aKpaTHIll

DnekTpodope3 EpaamMuia OKCUIIAPHU MOJIEKYJISIP OFUPJIUK OWUJIaH a>KpaTHILl
MyMmKkuH. bynuHr yuyn Hatpuii nopemnmcyindar (IJIC-Ha) umrupoxuma TTAAT -
noJMaKkpuiaMul renjgard ajektpodopes3 kywtanwianu. JJJIC-Na auduns monna
O6ynu0, 3apsiuranran Ba ruapodo6 rypyxra sra. [Iporennnap 6up BakTHUHT Y3uaa
Yy3napuHUHT THAPOGOOUK paguKkauiapy Ba nenarypamnusacu ounan J[JIC-Na 6unan
Oofrnanaau. DiekTpodope3na oKcUUIap MIAKI Ba 3apsja OViinya XapakaTjaaHaJu.
OnexTpodope3 maTUaa OKCHIIHUHT XapakaTYaHIUTU (PakaT YHUHT MOJIEKYJSp

OFUPJIUTHUTA OOFJIMK OYJa/Iu.
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NuauBuayaa OKCH/UIAPHH aKPATHUII
Addun xpomaTorpaduscu
VYcyll OKCHJUTApHUHT TypJid MoJIeKyJajapra KOBaJeHT OyJiMaraH ajiokajap
OunmaH MaxkaM OOFJaHMII KOOWJMSTHra acocliaHran. Y (¢epMeHTIapHH,
UMMYHOTJIOOYJIMHIIApHU, PEeenTopiap OKCHILIAPUHU aXPATUIIl Ba TO3aJIalll YUyH
KyJutanunagu. babk3u  okcwiutap  Maxcyc  OofjaHaaMraH — MoOJJajapHUHT
MoJIeKynanapu (IUraHajgap) WHEPT MOJJAHUHT 3appajapd OWJIaH KOBAJICHT
paBuinga OornaHamu. [IpoTewHnap apanammacud KOJIOHKAara KUPUTHIAAA Ba
KEepaKJId MPOTEUH JIMIraHjara Maxkam ypHamaau. Koiran oxkcuiap KOJIOHKAJlaH
TymuO Ketaau. Tapkubuaa cakjaaHUO KOJIFaH OKCUJIHM KOJIOHKAJaH 3pKHUH X0JIIa
JUTaH] cakjoBun Oydep spuT™Ma OusiaH 10BUO OJHII MyMKUH. YIIOY KyJia Ce3rup
ycysn O0ynu0, 10371a0 Kyaa 03 MUKAOPAArd OKCWIJIApHU XyKailpa SKCTpaKTUIAH
cod xoa axxpatud oJMIITra UMKOH Oepaju.
HN30371ekTpuK pokycaam
Yeyn okcrsmapHuHT UOH-130271€KTpUK HYKTACUHUHT TypJIM KHWMAaTJIapura
acocnanrat. I[Iporennnap amdonunmu (pH kypcatkuum 3 gan 10 raga Oynran
OpajMKIa OJAWMHAAH KEJITHPWITaH MOAJA) IUIACTHHKana »3JeKTpodope3 OuiaH
axpatunaau. Dnektpodopes nantuaa okcmap MOH kuitmatura kapad axpanamu
(UDH nma oxcun 3apsiau HoOJIra TEHT OYiaaW Ba y AJIEKTP MalOHHAA XapakaT
KUJIMaMIN ).
2 Yiayamuiu jiekTpodgopes
by wu3osnexktpuk ¢okycmam Ba JJIC-Ha osnektpodopesn Ounan
yiryHnamran makauaup. Jactnab, snexkrpodopes amMPoauHIM TUIACTUHKAIA
TOpHU30HTAN iyHanuIa amanra omupunaad. [Iporennnap 3apsaura (MOH) kypa
axpanagu. Keiun nnactunkara J[JIC-Ha sputmacu Ounan umioB Oepuiiagu Ba
anekTpodopes  BepTHKan WyHanMIIga amaira omupwianu.  [IpoTtewHmap
MOJIEKYJISIP OFUPJIMKIIApUTra Kypa axpanaii.
HNmmynodiiekTpodopes (BecTepH-0J10TTHHT)
Hamynamarm  myaiisH  cneuM(uK — OKCWIJIAPHM — aHUKJIAII  YYYyH

UIUIaTUIaAUTaH aHATUTHK yCya (8-pacm).
16



bockuuiap:

1. OxcusmnapHu OMOJIOTUK MaTepHaIaH aXXpaTUIIL.

2. MMAAT pga JJAC-Na Ounan OKCWUIaApHH MOJEKYJSp OFUPIUK Oyiinua
anekTpodopes Epaamuaa aKpaTHIIL.

3. Keliunru WIIHA OCOHJIAIUTUPUILI YYyH OKCWJUIAPHU TeIbJaH MOJUMEP
IJIACTUHKACUTa YTKa3HIIL.

4. Konran mnopaJlapHu TYJIAUPUIT YIyH TUTACTHHKAra HOCIEIU(PUK OKCHUI
pUTMacH OWJIaH UIILJIOB OCPHIII.

[ynpaii kO, yimdy 00CKUYIaH CYHT mopajapuia akpaTuiral OKCUILIap
OyJraH IJIacTMHKA OJIMHAAW Ba yJiap opacujiard OYVIUIMK HOCHEUU(PUK OKCUII
Owian Tynaupuinagu. Arap OHpPOH-OMp KacaUIMK YYyH jkaBoOrap OynraH
OKCWJIJTAp Opacuaa Kepakiu MPOTeHH MAaBXY/UIMTHHU aHMUKJIAIl Kepak Oyiica,
AHUKJIAHUII YYYH aHTUTaHa OWJIaH UIILJIOB Oepulll ycynuian (honanaHuiam.

bupnamuu anTuUTaHaNap JeraHia MakcaUid OKCHIIra HUcOaTaH aHTUTaHaIap
TymryHuWiIaan. VIKKujgamM4e aHTWUTaHajgap JeraHaa OwWpjaM4d aHTHTaHajapra
HUCOaTaH aHTUTaHaJIap TymyHwIaau. VKkuiaMyu aHTUTaHAJApHUHT TapKuOWTa
KYIIMMYa Maxcyc (MOJICKYJISIp 30H] J1e0 aTajlaIuraH) HUIIIOH KUPUTUIIAIU, HUIIIOH
HATWXKaHU Kypulll UMKOHUHU Oepanu. Humon cudaruna paguoaktus docdar Exu
WKKAJIaMYd aHTHTaHa OWJIaH MaxkaMm OOFJIaHaJWTaHTaH (PEPMEHT HUIUIATHIIAIH.
Jactna® OupiamMuu Ba KEWHWH MKKWJIAMYM aHTUTaHajgap OuijlaH Oofjamijia UKKUTA
Makcaara Ky3aa TYTWIQJU: YCYJIHHM CTaHAAPTIAMITUPUIN Ba HATHXKAJIApHU
SIXTITHUTAIIL.
5. bupnamym aHTHTaHaIap S3pUTMAcH OWJIaH WIUIOB OEpWINI IJJAaCTUHKAHWHT
aHTUTCHH (OKCUJI) MaB)KyJ OYITaH >koiuaa OOFIaHUII 103ara KeJlau.
6. bornmanmaran aHTUTaHaIapHU OJIMO TanuIam (FOBUIL).
7. KeMnHIru akc 3TTUPUII YUYyH HUIIOHJIAHTaH UKKWJIAMYM aHTUTAaHAIap SpUTMacu
OwJiaH UIUIOB OepwIIl

8. MkkuiaamMuu aHTUTaHAJIAPHU OJMO Taam (FOBHUII).
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9. Axc osrrupum - aBtorpadus pamuoakTuB Qocharman Qoigananranga Exu
IUTACTUHKara cyOcTpaT 3puTMacH OWiaH HWIUIOB Oepuiga — HHUIIOH (EepMEHT

OWJIaH UIIUIOB OEpHILL

Tems

3NEKTPODOPETPAMMAREET 4o
Oxnama __ ENTpOENTIN03030TE
: T pemmRac
Koros rarme e 1) g
RATPOLETION, - pesmmme=,

03ATH THCT ‘tl._.__ —.s —-> >
w| :

*m‘l ) yhx.:: A

e —

Byep
IpUTNACH
I13108A 30T 08 ORCILTEN CAR7I0BTH TIRsa10\9H A THTARIED
Te7 27eRTpOopErpaNA OHPUKTHPILITAE epAeRT G108

dor10mHIE

8-pacm.HamyHnamaru myaiisin ceriuuK OKCHITIAPHUA aHUKJIAI yIyH
UIUIATUIAAUTaH AaHAIIMTUK YCYJIN

NmmyHosnexkTpodopes
Arap OMOJOTHMK MaTepHasa KEepakiu MPOTEeuH OVyIica, MIaCTUHKAAa YU3UK

naiijgo Oynmaau, Oy OKCHUIHUHT TETHIILIM aHTUTaHAJIAp OWjaH OOFJIaHTAHJIUTUHU

KypcaTaJu.

MmmyHoanekTpodopes

AHTHIreHJIap apajlallIMacHHH = - o -
CaKJIOBYH YyKypdaiap \ < “\

AHTHIeHJIapHHHT KYSHIITH

l Antisorum placed
Secomd stop MITUSeN in trough

AHTHTaHaJTapHHHI apHK9TaIaH \\\ T — \
muddy3ua Hy1H OHiIaH N— = = \
TAapKaIHIIH Ba IPEeLHITHTAITHSA Precipitation bands (mirror images

on opposite sides of the trough)

HH2HEKTIAPHH XOCHT KHTHINT

57 MyShared

9-pam. UmmyHod1eKkTpodopes.
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Hazopar caBoJiap:
OxcwapHu aKPaTUITHUHT KaHIai yCyJIapuHA Onuacus?
OkcuutapHu Ty3 €pJlaMHIa YYKTUPUI YCYJIH KAYOH KYJUTAaHWJIAAu?
Jnanu3 ycynu HUMara acocjaaHaan?
['enb GunbTpanust yCyIMHUHT MOXUSITH HUMaa?

OKCWIITapHUHT MOJIYKYJISIP OFUPJIMKIIAPU KaHIal TaXJIU KAJTUHAIU?

o o~ w DB

Oxcwit 2MeKTpo(OPE3NHUHAT aCOCHI MPUHITUTIIIAPY HUMAara acociaaHaan?
7. UmmyHoanexkTpodope3 yCyJIUHUHT ad3aiTird HUMaaa?

Anaduériap

1. http://www.drau.ru/article/115.html

2. https://studfile.net/preview/3883713/page:4/

§2. OKCHJVIAPHHU ITOJIMAKPUAMMU/I T'EJI
IJIEKTPO®OPE3NIA AZKPATHUI

Numnunr makcaau: Oxcwuiapuau [TAATD rens anextpodopesu Epaamuaa
KpaTHIIl yCyJUlap Ba MPUHIUILIAPH OWIIaH TAaHUIIUII.

Nununr Basudacu: V110 kamepacu épnamuaa [TAAT na Tabunii (HaTHB)
BEPTHKAJ T'eJIb-AJIEKTPOPOPE3HU YTKAZHUIII.

Hazapuii KMCM: OKCHWJUIAPHHU QXPaTUII CYJIM OKCUJI MOJICKYJIAIAPUHUHT
ANIEKTP 3apsiaura sra OYJraHauru cababiu yIapHUHT YIIYaMu Ba TypU, OKCHI
AMUHOKHUCTIOTAIApUHUHT Tapkuou, pH kypcarkuuiapu Ba yHH ypad TypraH MyXUT
MOH KYyYMHU aHMKJAIra acociaHaau. TamkapuaaH TabCUpP STTUPHITAH AJIEKTP
MalJOHU Ty(dalau OKCHIJI MOJIEKYyJajlapy 3pUTMaja Kapama — Kaplu KyTOjapra
TOMOH XapakaTiaHaau. OKCHUI KUCMIIAPUHHUHT KYUYUIIH yIApHUHT 3apsAaura TYFpu
npornopuuoHan 0yica, yryaMu Ba rupaJaluscura Teckapyu IponopIuOHaAIAND.

[Momuakpunamunnu ren  ([TAAI) TtamyBun cudartuma ->SHr  MakOysd
XucoOmaHagyu. Y  MOJIEKYJSIp FalBUp XycycusTura osra Oynub, OKCHI
apanalmMajJapuHUHT HadakaT 3apsiau, OalKi Ya4aMy Ba KUCMIIADUHHUHT HIAKJIUra
OuHOaH 3eKTpodopeTuk axpanuiinau Tabmuniaau. [TAAT anektpodopesna

refib  KOBAaKJapu JAHaMeTpura MyBOQUK paBUIIa OKCHUIUIAPHUHT WHPUK
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MOJIEKyJIajlapi CEKHH XapakaTiaHca, Maiia MoJieKyIajaapy 3pKUH XapakaT Kuiuo,
relfib KOBaKJIapuiaH Te3aa YTHO KeTaau.
[TAAT' uu akpunamug (UM3UKIA “acoc” xocun KuiyBuu) Ba N, N'-

MeTHIeHONCaKpuIaMu (YM3UKIN 3aHKUPIApHU KYHAAJaHTUra “THUKUIIT yYyH

XU3MaT KWJaauraH) HU OuUprajiukaa TOJUMEpU3aus KUJIUII acocuaa
MIaKJJTAHTUPUIIAIH.
(312==CHI'CK)4NIIQ Cﬂlz==Cﬂl-CK)4NII4CILr
NH-CO-CH = CH,
AKpuJaMu N, N’ -meTH/1eHOMCAKPUIAMU]]

Ta6unii (HatuB) [TAAI snekTpodopesn AeHaTypalusra yapamaral OKCuiIiap
(7pHM  TAOWMI —HATHB XOJATAArWCH) HH a@XpaTUIra Xu3MaT KHIaJIu.
OxkcwapHUHT (pepMeHTaTUB €KUM OOlIKa HCTAraH (YHKIUSICHHU CakiIad KOJIMII

3apypaTu OynraHaa KylaHUIa u.

Marepuasuiap Ba ac600 yckyHaJiap:

Ienp Taniépmam yuyn 30% axpwramun-Oucakpunamumm  Ab-kyiima
sputMmacu (100 mut) unuiatunaan. YHu Tail€pnam yuyH 29,6 r akpuiaMuaHH 03
MUKIOpAaru cysaa sputwianu Ba 0,4 T OucakpunaMuy Kymuob, 3puTMa XaKMUHU
100 mi ra eTkazunagu. DpUTMaHU €MUK IIMIIA WAWIIA MY3JIaTKAYJa KOPOHFY/a

CaKJIaHaaH.
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Jukkat! Axpunamuj OwiaH HWIUIAI MaxCyC KYJIKOIIapia Ba MYPHIH
mkadma 6axkapumagm.

KonuentpanusimoBun (25 M) renbHu Taiéprnam yuyyn pH 6,8 Oynran
0,625M mu Tpuc-HCI 6ydepunu sspum xaxkm (12 mur) cyB OmimaH SpUTHIIAIN Ba
SpUTMAHUMHI pH M Terumuum KypcaTkuura Kajgap XJIOpUZ KucCiIoTa €EpaaMuaa
kentupwiaau. KelinH cyBHU OelruiaHrad Xaxmra Kajgap KyIuiaam.

AxpatyBuu TenHu Tai€pnam yayH Oydep (50 mum). 1,5 M kb Tpuc-HCI
oydepu, pH 8,8. Ammonmii mnepcynbbparu (IICA). 10% (1 wmm). I'enbhu
taiépmaiinuran madtaa kKuauHagu. TEMEJ] (100 mxn). YHm mepcynbdatra
HUCOATaH »SKBHUBAJICHT XaXMJa HEUTpaJl Ba WIIKOPHUH MYyXUTIAp yYyH
nniatunaan. Kucnotanun myxutiapaa nonumepusanuss kil yayH TEME]]
MUKJIOPUHU CEe3UJIapiu Aapakaja OLIMPUIIAIH.

Onextpon 6ydepu (500 mm). 0,025 tpuc-0,192 M raunus, pH 8,3.

“I'yBoxJjiuk 6epyBun’” 0Y€K (MeTuuk) (0.5 mi). Dnexrpon 6ydepura 0,001%-
1 6pombenon kyku Ba 10% caxapo3a €k TIIMLIEPUH KyIIUO Tali€piaaHaam.

NiaueT Oopuiu:

1 6ockuu. Kamepanu vurur.

VT-10 kamepacu HuFwiIMaraH XoJiJja paMKa, HKKUTa OWHAIW TYIIam
(Vimkm Ba YHWUKCH3), BUHTJIM TYPTTa IUIACTHK KUCKUYJIAp Ba 3JeKTpoau Oydep
yayH BaHHAuamapaaH wubopar Oynagu. YHHMKCH3 oifHamapra  creifcepnap

MYyCTaxXKaMJIaHTaH 65'73121,[[1/1.

10-pacm. DaekTpodope3 KypHUIMACHHUHT TY3HJIHIIH.
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WNukm oitHa (YHMKIM) Ta KaMepaHUHI pe3uHa Fujaodau paMkacura
KHUPUTUIIAH, FOKOPU TOMOHJIaH (YMMKCH3) TAIKA OMHAHY >KOWIAIITHPUIIAIH.

OiHanapHu WKKM €KJIaMa KHUCKUY BUHTIApUHM Oypam Hynu Ouiax
Kucwiaau. KuCKAWIapHUHT y3yH TOMOHHM TAcTra KapaTtuO KyWunaau. Xyaad Iry
Tap3Ja OMHAHUHI TECKap¥ TOMOHHUAAH paMKalapyd MycCTaxKamiaHaau. 3apypar
Oynranna OMHAHWUHT MKKUHYMCU TETMILIM Yyioyamra sra KajduH oWHa OuiaH
AIMAIITHPUIIUIIH XaM MYMKHH.

['enbHM KyHUII y9yH Maxcyc Tarjuk ctoidaaaH doinananunaau. Tepunran
KaMepaHH CTOJYAaHWHT CHJIMKOHJM TYIIaMacura >XOoiyad, CTONYaHUHT YCTH
KOIKOK OmutaH €nuiiaay Ba KUCKUY BUHTJIAp OMJIaH MycTaxkamiiaHaau. Buntnapuu
Oup BaKTHUHT ¥3uja eTapinya 3ud Kuimb Oypananau.

2 6ocknu. ['enmmapHu Tanépiran Ba KyWHII

Jactnab axpaTyBuu TelbHM KyHHO, COBUIIM KyTWJIaIu, KEHUH OHHaiap
opacura TapoK4aHH »oiiad, KOHIIEHpAIUsJIOBYM Ten Kyiwrnanu. 15% nu (Outra

macTuka y4dyH 10 M kepak OymaauraH) reiqHH Tar€piamn yayH KyHuaaruiapHu

apajamTAapyIagu.

OnuHran SpuTMaHu (apajalviliyd y4yH) Te3Ja YalKaTWiIaaud Ba Iy 3aX0TH
aBTOMAT MUIMETKA EpAaMuia OMHaJIap opacura Kynuiaau.

KoHueHTpauusanoBuu reaHu Tail€pian yuyH KyHuaaruiapHi apanaiiTupUiIain:

Yakikatwiiaan Ba Te3na Kydwiaau. OifHanap opacura TapoK4YaHU 3YJIMK

OWJIaH KOMITAITUPHUIIAH.
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3 6ockuu. HamyHanapHu conmuIn Ba KaMepaHU HIIIalra Tanéprarni.
['enmap KoTrau, Tapok4anu oiu0, XOcuia OYiraH dyKypuaiapra HamyHauap
Ba OYE€Kk comuHanu. CToin4yaHu KuUCMJapra axpaTwiagd, KaMepaHu oJiuo0,
KUCKUYJIApHU euMaclaH BaHHauyara cojlMHaaAu (Kamepa BaHHAda/la MyCTaxkKam
Typulid Jio3uMm). KOKOpr TOMOHIAH HIEKTPOIJIM KOMKOK ENnuiand, KyTtOiapu
MaBKyJIUTUTa YbTUOOP KapaTuiaau (KieMmanap paHTd KOMKOKIAru 3JIEKTPoJiap
paHTrura Moc KeJIuIlH 3apyp).
Bannauanu kamepanu Mys3naTkuura Kyiunaau. BanHauanap Ba kamMmepaHUHT
WYKA KUCMHTra OHHAJapHUHI IOKOPM derapacu (reib 03acMHM Oup Heda
MUJUTUMETP KOIUIAIN) Ta Kajaap ieKkTpoa Oydepu Kyrunaau.
4 6ockuu. DneKkTpodope3HH YTKA3HUII
Onp(h-4 TOok MaHOamHu €EKHO, OepuiaguraH KywlaHUAII EKU TOK Kydd
napameTpiapuHu  Oenrmial, skapaéH OomutaHaau. Opnatga  37aeKTpodope3Hu
KOHIIEHTpalusiIoBun renb yuyH 120-140 B, axparyBum renbra sca 180 B
KyuiaHui 6epud oaub 6opunaau. bYEkim yerapa miacTUKAaHUHT OXHUPUTA KEJIUIIN
OwaH KypwJIMaHM TOK MaHOAWJaH y3Wiaadu, TEIbHU OSXTUETKOPIMK OuiaH
oilHamap opacuaaH 4YUKApuO onaub, TeHr Oynakiapra OYIMHAAM Ba TaXJIWI
KWIMHATH.
Ha3zopar caBoJsuiap:
1. Oxcwun snextpodopesr yUyH KaHJail peakTuBiapaan ¢hongananunaim?
2. Oxcun »osnektpodopesnsa HIIATHIAWTAH aKpujlaMu] OWilaH WIUIAll
KouJacHu Kagaam?
3. DnekTpodope3 KypruIMaCUHUHT TApKUOUI KMCMIIapura HUManap Kupajau?
4. Dnextpodopes yTKazui 00CKUWIapHU caHaO OCpUHT.

5. Tlonmuakpunamun reiuHU OYSII KaHaai aMalra omupuiaan?

§ 3.0KCUJIJIAPHUHT CIIEKTPUHHU YPTAHUIII

Xap Oup OKCWJIHUHT CTapT 4u3uru OVitnab Oocub yrtran wmacodacu

aHuKiIaHagu. byHuHr yuyH Bu3yan (ky3 Owunan) €Exu 550-00 HM 5m
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neHcutomeTpaan  (Gongamanmnanu. KelinH kommOpoBka rpadurua  Ty3wiIHO,
abcuuccaiap YKAra OKCUJIHUHT O0CHO yTraH Myau y3yHJITW Ba OpAMHATa YKUra
YHUHT MOJIEKYJISIp OFUPJUTH Jorapu@mu KyHub umkuiaau. OKCUIHUHT HUCOUMN
XapakaTUHU TaxJIMJI KUJIUIIAA OKCUJI KUCMHU Y3YHJUTHHUHT TEJIbHUHT YMYyMHUU
Y3YHJIUTH €KW OJIIMHTa XapakaT KWIyBYM OVEK MoJmaHUHT OocuO YTran wWyiaura
HucoOaran xuco01a0 YUKWIa M.

lysgan CYHr OKCWUIAPHUHT HHUCOWN XapaKaTHHUHT yiap MOJCKYJISp
Maccacu Jjorapudmura HucOaTaH OOFIMKIWTH OYyinya KOJUOpOBKA YHM3HUFU
gr3wiaan. MOJEKyIsp OFUPIUTA HOMAabIyM |y OynraH oKCWIHHHT OocuO YTran
UynuHu Xxucobmamga KoauOpoBka rpaduru acocuaa ypraHuidaauraH OKCHUITHUHT
MOJIEKYJISIp OoFfupauru xucodbsanamu. CrangapT cudaTuga MOJEKYJISp Mapkep

okcwiniapunad gorinananmiany (10-11 pacmiap).

OJIMHraH HATWKAJIAPHU KYHHIATH KaABaJIra é3ud YMKuIaam:

Crapt Mapxkep Mapxkep Vprauunanuras | Yprauunaguran
YH3UFHIAH OKCHJTHAHT OKCHJTHUHT OKCHJTHUHT OKCHJTHHAHT
CYHITH HyKTara | MOJIEKYJISIp | JJIEKTPO(OpEeTUK MOJIGKYJIAp | 9JEKTpOdOpeTHK

Kazap Macoga OFUPJINTHU XapakaTu orupyiuru (D) XapakaTu

3yHAHUrY (mm)

(D)

kypcarkuuu (Rf)

kypcarkuuu (Rf)

p " v Hansyaa

= 1 > 3 4 s 6 7 s
- M"
~Iyuxa CcTanaapr
& 3 97 400 -
e =  + — .
- - 66 200
- W XapaxaT -
IV EATIIN 45 000 —|pumy T —
= Gumn - - TS e e
£ 31 000 | —
C - .
* [ 3 21 S00 | v
| ¢
— 14 400 |y
L & -—

10-pacm. OKCHIITTApHUHT MOJIEKYJISIP MacCaCUHU refib 3JeKTpodopes Epaamuia
aHUKJIaII.
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A-anektpodope3  Kypuiamacura HamyHaHu coiuml.  b-Dnextpodopes
HATWKaCUHUHT KypuHHIIK (I'edpHUHT 3nekTpodoperpammacu). 1- mapkep, 2-
UHAYyLUpPJIaHMaraH Xyxaipanap okCcwin (MUCoM), 3-MHIyLMpIaHMAaral Xy>kauaap
(Mmcon), 4-To3ayaHMaraH XoMm amé 3KcTpakthm HamyHacw, 5-(NH; ),SO, na
YYKTUPWITaH  4YyKMa, O-aHMOHAJIMAIIMHYBYM, 7-  KaTHOHAJIMAIIUHYBYH,

TO3aJIaHI'aH OKCHJI

-
b

E

Mipocrm 200 000 §

B-lasakToamnaza 116 250
Cankorendpocdropunaza b 97 400

Kopamoa zapaotn anedyvmmaaa 66 200

Oparibhymun A3 000
s -HoMabaym

ORECHT

Kapboanrwnpasa 31 000

TpHncCHEHEHEAT COA HETHOHTOPH 21 500 =
FERAOLHM 14 400 er
I
I
i
@ !
M . .
a » Homabaym oxcmn o Huconi xapakaTH
cTaHJaApTIAD

11-pacm. OKCHIIJIAPHUHT MOJIEKYJISIP OFUPJIUTMHHA KOJTHOPOBKA YN3UFH
épaammaa TaxXJ 1My KHJIUIIL

Ha3zopar caBosuiap:

1. Huma yuyH okcusl MoJieKyjacua cymmap (yMmymuit) 3apsii Xocui Oyiaaau?

2. Huma yuyn ynuHr ymyamu, pH y3raptupwiranga xam y Yy3rapMaciad
KoJaau? D35eKTpohOpEeTHK XapakaT HUMA?

3. DnekTpodopeTuk xapakaTHU Xxucoouail (GopMyIacuHU U30XJ1a0 OCpUHT.

4. Tlonmakpunamuj reTUHUHT CTPYKTypa hopmynacunu €3ub OepuHT.

5. Huma yuyn ITAAI cyrok ¢azaiapHu TamMiga 3HT XM TalryBYd OYin0
xucoOaHaau?

6. I'enpHu Taiépnamga HUMa Y4yH Kyhujgarun kommnoneHTiap: a) IICA 0)
akpusiamu B) Oucakpuiamun 1) SDS unnatunaay. Yoy OuprukMaaapHUHT

dbopmynanapuHu E3UHT.
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Anadouérap:

1. Cosa B.B., Kycaiikun M.U. Beinenenne u ounctka 0enkoB. MeTonnyeckoe
nocobre MO Kypcy «XUMHUS U OHOXUMHUS O€IKOB U (HEPMEHTOBY.
Bnanusoctok: JlansHeBocT. yH-T, 2006. 42 c.

2. Tomuein B.M. Hepenatypupytromuii snektpodopes. dpakiimoHupoBaHUe
(OTOCUHTETUYECKUX MUTMEHT-OETKOBBIX KOMILUIEKCOB M OEJIKOB IJIa3Mbl

kpoBH // buoxumus. — 1999. T.64. C. 64-70.

§4. TACOJAUM®UUN MYTATEHE3 YCY.JIU

MyTrauusinap TE€HETUK peKOMOUMHaIUsIIAP CUHIapu UpCHii
y3rapyBUaHJIMKHUHI JacTia0ku MaHOau cudaruga CyHbUH TaHJIAll YYyH
Matepuan eTka3ubd Oepuilra Xu3MmaT KWiaad. Y TEHETUK Ba OHOKUMEBUM
TaJKUKOTIIap/1a KHMMATIN BOCUTA XHUCOOIaHA N,

MyTtauusinap TEHETHMK MyTalus yCyJUlapu acocuja amalira OLIMpPUIInO,
reH/aa, MyailsiH y3rapuiuiap 4akupu0, HadakaT TeHHU WASHTU(GUKAIUS KUJIHIIL,
Oajku yHUHT XpoMocomanapaaru Tutaszmuaa ¢€ku  JIHK wHuar Oomika
MOJIEKYJIaJapH/iard *KOMIauTyBUHU aHUKJIAIAa TeHETUK Mapkep cudaTuia Xu3maT
KWJIAIN.

Mytamus Tymiamura sra  Oynum MeTa0OJuM3M Ba YHUHI Ha3o0paTH
JKapa€HJIapuHU TAJKUK STUII MMKOHUATHHM Ba MYTAllUsi HaTUXKacula Yy3rapra
OKCWJUIAPHU YPTaHMIIl yIAPHUHT CTPYKTypacu Ba (HaoNHsITHHU aHUKJIAIIra UMKOH
Ooepamu. Myrtamusnap Qoitnanu Oenrujapra sra MHUKPOOPTaHU3M IITaMMIJIapU
(MacamaH, aHTUOMOTHMKIIAPHUHT TPOAYIEHTIApU) HHU TaHJaIl >Kap&Huaa acoc

o0ynmm6 xucobiaHaau.

CunonraH ( Tacoanguii MyTanusiap)

CrnoHTan MyTrauusjiap TaOuui [IapouWTiapAa XyKaWpajard HopMai
xKapaéHiap HaTwkacujaa €kd XyKapaJaHUHT aTpod MyXUT OuiiaH MyHOcabaTu

HaTH>XXacujga Keano qUuKaau. MYTEIFGH OMWJI XYCYCHATHIA TallKU MYXWUTHHUHI
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Oomkapub OynMaiauran oMuwUIapu, MacaiaH, Tabuuii paguanus kupaau. O3yka
MYXUTJIAPUHUHT MyailsiH KOMIIOHEHTJIApM XaM MyTareH TabCHpra 3ra OYiIuin
MyMKAH. CHOHTaH MYTalMSUIADHUHT  KeJMUO 4YMKUIIMAA  PEKOMOMHAIuS,
peILUIMKAlMs Ba penapanus kapa€Hiaapu XaMm TabCHp Kypcaraau. Xyskaupanap
NOMYJISUACH 1A TYpJIU TeHap OVinya ClIoOHTaH MyTalsiiap *y/1a rnact 4acToraja
(10°-10" werapacuma) pyii Gepamu. Arap MyTaHT (EHOTHIIHHH TAHIALI YCYIA
(cenmexuuscu)MaBxK Ky Oyica >XKyJna Kam ydulalJuraH MyTallMsUIapHU XaM Kaiina
TUI MyMKHH. Tanma® onuimmHUHT OyHIald ycyJiapuMaBAyl OYiraHj, ailHaH
CIIOHTAaH MYyTalMsUIapHU WIFA0 oOJuIIra >bTHOOp KapaTwiaaud, YyHKH KY1iad
MYTaHT OMWJUIAP OJlaM Y4YyH MOTEHIMaN XaB( TyFaAUpaau, KUMEBUN MyTareHiap

sca OyHJaH Talmkapu aTpod-MyXUTHUA UDIOCTAHTUPAITH.

Nuayuupianrad Mmyranusijiap

Mytanusi yakupyBud (pu3vMkaBui, KUMEBUNM Ba OWOJIOTMK BOCHUTAJIAP
MyTareH TabcupioBumiap nAe0 aramangu. MyTareH  TabCHPJIOBUYMIIApTa
ynbrpabunadma "ypiapu (YD), nonnamrupyBun Hypiap, OMp Katop KUMEBUN
OupHUKMaliap, TPAHCIO30H AJIEMEHTIIapHU, TapHCIO30HCUMOH (parnap (macainan Mu
darn) sra 6ynu0, OyHIaH TalIKapu MyTalusIap MyaisiH reHiaap (MyTaTop TeHiap)
Jla 103ara YMKUIIM MyMKHH.

MyTareHH TaHJIaLl

MyTareHHH TaHjall MyTalus THIH, SbHA a30TJIM ACOCHUHT YpPHHUHH
ANIMAINTUPUII, JENeUrs, YKUII pPaMKAaCHHUHT CHJDKUIINTa Kypa OenruiaHanu,
IIYHUHTIEK, MyTareHe3HWHT caMapaJopiIuTy MyaisiH MUKpOOpTraHu3Mra HucOaTaH
onvHamu. MacanaH, ACNeNUOH MyTaHTJIap Xap [OUM SKKOJ KYpHHAJIUTaH
dbenoTunra sra O6ynaau, xapoparra OOFIMK Ba HUCOWN JieTan (xajokarra ojuo
KeIyBYM) XaKUKUU pegepcusanap éBBOYN TUNTa HUCOATaH yaapaa OyiMaiiu.

MukpoopraHu3MIApHUHT TYpJaW XWI Typjapu camapaii MyTareHe3 y4yH
Typau Xuil MebepiapHu Tanad Kwimmu MyMmkuH. [y Oouc Taxpubanu
Oomuiamniad OJJAMH MYTaHT OMMJIHHUHI jo3acura HucOaTaH €KUM MIUIOB OepuIl

BaKTHUra HHCOaTaH xymaﬁpanap AMIOBYAHIIUTU 3I'PU YU3UTUHU TY3UJIAIU.
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Yabrpadunadguma Hypaap

bup xarop MuKpoopraHu3miIapJla MYTAaHT OJIMIIHHUHI KyJa ycyiau Yb
HypJap OuiaH HypJIaHTUpUII XucoOsaHagu. ByHMHr y4dyH €pyFIMKHHHI KHCKa
TYIKUHU  XyAyauJa MakcuMal HypJaHTtupagurad (254 Hm), Macaias,
OakTepuouu] JnamnanapAad Qoiigananwianad. Yb wHypnap HucOaTaH Kydcu3s
MyTareH xuco0saHuo, XyxxapanapHuHr nact smoByaniauk xonatu (0,1-1,0%) na
AXIIA HaTWKaimap onumra spummnany. llyan €gna tytum nosuMku, Yb TYauK
paBHUIla OMfHAra I0TUIAIM, ITYHUHT YUYH BEreTaTUB XysKaipanap CyCleH3UsICUHU
¢KM cropajlapHd HYpPJIAHTUPHILZA OYMK WAMINTa coluHaau, macanaH Ilerpu
aukoOuvacura. DkpaH s¢ddextura Hyn KYHUIMACIUTU YYyH CYCIEH3USJIapHUHT
KoHueHTpaumsicn  5x10° Xyxkaiipa/Mn GynMmE Ba HypIAaHTHPHIIHHHT Oydep
SpPUTMaApAA YTKA3ZWIHILIH JIO3UM.

Vb HypiapHUHT JieTan camapacu XyKalpaJlapHUHT (PU3HOJOTHK XOJIaTUTa
O0oriuK OYnub, Oy HT aBBajio XyxaWpalapHuHT €mu Owian Oenrwiananud. Yb
HypJap OWIaH HypJaHTUpPHILra cTalroHap (azagarura HucOATaH SKCIOHEHIHAI
dazama ycub TypraH Xyxaipanap HucOaran ce3rup Oynmaau. ByHman Tamkapu
HYpJAAQHTUPHUII Ba KEHWUHTH XyKalpalapHU WHKyOamus KWWl JaBpHaa
dboTOpeakusIHI UCTUCHO ATAJUTaH, MacajaH, KOPOHFU/A aMaJiTaH OIIMPUII Tajiad
ATUIIA]IN.

Hurpo3oryanuaun. N —mertun-N-aurporyanosun (HI') sHr kywin Ba keHr
KYJUTaHWJIQIUTaH MyTareH Xucooianau.

Hactnabku HI' sputmanapuHu GeBoCcHUTa WIUIATHIN OJIUIAH Tal€piiaHaiu,
teruuuu 0ydep macanan, 0,1 M nau utpatinu 6ydep (pH 5,5) na koHueHTpamuscu
1 mr/mn 6Ynrynra Kagap sputunaau. HI' auar umrau sputmacu 50-500 Mxr/min HA
TAIIKUIT ST IH.

Xyxaitpanap (omatma, 5 Mr XyKadpajgapHu O3KCMOHEHIMan ¢aszamarn)
neHTpudyragam wWyau OWwiaH YYKTUPWIAAHW, TEHT XaKMIard utpar Oydepu
6uIaH oBHIamM, 5 M 6ydepaa pecycrnenmupianamn. HI xymm6, 30-37 °C ga
MyalsiH BaKkT JaBOMHUAAa WHKyOauus KuimHaau. WuioB Oepull BakTH IIyHAAN

TaHJIaHaJIUKH, xymaﬁpanapHHHr sioBYaHIUMTY TaxMuHaH 50% HM Tarkui 3TCHH.
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Xyxaiipanapra oxupru koHuneHrpanusicu 50-100 mxr/mn 6ynran HI' Gunan
30 nakukaraya unuioB Oepuiiajy.

NmnmoB  Oepuiran  XyKaiipanapHu — HeHTpudyraiam  Wyad  OujiaH
YYKTUPUIIAIN.

HI' onu6 tamutam yuyH Xxyxadpanapau ¢ocdariau 6ydep (pH 7,0) Ounan
IOBUJIAAM €KM MUHHMMaJl MYXMUTJa OBWIAIU. byHaaH KeluH XykaiipaiapHu Ooi
03yKa MYXUTUTa KY4upuO yTKa3uO, TyH JaBOMHIa HHKYOAllUs KAUJTUHA Y.

A30T KHCJI0TAaCH

ABOT KHCIIOTACH dpUTMAJIapMHU O€BOCUTA UIIUTATUII OJITUAH Tal€piaHau,
uutpatr Hatpuitnu 0,1M Na-anerat 0ydepuna (pH 4,6) oxupru KOHUEHTpauuscu
0,05 M GynryHra Kajap 3puTUiIaan.

Xyxaipanap (omataa, 5 Mr XyxadpaaapHu SKCIOHEHUHan ¢aszagarv) HU
neHTpudyra KWiMb 4yKTUpUIaIn, TeHT XakMaara Na-arerat Oydepuaa roBUIaIu.
1 MJ1 @30T KHcTOoTacH OWjIaH pecyCreHANpIaHaIN.
30-37° C na WHKYOAIns KWJIHHAIH.

o 6epuin BakTuHU, Xyxanpanap smoBuannuru 0,01-0,1% 6ynrynra
KaJap TaHJaHaId Ba a30T KucJIoTacu OwiaH Xyxkaiipamapra 10-20 gakuka
JTABOMUJIA UIILIOB OepUIaI.

WNukyOanus naBpu Tyrarad, Xyxxaipanapra 5-10 My MUHUMAI 03yKa MyXHUTH
KYIIUIUO peakiusHU TYXTaTHIaIN.

Keitnn xyxaiipanapau neHTpudyranam iynu Ouinad 4yKTUPUITAIH.

10 My OoHuTHUATaH O3yKa MYXHMTH OWIaH peCcyCHeHIUpIaHuO TyH JaBOMHIA
YCTUPHUILTA KyHUJIAIN.
AJNIKWJINPJIOBYM OUPUKMAJIAP

AJKWIMPJIOBYM BOCUTAJIADHU MyTareH cudaruaa WIUIATHUINIA STUI METaH
cynbonar (OMC) keHr KyutaHwiagu. XyKalpalapHu 3KCIOHEHIan daszacu
oxupuaa Taunad onuHagu. llenTpudyra Kumum Wynu OwiaH YYKTUPHIATH.
Yykmanu 2 ma yraepoj manOaunu cakiaamaigurad tapkuouaa 0,2 M Tpuc HCl
(pH 7,5) Oynaram wMuHWUMaN O3yKa MYyXUTH OWIaH PeCyCHEHIUPIIaHAIH.

Xyxarpanap cycnensusicura 0,03 ma OMC kymmnubd, TYIuK 3pubd KeTryHura
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Kagap Te3NMUK OuiaH apamamTupuiand. Xyxaipamapau 1-2 coatr maBommaa
(wokm Oopuva dYaWKaTKAyga) WHKyOamus kKuiuHamu.  Keitmn Xyxkaipamap
cycnensusicura 10-15 Ma MmuHuMan €ku OOMUTHITAH 03yKa MyXUTHU COJIMHHUO TYH
JTaBOMHJIa UHKYOAlMsl KUITUHA/IH.

MyTarennap OMJIaH HIIALIAA IXTHET YopaJiapu

duszukaBuii Ba KUMEBUM MyTareHjgap HadakaT MyTalus 4YacTOTaCHUHU
OLIupaau, OaNKN KOHLIEPOTeH TabCcHpra sra OYnud CyT SMU3yBUHIApAa CapaToH
KACAJUTUTUHU KeNTUpUO yuKapaau. byHaan tamkapy KUMEBUN MyTareHaap Tepura
TyIITaHJa KyHuIl Ba 3aXapjJaHulira oiau0 Keaaau.

Myrarennap OwiiaH MIUIala KyWHJIard Koujanapra aman KWjdull JIO3UM
Oynaau. Xap KaHAaMKUMEBUI MyTareH OWiIaH UIIaraHia UIIHA MYpUIn mkadaa
YTKa3WIa1, YHUHT UIIYM 03ach (QUIBTP KOF0o3 OwiaH KoruiaHaau. Kynra pesun
€KM TUIACTUK KYJKON KuWuiaaau. MyTarHmap 5>pUTMAacHMHHM OFM3/a TOPTHUO
OJIMHMAaii/Ii, OyHHHI y4YyH aBTOMAaT NUIETKa OwiaH €ku y OyiMaca pe3uHa
HOKYaJaH Qoiinananuiaan. MyrareHiap 3pUTMacMHU pakOBUHAra TYKWJIMAclaH
KAaTTUK MaTepuajuiap, MacajlaH BEpPMHUKYJIHMTra koujnab Oomka xaBdiu
YUKUHUIap OuiaH Oupra yTuin3auus KWIMHAIH.

Ha3zopar caBoJsiiap
MyTanus neranjia HUIMaHu TyIIYHWJIaInA?
Tacomuduit mytarens auma?
MyTtaren omusuiapra HUMajiap Kupaan?

Hutpo3zoryanuaun OuinaH MyTallussHA KaH1ail YaKupuiaan?

A A

Mytarennap OujiaH UILIANT KOUJadapy XaKyuaa HUMaJIapHU Oujacu3?

§5. UYHAJITUPUITAH MYTAIIUS YCVJIN
TymyHTHpHLI
['eHeTHK XMIMa-XWUIMKHUHT camMapanu reHepamusicuaa JIHK cuHTe3nHu
HUIIOHJIAII, HOEO0 MOJEKyIsip MapKepjapHU spaTuil €KW OKCHILIApHU
naboparopusia WILIad YMKAPHUII YUyH KYJUIAHWJIUIIM MYMKUH OYynraH 0e0axo

MOJICKYJISIPD BOCHTA XI/ICO6J'IaHaI[I/I. BepI/mraH MyaﬁﬂH MaKCadjan KETMa-KCTIUK
30



yuyH Hupuk (>1011) myrant OuOaMOTEeKanapHHU SpaTUIIra UMKOH Oepagura
MPOTOKOJHU TakauM dTwiaaud. YmoOy ycyn COIEl minasMugacHHHHT Kepakid
kerMa-keTiurunu JIHK nmomumepasacu | (LF-Poll) Huar kam MmyBo( UK Kenaguran
BapuaHTH OWiIaH Kojjamra acoclaHrad. Makcamm 1uasmuna,  E.coli
MITAMMUHUHT MYTaTOpUra ailllaHaJii Ba MaKCaJJud T'€HHUHT >KOWJIAIITaH *Kouura
Kapa® kKaTTuk o3yka MyxuTu 0,2 maH 1 myrtauus / kO rada OYiraH KoJIOHHUsIIAp
OunaH KomaHaau. MyTareHe3HUHT ymIOy >apa€HWHU TaKpopJialuiap OpKajH
IOKOpY MYTAI[MOH YacTOTallapra SpUIIHIIA N,

MyTareHe3HUHI MYKOOWJI yCyJulapu OujaH TakKKOocCJaraHjaa, MasKyp
MPOTOKOJI COAMAINTY OWJIaH aXpajaud Typaju, UyHKH Xe4 KaHJail KIIOHJAIl EKU
[13P (Ilomumepasza 3amxkup peakmusicugad) dovnananvnmaiinu. lynmnai kuumo,
yimoy ycyi miasMupiap €ku 0ormka POl ma0ioHIapuHIHT MyTallMOH HUTIOHJIAII
€ku gacTiiabku Makcaana Oyiamarad XapakaT 9BOJIOLUUACHIArd  KeTMa-
KETJIMKIAPHUHT WUPHUK KUCMJIAPUHM YpraHUIl yuyH kKyna moc kenamau. [13P éxu
Taconupuil (paHIOMHU3UPIAHTAH) OJIMTOHYKJICOTHIapTra acOoCIaHTaH yCyJIapHU
Takiu] KumaauraH KecKuH (a3oBHUIl HA30paTra acocliaHraH OMOJIMOTEKaHWHT
MyalssH OYIUMIIApUHU TY3WINra KEeWWHYAIWK KJIOHJAIl OPKAJIM XaM JPUIIHIII
MyMmKuH. By epaa tacoauduii MytanT OMOIMOTEKACHHU KaHIall SPATUIITHU Ba STHTH
OMOKMMEBUY (HAOJITTUKHM HAMOMHII 3TYBUYM MYTaHTJIApHH aHUKIA yayH E. coli
Ja aHTHOMOTHK MOJJaliapra acoClaHTaH TaHJIOBIAPHM KaHIal TAIIKWJI STUIIHUA
KypcaTaJiura MpoTOKOJIIap TaKIUM STUIIA]IH.

IIporokoa

Taconqudmii myrant Omémorkacuam sipatum. COIEl mnasMugaHuHT
permukarusicn  Oonmtanumuaa Pol | Bocuraumnmk kwmaam (1-3-ga kypud
yuKWiITraH) by myrtarenes ycynm Makcamm ketMma-ketinukHu COIELl mnasmunura
YKOMITAIITUPHIN KM YHUHT PEIUTUKAIMAICH Ba XyKaipanap/ia TapKaJIUIK YHU TacT
anukukaara JJHK momumepasacu | (LF-Pol 1). LF-Pol | munr xyxaiipanapaaru
skcnpeccusicura acocianrad. LF-Pol | myranr JIHK nonumepasacu 06ynu0,
PEIUITMKAIMSTHUAT AHUKJIUTUHA KaMaWTHpaguraH ydTa MYTalUsSHU KOJJIaiau,

xycycan [709N (momueoa)), AT59R (b motuduna) Ba D4244 (unaxmusayuon
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koppexmypa) (HOpaon taxpupiamr) E.coli JS2000KC200 mrammuma, xapopar
37°C na Pol | (polA12) ammenn xapopatra Tabcupuan 6ymu6, uryrma LF-Pol
| yerynnuk kunanu. Yeknanrad mapoutiapaa POlAL12 tabcupu octuaa Makcam
(HUIIIOH) KeTMa-KeTIUKIAPHUHT XyXKalpamapuaarun pEeruMKaIusIcu Tacoauduii
MyTaHT OWOJHMOTEKaJapuHU sSpaTUINra oJud Kenubd, MyTareHe3 TYHWHUHTaH
KyJbTypajiap/ia camapaJIuIiup.

Xanu xaMm aHukK Oyiamaran cababnapra Kypa MyTareHe3 JOMMUM xKapa€H sMac,
S’bHU MYTalldsl YaCTOTACH COH OMJIaH YM3UKJIM paBUILA OlIMaiau. SHru Myxutiaa
aBJIOJJIAp COHM OpPTHUIIUIa OWlaH XyKaipanapja stHaja TYWHHUINTA SpUIIca XaM ,
XaTTO Xy’KalpaJdapHUHT SHIM aXxOOpOTHU sHaJa KEHralTHIl MUMKOHM Oyica xam
Oepunca Xam MyTanus Jgapaxkacu optu0® kermaiiau. LlyHuHr yuyH
OMOJIMOTEKAHUHT MYTallUSICU IOKMHU SHAaJa OLIMPHUII MYTareHE3HWHI HUTEPATUB
OOCKHYIapH Ba IJIa3MHUAaHU TUKJIAHUIIHU Tanad kuinaau. by epaa ous JI®O-ITox U
MyTareHe3u y4yH IPOTOKOJJIAPHU TAKAUM €TaMu3. TakAuM 3TUIraH NpOTOKOJUIap
UCTaJiTaH  MyTalMs  IOKUTa  DJPUIIUII  JKApa€HUHUHT  WUTEpalUsICUHU
CHIMJITAIITUPUII YYyH JacTiaOKuiapura Hucbaran aHva coajaiamrupuiran (1-
pacMm).

Marepuasiap

Xyorcatipanap: S200 recA718 polA12 (TS) uvrA155 trpE65 LON-11

JS200 WT-Pol I: JS200 xyorcaipanap: éesovuu mypunu (WT)nu skcnpeccus
Kunaou;

JS200 LF-Pol I: JS200 nacm anukauxka sea Pol I(LF) 6unan ughooanranean.

Hepopmayuanu conuwmupuws yuyn JS200 wmammu WT-Pol I éxu roxnama
MagaHcyo Oyamazan Mavaym oup gaorusmea sea Oyimazan wmamm

Maxkcaonu nrazmuoanap

Maxkcaonu een ounan xnonnanearn ColEl pennuxayuscunune 60ul1aHRUYUHU
CAKN084U NAAZMUOANAD

Myrarene3gan  onauara  6ockuu: JS200 LF-Pol  snekrpo-yTkazyBuan
Xy’KaupajapuHU Tau€pJari

LB — arapmu miactuHkacuna Yycub Typran Oumrtra JS200 LF-Pol |
KOJIOHUsICMHM TaHnab onuHuO kedacu 30°C xapopatna (pyxcar STHITaH

mrapoutinapna) ycerupunanu, LF-Pol | mnasmunura termmmm antubmortuk (0,03
32




mr/min - xjopamdenukon) na ycrupuwnagd. CHHOB YTKa3uilaJuraH TapKuOuia
xyopampennkon cakiaoBun 8 mul LB 6ynran nmpoOupkara KOJOHUSHU YTKA3UIAAU
Ba Kynbrypanu 30°C 250 rpm Te3auKaa TyH JaBOMUJIa YalKaTUO YCTUPHITAIN.

Optanab xyxkarpanapra 8 mur JS200 LF-Pol | mr 400 M xiopam¢eHUKOoIT
cakiioBud LB o3yka MyxuTuHu Kosibara KywuO, KyJabTypaHu kymantupamu. 250
ann/nakuka na yainkatuo ODgoy 0,4-0,7 ra errynua (omarna 3-4 coat) KyJTypaHu
30 ° C na yctupuinaau.

ODgoo 0,4-0,7 Oynran xyxkaiipasiapuu 15 nakuka JaBoMHAAQ CYBIM MY3
yCTHAA TYTHO TypHIIaJIu.

CoByTunran KynbTypalapHu MeHTpudyra wuaummra YyTrazunaan. 4°C
xapoparna ueHtpudyramanagd. Yykma ycTH CYIOKIMTMHU TYKUO TalulaHaau,
cyarpa 10 mu crepun Ba (XyJ My3 YCTHZIa) COBYTHJITAH CEPOJIOTMK MHUIIETKA
Epnamuaa 10% riaunepuHHN KYIMo, XyKalipalapHu KaiTa TYXTaTHIaIH.

Kaitta Tyxtatunran xyxadpamapuu S50 MJI KOHUK Kojbara YTKazuiaaau.
KOHUK KoOanu 45 mi xaxkmrada 10% rimnepus Ounan Tyaaupuianm, cyarpa 4°C
Ba 4000 aiin/mak Te3nukaa 15 qakuka qaBoMuaa MeHTPUGyraKUInHAIN.

Uykma yCTH CYIOKJIMTMHU TYKHO TalllaHagu, KOHUK KojoOara sHa 10 min
10% rmuiepuH Kymmb, cepojoruk €KU OJUINI muIeTka EpaaMua XyKapanapHu
sHa TYXTaTuO Typwiaan. SlHa KoHWK Kojbara 45 mi mukaopuaa 10% riaunepuH
cosiuHaau Ba 1neHTpudyra O6mnan 15 makuka maBommaa 4°C Ba 4000 aitn/max
Te3NMKAa aimanTupuiaaan. Ty3mapHUHT 6apya KOJIUKIAPUHU OJHO Taluian yayH
yiiOy »kapa€HHU UKKU MapTa TaKpOpJIaHAIH.

Oxupru Maprta ueHTpudyraga aWJaHTUPUILIAH CYHT, XyKailpaiap
gykMacura 10% rimiepuHHd TeHT KucMuaa Kymuo (swHu, 2 Ma 10% riunepun
Owan 2 mul Xy>Kaiipa) YCUIll TYXTaTUO Kyiuiaau.

S"cnmaaH TyxTatunran xyxkaipanap 100 mxmman 500 Mk rada OynraH
ATIOMUHHMIIM CaKJall HaWdallapura KUpUTUIAgU. Te3na XykaupajdapHu KypyK
My3ra coiauo mMy31aTu0 Kyhniaau Ba keiinH yiaapHu -80°C xapopatia cakjiaHau.

DNEeKTPOKOMIETEHT XYyXalpajJapHU OJUIIl YYyH HWIUIATUIIAAH OJIUH

XyX)alpanapHu My3JjaH acTa-CeKUH SPUTHO OJIMHAIH.
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2. Myrarene3: MakcaJiy IJIa3MUJAHH IHAKJIJIAHTHPHULI

1. 40 Mk snekrpokomnereHT JS200 LF-Pol xyxaiipanapra remmkinapu 2-2
MM OViraH sJjekTporiopaiioH kioBetraga Ba 30-250 ur opamurugaru JJHKHuHT
COJIMHA[IY.

N3ox Nel: GFP okcunu renmnn cakioBun COIELl miasmuma myrtareHesu
HazopaT cudaTuga MakcaJyii r'eH OWIaH mapajuiesl paBula amalira OIIMPUIAJIH.
Comumrtupuin 6ockuun Tyrarangad cyar, GFP wu LB arapnm nmnactunamapna
YKOMITAIIUIIKM XucoOura MyTareHe3Hu Kypuiil MyMkuH. Kopamtup €ku xupa 0yiuo
KYpUHAJIUTaH KoJIOHUs1apaa (aon OyaMaran MyTanusiiap MaBxKya OyViaau.

2. Apamammanu electroporator na 1800V ma mmmynsc Oepunagu. Xap Oup
HAMyHa y4yH OHUp XWJ 3JIEKTPOINOpalus MapoUTIapUHU TabMUHJAINLIA BakKT
noumuituruau (TC) Texmmpud Typunanu; uaean napaxkana TC = 5-6 cex 6Ynanm.

3. Xyxaipa/JHK apanammacunu 1 mn 37°C nga LB Oynonunma 40 munyT
naBomuga 250 ain/mak Te3nMkAa MapTraga 4alkatuO (YEKJIOBIM IMIapouTiiapa)
TUKJIAHA/IH.

4. LB arap comuaran 100 mm mum Ilerpu wmaummra 50 MKJI THKIAHTaH
KyJIbTYypaHU cOJMO, XJOopaM(PEHUKON Ba MaKCaUlM IUIa3MUJAHU TaHJall y4yH
Y9yH aHTHOMOTHK COJIMHTaH arapiau riactuHann 37°C ra kamap OJJIMHJIAH
WCUTHUIIA]IN.

N3o0x: Ne 2: "Maiicazop sikuHuaa" XykalpajaapHd KOHIIEHTpaLMIAl MaKCca
KuinHaau. "Makicazop sSKMHUJA" KOHIEHTPAIMACH TYpJuya, aMMO COH-CaHOKCH3
kosionusiap cudaruna Oenrwranaau (>1000 womonms/100Mm  mawm). Arap
CYIOJITUPUIIAAH KEHUH XyKaipanap KOJOHMICH MaBXyJl Oyica, XyKalpaJapHUHT
AJIEKTPOKOMIIETCHTIIUTH OniaH OOFiuK OVmanu. Arap xXykaipamnap KyJa dJIeKTpo-
KOMIIeHEeT OyiMaca Ba "Maica3op" HU TUKIIAIIHM "T03a" KyJbTypaHUHI XucoOura
WioXku Oynmaca, TukiamHu IeHtpudyraga 4000 rpm ma 2 MUHYT JaBOMHIIA
aillaHTUpuO, YyKMa yCTU CYIOKJIMTMHU TYKuO Tanuiad Ba 50 Mki XykalpaHu
LB Oynonnman Taii€piiaHras miacTuHaga COJIMHAIMN.

5. Tymma 37°C mapaxa xapoparna Ilerpm nmkoOuacuHuM WHKyOAIUs

KWJINHAIH.
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3. Myrarene3: [lnazmMmuanu Tukam

1. Dpracu KyHH Xyxkaipanap yctura 2 mia LB OymornmHu Tomm3u0, [letpu
aukoOYanapuHu roBunaau. bakrepuan kononusuiapHu LB arapnu  Iletpu
JUKOYAIapuaaH  CTEpWIM3alusl  KWIMHTaH  y4Oypyak  InmaTenb  OwiIaH
macTUHKazaH "cuaupu6d onmm" opkanu LB Oymonura yTkaszunmamu. ABBan 1 mi
LB OynonuHu Kymuiaaau, FOBWIAJW Ba UKKMHYM MapTa ssHa 1 miu LB OynsoHmM
OwtaH xapa¢HHU TaKPOPJIAHAIH.

2. [Inactunanan roBuO onuuran kojonusuiapaad JAHKHu axparu® onunanu.
(Ymoy mnazmug JIHK OubnuoTekacHu TalIKuI KUJIaan).

N3zox Ne 3:LB miactuHkacugaH HUFUITAH IOBUJIMA TYIUK XaKMa MUHU-TIpErapar
y4yH KyJla KylOK OVynuimu MyMKuH. Arap miyHaai Oyica, MUHHU-TIpenapar
aXpaTu0d OJWHTAaH MAaCCaHWHT MAaKCHMajl MHKIOPWHHM MaKCHUMajl Japaxarada
cyronrtupunaan (ogarna, toBum mukgopunn OJ = 1 raya cyrontupuin Ba
CYIOJITUPUJITAH KYJbTYPAaHUHT ~ 3 MJ MHUKAOpPHAA apajlaliTUPUIIHU V3 HYUTa
oJIaan).

4. UuTerpanus

1. Axpatu6 onunrad KwinHrad miasmug JJHKuaunar 1 mxr muknopunu LF-
Pol | mmasMuanHy Yu3KK IMakira YTkasud OepaauraH aMMO MaKCaIId IIa3MHUIHN
KecMaiiiuran pectpukius pepmeHT omnan kecwnanu. (Kymmmua 1-pacm).

2. Oprtuxua JIHK #HE TO3an0BYM TYmIaMuaaH ¢oiganaHud To3aaaHaIu.

Ocnatma Ne 4: YmOy 6ockuyma Oydepaan pecTpukius GEpMEHTH Ba YHHHT
KOJIIMKJIApUHUHT Oapya u3JapuHU oJuO TanuiaHagud. Ym0y OOCKUY KeHWHTH
AJIEKTPO-KOMITETCHT IIAK/UTAPHU OJIMII YYyH Ty3/Jap KOHIICHTPAIUSICHHH I1acT
Japaxkaja yniad TypHIl yayH 3apypaup.

3. Re-makmnapaa 30-250ng 6ubanoTeka MyTareHe3HUHT KEMUHTY TypJIapuHU
VTKa3UIl Y4yH — PECTPUKIUS KWIMHTAH MaKCaIM TUIa3MUTH OMOIMOTEKaHU
suru S200 LF-Pol | xyskaitpanapura KaiiTa KUpUTHIAIH.

Dcnarma Ne 5: pectpukrasa pepment Epaamuaa Pol | miasMuanau Yu3uKiun
HIaKira  YTKa3WIAaH  Makcaq  (akaT  Makcaaiad  IUIa3MUAHM — KaiTa

HIaKJUTAHTPULIIAH HOOPATIIUD.
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4. 2 Ba 3 Oynumitapaaru MyoJiakalapHU KaiiTa TAKpOPJIaHAIH.

5. Comumtupu®d KU

1. MBonsiums kunuarad wiasmua JJTHK vy Ba Mmakcamm ruiazmuaau xam, Pol |
IJIa3MUAIMHA  XaM KECyBUM pecTpukraza (epMmeHT (Jlap)m OwiaH KeCHIIau,
YM3UKIM Iakira yTkaswiagu. [lma3MujuiapHuHr MUKIOpU Ba  cu(daTUHU
TabMHUHJIAI Y4YyH pecTpukuusHu 1% arapo3a renpga yTkasunaau. M3zonsanusa
KwinHrad pectpukunon miasmua JIHKauar ~ 400Hr mMuknopu ogatiaa TaxJiHi
KUJIUI YYyH €TapJInaup.

2. Uzonsuums xkunuarad miasmun JHKauar 1 mx vu LF-Pol U mnasmugunm
YU3HMKJIM IIAaKIra YTKa3aJurad pecTpUKUUs (pepMEeHTH OWlaH KUPKWIAIA, aMMO
MaKcaJUIM IJIa3MUIaHN KeCUIMaiiu.

3. JHK To3amam Ttymnamuaan ¢oiinanaHud, pecTPUKLMINIAH KOJITaH
KOJIIMKJIAPHU TO3aJIaHaIH.

4. MyrtauusnapHu TaBcu@all ydyyH MaKCaliu IUIa3MUJAHU PECTPUKIIMS

KWIMHTaH OUOJIMOTEKACUHU CONMUIITUPUO VKUITAIH.

I'pagueHT/IN YeHII IUIACTHHANAPH éPAAMHUAA MYTAHTJIAPHU AKC ITTHPHUII BA
TaXJIMJ KM

bubnuoTtekana Mapxys OYJiraH TeHETHUK XWUIMa-XWUIMKHH (DYHKIIMOHAT
TaHJIOB OWJIaH KaHJail OOFJjialll MyMKWHJIMTUHYU TYIIYHTUPHUIN y4yH Oy epja Ou3
E.coli Gwman in Vivo miapouTuaa JOpU BOCHTATApHra acocCiaHraH (YHKIIMOHA
TaHJIOBHU MPOTOKOJIUA TAKJAUM STUJIA/IHN.

Yy ycyn MyTaHT XyKalpajJapHUHT JOpU TpaJueHTH OYilad KaTTHK
arapjia YCTUPHIITA acOCIaHraH. Y TypJH KOHIIEHTpanusuiap 6yiinya oup neuta (12
Taradya) HaMmyHaJjJapHU OMp BaKTHUHT y3uja TaBcu(Iiall MIMKOHMHM Oepaau, Oy sca
OuTTa AOpUAAH Kypa KEHTPOK JWHAMHK JMAlla30HHU TabMUHIainu. SlHa Oup
a3aJuIUry IIyHJAaKW, YOy TaXJWIHUHT YM3UKIM OYnmaran ykuwiumu Oymuo,
XyKaipanap Xa€T4aHJIUTUIard JaBOMUMIUKAA 2 Kappa MybTaaui tadoByTiIapra
nyy kenmaau. Ulynmail xkunmub, IUTOTOKCHK KApUIMJIMKKA acOCIaHTaH TaXJIui,

MYyTaHT OMOJMOTEKaJapHU TaHJAIl Ba WHIAMBUIYaJl MYTaHTIAPHUHT (PEHOTHIHK
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XOJIATUHU aHMUKJIAIl y4yH Ky4dJd Ba TE€3KOp BOCUTAaHM TabMHUHJANWIU. 2-pacMmja
yHIaH (oNJaNaHUIIHUHT Xap OWpura MHCOJIM KypcaTwiraH: A maHenujaa
OJJaMHUHI OKCHUIOBUM JeMeTwinazacu ABX2 OubnuorexkacuaaH HMHIUBUAYaT
myTaHTiap Tanidanrad. WT ycTunan ycub 4MKKaH KOJOHMSIAp METHI cyldaHat
metmwiaratop (MMC) Tydaitnn ro3ara kenaauraH HUTOTOKCUKIMKIAH HOKOPH
XUMOsI KWIMII ydyH TaHjaHrad. 7. b TDaHenuaa WHIMBHAyal KIIOH
XapaKTEepUCTUKACH YUYyH UIUIATWIAIATAH IPAAUEHTIAPHUHT MUCOJIM KypPCATHIITaH.
VYuuHuM aBioa 11epajoCIOpUH aHTUOMOTHK LIEPOTAKCUMUTA KAPIIMIIUK Japakacu
WT B-nmaktamasa y4yH arapiid rpaJueHTAa Ba UKKUTa KEHTaUTUPUITaH CIEKTPIIU
R164H u E104K R164S G267R * MyTaHTJIap YUyH Y4YyH Kypcatwiran TapkuOuna
Ky3aTWJIaJurad CaMapaHWHI Ky4dura Kypa, JOPUHUHI €Tapiidi MHKAOpAaru
MUKJIOPHM aHUKJAIl Y4yH OUTTaZaH OPTHK IJIACTUHKA KEpaK OYIUIIM MYMKHUH:
0.4mr / M1 TpaJueHT Ha30paT KJIOHJApUHU TYFPUAAH-TYFPU TAKKOCJAIITa UMKOH
Oepaauran Oyica, SHI Ky4wId MYTAaHTHUHI KapIIWIMK Japa)xacu yTa IOKOpU

KOHLEHTpauusgaru uegorakcum (4mr / M) épaaMuaa aHUKIaHUIIH MyMKHUH.

Marepuasiiap Ba yCKyHaJap

100x100x15mm keadpam Ilempu uouwnapu (Fisher Sci #0875711A)
100 mm oymanox [lempu uouwnapu

25x75x1 mm muxpockonuune o6yiom ounacu (Fischer Sci #1255015)
50 mn epaouenmau npobupxanap

O3yka myxumaapu

LB aeap: cys xammomuoa spumunaou éa 56 ° C oa emkazunaou.

H30x: Ne6 MyXWUTHUHT XapopaTh TEKIIUPWIAETraH mpenapar EKd
apajalMaHuHT OapKapopiurura Ba Iy OuiaH (ao/uUIUTUra TabCUp KUJIUIIU
MYMKUH.

FOMiok arap: cyB xammomuaa 3puiiau Ba 42°C ra eTkazwiaa.

1. I'pageHTHUHT TY3WINIIN

KBagpaTHuHT macTku yeTtura OWp TEKHUC >KOWJIAIITUPWITAH VHTA OYIaKHH

OenruiIaHaau.
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JlukoOyanu HumA0 KuinO >KOMIAIITHpUIAAN YeTh 7 MM OanaHIMKaa
Oymumm kepak. JIukoOuaHu KyTapHuIil yuyyH Tarfiuk €ku OolIka TeKuc OyromaaH
doinaganum MyMKuH. 25 vt widk (~ 56°C) LB arapuu mauiira tTanaad ojJdHraH
AreHTHUHT TETUIUIM KOHLEHTpaluusAcH OwiaH sXmwiald apanamrupuwiaau. by
I'paJMEHTHUHT MACTKU KaBaTu OYiaau.

LB arapnu Iletpu mavIuHA TEHT paBUIAa KOIUIAraHJIUTHUIa WIIOHY XOCHII
KWINHAAW, OyHIa UAUIITHUHT OanaHj, Oeiaruianran kucmu ~ 1 mm LB arapunan
nbopar Oyinca, nmactku kucmuga ~ 8 Mm LB arap 6yncun. Keiun arapuu 10-15
JTAKMKara KOTUIIra Kyumiaau.

Hzox No 7: llpenapatHu ynuiab Typuil Ba OUp TEKUC TaKCUMJIAHUIIMHU
oconnamrupuin yayH LB arapura 0,2% cupt daon momnmanap (antukynuk b
IMYJICHSICH) KYUIMIIMIITN MyMKHUH. TaHIaHTaH BOCUTAHM KYIIUIIIAH OJAWH KyWId
yaiikatum Ounan crtepuwi LB arapura cupt ¢aon MoamacMHU KYUIWIAJIU.
CypdakTtanTiapHUHT Maia TOMYMJIAPU HOXYs TabCUpJOBUM cudaruga
TYXTaTUJIMIIN KepaK, KaTTa TOMUYMJIAp KyJa UCCUKAaH XOCHJ OYnuO, CHHOB JOpU
BOCUTAJIAPUHUHT OMP TEKUC TAKCUMJIAHUIIINTA TYCKUHINK KHJIAIITA MyMKHH.

bupnHun 25 mn LB arap KaTTMKJIAITaHOaH CYHI, WAMII TEKHC rOo3ara
yTrazmnanu. Kevnauanuk, 25 mu LB arapunu Tanma® onvHraH J0pu BOCHUTACU
Oynmaran xomnaa xam, LB arapHuHr nactiabku 103aCHHU KOTUIAIT YUyH KyWHIIau.
By TrpagueHTHUHT OKOpM KaTiamMu XucoOiaHagu. LB arapuHuHr nDacTku
KATJIaMHUHT OyTyH [O3aCHMHHM KOIUIAraHJMTUTa MIIOHY XOCHJI  KUJIMHT.
[[TamonnaTuinl ydyH KONKOFMHM €nunanu Ba 10-15 pgakuka maBoMuaa arapHu
KOTHIITAa COJTMHAIH.

Hzox Ne8. AspOo30JHUHT XaBQUIMINIKM Ba CHHAMa TApKUOMHHUHI Y4YyBUaH
OYIUIIM MYMKUHJIUTH XaKuJa oOrox OYJIMHI; arap y KUMEBHM XaB(CH3IMK
tanabnapu Ownan Oenrwianran OVyica, TpaaWeHTIApDHU KUMEBUN EKU OMOJIOTHK
xaB()CU3IUK KyTUCHA KyHUHT.

Hzox Ne9: I'pamuentiv uaunuiap 4 coaT W4Ha MpENapaTHUHT TPATUCHTH
KOHIIEHTPAIUSICUHY €KY TEKIIUPUIAAUTaH OUPUKMAaHUHT KOHLIEHTPALUSIHU CaKJ1a0

KOJIMII YYYH UIUIATUINO I000OPUITUIIH KEPAK.
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bakTepussIapHMHI ITAMMIA YTKA3HJIHIIU

FOmmiok arapuu 42 °© C ra eTka3uiumy Kepak. 2 Ml CYIOK IOMILIOK arapHu
100 mm nuametpiu [leTpu UAUIIMHUHT KONKOFUTa €KU TyOura coimuHaau. 40 MK
OakTepuall KyJbTypaHH IOMILIOK arap W4YHMra COJMHI Ba KEWHMH IUIACTUHKaHU
CWIKUTUO apajaliTUPUHT.

H3zox Ne 10: baktepuan KyJbTypaHHHT YCHII OOCKMYMIA yHTA JOPH EKHU
Vpranwiaiuran OupukManapura TabCup KWiniid MyMKUH. KyHy3ru Ba TyHTH Ba
cTaiMoHap ¢azanard KyJabTypajap Oup XWil HaTWxKalapra SpUIIMIT Y4YyH
MyHTa3aM KEeTMa-KE€TIMK OWIaH HIUIATWIMIIM Kepak. XyxKailpa 3UWIUrd Xam
HUCOWN HaTWXaJapHU Y3rapTUPHUIIN MYMKHH, IIYHUHT Y9yH Oapuya KyJbTypajiap
OD g 3uwIHru KuiiMaTiiapura MoC KEJMIIU Y4yH CYIOJITHUPUIIUIIN Kepak. TyHru
KynbTypanap 3uwmrn OD g ma 1,0 man xam OynmuiM y4yH KyJbTypaslapHU
CYIOJITUPUII KEPaK

Ommiok arap apanammacu OwWiiaH MHKPOCKOITHUHT OyIOM OWHACHHHU
y3yHacura €nunr. CyHrpa, CllalJHUHT KOIUIAHTaH YE€TUHU NMACTKHU Oenrucu OuinaH
(macT nmapakaJiaH IOKOPHM KOHIIGHTpalusAra Kajap) CEHCOp CIalHA TPajueHT
JukoOyacu o3acura TEKuciad, claiiiHu arap ro3zacura Tekkuzuiaaau. CexkuH
TETUIL FOMIIOK arapJaH JICHTaH! IPAJMEHT K03aCUra yTKa3uil yuyH erapiau. Kelnn
craiij To3aja Ba KaiTta dhoigataHuI yUyH axXpaTUiIaau.

baktepnan HamMyHaJapHUHT KOJTaH KUCMH Y4YyH Ym0y Xapa¢HHU
TakpopyiaHagu. Arap Oup HedTa TpagueHT unUiaétrad Oyica, HaMyHAJIapHU Xap
OuUp rpagueHT WIUIITa )KOWIAIITHPUIIUIIHN KepakK.

I'pamuent nukoOuanu TyHna 37°C ra uHkyOarus kKuiauHr. HHKyOanuys
BaKTJIApK Ba Xapopar Typiau Xujl OakTepusuiap mrTaMmiIapu Y9yH (apkK KHJIHAIITN
MyMKHH, amMmMo TyHna 37 ° C garu mHKyOaus Ky3ra KYypuUHaJWraH YCUIIU Y4YYyH
eTapJININP.

3. Veumny Kypyin Ba Tax i KHAIHLIT

TacBupnam: bup TyHaa ycraHgaH CyHI, TpaJueHTIIAp TYFPUIAAH-TYFpU
TAaCBUPJIAHUIIN €KH (HUKCAIUS KUJIMHUIIA Ba KOHTPACTHA KydauTupuin yayH 95%

sTaHoa Tapkuouaa 0,2 Mr / Mi1 akpuJIMH OpaHX OVEFu spuTMacu OuilaH OYsIvIIN
39



myMmkuH. [TnacTuHanapuu xoHa XxapopaTuaa 5 MUHYT AaBoMuja OYEBUM 3pUTMaaA
UHKYOalus KUIMHAAW, cYHT 95% stanon OunaH oBWiIaau Ba keitmH Yb Hypnu
KyTHUJa TAaCBUPTa OJIMHA]IH.

Hszox Ne [1: KonoHussiapHU TUIACTUHKAJAH TO3aJAIlaH eXTHET OYIIMHT,
OYEK epUTMacH Ba IOBUIII BOCUTAJIAPUHY TUIACTUHKA YCTUAAH CUIIKUTHO, SpUTMaHU
OypuakiapjaH o0 TalllJIaHT.

AJnoxuaa MyTaHT IUIA3MUJJIAPHUHT (DEHOTUNUK TaXJWIM Y4yH TPAIUCHT
KOHIICHTpaIusi HucbataH Yycum Macodacu xap Oup rpaaueHt Oyiinua
CTaHJapTrada HopMaamTupwiaan. KelnHuyaiuk Oy HUCOMN KuilMaTiapHU
rpaaueHT/Iap OYiinya TakKocaall MyMKHUH.

Hzox Ne [2: LIUTOTOKCHK TabCUPHUHI XYCyCHsSTMra Kapal, Kywid Ba
IOBWJITAH TOMOHHM Ky3aTHII MyMKHUH (Macanal, 2-pacMaa A Ba b manemnapunu
comumtupwiany). FOBuiaran yerinapu O0yica, MyHTa3aM YCHII YeTrapacHHU YIrdail
TaBCHsl ITWIAAW, YYHKH ajoxXuja KOJOHHUSJIAp Y3rapyBUaHJIMKHU KYpcaTHIITa
MOWMJIIUpPJIAP.

bubnunorexkann TaHmam y4yyH, OTa-oHa €BBOMM TypUra HUcOaTaH HOKOpU
KOHLIEHTpauusijgapaa  ycaauraH aloxXyuaa  KOJOHUSIJIapHU OormKapuin
MyTalUsUIApHA aHUKJIAI a)KpaTuO OJIMHAIA Ba CEKBEHUPIJIAHAIH.

NHUU.Mucosiapu Ba HaTHKaJap:

Iteration
=
2 Day 1 w————ip Day 2 w————p Day 3 w———» Day 4 —  Day S
S
=
g & : :
= = aliquot Mulagengg.s Transformation
= e o
=S e V EE—
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30 °C 37 °C ——
Transformation of
target plasmid
Day 1 » Day2 » Day3
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g Transformation JIEEEs
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=
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12-pacm. Cylok Ba TYFpUAAH-TYFPU KOIJIJaMa MyTareHe3 IMPOTOKOJIapu
ypracupgaru Takkocnam. by epna TakauM eTuiaraH TYFPUIAH-TYFPU KOIUIama
MyTareHe3 IpPOTOKOJIM TE3pOK Ba  aHbAaHABUW CYIOK MyTareHe3 IPOTOKOJIU
(rokopuaarn) ra Kaparanma Oup o3 Kympok kKamam Tanmad kwraau. GFP pemoprep
cudaruga vniaTUIrasaa, GIyopeleHCUsTHUHT Y3rapuiiyd OMOInoTeKaaa MaBxy ]
Oynran upcuil XuiaMa-XWUIMKIAH nanoniat O6epamu. Onatna, MyTareHe3HUHT OUp
muka - 12-18%  konmoHuMsutapaa  (ayoperieHCHs — JapakKaCMHUHT — Ce3uyIapiiv

napaxaja nacaiuimra oJuo Keaaau.

Panel A Panel B 0.4ug/mi 4.0pg/mi

threshold

drug concentration

b =
2
o

WT
A
R164H

~ -~
S o
= & —4
N =
E=] =2
=l =l

E104K R164S G267R
E104K R164S G267R

13-pacm. I'paguent kapummuru taxawm. Metuin-Meranecyndonar (MMC)
ra HOKOpPH KapIIMIUK KypcaTHIl ydyH TaHjgoB Typyxu. MMCra KapimuinkHU
Ky4alTHpHII y4yH oJaMiard OKCHIJIOBUM JeMeTminaza ABH2 nuHr mnasmumim
OoubnuoTekanapu TaHJaHraH. MyTareHe3 MPOTOKOJMHUHI MKKM Ba TYpTTa
UTepanusCUHU U(}OJATOBYM UKKUTA UKKUTA OMOIMOTEKAa OTa-OHAJIAPHUHT EBBOMHU
typu (WT) Ba O6ym Bektop (A) Owiran Takkociaranga kypcatuiarad. OK 4u3HUK
IOKOpUJa KypcaTWiraH 4YerapaHu Ownnupand, OyHAa ajloXuaa MYyTaHT
KOJIOHUSUTapU (PEHOTUITMK TaXJIMJI KHJIMII YIyH a’KpaTHIITaH.
b nmanemunaru nedoTakcuM XHMOSICH, KEHI CHEKTpJM [-Takramasa (haoJTUIrMHU
kypcaragu. Wnrapu LF- Pol | myranTnapu a3tppeoHaMm cenekmusicd OuiaH
oornanran Oera-nakramazanuHr R164H Ba E104K R164H G267R OVyitnua ukkura
myTanTu 0,4xr / My Ba 4kr / Mi1 1ieoTakcuM rpaueHTHIa KYpCcaTUIIraH.

OpTHOOp OepuHr, EBBOIM TypAaru [-maktamasa (epMeHTH Oyl BEKTOPHU

udoma HTyBUM XyxkaWpajmapra HucOaraH Xed KaHJal XUMOSHHM amajra
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omupmaiinu. Ulynunr yuyyn Oy MyTaHTiIap sIHTM OHMOKMMEBHM (PaoyIMKKa 3ra

OBOJIIOIWUAHU aHIJ1aTaau.

10.00 ¢

a

0

¥4

~

n

c

O 100

—

(0

B

p=)

=

S

5 0.10

!q:, o
=~ |

o

)

-

B o.01 ~ o

0 260 40;0 6(;0 01;0 10.00 12'00 14'00 16.00 10.00 2060 22-00 2le)0 2“0 2l.00 3000 32.00 34;)0 3600
d (distance from ori RNA/DNA switch)

14-pacm. Myramus vacroracu opu () ngaH Macoda GyHKuMsICH cudaTuaa.
Tyrpuaan-Tyrpu IUIACTUHKA MYTareHe3WHUHI OWp UMKJIMJIAH CYHI [o3ara
Kenaaurad myrtanus dactoracu kynadtupuiiHuHr COIEl kemm6 ywmkwmm PHK /
JIHK xamutura aucoatan 100 6m maTepBaniaa kypcatmwirad. 1600 man 2400 raga
Oyiaran MalgoH KypcaTWIMalIu, YyHKH [-lakTama3a HEWTpal HHUIIOHHU
aHrIatrMaiau.  B-nmaktamaszagaH — Tamkapujgard  HyKtanap Oy coxazja
MYTaIMSUIADHUHT TIACT MMacT 4YacTOTacMHM xXucobra omran xosga 200 bn
uHTepBaiHu Owinupaau. Tpenunr (P2 = 0.41 6ynran GmHOMMAN TEHTJIaMa) YU3UK
cudaruaa KypcaTuiraH.

CLLL LIS -‘pOI I plamid
TR N B | —- Target plasmid

Kymumua pacm 15-pacm. LF Pol | ¥3 wuura onran Pol | mmasmumu. A

kerMa-keTink (FastaA d¢opmar). Pol | mmasmuauayd umsuin naiTHaa Xam

42



uTerpanus yuyH (4-COHMM TacoAu(Hil MyTallMOH KyTyOXOHAHHM SpaTHIl) EKU

Vxui (5-Kagam) y9yH TYFpu dekiiant (epMEHTHHU aHUKJIANl YIyH KeTMa-KeTIUK

XaKkugaru wmawiymor. b Ilna3MugHUHr ymMyMuil XycCycHSITIIapd Ba YeKJIalll

xaputacu. Permmmkarusauar NCC101 kenu6 yukuim, xmopaMm(peHUKON KapUIHIuK

kypcatkuun (CAT) Ba LF- Pol | renu xypcatunran. SlroHa 4exiian xoiIapuHAHT

JKOWMJIAIIYBH XaM KYpPCAaTHJIITaH.

[EEN

CasoJnap
ﬁyﬂaﬂTHpHﬂraH MyTalusi Huma?
Huma y4yyH OKCMAI MYXaHIHCIWTHIA MNYHANTUPWITaH MYyTalWsIaH
dboinananunagm?
ﬁyHanTHpHnraH MYTAaIUSHU aMaira OmupuIl O0CKUYIapy KaHaai?
MyTanusi 4acCTOTaCMHM KaHIal OIIMPUIT MyYMKHH?
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§ 6. OKCUJIJTAPHUHT ITIOCTPAHCJISINAOH
MOIN®UKATUACUHUHT UMUTANUS KWJIUMITHUHT
KUMEBHUHN YCYJUIAPU

(Mpcuit axO0pOTHUHT OKCHJI THJINTA TAPKUMA KUJIMHTAHUAAH KeHMHTH
XO0JIATHHHM MOJEJJIAINTHPHII-YXIATHII)

OxcwimapHUHT MTOCTPAHCISLUOH MOIU(PUKALIUSICH reHiap

HKCIIPECCUSCUHUHT MYXUM OockuuiapujaH Oupuaup. Kymnab sykapuoTtuk

OKCWJUIap MOAWUKAIMSUIAHTaH —MOJIeKylalapu  (PYHKIIMOHAJI —TypyXJjapura

KOBAJIEHT OMpPUKKaHJaH KeHMHTuHA pyHKIMoHa! (aosuiamanu. bynaan tamkapu,

dochopuimanumr €KW OKCWJI MOJIEKYJIIApUHU aleTHWIIAHUIM KaOu IOCT-
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TPAHCISAMOH MOAUDUKAIMIIAD YIAPHUHT OHONOTHK (HAOJUIMTMHU TapTuUOra
COJUIIIHUHT MYXUM MEXaHU3MU XucobOmaHagau. Okcuil (aoJUIMTUHU YJIapHUHT
KOBAJEHT MOJU(UKALMICH TabCUPU OCTHIA TApTHOra COJMIIHUHT MOJIEKYJISp
MEXaHU3MJIAPUHU YpraHuIra €Tapiad MOJAE] TU3UMIIAPUHUHT UYKIUTH TYCKUHIIMK
KUIMOKAa.  Macanan, Maxcyc  QochopwiiaHraH — OKCWILIApHU — MILIA0
YUKApUIIHUHT CTAHJAApT YCYJIM - YJapHU CyOCTpaTiap HIITHPOKUAA TETULUIN
OKCWJI KWHa3acW (MpOTEWMHKWHA3a) OWjaH WHKyOaIus KWW XHCOOJIaHAIIN).
AMMO, oJaTaa, OKCHIHUHT  (QochOopWUIaHMII  Japa)KacuHHW, IIyHUHTJEK
PEAKLUSIHUHT Y3UTra XOC XyCyCUSATIApUHUA OOLIKapUILl MyMKHUH 3Mac.

[locT-Tpancnanmon  Moaudukauuss - Oy  OKCHIHUHI  pubocomaaa
CUHTE3JIaHTaHU/1aH KEMMH KOBAJIEHT KUMEBUM MoJaupUKaLUACH XHUCOOJIaHAIH.
Kymnad okcwuiap ydyH TMOCT-TPAHCIAHIIMOH MoAudUKaud OUOCHUHTE3HUHT
AKYHUH OOCKMYM OVyiraH TeH OSKCHPECCUsICM Kapa€HUHUHI Oup KHUCMHU
XxucobnaHaau. AJNTEpHATUB CIUIAWCHHI OuiaH Oup KaTopia, MOCTPAHCISLUOH
(TapKuMajgaH KEWUMHTW Y3rapuuuiap) Xxykalpagarn OKCUJUIAPHUHT —XHJIMa-
XWIIUTUHU OLUIUPAJIH.

byryurm  kyHra  kenu0, OKCWUIAPDHU  TPAHCIALMSAH  KEHUHTH
MOIU(UKALMSICUHUHT WKKH 03/1aH OPTUK BapHaHTIapU MabiyM Ba, 3XTUMOII,
OKCHJUIAPHUHT KaTTa KUCMHU MoauduKanusra yupaiau [2], OyHaaH Taikapu, oup
XWJI OKCWJI OMp Heya XWJI y3rapuiira ay4 Keiaumu MymkuH. [locTTpaHcisiiuon
Moau(puUKalMsIapy OKCWJUIapra TypJd XWJI TabCUp KypcaTaau: yJIapHUHT
Xykapagaru MaBxyJ OVyiuil BakTUHU, (QepMeHT ¢GaoJTUruHl Ba OOIIKa
oKcWIap OwinaH V3apo MyHoca0ariapuHu Taptubra cojagu. bup xarop
XoJjaTiapaa, TapKMMaJaH KEeHMHIM Y3rapuiuiap OKCHJ  IHAKJUIAHUIIUHUHT
MaXOypuil OOCKHYUIIUP, aKC XoJida Y (PYHKIMOHAN >KuXariaaH ¢aos OYaMainu.
Macanan, uHCyJaMH Ba Oomka 0ab3u TOPMOHJIAPHUHI HIAKUIAHUII >KapaéHHIa
NOJIUIENTH]T 3aHXUPUHUHT YEKJIAHTaH MPOTEOJIM3U Tanad ATUIaAM, IIa3MaTHK
MeMOpaHa OKCHJUTAPUHUHT IAKJUTAaHUIIN ¢ TJIMKO3WIAHUIIHY Tanal dTHIIA]IH.

[Toctrpancnaunon Mmoaudukausiapu Ho€0 OYnranraya KeHr TapKaliraH Ba

HOEO OynumM MyMKMH. Macanad, TIAMKO3WIUIAHUII OSHI KEHI TapKaJraH
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MoaupuKanusiapaad OUpUIMp: 0laM OKCUJUTAPUHUHT SIPMU TIIMKO3WILIaHaAu 10
TaXMHUH KWJIMHAAW Ba OJAMJIAPHHUHT T€HJIApUHUHT 1-2% TIMKO3WIUIAaHUII OuiIaH
Oornmuk okcwapHu komraau [3]. Kam€6 Momudukanmsra THpo3uH /
JETEPO3UHIIAHUII Ba TYOYJIHHHHUHT TOJUTTIOKO3WIIAHUIIY Kupaau [4].
OpraHu3MHUHT HOpMal UIILJIAIIN YUyH HOCTPaHCIIALNOH
MO (DUKALMSIHUHT FOAT MyXUMJIMTH, TOCT-TPAHCISLMOH OKCHUI MOJIU(UKALUACH
TU3UMUHUHT OY3WIUIIN (MYKOJIHUIUI03, ANIrediMep KacasIurv, CApaTOHHUHT Xap
XWJ TypJlapy) acoCHJaru KacaJUIMKIAp MaBXyJIMTH OuWjaH TacAUKIaHau.
ByryHnru KyHra kenu0O, MOCT-TpaHCIAMOH MOJM(PUKALMSIHU YpraHUIl YYyH Macc

CHEKTPOMETpHUA Ba BecTepH-OJI0TTUHT yCcyiuiapu KYJUITaHUIAdH.
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16 —pacm. OKCUIUTAPHUHT TOCTPAHCISMOH MOAU(MUKAIUSACH HYIIIapH.

In vitro Tpaucsms
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In vitro xyiimnaru ycyn Oyiinua amanra ommpuiand [5]. Marpuna cudatna
HypnanyBun xyurusnapuusr soredepasacuauar MPHK cu, E. coli muar S100

AKCTPAKTH Ba €BBOMM THUIArM XyKalpanapJaH aXpaTuO OJMHTaH pubocomanap

Ba ArimK wunuiatuiamm.

Peaknussnu ~ peakuusi apanammMacura puOOHYyKIIea3a KYIIMIUIIM OuiaH
TYXTaTWIAIN.
Jlrouedepasza HaommUruHu Tax I KWIKILI YIYH TaBCHUS STUJITaH MPTOKOJUIAP
Ba JoredepazaHd  TaxXJWiI  KWIHII  YYyH  pPEAaKTUBIAp  TYIUIaMUJIaH
doiinananunanaan.
10 Mk7 yuyH peakius apanammacura 50 mxa Promega kymvnaam.
Victor, Perkin-Elmer xkypuiamacuia JFOMUHECCCHIIMSIHA YIT9aHa M.

In vitro ma S6 okcrIMHU MOIU(BUKALNAS KWITUIII-Y3rap THPHIII

PeaKHI/IH apajammMacu KYI\/'II/II[aFI/I‘-Ia Ty3WJIaau:

Apanammvann apamamtupmwiaad Ba 1 coar gaBomuaa 37°C nga uHKyOanus
kunrHaau. yamgan cyur apanammara [TAATD yayn HamyHa Tail€puant yq9yH 5 MK

5X Oydep kymmaaau Ba nakyoarus 95°C na 5 makuka KHJIUHATH
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CasoJnap
1. OKcuIIapHUHT TOCTPAHCIALMOH MOIUGUKALUACUHUHT KaHAal WYmapuHu
ounacus?
2. In vitro na S6 okcwiIMHU MOAM(HUKAIUSA KWW OOKHYIapyd HUMAaIapiaH
ndopar?
3. Jlronedepasza hpepmeHTH TYFpHCHIa HUMATapHU Ouitacu3?
4. Y HMMa y4yH HIIaTHIan?

Anaduéraap

1. Gramatikoff K. in Abgent Catalog (2004-5) p.263

2. 1 Jensen, O. N. Interpreting the protein language using proteomics (anr.) // Nat
Rev Mol Cell Biol: journal. — 2006.—Vol. 7.—P. 391—403. —
d0i:10.1038/nrm1939. — PMID 16723975.

3. 1 Walsh, G. and Jefferis, R. Post-translational modifications in the context of
therapeutic  proteins (aur.) // Nature  Biotechnology :  journal. — Nature
Publishing Group, 2006. — Vol. 24. — P. 1241—1252. —
d0i:10.1038/nbt1252. — PMID 17033665.

4. 1 Rosenbaum, J. Cytoskeleton: functions for tubulin modifications at
last (aurm.) // Curr  Biol ;. journal. — 2000. — Vol. 10.—P. 801—803. —
doi:10.1016/S0960-9822(00)00767-3. — PMID 11084355.

5. M.S. Svetlov, A. Kommer, V.A. Kolb, A.S. Spirin. Effective cotranslational
folding of firefly luciferase without chaperones of the Hsp70 family. // Protein Sci.
2006. V. 15. P. 242-247.

6. https://ru.wikipedia.org/wiki

§7. DEPMEHTJIAPHU AKPATUE OJULI (®JIYOPECLEHT
OKCUJLJIAP MUCOJIMJIA). ®ITYOPECHEHT TAXJUI

®JIYOPECHEHT Ttaxiuiau XyjJa F0OKOpU Ce3TUpuKKa sra 6ynuo, 0,5 Mkr
raya OKCWJIHM aHUKJAITra UMKOH Oepamu. Taxjwin KWIWII yd9yH (QIIyopuMeETp

tanald KunHaau (Gunbtpiu draopumerpaan doitnananum erapiauaup). Kyhnnaru
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https://ru.wikipedia.org/w/index.php?title=Abgent&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F#cite_ref-2
https://ru.wikipedia.org/wiki/Nature_Reviews_Molecular_Cell_Biology
https://ru.wikipedia.org/wiki/Nature_Reviews_Molecular_Cell_Biology
https://ru.wikipedia.org/wiki/Doi
https://dx.doi.org/10.1038%2Fnrm1939
https://www.ncbi.nlm.nih.gov/pubmed/16723975?dopt=Abstract
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F#cite_ref-3
https://ru.wikipedia.org/wiki/Nature_Biotechnology
https://ru.wikipedia.org/wiki/Nature_Publishing_Group
https://ru.wikipedia.org/wiki/Nature_Publishing_Group
https://ru.wikipedia.org/wiki/Doi
https://dx.doi.org/10.1038%2Fnbt1252
https://www.ncbi.nlm.nih.gov/pubmed/17033665?dopt=Abstract
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F#cite_ref-4
https://ru.wikipedia.org/wiki/Current_Biology
https://ru.wikipedia.org/wiki/Doi
https://dx.doi.org/10.1016%2FS0960-9822%2800%2900767-3
https://www.ncbi.nlm.nih.gov/pubmed/11084355?dopt=Abstract
https://ru.wikipedia.org/wiki

Takpubara MyBO(QUK OKCHJIHU AHUKJAIIHUHT CE3TUPJIUTHHU SHAAA OUIMPUII,
okcusl OunaH OofnmaHmaraH OVEKHM Ten (GuIbTpJiaml OpKadd OJuO Tallanl
MyMKUH.  bupok, Oy  aifHMKca,  MyHTazaM  TaxJWwiga J>KapaéHHU
MypakkabIamTupaam Ba GpakaT aBTOMATUK pexXUMIa 0u0 OOpHiIraHiaruia Y3uHu
oknaiau. BapOypr Ba Kpuctuan (1941) ycynura OWHOAaH OKCHJ Ba HYKJICHH
KHUCTIOTaJapHu yATpaOuHadIIa HypJapHU IOTHIMINAIT KACMHU OPKAITA aHUKJIAHA/IH.

280 HM pgarm roTwMII  KypcatkmuuHM 280 Ba 260 HM FOTHIMII
KYypcaTKuuugard IOTWIKMII KodpduiueHtura HucOaTaH KyMauTUpwHI, OWIaH

AHUKJIaHAAUTaH OKCHUJI KOHICHTPAIUACH aHUKJIaHAIU:

A=-log (I/]) = cd

OKCHJI / MIT
BapOypr Ba Kpuctuan (1941) mabiaymotrnapura kypa, yiabTpaOuHadiina
MUHTaKa/a IOTWINIINA Oyiin4a OKCHJI Ba HYKJIEMH KUCJIOTa MUKIOPWHU aHUKJIAIIL.
280 mmparu oty Koownuatuau fp omunra kynaiTupuo, 280 Ba 260 HM IOTHIIUII
HUCOaTH Ba [oKopuaard ¢dopmyna Oyiinya OKCHWJIHUHT KOHIEHTPAIUSICU

anukanaau (1->xkaasan).
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1-xagBan.

OKCI/IJ'I KOHOCHTPAIUACUHHA XI/ICO6J'IaHI KaaBaJiu.

FO T mircGat Hyxneun kucnora, % Koadduumenr f,
280/260 uM

1,75 0 1,10
1,60 0,25 1,07
1,50 0,50 1,05
1,40 0,75 1,02
1,30 1,00 0,99
1,25 1,25 0,97
1,20 1,50 0,95
1,15 2,00 0,91
1,10 2,50 0,87
1,05 3,00 0,83
1,00 3,50 0,80
0,96 3,75 0,78
0,92 4,25 0,75
0,88 5,00 0,71
0,86 5,25 0,70
0,84 5,50 0,69
0,82 6,00 0,67
0,80 6,50 0,64
0,78 7,25 0,62
0,76 8,00 0,59
0,74 8,75 0,56
0,72 9,50 0,54
0,70 10,75 0,51
0,68 12,00 0,48
0,66 13,50 0,45
0,65 14,50 0,43
0,64 15,25 0,41
0,62 17,50 0,38
0,60 20,00 0,35
0,49 100,00
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Kepakiu peakrusaap:

1. 0,05 M nampuii pocpam, pH 8,0
2. Dnyopeckamun spummacu (100 mn ouoxcanoa 30 me)

3. Kanubpnaw sepu wuzueunu Kypuut yuyn bB3A spummacu 1 me / mo.
4,

NuHuHT 00prmu

Okcun osputmacu (10-250 wmxim) 0,05 M  wHarpuit  docdar, pH 8,
(bayopeckaMUH SPUTMACH KYIIUIAIU Ba KyWId CUIKUTHIAAN. DII0OpECICHIINSHA
475 um (xysranrad TYAKuH y3yHaurun 390 wM) Ounan Ymyanaau. OKcuil
MUKJOPUHM aHUKJIAI YYYH CTaHAApT KaauOpJiail srpuaad GoilganaHuiaim.

Anaduértiap
1. Buhlen, P., Stein, S., Dairman, W., and Udenfriend, S. (1973) Arch.
Biochem. Biophys. 155, 213-220.
Casosiap

1. ®JIYOPECHEHT taxmmn auma?

2. Kavon ®JIYOPECHEHT rtaxmminan dhoiinaranunagm?

3. Kannait kunmub OKCHIUIApHUHT KOHIEHTPAIUSICUHU TaXJIUIMHU YTKA3HIII

MYMKHH?

§8. PEPMEHTIAPHUHI" ®PAOJIVIMT' UTHU AHUKJIAIL
YCY/UVIAPH

depMmeHTaTHB (HAOJUTUTHHU XHCOOJIAIT

®depmenTatuB GaouMK Kyhnaaru popmyna 6yiinya xucoomaHaau.

®a0/IMK 6UPIAUKIAPU

bepMeHT apuTMacH MJI

yJ/I4aHraH KaTTaJHMK X peaK[UA apajaliMack XaXXMH X CyIOITHPUIN KoHLeHTpanuacu(CP)

BaKT X KOHHEHTPAHMOH KOHCTAHTA X Cl)epMeHT XaXMH

BaKT OMPJIMTH/A IOTUIMILIN X peaKlyis apanammacy Xaxkmu x (CD)

IOTUJIUI KO3POUIIMEHTH X PepMEHT XaKMU

Karanmnapna €xu xamkapo Oupnuxinapaa Oy mdoaa Kyiumaru kKypunuiga udoaa

OTHJIadHN.
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A
Kartan (A /C X peakiius apasammacy Xaxxmu (M) xCO )M E

dbepMeHT apUTMacu (enm (1 x Mosb—1)cM—1 X GepMeHT XaKMH (MJ1)X MJI GEPMEHT IPUTMACH

x4 A/MHH X peaknys apajanmMac XaXKMH1 MJI Cdx10000

(enm (1 x MosIb—1)cM—1 X GepMEHT XaxMH (MJ1) (enm (1 x MosIb—1)cM—1 X GepMeHT XaxMu (MJ1)

bynna ¢QepMeHTaTMB  peakius ~ KEUYHMIIMHU  MYHTa3aM  ONTHUK  EKH
CIEKTPOCKONHUK YCyNn €paamMuaa MyHTa3aM Ky3aTHO OOpHIl MyMKHH, €0
xucobnanaau. PaxaT OupruHa yiayamra acociiaHraH Taxpubanapaa XxucoOusap
yuyH yuml0y sroHa YyiI4oB KypcaTKMYM Ba Ha30paT KYpCAaTKU4M YpTacuaaru
TaoBYyT MHOOATTA OJIMHAIIH.

Macanan, depMeHTaTuB peakiusad 10 MUHYTIAH KEWHMH TYXTaTHIICA,
o o A

A=0,71 na Hazoparimaru apanammajna roTwinim kypcatkuuu 0,16 6yica, A— =
MHUH

0,055 06ynmuob, 6ynunr acocuna GepMeHT (HaoJUTUTUHU IOKOPHUAA KEITHPUITAHU
KaOW aHUKJIalll MyMKHH.

by mynoxa3za arap OyTyH ynyam gaBomuza Oapya peakius YM3UKIN Kedca,
ymlby MyJjioxaza YpuHIW OYynaad, akc xoJyija OONUIaHFUY TE3JIMK TOMUJITaH
KaTTAIMKHUHT VHAaH OWpura TEHT KeiaMmacaaH, Oajku YHJaH OMpMyHYa KarTa
oynagu. IllyHuHr yuyyH TaHma® OJWHTaH J>KOWHUHT YM3UKIW DKAHJIUTHHU
TEeKIIUPUIIT YYyH TYPIH BakKT OpalWFuia OWp Heua Taxpuba HyKTaJIapuHU
AHUKJIAII Tajad dTHIIAAH.

®epmeHTaTUB (PAOJUTMKHUA U(POJATANTHUHT UKKUTA ACOCUM YCYJIH MaBXKYA.
XaxMm Oupmurugarun Qaommk (1 mi na) depMeHT SPUTMACUHUHT YMyMUUN
XQKMHUTa Kymautupwiranjga (GEepMEHTHUHT yMymuil (GaoJiT aHUKIaHaau. by
KYpCaTKU4YHU, MacajiaH, (pepMeHT axpaTtuO onuiga (EepMEHTHH TO3aJalllHUHT
KeTMa-KeT OOCKUWIapuaa TaKKociall yuyyH Owinin tajnad sTunaau. To3anautHuHT
Typau Oockuuiapuaa (EepMEeHT IpUTMACH XAXKMHU Typiauuda Oynmaau. Xap Oup
O0ockuygaru (HaoTMKHU HWYKoauImu (pepMeHT yukumu Qowusnapaa udoaanaHuo,
XyKaWipanapHu Epuill OpKajdu oymHraH naran dKkcTtpakT 100% ned OupuHYH

MyailsiH KypcaTKUYHU KaOyJl KUJIMHAIH.
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®epmeHTaTHB (HAOJUTMKHHU AACTIA0KH MUKIOPUHHU OKCUII MUKIOpUTa Oy IuII
(Mr ma) HEUCOU# depmeHT daouruau Oepaau. @epMEHTHUHT MaKCUMasl HUCOHA
dbaomurura pepmMeHT GaoJTUTu TYIUK cakjIaHuO Koymb, 6o1mka OeroHa oKCcHLIap
apajamMainap, OKCWJIHM  aHMKJIAll y4yH KYJUIaHWIAJIUraH  ycyiapaa
OWJIMHMAaWIUraH, HyKJIEMH KUCJIOTIApAaH XaM X0oJid OYiranja spuiwiaad. Yoy
ONTUMAJl KYpcaTKu4d Xap Oup (PepMEeHT y4YyH SMIIHUPUK XUCOOJIaHAIW, UYHKH
HUCOUI (HaOTUKHY aHUKJIAIIHUHT YMYMUN CTAaHAAPT KYPCATKUIN MABXKY/1 dMac.

Xarroku  anekTpodope3  HaTmxkacura — kypa, OeroHa — apanamma
cakiaMaiuran pepmMeHTIap XaM KMCMaH JIeHaTypalusira yaparal Ky4cH3iaHraH
€Kkl yMyMmaH (aoJUTUTMHU MYKOTraH OKCMJIHUHI MyalsiH KUCMUHU cakmaiau. [y
oouc, OMp XUIIaru TO3aluK Japakacura sra ¢hepMeHTIap XaM HUcOud (aoymuru
Oyiinya (apK KHJIAIIA MyMKHUH.

HucOuii QaosmMKHUHT OKCUJIHM TO3aJIAITHU MyalsH OOCKWU4YMIa OJUHTaH
ONTUMaJl  KypcaTkuyra SKUH  Kenumu Oy  To3amam  OOCKUYMHUHT
camMapaJopiuryAan jganmonat Oepamu. OKcUmHM —axpartu®d onumaa  ymoy
KYpPCaTKUYHU OKCUJITHUHT TO3aJIUK Japakacu /1e0 aTanaiu.

KaranuTuk KoHCTaHTa pEeaKIUACHHUHT MaKCUMaJl Te3IUTHHU (DepMEHTHUHT
YMYMHI KOHIIEHTpanuscura oyiaum wynu owian anukianaau K cat = V max/ [E]
0; OMpPUHYHM TapTUO peakIus TE3JUI'M KOHCTAHTACH KaOW, KaTaJlUTHUK KOHCTaHTa
XaM YIIYOBra 3ra KaT/MOIb=C .

depMeHT aiiflaHMacy COHHM KaTaJIUTHK KOHCTAaHTaHU aKC ITTUPUO, PepMeHT
MoJsieKyJacuaaru (Qaosi Mapkaszjgap coHura OYynuHraH Oynanu. (MOHOMEpPIH
dbepMeHTIap y4YyH aljaHMalap COHM KaTaJMTUK KOHCTaHTara TeHT). Maskyp
KypcaTkud ¢depMeHTHUHT (aon wmapkazujma OWp CeKyHIJa KaWTapuiraHl
cyoctpaTHUHT Mon coHuHM Kypcaraau. Typau Xuil (epMeHTiap Y4yH
allmanMasiap coHu MyTiako dapk Kwiaau: 20 cyknuHaTaeruaporeHasa yayH, 210
B-ramakTo3uaasa yuyH, 330 rekcokunasa yuyH, 1500 xonuaacrepasa yayH, 90000
KaTanasa yayH Ba 600000 ¢ kapGoruapasa yuyH.

Muxasianc KOHCTaHTacHra HuUCOAaTaH KaTalUTHK KOHCTAHTAHU aHHUKJIAIIHU

katanu3 3ddexktn ned aramanu. by MyHocabaT MKKMHYM TapTHO peaxiusiiapu
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TE3JINTU KOHCTAaHTacu OwJiaH yimdamra sra Ba (epMEHTHUHT cyOcTpartra HucOaTtaH
CHCHM(PUKIUTUHUHT KYpCaTKUYU XUCOONIaHMO, KypcaTKM4 KaH4ya Karta Oyiica,

YHUHT CIIeIU(PUKINTY FOKOPHU OY1au.

DepMeHT GA0TTMTUHA AHUKJIALIIT
®depmentauar daomwmry (ME, 1 M E ~ 16, 67 H kar) aerekuus —
AHUKJIAITHUHT (POTOMETPHUK yCyiaaa XUCOONaHuO, KyHuaarun TEeHrjiamanap OwiaH
udosa rTunaau.

Xaxkm oupnurugara Gaouiik (OUpIIUK. MIT):

A
A /MI/IH X peakLUsl 3pUTMACH XQKMU X CYHJTUPULI KO3 PUILIMEHTH

IOTHIMII KO3 PHUIIMEHTH X ONTHK NI Y3YHJIUTH — PepMeHT 3pUTMACH XaKMU

Huc6uit ¢paonnuk: (Oup/mr):

AA /
MHUH X peaKlUud 3pUTMACH XaKMH X CyIOJITI/IpI/I].LI KOB(I)CI)I/IU,I/IEHTI/I—

I0Tunum ko3¢ PULNEeHTH X ONTUK UYAU Y3YHJIUTU X GepMEHT 3PUTMACH XaXKMU X MT OKCUJI/ MJI.
Arap aHMKJAIIHUHT OOIIKa yCysulapu KyJulaHuiaca, A A HHUHT IOTWIHII
y3rapviid Ba OTWIMII KO3(puUMeHTH YpHUra OOIIKa KaTTaJukiap Ba
MPOMOPIMOHATUTMKHUHT OOIITKAa OMUJIIApUIaH PoiilaTaHuIaIu.
Kyitmpa  kenrupwirad  ONTUK — aHUKJIAl — yCyJulapuia  peakius
apaJalMacuHUHT XaKkMu 1 M HH, ¢epmeHT Xaxmu 0,02 M HH, ONTHUK WY
Y3YHJIUTH -1 CM HU TallIKuJI 3TUO, Oy TeHTr1amanap KyHujaaru KYpUHUILTHA OJaIu:

Xaxkwm oupnurunaru daomwmk (ME/min):

A
A /MI/IH X X CYIOJITUPHUIIT KO3PPUIIUEHTH

cytoatupuil koapdpunueHTu x 0,02

Huc6uit paommuk (ME/mn):

A
A /MI/IH X X CYNOJITUPULI KO3PUIIMEHTHU

oTUanUI KoadpuuueHTH X 0,02 X M OKCHJI/MJI

CasoJiap
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1. ®epmentnap  (QaoTUIUHM  aHUKIAII  y4yH  Kaiicu  dopmynanan
doitnanmanunaan?

2. ®epmMeHTaTUB (HAOJITMKHU AACTIA0KH MUKIOPHUHHN OKCHII MUKIOpUTA OY U
HUMaHu Oepanu?

3. Karanuz addextu Huma?

4, depMeHTHUHT (DAOJUTUTH IETEKIUICH HUMa?

Anadouér
1. IlpakTrueckas 3H3UMOIOTUA [ DeKTpoHHBIH pecypc] / X. buccBanrep ; mep.
C aHMI. — 2-€ u3M. (311.). — DnekTpoH. TekcToBble AaH. (1 daiin pdf : 331
c.). — M. : BUHOM. Jlaboparopuss 3Hauuii, 2014. — (MeToasl B
ouonorun).

§ 9. OKCUJJIAPHUHI KOHLIEHTPALIMSICUHY BUYPET
PEAKLIUSICUIA AHUKJALI

buyper pearentu mentua Oofnap OuiaH y3apo TabCUp KWIAAW Ba IIYHHHT
y4yH OKCWJUIap KOHIICHTPALUSACHHHM aHUKJIAIl YYyH y3Ura XOocC peareHT Oyiuo,
OorKa Moaanap MaBXKyaJIurura Hucoaran cesrup smacanp. Mcrucuo — cudaruna
MoueBMHa Ba Oydeprnap xucobnanamu. ['yma ( UBHTTEp- HOHJAp acocuaaru
Oydepnap) Ba Tpuc Ouypet peakThBHU OWIIaH WKOOUI peakius Oepaim.

Ammo, Oy ycyn xyna cesrup smac (0,1-0,8 mr) Ba Kyma Kym OKCHII
OymumuHN Tanad Kuiaaau. MasKyp yCysl Jaran 3KCTpPaKT TapKUOWIAard OKCHII
KOHIICHTPAIIMSICUHU aHUKJIAIl YYyH, IIYHHHTJEK KaTTa XaKMJa aXpaTud ONHMHTaH
OKCHJI MaxCyJoTiapu Y4yH KyJaiamp, amMMO YHH KUMMATId (QepMeHT
npenapartiapy KOHIICHTPAUSICUHI aHUKJIAI YIyH UIUIATUII TaBCUS STUIIMAMNIH.

OxcuyutapHu aKpaTUIlia JOUMO KOHIICHTPAIUSHU aHHUKJIANl YYyH OUp XHII
ycyinaH (oiganaHuIl Kepak, YyHKH OolIuAaH 11y YCYJHH €KH OOIIKa YCYJIHU

WIIUIATHIN Tajiad dTUIAIH.

Oxkcni1ap KOHHEHTPAUUSICHHI AHUKJIALI
buyper peakuusicu
Kepakiu spurmanap
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NauHr 6opumm

Oxkcun HamyHacuHUHT 10 10 50 M OKCWJI/MT CakJIOBUM TYpiu XHJ
mukaopmapuan  (0,01-0,1 mum), 1 M Xaxkumrada CcyB OWIIaH CYIOJTHPHIIA]IN.
Comumrrupun 3put™acu cudaruna 1 mut cyBaan doiigananuaaim.

®epmentatuB peaktusiapra 0,15 mi 3 M YXC (y4u xJ10p cupka KUCIIOTaCH)
Kyumiaay Ba 3 makuka naBomuaa S000 aiin./gak Te3nukaa neHTpudyra KUIMHA M.

CynepHaTaHTHH TYKHO TalaHaad Ba SpUTMaHu | M OMypeT peareHTH
Owtan spuTriaau. OputManu 30 qakuKara XxoHa Xapoparuaa KOJIIUPUiIaan, KSHIH
540 HM TYIKMH Yy3yHJIWTUJA KAYUK XaXMAArd KroBeTajap/aa COJIMIITHPMA
spuTMara HucOataH yia4ald onuHaau. OKCWIHMHT KOHIEHTparuscuHu b3A ra
HUCOaTaH Ty3WTaH KOJUOpOBKA OSTpU UYM3WFHIIA KyHUJard TEHrJIaMa acocuia

dHUKJIalll MYMKUH.

Oxcun (me/mn) =A546 x 3,01/oxcun spummacu xaxcmu (mn)

Anadouéraap
1. Beisenherz, G., Boltze, H.J., Bscher, T., Czok, R., Garbade, K.H., Meyer-
Arendt, E., and Pfleiderer, G. (1953)
2. Z. Naturforsch. 8b, 555-577.

3. Itzhaki, R.F. and Gill, D.M. (1964) Anal. Biochem. 9, 401-410.
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Casosiap
buypert peakiuscu HuMara acocyiaHaau?
Peaknus yayH Kannait Matepuaiapaan ponnananunaim?

OKCUJTHUHT KOHILICHTPALUSICUHY KaHJall aHuKIaHaau?

> e

OKCHJ’IHHHF KOHOCHTPAOWACHMHN aHHWKJIAIIa KOJ'II/I6pOBKa OI'pu YHU3UFHUHU

HUMa acocaa Kypuiaam?

§10. OKCHJIJIAPHU AHUKJIAIITHUHI JIOYPHU YCVJIN

Ymly ycyn OKCHMJI KOHICHTPAIMSICUHU AHUKJIAIIHUHT OHT  CE3THp
ycylutapunian Oupuaup. Ammo, kyrmmad mopgamnap macanan, EJITA, caxaposa,
rmuiH, Tpuc, aereprentiap (SDS, Tpuron X-100, Lubrol, Brij 35, Chaps),
IIIYHUHTJIEK HOOPTAHUK Ty371ap (aMMoHHM cynbdar> 28 MM, Hatpuit pochar> 0,1
M, Hatpuii anterat > 0 ,2M) kaOuIapHUHT KyAa TACT KOHLIEHTPAIUSCH XaM OKCHJI
KOHIICHTPAIIMSICHHN ~ aHHUKJAITa TYCKUHJINK KWIaAW. YCYJHUHT sHa Oup
KaMUYWINTH IIyHIaH WOOpaTku, Oy OKCWJI KOHICHTPAIMSCHAAH FOTHIIMITHUHT
YeKJIaHTaH YM3HWKIM OpaiuFura Oormukmuruanp. lllyHra WIMOHY XOCWIJI KHITUIII
KEepakKh, HOMabJIyM HaMyHa Y4YyH OJHMHTaH Kuiimatinap, ogarna, b3A ydyH

KypWJITaH KaJuOpJalll 3Tpy YM3UFUAA HUUAa OYJTUIIN JIO3UM.

3apypmii 3puT™masnap
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AHMKJIANI )KapaéHu

Oxcuit sputmacuia 4-40 MUKporpam OKCHJI OYJIMIIN KEPAK; IPUTMA XAKMHU
cyB Oumnan 0,3 mu ra erkaswiaau, kednH 0,3 mu A sputma Kymiuiaagd, CyHTpa
50°C pma 10 MuHYT maBoMmIa WHKyOanus KWJIWHAAW, Ba YHH XOHA XapopaTuia
COBYTHJIAH.

[llynpan cyHr xapoparna, 0,33 Mmxn b spuTmacMHM Kylmimiaaud Ba XOHA
xapoparuaa 10 gakukara Koaaupuiaau.

Keiiun 1 M B sputmMacuau Kymuiaaau Ba gapxon apanamrupuinand, 5S0°C
napaxa xapopataa 10 makuka naBomuaa UHKyOarnus KuinHaau. CYHT yHH XOHa
xapoparuaa coBTWiagyu Ba 650 HM TYJIKWMH Y3YHJIIMTHA FOTWIMII MUKIOPWHH
YI4aHaIu.

KaauOpJam 3rpu Yu3urHu KypHII

Orpu YU3UKHUA KypHUIl KUMUMATIapUHU HaMyHAJIapHU TaxJIMJ KWW OWiaH
oup xua tap3ga onuHanu: b3A spurmacunan 0 man 40 Mk rava Oynran 12 Ta
HaMyHaJlaH QoigalaHIIaIN.

Anaduéraap
1. Lowry, J.H., Rosenbrough, N.J., Farr, A.L., and Randall, R.J. (1951) J. Biol.
Chem. 193, 265-275
2. Peterson, G.L. (1979) Anal. Biochem. 100, 201-220.
CasoJiap
1. Okcunl  KOHIICHTPAUMSACUHM aHUKJIAHUHT Jloypu yCynuHHMHT OOIIKa
ycyJutapjad ¢hapku Humaa?
2. Jloypu ycynuaa KaHaai peaktuBiapaan (honaananuaagm’?

3. KammuOpmnami srpu yn3uFHu KypHIIl KaHIai aMalra Omupuiam?
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§11 . KYMACCH EPTAMUJIA OKCUJI OHLIEHTPALIUSICUHU
AHMKJIALL
(BPAJI®OPI YCVJIN)

Kymaccu Oyéruman  ¢doiimananu® OKCHWIHM aHHUKIAIl YCyJId JacTiad
ANEKTPOPOPETUK AKpaTUIIIAH KEWMHH Treijia OKCUJI YW3HMKJIApUHU OYsll y4dyH
takimd xumumaTaH. Kucnoramm myxutna Kymacen G-250 Gy€xmapu okcwmapra
MycTaxkam OofinaHaau; Oy X012 MaKCuMall I0TUINI KypcaTkuuu 465 nan 595 Hm
rada y3rapajau. Yoy ycyJs oJiTui, Te3K0p Ba KYIIUMYa MOJJaIap MaBxKyIJIUTUTa
HUcOaTaH ce3rup smac ( IeTepreHTiaapaa TalKapu).

Tpuron X-100 Ba HaTtpumii gonenuin cyndar). bormamHuUHT Ky4du Ba V3
HaBOaTuaa OYSIIIHUHT MHTEHCUBJIMIUA MyaisiH okcuira 6ornuk. Ly cababnu, bB3A
éplaMuia Ty3WIraH KajauOpJiall 3rpd YM3WFU (akaT TaXMUHUN MablyMOTIapHU
OJIMIITa UMKOH Oepaau Ba Bapuanusap sxtumonu 50% paH omagau; yCyJTHUHT
cesrupaurd  10-100 MKrHM TamKWa ~ KWIagd, aMMo ymiOy  YCYJHHUHT
MUHUMAJUTAIITUPWITAaH KWJIMHTAH BapHaHTUIA aTUTH 2 MKI OKCWJIHM aHUKJIAII
MyMKHH. YOy YCYJIHUHT KAMYWJIWTH IIYHAAKW, KIOBETaJIap KYK paHria
OYALLIMIIM MYMKHH, aMMO OMp MapTaju MUIUIATWIAIUTaH IUIACTHK KIOBETaJlapAaH
doitnananum mymkuH. [uma xroBeTanapuu anetod Owiad roBuaumm €xku 0,1 M
0,1 M HCI nunga Oup Heua coaT JaBOMHAA CaKj1ad TypUITUIIN MYMKHH.

Kymaccen spurmacunm TaunépJiam

100 mr Kymaccu 6pummant kyku G-250 vu 50 mu stanomnna sputu6, 100
M 85% dochop kucmotacunu (88%) kymmnaau. OnuHra" sputMaHu 1 JuTp
XaxMmraya CyrITUPUIAIN.

OunrpraHaau Ba Oup Heva xadTa JaBOMUIA XOHA XApOpaTU/ia CaKJIaHAIH.

AHMKJIANI )KapaéHu

0 (comumrupma sputma) €xku 2-40 Mkr okcun Oynran (0-50 mxm) am

HaMmyHajlapHu 50 MK rada cyB OuiaH cyroatupuianu, cyarpa 0,95 min Kymaccu

SpUTMACH KYIIHO apanamTupUIaan.
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Taliépnanran HaMmyHaJIapJaru OKCUJ KOHIIEHTPAIUACUHU 2 TaKUKaJaH CYHT
(mexuH 1 coatnaH KEUUKTHpPMACAaH), OKCUI YpHHUTa Oydep SpUTMACHHU §3 UUHTra
OJITaH MOC COJUIITHPMA HpUTMara HucOatan 595 HM MOTWIMII Japa)kacura
HucOaTaH aHuKIaHaau. OKCUI MUKIOpU OMp XWJI KOHIICHTpanus opanuruaa b3A
YUyH MYIDKaJUITaHTaH KaJuOpJiall 3Tpy YM3UFH OWjIaH aHUKJIaHAIH.

Anaduéraap
1. 1.Bradford, M.M. (1976) Anal. Biochem. 72, 248-254
2. Friedenauer, S., Berlet, H.H. (1989) Anal. Biochem. 178, 263-268.
CasoJiap
Bbpandop yCyauHUHT MOXUATA HUMaJlaH noopart?
Maskyp ycyiaa Kanaai sputManapaan govgananmiam?

Kymaccu Huma?

> W e

KYMaCCI/I Omtan OKCHUJIHM aHUKJIAIll )KapaéHI/I KaHﬂaﬁ aMmajira OIHI/IpI/IJIaI[I/I?

§11. OKCUJIJIAP KOHIIEHTPAIIMSICUHA SPUTMAHUHT
IOTHUIIINTA KYPA AHUKJIAII

YOy TaxJui yCyJIWHHUHT NPUHLMIIMHU TYHIYHUII YYyH XyXailpajga Ba ¥3
HaBOaTHIa Aarall Xy)kalpa SKCTpaKTIapHaa MaBKyJ OYJIraH oKCHJuIap Ba OOIIKa
MOJJIaJIApDHUHT, aWHUKCA, HYKJIEHWH KHUCIOTAJApPHUHT CHEKTpald XyCYCHUSTIapU
XaKU1a TacaBBypra sra Oyiauil MyXuMAMP.

Oxcuiap OupiamMud KeTMa-KeTIUKiIapu OuiaH Oup-OMpHIaH KyJa Karra
dapk Kwicaaa, ylapHUHT 0apyacy AesIpJid bIKUHHU OUp XUJ FOTHUII CIIEKTpJiapura
sra. Ymly cnekrpiapaara Yb -Kucmaa uKKuTa XapakTepiii YyKKIIApHU aXpaTrO
KypCaTUIll MYMKHWH: YJIapHUHI IOKOpU HHTeHcuBiIMru 210 HM Ba BHr mact
uHTeHCUBIUTH 280 HM. YOy OXUPTY YYKKHUra yura apoMaTUK aMUHOKHUCIIOTaIap
- (heHUNATAaHUHHUHT IOTUIUII (MakcUMall TYJIKUH Y3yHJIUTH 257 HM), TUPO3UH
(274,6 um) Ba Tpunrodan (280 HM) UYYKKUIAPU KUPAIH.

Ym0y amMuHOKHCIOTaNap UYYKKWIAPUHUHT  WHTEHCHUBIMTH  HHUCOATH

Kyhinnmarnya: 1: 7.2: 28.4; IHlyngaih xkwimO, yMyMHUH YYKKUTa MaKCHMAa
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IOTWIMILIXUCCACH TpunrodaHra TYFpu KenuO, (QeHWSTaTaHMHHUHT XUCCacH 3ca
bTHOOPTa OJIMHMACIIUTH XaM MYMKHH.

IOkopua KenTHpuiIraH aMUHOKHMCIOTAIAP XAKUZa yjap OKCWIIA MaBKyJ
OynarangaruHa QuUKp OpuTUII TYFpu Oynamu. bynra kapama-kapmu ¢Gukp Xam
XaKuKaTra skuHaap: 280 HM MakcHMall IOTHIAL KO3()ULIMEHTUHUHT MaBXKYUINTU

HaMyHaJard TpunToGaHHUHT OOpIaUTHIaH JanosiaTt Oepaiu.
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THIKHH Y3YETHTH, HM

17 pacm. byka 3ap06u anOyMUHUHUHT IOTUIUII CTIEKTPH.
[TacTkn cnekTp KypUIMaHUHI IOKOpPW ce3yBuaHiurujaa 280 HM THKHU

KypcaTuill (BU3yanu3aius KUJIUI) Y9yH OJIMHTaH

6_

Tpunrodan

FOTHTHI KO3 HIHEHTH

TuposzmH

MdeHnmmamTaHMH
1

——"_fh‘--
240 260 280

THIKHH V3IVHIHTEH. HM

18-pacm. Y4 xui apoMaTuK aMUHOKUCIOTAIAPHUHT FOTUJIUII CIIEKTPIIAPH.
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Anadouér

1. Warburg, O., Christian, W. (1941) Biochem. Z. 310, 384 421

2. Brand, L. and Withold, B. (1967)

3. Methods Enzymol. 11, 776856 Stryer, L. (1968) Science 162, 526533
Casosiap

1. Okcwinap KOHUEHTPAUUSCUHUA JPUTMAHUHT IOTUIINIa Kypa aHUKJIAIl

KaHJall amanra OmupHuiIaan?
2. ApOMaTHK AMHWHOKHUCJIOTAJIAP tIS'IKKI/I.IIapI/IHI/IHF WHTEHCUBIIMTA HHUCOATH

KaHaal aHuKJIaHau?

§12. OKCHJIVIAPHU AKPATUIIHUHI' HIPEHUIIUTALIUA
YCYJIN

OxkcwapHy KOHIEHTPJAITHUHT HI aBBAJITM yCyiau OYnuO, Xo3upaa Xam
KEHI KYJUIAaHWJIAAW, YYHKM YYKTUPHUIL OWIaH Oup BakTAa KOHIEHTpJall Ba
HaMyHaHU TO3aj]alll UMKOHUHU O0epaau. Kuaauii KaMYuIuTry IIyH/IaK|, HAaMyHaHH
YYKTUPUILJA YHJA CTPYKTYypaBUil y3apuuuiap KeaumOd YuKuO, Xap JIOMM XaM
YYKTUPYBYM MOJJA ONMO TalUIaHTaHJIaH KEWMH YHU OpKara KaWTapUIITHUHT
UMKOHHU OYIJIaBepMaiiJiu.

[yara kapamacnadn noaudepMEHT KOMIUIEKCHap Kabu  Mypakkad
TU3UMJIAPHUYILAY yCyAa (PAOUIMIMHM JEspiu Y3rapUIlIapcu3 KOHLIEHTpJIAIra
MyBaddak OYaMHraH. Arap HaMyHa YYKTHPUII JTaBOMHUJA CE3WJIApPIU Y3rapuiira
ydpamMaca, yHH KOHIIEHTpJIall YUyH uiuiarca Oyiaiu.

Wnrapn ymOy ycyaHUHT Oup Heda BapuaHTIapu KyJUIaHWIraH (acoca,
HaMyHaJIapHU TO3aJalllJa), YyHKH YHJA aKpaTHO OJMIIHUHT OMp MyHYa HO3HMK Ba
aHHK YCYJIM —IOKOPH camapaiop XxpomoTtarpadus xaau Kauig 3TuaMarad 31u.

@depMeHT meprnapaTiapyuHd  To3ajall Ba KOHLEHTpJAIIJA OpraHUK
SPUTYBUYMIIAP/IaH, )KyMJIaJlaH, alleTOH Ba 3TWI cnupTuaaH) dhoiaananuiarad 6yiuo,
pH Hu macaiiTupuin Ba XapopaTHU OIIMPHILI XUCOOMTa amaira oumupuirad. by
yCyJUIapHU ~ XO03upJa  KyJUIlaHuiIMauad.  YyHKM — ynap — KyJUIAHWITaHJa

dbepMeHTIapHUHT AeHaTypanusicu Ky3arwianu. MctucHo cudarmma oxcwmau pH
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KypcaTKuuu Oyinya M303JEKTPUK HYKTacUra MOC KelaauraH Oynranna MyBO(QHK
KeJIauTaH NpelunuTanusara dpumuiaad. byana xap 0uo OKCwiI CyBIa MUHUMAT
ApyBUAHJIMKKa 3ra OYnanu. Xjiop Ba XJIOPCUPKA KUCIOTACH OKCUIJIHUHT KalWTMmac
JEHATYPAUSACHHN KEeATUPHO YMKapaayd Ba yJap SPUTMAJaH OKCWIHH HYKOTHIIL,
MacajaH, YHUHT KOHIEHTPAIUsICUHU aHUKJIAII YYyHTUHA KYJ KeJIaau.

AKCHMHYAa XaoTpon BOCUTajdap OWJaH UYKTUPUII XO3Upraya KeHT
KYJUTaHWINO KeMMHMOKna. byHma wmoueBuHa (KoHIeEHTpamuscu 6-8 M) Ba
ryanuauH xjopujl ( Oy camapara SpUIIMII Y9yH YHUHT OMpMyH4Ya mact -4 -6 M
raya  KOHIICHTPAITUSCHIAH) TaH, altHUKCa OKCHIT arperaTJIapuHA
JTUCCOTMAIMSUTAHUIIA  YIYH Ba CYOOMPIMKIAPUHUHT sSHajga Kym €EKH KaMm
“Tabunii ’mapouTiap (COMUINTHPUIL YYyH, MacajaH, JOoJeHucyibdaT HaTpHil
TabCcUpU/a) AaH (hongamaHuIaIu.

depMeHTIIapHU  KOHIIEHTpiam yuyH ©Oab3an MgCl, HUHT OKOpH
KOHIIEHTpAIUsCH KYJUTaHWJIaAu, OMpOK (DepMEHTIapHU YYKTHUPHUILI YUyH Oab3ujia
KJIACCUK peareHtiap cudaruga aMMOHUM CyibdaT Ba MOJUITHICHIIUKOIb
unuiaTUiIaaM Ba Oy Mojdanap BOJOPOJa OOFIApUHHHT OapKapOpIuTruHu Oy3uo0,
OKCWJI MOJIEKYJIacH Fo3ach aTpoduaard THApAT KOOWMKHW Oy3aaw, HaTmKaaa
OKCWJUIAPHUHT ~arperanusici Ba 4YyKMara Tymdmura oiaud kemaaud. by
peareHTIapHu  WYKOTUII  OKCHUJIHUHT  TaOWHM  CTPYKTYpacMHU  TYJIUK
KalTapuINIIAra MMKOH Oepau, AeraH (puKpra acoCIaHuIa IH.

Cynbdar aMMOHUN Ba TOJUATUICHTIUKOIL OWIAH UYYKTUPUITHUHT
aQ3TUTH TIYHJIAKA, Xap OWp OKCHJI PEarceHTHHHI MYalsH KOHIIEHTpAIMsacuaa
yykaau, Oy 3ca KUAUPWIAJAUTaH OKCWJIHUHT OOIIKadap WYUAaH axpaTHO OMII
UMKOHUHHM Oepaau. Xap Oup OKCWJI ydyH Taxpuba MHymu OuilaH OKCHITHH
YYKTUPHII YYyH 3apyp pPEareHTHUHT KOHIICHTPAIUSACH JUAITa30HWHHM aHWKJIAII
keoak Oymaau. Opatna, ammonwmii cyndarnan QoiifagaHuIraiga OKCUJUTAPHUHT
gykumu 20 nan 100% rada O6ynran nuanazonna 0ymamu. [loaudTHIICHTIMKOIBAA
aca 0-115% TyiinHran quana3oHa r3ara YuKaiau.

Cynbdhar aMMOHWN OWaH YYKTHUPHINAA MaBXyJ HKKaia EHIONTYBHUHT

Ooupopracunan ¢oiinanaHuaaad, HaMyHa SpPUTMAcUTa KypKK pEareHT Cemnuiaju,
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€KUM TYHUHTaH 3puUTMaJaH Kyiwiagu. bupunum énpomryB ocon OynmO, OyHmaH
TallKapyd YHUHT a(3ajulMrd OIYHJAKH, apaJlalliMaHAHT OXUPTM XaKMH KyJa
Kyny3rapMaiau. AKCUHYA, MKKUHYM €HJIONTYB/Ia, ACOCaH, YTa TYWMHTaH SpUTMaHU
OJIUII 3apyp, apajaliMaHUHT OXHPTH XKMH Xyna tokopu O0ymmo, 100% mm
TYUUHTUpUILITA yUXMyMaH odpumnb® Oynmaiinu. Cynbdpar aMMOHUIHHUHT
KPUCTAJUIAPUHU IPUTUITAHNIA XaBo Mydakdamapu axxpanud 4ukuO, yiap OyHIaH
OJINH KpUCTajulapra Wurwirad Oynanu. by mydakuyamapHUHT CUPT TapaHTIIUTH
KPUCTAJUIADHUHT OPUII JKOMWUra SKUH OYynuO, JOMMO TY3HHHT  IOKOPH
KOHIICHTPAIUSICU CaKJIaHUO Typaau. By OKCHITapHUHT MaXaJUIuid YYKUIIUHU
YaKUpaau, dpuUT™Ma TyOra Ty3HUHT TETUIUIN Japa)kacurada spuMaras 0yiica xam,
OyHaa KUIUpUIaETraH OKCHJI uykMara Tymaaud. HaTwkana, okcun Kynm mapraiu
YYKTUPHUII Ba Hpuiira yuypad, Oy ce3rupiaura OupMyHYa IOKOpU Oyirax
(bepMeHTIap yuyyH HOKyJaih 0ynub xucobnanaau. Ty3napHUHT HOXYS TabCUPUHU
nacaTupuil y4yyH HaMyHa »JpuUTMacura cyibpar aMMOHMMHHUHI XHUCO0s1a0
YUKWITaH MUKIOPUHM Oup coaT AaBoMHUAa KYWIMO OOpUIN TaBCHUSl ATHIIAJIU.
Ty3napHu cekMH KYIIMII y4yyH OUp HeYa Maxcyc yCKyHajap MaBxynd. Arap
Cyiab(ar aMMOHUNUHUHT TYUMHTUPWITaH spuTMacuaad ¢GoigananuOd, MyHTa3am
apajamTupuiInb Typuiica, FOKOpUIaru HoXYsl TAbCUPHUHT OJIMHU oJica OYiaau.
OKCWJIHMHT Ba Ty3HUHI 3PYBUYAHJIMIHWIa XapopaT KaTTa TabCUp KypcaTalu,
IIYHYHT Y4yH TaxpuOa YTKa3WIIJaH OJAWH YYKTUPHUIIHM XOHA XapopaTuia E€Ku
coBykzaa (4°) ma onu6 Gopunumy Gyiinda GHp TYXTAMra KEJIWII Tamab STHIAIM.
Arap YYKTHpUII OKCHUJIHM KOHIIEHTpauusjall y4yyH Kepak Oyica, HaMmyHajaaru
spUTMara OpTUKYa T€3 COAMO YHIAru YyKMaHU HEeHTpUdyraiam mynu ounad oauo
Tanuialm MyMKUH. ByHna nactnal, Ty3HUHT WIyHJIad MHUKIOPUHHM TaHJIAHAJIUKH,
TEKIUPWIAETTaH OKCUJT XaJIu dpuT™Maia 6yauo, 6amiact (KymmmMya) oKCriuiap dca
yyKMmara Tyia OOIuIaral 3HT MMacTKU Yerapacura €THIIM MyMKUH OyiraH Oynaau,
OyHaa yyKMaHM LeHTpudyramam Wynau OuiaH oau0O Taluiall WMKOHU MaBXyJ
oymumu so3uMm. KelinH cynbdaT aMMOHUNHU IIyHJIal MUKAOpJA KYIIMIJIAIUKH,
TEKIIUPUIAETIaH OKCUJI 4YyKMara TymuO, 0ab3u KymMM4a OKCHIUIap 3pHUTMAana

. 0
KOJIQJIUTaH 3HT IOKOpW uerapacura spumiuiagn. AMmonui cynbdarauar (00 C
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Jarv) MUKJIOPU TYUUHTUPHUIIHUHI HUCTaNraH (S) gapakacura 3pUIIMII YYYyH

Kyhugara GpopMmynanan GongamaHmIam.

_ (S2—-s1)x515
100-0,27 x S2

bynna S2 — TYWMHTHUPUIIHUHT OXUpPru yerapacu, S1 — TYMMHTHPUIIHUHT
OoluTaHFUY YerapacH, V —OKCUJI 3pUTMACH XAKMH (MJI).

byHnaH Tamkapyu KaTTUK CyJdb(ar aMMOHUUHUHI 3apypUidl MUKIOPHHH
aHMKJIalll MMKOHMHHU OepajauraH >kaJBajulap XaMm MaBxyld. Yykmara Tymirad,
YYKMaHU LeHTpudyramam imyam OunaH axpaTwiagyd Ba MOC Kenaaurad Oydepna
Kaiita sputwiagu. OKCWIHM Oy(pEepHHUHI MUHUMAI XaXMHUAA SPUTHIL JO3UM
Oynub, YYKMaHUHT O3UPrd H3JIApU dpuUTMara yTraHga OypepHH KYIIUII
tyxtatunagn. Optukya Oydep KYIIMACIMK y4yH IIMIIA €KUM TUIACTUK Ta€K4aJlaH
doitnananu6 apanamTupud TypUIaan.

Anadouér

1. TlpakTuyeckas sH3UMOJIOTHS [ DNeKTpoHHBIN pecypc] / X. buccBanrep ; niep.

C aHra. — 2-€ u3l. (971.). — DIeKTpoH. TekcToBble aaH. (1 daitn pdf : 331
c.). — M. : BUHOM. JlaGoparopusi 3nanmii, 2014. — (Metonpl B
OMOJIOTHH).

Casosiap

1. Ipenunuranusi yCyJTUHUHT MOXUSATH HUMaJIaH noopart?
2. Ammonnii cynsdaraunr (0° C garn) MEKIOpH TYHHHTHPUIIHEHT HCTAIraH
(S) mapaxkacura spumuiin Kanaai hopmynanan oitnananmianu?

3. Tlperunuranus ycyauaa KaHaal 4yKTUpyBUMIad GoilgaiaHmiaamn?
2-3KkaBal.
Oxkcwuiapau cynbdar amMMOHUU EpAaamMuia YYKTHPHIIL. 0° C xapoparaa
OKCUWJUUIAPHU TYWUMHTUPUIIHUHT €Tapjiu Japaxkacuk S , Ta DSpUIIUIL  y4YyH
(rokopumaru catp) 1 1 spuTMara Kymum MyMKHH OYlIraH KaTTHUK XOJjard
Ccyiab(ar aMMOHMMHMHI MHUKAOpPU KypcaTwiraH. JlactnaOku TYHUHUII Japa)xacu

(S 1) wan ycrynna 6epwiran (Green and Huges, 1955; Brewer et al., 1974).
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SI/S2 10 15 20 25 30 33 35 40 45 50 55 60 65 67 70 75 80 85 90 95 100
0 53 80 106 134 164 187 194 258 258 291 326 361 398 421 436 476 516 359 603 650 697
5 27 86 79 108 137 162 166 197 229 262 296 331 368 390 405 444 484 526 570 615 662

10 28 53 81 109 133 139 169 200 233 266 301 337 358 374 412 452 493 536 581 627
15 20 54 82 87 I 141 172 204 237 271 316 327 343 381 420 460 503 547 592
20 70055 75 83 113 143 175 207 241 276 296 312 349 387 427 469 512 557
25 27 46 56 84 115 146 179 211 245 264 280 317 355 395 436 488 522
30 17 28 56 86 117 148 181 214 233 249 285 323 362 402 445 488
33 1040 70 101 133 166 200 214 235 271 309 347 387 429 472
35 28 57 87 118 151 184 201 218 254 291 329 369 410 453
40 29 58 89 120 153 170 182 212 258 296 335 376 418
45 29 59 90 123 138 156 190 226 263 302 342 383
50 30060 92 107 125 159 194 230 268 308 348
55 30 61 76 93 127 161 197 235 273 313
60 31 44 62 95 129 164 200 239 279
65 1331 63 97 132 168 205 244
67 19 52 85 120 156 194 233
70 265 99 1M 171 209
75 3266 101 137 174
80 3367 103 139
85 34 68 105
%0 470
95 35

§13. OKCHJIJIAPHU AHUKJIAITHUHI' HUHT'UIPUHJIN
YCYJII

By spkuH aMuHOKHCIIOTaIap KOHUEHTPALMSICUHU aHUKJIAII YUYH KYy/Ja CE3THp
yCyl. By 5pKMH aMUHOKHUCIOTAJIAPHU XOCHJI KWIWII YYyH THIPOJIHU3IAHUIIN
MYMKHUH OYyJIraH UMMOOWIIM3AIMs KUJIMHTaH OKCUJUIAPHUHT KOHIEHTPAIMSICUHU

aHUKJIall YY9yH alfHUKCa MOC KeJaJIu.

Kepaxiu spurmanap




b34 cmanoapm spummacu, 40 mxe / mn,  cytormupunean — 3axupa
apummacuoan 100 me oa 25 mn 10 mM netiyun (DL-netiyun, Mr 131,2; 131 me Hu
100 mn cysoa) spumub matiépaanaou

I'mapoaus

MabnyMm MUKAOpPIArd OKCUJI €KW UMMOOWIIM3aIuUs KWIMHTaH (QepMeHTH
OynTraH TalryBUMHUHT MyasiH Kucmu Oup keda (16 coat) 90° C xapopatna 1 miu 6
HCl na unkyOanusa KwinHaaud, OyHJa yJapHU KOHIIEHTpPJIAHTaH KHUCJIOTAHUHT
CU3U0 YWKHWINWHA OJAWHU OJIUII YIyH TEepPMETHK €MUK (IIaKoHIIAp, SXIIHCH
MaxkaM OOFJIaHTaH KONKOK OwmiaH émub kyhunaau. Keitmn nmydakuanap ounnamu
(xaBdcuznuk ky3orHakiapuHu TakuHr!), 0,5 M cyrokimuMk oinuHaau Ba 0,5 mi 6
NaOH kymu6 neitrpannananu (pH Hazopat Kuinb Typuiaam).

NmauHr 6opumm

0,2 mMn ruaponu3ar (€ku Xaxxmu cyB Ounan 200 MK ra KeJTUpUITaH
HamyHanuHraimkBotacu) 0,1 miu 0,2 MM KCN anerar Oydepunmaru 0,1 mn
HUJUAPUH peakTuBUHM 10 HaKkWKa JaBOMUa KailHAO TypraH CyB XaMMOMUA €KU
100 °© C xapoparmar HCHUTHII MoOcCjIaMacuaa >KOWIAIITUpWiIagu, 1 JaKkuka
naBomuaa my3aa copytuwiu0, 0,5 min 50% sranon kymmumnaau. KenH HaMmyHaHU
570 HM TYJKUH Yy3yHIUTHZA TUAPOIM3AT YpHHUra CyB KYLIWITaH Ha3opar
COJIMIIITUPMA dpUTMAcUTa HUCOATaH YI4yaHaIu.

KaauoOpaam 3rpu un3uru
Muknopuii Taxymn yuyH 10 MM nelinuH spuTtMacuaad €paamuia Ty3wWiran 12
amkBoTa (1 mam 50 Mk rada, xaxmunu 200 MK rada eTKa3wiraH) KajauOpiari
ATPU YM3UFUAaH GoiIamaHuIaan.
Anaduér
1. Rosen, H. (1957) Arch. Biochem. Biophys. 67, 10-15.
CasoJiap

1. OxcuninapHU aHUKJIAIIHUHT HUHTUJIPUHIIN YCYJIUMHUHT MOXUATH HUMaa?
2. DpKUH aMUHOKHCJIOTaJapHU XOCHJI KUJIUII KaHJali aMalira ommpuiaan?
3. T'maponu3 yuyH KaHaai sputMmanapaad doiganaminaan?

4, KanuOpnaii 3rpu YM3UFUHUA KaKIak Ty3uinaam?
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§14. OKCHUJIJIAPHU A’KPATUDB OJIMINHUHI" TUAJIN3
YCYJIN

Jnanu3 MoJeKymaJapHu SpUM YTKa3yBuYaH MeMOpaHa, MacallaH, JHalin3
Haifluacu oOpKaiu Tapkaauim (auddysus) Tesnurugard  ¢apkra acocliaHraH
axpartuil xapaéuuaup. Juanus - 0y TuOOui Auanu3 Kkabu UIUIaiIMrat >kyJa KeHr
TapKajdrad JjabopaTopus ycynw xucoOnmaHamu. WMiMuidi TagkuKoTiap HYyKTau
HazapuaaH, avanu3aad okcwuiap, JHK €xku nomucaxapupnap xabu karra
MaKpOMOJICKyJiajap TapKUOWJaH Ty3JIap, KaMaWTUPyBYM Mojfanap €ku OyEKIap
CUHTapy KUYMK MOJIEKyJajdapHu oiub Tanuiamjaa keHr donnananunanu. {uamus,
IIYHUHTJEK, OydepiapHu alMalTHPUIL Ba JOPU MOJJANIAPUHU OUPUKTHUPHIIL
TaxJWUlapu  ydyyH KeHr Kymwianwianud. Jubdy3us Oy  spurmagaru
MOJIEKYyJIaJapHUHT Taconuduii, uccukiuk xapaxatu (bpoyH xapakatu) O6Yiu0,
VHUHT  HATWKAacWIa »dpUTMaJa  MyBO3aHAT  fo3ara  KeNIryHTra  Kajap
MOJICKYJIaJJADHUHT FOKOPHW KOHIICHTPAIUSAIAH MACcTPOK KOHIIEHTpAmusara Kyduo
yTumm 103 Oepanu. Juanuzga HamyHa Ba Oydep sputmacu (muanuzar aed
aTanaau) Oup-OupujaH spuM YTKazyBuaH MeMOpaHa OwiaH axxpaiaud Typaau, Oy
eca nuddepennuan nuddys3us MoAETMHM F03ara 4YUKapaaud Ba IIy TapuKa

HaMyHaJaH Uaanu3arra MOJICKYyJaTapHUHT aXXpaJUIITUTa UMKOH Oepaiu.
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19-pacm. Jlnanus »kapa€HUHUHT YMYMUM KYPUHUIIIH.
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MemOpaHaHUHT TEIIUKIApU yiadyaMud Tydailnu HaMmyHaJaru WHPHUK
MOJIeKyJnajnap MeMOpaHaJaH YToiMmaiaM Ba 1y OWiaH HaMyHa Y4yH
MYJDKaJUTaHTaH KamepaJaH TapKaJIWIIMHU 4YekjaHaau. byHra xaBoOaH, KUYHMK
MOJIEKYJIajap MeMOpaHagaH dPKUH TapKaauO, S3pUTMAHUHT OYTYH XaKMH OPKaJu
MyBO3aHaTra DJpUIIaJM Ba HaTWKaja HaMyHa Ba Juanu3atiga yuoy
MOJICKYJIAJJADHUHT  KaMU KOHIIGHTpAUUsICUHU  y3rapaau (VHTOaru Auaius
XKapa€HUHU aKC YTTUPYBYM pacMra KapaHr).

MyBo3aHaTra  JpHUINWITAHJAH  CYHI,  MOJICKYJQAIAPHUHT  SIKYHUU
KOHLIEHTPALUsACH SpUTMANIap XaKMUra OOFIHMK OYnIuO, arap MyBO3aHATJIAHTaH
JIyanu3aT SHTW Juanu3aT OwiaH anMmaimntupuica (€ku y3raptupuica) (Kyluaa
KeNTUpWIraH  Taxpubara  kapanr), auddy3us  HaMyHaJaru  KUYHK
MOJIEKYJIAJJAPHUHT KOHLIEHTPALUUACHHM SHAJa MacalTUIIMIa OJu0 KeJagu, SbHU
HaMYHaHHM sTHaJa KYMIPOK TO3JIalll UMKOHU TYFUJIA]IH.

Hamynara kuuyuk MoOJeKylaJlapHU KHPUTUII €EKU OJMO Tamuiam y4yH
nvanu3aad GoiganiaHuIl MyMKUH, YyHKH KHYUK MoOJIeKyJianap MmeMOpaHa 0yitnab
Xap MKKW WYHAIUIIIA SPKUH XapakaTilaHaau. by quanusgaH Typiad XWi Makcaaia
doiinananuin  yyyH YHM MaHpaaTiIM ycyiara adigaHTupand. Juanuz yuyyH
UIUIATUIIAUTAaH SIPUMYTKa3yBYaH MEMOpaHaHUHT HILIA0 YHKAPHUII CaHACH, Ba
TaUEPIIAHUII XYCYCHUSTIIApU TYFPUCHIA KYIPOK MABIYMOT OJIUII YYYH JIUAJIU3
HaYaCUHUHT EPJIUFU OWJIaH TAHUIITUO YMKUHT.

XyJaoca. [luanu3 - Oy HamMyHajard MoJieKyjajiap MaTpUIIAaCUHU YiIdamura
Kypa MoOJEKynanapHu Qapkiaml OpKaJd Y3rapTUPHUII YYyH HILIaTUIaIATaH
*apa€H. Arap HaMyHa LIEJUTI0J03a XajTadyacuaa Oyica Ba Juaiu3ar 3pUTMAcUra
KOUNIAIITUPUIICA, HAMyHA Ba JHAIM3aT ypTacuJa MYyBO3aHAT lo3ara Kejlrasjaa,
ouanu3  Xyxkaiipa MemOpanacuaa Qaxkat wmaiiga 3appanap YTuO, HupHK
MOJIEKYJIajap KoJMO KeTraHjarvHa to3ara Kejaau. Ty3napHu onub Tanuiaml yayH

nuanu3aaH GoiaanaHuIl MyMKHYH.
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JAunanus skapaéuu
YckyHnanaap

OpuTManard MoJieKyJlajJapHU Iuain3 EpaaMuaa axpaTuil oAU >kapacH
xucoOnanaau. HamyHna Ba quanuszat OydepuaaH TalkapH, oJatia 3apyp OyiraH
HapcaJlap KynuJiaruiap:

* Termmumm ¢opmarmarn (MacayiiaH, HaWdamap, Kaccerajgap Ba OomIKaiap)
MeMOpaHaJli Juain3 Ba YTKa3yBUMHUHT MosiekyJisip orupiuru (MWCO)

* lnanuzar 6ydepu yuyH cakiiaml Uauiim

* DpUTMallapHU apaJlalITUPUII Ba XapOPaTHHU OOIIKAPUIII HA30paTH

Acocuii IPOTOKOJI
Oxcul HaMyHalapy y4yH oJlaTja AUallu3 YCyJd Kyihuaaruda 6opaau:

1. MemOpananu kypcarmanapra MyBoQUK Ta€praaHaau
2. Hamynanu nuanu3 Hailyacura, kacceTara €KM Kypuiamara >KOniaiTupuaam
3. Hamynanu (OydepHM CEKMH apajaliTHpUIN OWIaH) nuanu3 OyhepuHUHT
TaIllK¥ KaMepacura >KounamTupuiagn

4. 2 coat nmaBoMuja AUANIA3 KUJIMHAAHU (XoHa Xxapopatuzaa ¢xu 4 © C).

5. Jluaym3 Oydepunu Ba Ooiika Oydepra y3raptupuiaad 2 coar AUaIU3
KWINHATU

6. Huanu3 Oydepunu Ba Oomika Oydepra y3rapTupuiagy Ba 2 coaT €KU TyH
JTABOMHMJIA TUAJIA3 KWJIMHAIN.

Hamyna Ba puanu3aTHUHT yMyMUH XaXMH MeMOpaHaHUHT Xap HWKKHU
TOMOHHJIaTd KWYWK MOJIEKYJIAJIADHUHT OXUPTH MYBO3aHAT KOHIICHTPAIUSICUHU
aHUKJIaII1a"n noopar.

Ternmmu XaxMaard auanu3ar Ba Oup Heuta Oydep anmammHyBHIIaH
doitnaniann0b,  HaMyHajaru  KUYUMK  UQIOCTAHTUPYBYM  MOJJAIAPHUHT
KOHIICHTpAIUsICH MakOyJ €KM axaMHsICU3 Jlapakajlaprada TYIIUPUIUIIN MYMKUH.
Macanan, 200 my nuanuzatra HucOataH | M HaMyHaHd JUad3 KWITAHA,
MyBO3aHaT t03ara KeiaraHuo, Auaiu3jiaHaIuraH MOJIajJapHUHT KOHIICHTPAIUsCU

200 mapra kamasau. 200 ma OydepHUHT HKKUTa MapTa xap Oup y3rapuiiu
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HaTHXKacuaa HaMyHaJard ugaoCcIaHTUPYBUM Moaanap Mukaopu 8 x 10 6 (200 x
200 x 200) raya kamasiau.

Juanu3 ycynu spuT™Ma TapkKuOUi KUCMJIAPUHUHT TaHIa0 yTKa3yBYaHIMKKA €ra
OynraH romka IUIEHKajgap - MeMOpaHajiap OpKajdd HOTEKUC TapKaJIUIIN
KoOunusATHra acociaanaad. MemOpaHa FOBaKJIM IUIEHKA OYIMO, YHUHT TEIIUKIAPU
OpKaJIM KWYUK MOJIeKyjajgap KupuO Oopuiu MyMKuH. Jluanmus ycynm IOKOpHU
MOJICKYJIIp OMpPHUKMaJapHH TMAacT MOJEKYJSIp OFHUPJUKIArd OupUKManapaaH
TO3aJIalll[la, I[IYHUHTJAEK  TOJMMEP  JSPUTMAJIapUHU  KOHIICHTpaIusaIia

KYJUTaHWJIAIH.

Peaxmuenap:
OKCUNHUHZ CY80A2U IPUMMACU,
Hampuii xnopuonune mytiunean spummacu,
0,5% Kymyw HUumpam spummacu,
10% numpam xucioma spummacu,
10% nampuii 2uopoxcuou spummaci,
1% muc cyngpam spummacu.

Yckynanap: npobupkanap, 1nenodas maker; CTakaH.

NumauHr 6opumu

1 -Bazuda unanus

1. TIpoOupkaga TeHr MUKAOpAArd OKCHJI 3€pUTMAcCH Ba HATPUI XJIOPUJ HUHT
TYWWHTaH SPUTMACUHU apajlalllTUPUHT.

2. Taii€pnaHran OKCWJI 3pUTMACHUHHU SIpUM Tyia KUIUO, 1enodaH makerura
KYWUHT.

3. IMakerHn mwmma taékyara ocud, OMp CTakaH NUCTHIUIAHTAH CyBra COJIMHT.
HaTpwuii nonnapu Ba XJIOp MOHJIAPU XAJNTAHUHT AEBOPJAPHUIAH SPKUH CU3UO YTaau
Ba CYBHMHI YMyMHH Xaxmu OVitmua TeHr TakcumiaHamu. Oxcui
MOJICKYJIaJJApUHUHT 1iesioaH TeIIUKIapu ViIuaMuJaH KaTTapoKjIapu XaiTajaa
Konaau. /Inanu3z xoHa xapoparuaa 20 JakuKa JaBOMHJIA aMalira OLIMPHIIAIN.

2.- Basuda CrakaHaaru CyBHHU TaXJIWJ KUJIMII
1. Crakanmaru 1 cm® CYIOKJIUKKA 2 TOMYU HUTPAT KHUCIIOTA SPUTMACH Ba
2-3 TOMYM KyMyIIl HUTpAT 3pUTMacH coauHaau. KyMmyin Xa0puaHuHT
OK YYKMAacH maimo 0ymamm.
2. Crakannaru | cm3 CylOKJIMKKa 5 TOMYM HIIKOp 3pUTMacu Ba 1-2
TOMYM MHUC cyndar spuTMmacuigaH Kyhunnaau. OKcuiiapra Xoc
Ounadia paHr HyK.
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3- Bazuda. XanTauaHUHT TApKUOMAArd MOAIAHU TaXJIHJT KUJIUILL.

1. Xanragad 5 Tomuu 3puTMara 5 TOM4M MIIKOP 3pUTMAacH Ba 1-2 Tomuun
Muc cyndar 3purmacu Kyunaau. [lomunentua Ba MHUC Ty3u OuIiaH
KOMILJIEKC XOCHJI OYIUIIN Ty(ailiin xapakTepsid paHr naiao 0yiaau.

Harumxkanapuu Kaua dTHII
1. NmmauaT OopHIMHA KECKavya TaBcudiad OepuHT.
2. JInamu3HUHT CXEMaTHK PACMUHU TY3HHT.
3. Jlmanu3rada Ba yHJAaH KCHHH IacT Ba FOKOPU MOJICKYJISIp OFUPJIMKIArH

MOJIAIIAPHUHT TAPKAIHIIH TYFPUCUIA XYJI0CA KAJIVHT.

ORCHJI MOTERY. TACH

HMOH

ORCHJI 3PHTMACH

JHAIH3 XAITAa4YacH

|

e

Bydep spurMacn

ApaJamTHpPra4

Ananna

20-pacm. nanau3 ;kapaénm.

OnTuMalIalITHPUII NAPaMeTPJIapH Ba MPOTOKOJIH
Hamyna nuanu3um Hucbatan coxna OynMmiura kapamai, Kyluaarua

napameTpiapra Kypa Oapya gactypiap y4yH YHHBEpCall AMAIN3 MPOLEAypacura

U6 OV IManIu:

* HamyHna xaxmu

* MoJsiekynajnapHUHT yirdamiiapyu TaQoByTH
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» Mmnatunanuran memOpaHa Typu

 luddysus macodacura Tabcup KUIaTUraH MEMOPaHaHUHT TEOMETPHK IIAKIN
byHnan Ttamkapu, DMAJIM3HUHT CYHITH HYKTacu »Xyjaa CYOWEeKTHB Ba aMajuid
xycycusataapra era. lllynaail kuaub, ymyMuid mpoueaypa OonTUMaUIalITUPHUILIHA
Tajaad KWIMIIA MyMKHH.

Huanu3 memOpananapu sa MWCO
Huanu3z wMemOpaHanapu Mojekylsap ofupaukHu deknam  (MWCO)

yerapaiapura MyBopuk umad ynkapuiaad Ba taBcudiananu. 1-1,000,000 x/la
rada 6ynran MWCO 6unan memOpaHaiap coTyBlia MaBxXKya Oyica-aa, acocas, 10
k/la atpoduna 6yaran MWCO memOpananapu »Hr kyn unuatwiaau. MWCO
MeMOpaHacu Auanu3 MeMOpaHacMHU WUUIa0 YMKAapUIl >Kapa€HuAa spaTHiIraH
nopanap COHU Ba ypraya yadyamjaa OJIMHTaH X@KMHHHUHT Hatwxacuaup. MWCO
OJlaTa CTaHJAAPT MOJIEKYJAHUHI 3HI MAcT ypraya MOJEKYJSp OFUPIIUTUra MOC
KeJlaJu, y Y30K MYAJaTiu Juain3 ManTuga MeMOpaHaaa camapalid TapKajaManau
Bann ynutanu® konmau. [Hywgait xkumu6, 10K MWCO 6ynran  ausuiu3
MeMmOpaHanapu onarna kamuga 10 x/la monexkynsp orFupiurura sra OVyiran
oKCWJIHUHT 90% JlaH OpTUFUHM CaKjal oJaaau.

yaun Ttapkuanam kepakku, MWCO wmemOpaHacu aHUK OelruiaHraH
kuiimat smac. MemOpananuar MWCO werapacura skuH OyiraH mMaccacu WHPUK
Mosiekynaigap MemOpanana MWCO ra kaparanja aH4ya KAYUKpPOK OVirax
MoOJIEKyJlajapra Kaparaija CeKMHpPOK Tapkaiaau. bup mosnekymna memOpaHana Te3
tapkamum yuyH oaaraa MWCO napaxacunan kamuaa okcwigan 20 man 50
OapaBap kam Oynummm kepak. [llynnait kunu6, 30 k/la oxkcumam 10 x/la okcunmgan
20 x HOMMHAN AWAIU3 MEMOpaHacHu OpKalu IUaIU3 KUJIUMO aXpaTUIl aMaliii
KUXATJAaH MyMKHH 3Mac.

JlabopaTopusiga Kysuial yuyyH AUalid3 MeMOpaHajiapu ofaT/Aa pereHepanus
KWIMHTaH TEJUII0JI03a €Ku Mypakka® »dupim Tui€HKajgapuaaH TanépiiaHau.
Henmono3ann MeMOpaHATApHUHT XYCYCHSITUHM OWIMIN y4yyH  Ba HILIA0

YUKApyBUMHUHT XaBOJIACUHM KYPUII Kepak.
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Jnanu3 oxatna nuanu3 HAMYaCHHWHT KECWITaH XajlTadaiapuaa €Ku Typiu
dopMaTmarn nuanM3aToOpiiapia aMmaira OMIMPWIagu. AManjard — Juaiins3
MeMOpaHaCHHM TaHJIalll HAMYHa Y4amMura Ba oiilanaHyBYd XOXUIIUTa OOFIIUK.
Huanuz mpybkacu naboparopusa Iuain3 yIyH UILUIATHIAJUTaH SHT KaJWMIH Ba
OJlaTJia SHT ap30H MaKAup. MiaTuiaad onjiuH Halyaiap Kecuianbd, Oup yuyuHu
KUCKWY OMJIaH MaxKamJlaHaJy, CYHrpa OOIIKAa YYUHH HaMyHa OWjiaH TYJIAUPUIIUO,
KUCKHY €pIamMuia MaxKamilaHaau. /Juanuz mpybacu ofatna Xyin €Ki Kypyk Xoiaa
Vpanaau €Kku HaMyHaHU HaWYaHUHT TEJIECKOMUK KaTJiaMu1a Oepuiiaau.
bup Heuta wunuia®d 4YuKapyBUWIAp TYpJIH XWI AUAIA3 Mociamaiapu (€xu
Tuanu3aTopiiap) HU Takiaud Kwiaau. Jluanm3aTopiaap HaMyHa XQKMAHUHT MabIyM
Oup NMMara3oHd YYyH UIUIA0 YUKWITaH OYIuO, HAMyHAaHUHT XaB(CHU3JIUTUHU Ba
ouanuz mpyokacujgaH axpudanapHu YTkazuiiga (ougamaHuIl KyJIalIuruHU Ba
camMapaJIopJIMTUHU OIIUPaAH. YJIApHUHT HT KEHI TapKajraHu: npedopmaTiaHral
GeBAflex nuamuzatopiapuHuHrMaxcynoTiapunuHr A-Lyzer, Float-A-Lyzer, u
Pur-A-lyzer / JI-tpy06a / Tu3manapu XucoOaaHaIu.

Anaduéraap:
1. buccBanrep X. b65 Ilpaktuyeckas sH3uMONOTHS [DIEKTPOHHBIN pecypc] /

X. buccpanrep ; nep. ¢ aHria. — 2-e u3d. (31.). — DaeKTpoH. TeKcToBbIe

naH. (1 daiin pdf : 331 c.). — M. : BUHOM. Jla6oparopust 3uanuii, 2014.

— (MeTtoapl B OH0I0THN).

2. https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%BB%D0%

B8%D0%B7

3. http://www.drau.ru/article/115.html

4. B.U. Pessnikun, B.C. CasiienkoB, U.b.3aBoanuk, B.H. bypap, JI.N.Cymiko,

E.1.Pomanuyk, JI.M.Kapaenosa JlabopatopHbiii IpakTUKyM MO OMOXUMUU

u Ounodusuke http://ebooks.grsu.by/lab_pr_bio/laboratornaya-rabota-2-

reaktsii-osazhdeniya-belkov.htm

CasoJnap
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OKcuiapHy aXKpaTud OJUIIHUHT TUATU3 YCYJTUHUHT MOXUATH HUMaaa?
Oxcwnap [uanu3y KaHaal amainra Omupuiaan?
Jlnanu3 KW y4yH KaHjai BocutanapiaH goiganannann’?

Kanubpnam srpu yu3ufuHu Kakaai Ty3unaan?

A

Kaiicu omumnapens auanusra Spuiuo oyamann?

§15. OKCUJIJIAPHUHI KOHLEHTPALIMSICUHU 2-HA®TO.I-
1-KAPBOKCHUAJBJIEIUJI JAH ®OMJIAJIAHUII OPKAJIHN
AHUKJIALL

Yoy ycyn épaaMuia OKCUJI KOHIICHTPAIIMSICUHA aHUKJIAII Ky BaKT Tajad
ATaad, aMMO Oy yCyJl MMMOOMIIM3AIMA KWJIMHTaH OKCHIUIAD YUYYH KYJJTAaHWJIWIIN
MYMKHUH. AJIJEru OKCUJIHUHT aMuHOTYpyXJjapu Omnan Iludd acocmapam xocun
Kwiaau. OKCUJIHUHT aMHHOKHCIOTanapu O€H3uJaMUH OWiaH alMalluHagul Ba
[lIndd acocaapuHUHT KOHIEHTpaIMsIcH sputMana 420 HM TYIKWH Y3YHJIUTHIA
aHUKJIQHA]IH.

Kepakau 3purmanap

1,2 M 2-nagpmon-1-xapboxcuanoecuo (2-euopoxkcu-l-nagpmanvoecuo, Mr
172,18,, 10 mn 0a 2,07 2)

HHumemunghopmamuo 0,4 M 6enzamun (cuopoxnopuo, 143,6; m. 143,6; 0, 10
M smanonoa 57 2) B34, kanubpraw 3epu yusuunu Kypuus yuyu (cygoau 1 me / mi
JU ) apumma.

Omanon u.0.a

NimauHr 6opumm

Nmmobunn3anusi KUjaMHrad (pepMeHT HaMyHacu auMeTuiadopmMaMul OusiaH
sxmunad oBuaagu, 0,5 mu 1,2 M 2-nadromn-1-kapOokcuaneruara COJMHAIN Ba
XOHa XapopaTtuja TyH naBomuna (14 coar)uaitkarunaam.

TamryBunHu axpatub onaud gumetwinpopmamun Ownan 5-10 mapra Ba
sputma 280 HM 1a Hyp YTKazMalaurad OYIATYHTa Kajap Ba dTaHOJ OujiaH 5 Mapra
axmniad FOBUIAIH.

1 ma 0,4 M GeH3aMuH KyIIMIagu Ba XOHa Xapoparuaa 15 coar maBomuaa
yailkaTuiaau, ueHtpudyranamaad cyr, 420 HMIa CyNepHATaHTHUHT FOTHJIHII

Jnapaxacu Kyhuaarua popmMmysaga aHUKIaHAIH.
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(€490 = 1,09-10* 1-Momb -em™).

Oxkcun mukaopunu b3A Epnammpa Ty3wiran kanuOpaml srpu Oyiinua
Xuc001a0 YUKUITAIH.
CasoJnap

1. Oxcunnapau KOHLICHTPALIUACUHU AHUKJIAIIHUHT HadTomI-1-
KapOOKCHAIICTU TN aHUKJIAIll YCYJIMHUHT MOXUSITH HUMaj1a?

2. Hadron-1l-kapObokcumanaeruaid aHUKIAINl  YCYJWHM KaHJall  amaira
omupuiIagu’?

3. HadTOa-1-KapOOKCHATIETUTH aHUKJIAIl ~ yCyJdu  Y4YyH KaHzaai
spuTManapaad dhoigananaagmu?

4. KanuOprami srpu Yu3UFUHU KakAail Ty3uiaan?

Anaduéraap

1. Kresse, G.B. (1983) Methods of Enzymatic Analysis, Bergmeyer, H.U. (ed.),
pp. 86- 99 Verlag Chemie, Weinheim Scopes, R. (1987).

2. Protein Purification, Springer, New York Stoscheck, C.A. (1990) Meth.
Enzymol. 182, 50-68Thorne, C.J.R. (1978)

3. Techniques in Protein and Enzyme Biochemistry. Kornberg, H.L. (ed.)
B104, Elsevier, Amsterdam, pp.

4. Bisswanger, H., Figura, R., Mischel, K., and Nouaimi, M. (2001)
Enzymkinetik, Ligandenbindung und Enzymtechnologie, 2 edn. Shaker
Verlag, Aachen, p. 71

§16. OKCUJIJIAPHU BPOMIIMAH BUJIAH
PAOJIVTAIITUPUJITAH ATAPO3A BUJIAH BOTJIAL

Maskyp ycyn oxcuiuiap Ba (pepMeHTIapHH (IIEpOKCHa3a, aHTUTAaHATIAp Ba
oomikanap) Cedaposa éxu Cedanekcra UMMOOMIN3AIIMS KWJIMIITHUHT KyAa Kyiai
yCYJIU XUCOOIaHaIH.

Ym0y yCyaHHUHT >KHIIUH KaMUMIUKIapUAaH OMpyu OPOMIIMAHHUHT FOKOPHU

TOKCUKJIMTM OOHMC, IIYHUHT Y4YyH XaMm Tal€p Mapkaid TallyBuWiap/iaH
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doiimananmm  TaBcus erwnaam  (Mmacaman, CNBractivated SepharoseR).
daoIamTHPHUIIT FOKOPH HMIIKOPUH MYyXHWTAa amajira OIIUPUIaad, YHAAa TeITHUHT
TY3WIHIIH Y3rapuIlid MyMKHH, IIYHUHT Y9yH O0apua >kapaCHiaapH Te3aa OakapHiin
Tanal ATUIAIH.

Kepakiu pearentiiap Ba spurMajiap

4B Ceghapozanune 20 mn cysoaeu 6,6 2 6a 3 M NaOH (Mr 40,0; 12 2 ¢ 100
M)

cycneususicu

bpomoyuan (CNBr, Mr 105,9) 0,1 M NaHCO3 (Mr 84,0; 0,84 2 ¢ 100 mn),

pH 8,2 nu y3 uuuea onaou.
0,5 M NaCl Mr 58,4, 2,92 2 6 100 mn) I M enuyun (Mr 75,1; 1,5 2 6 20 mn

cys)
0,1 M nampuii ayemam /cupka kucioma, pH 4,0 0,1 M kanuii hocgpam, pH
7,6

daostamrupuiaran 4B Cedaposzann Taiiépaam

Kyiinaa taBcudnanran amaiaHu SXTUETKOPIUK OMIaH MypuiIn 1ikad octua
TOPTHUIN NaiThaa 6axapui kepak. pH-metp Ba pH-anextpon €pnamuaa Cedaposa
cycniensusicuauar pH kuitmatu 3 M NaOH xymm6 11,2 ra erkasunamgu. bym
KoJiba Tapo3ura ypHaTWiIaJAu Ba TOpTWiIaau; keiimH y yHra 0,67 r kypyk CNBr
COJIMHAU, OPOMIIMHHH 03 MUKJIOPJIard CyB KYIIHO 3pUTHUIIAAN Ba KOJOAHU TUKHUH
OwsiaH Maxkam €nud yalkaTud TypuiIaiu.

Mexanuk (KPG) Owran apanamrupuiiga €Ky nappakiv apajaliTapruyia
OwiaH, (JIGKHH MarHUTJIM OujaH 3Mac) OpOMIIMaH JPUTMACHU acTa-CeKUH Tell
cycnen3usicura Kymuo, pH kuliMatuau qoumuit ky3atud 6opwianu, y (3 M NaOH
Oownan kentupwmiran) 11.2 nmapaxkacuma konumm kepak. Arap pH y3rapuriau
TyXTaca Ba TaXMHUHAH O JaKWKa /JaBOMHIA JIOMMHUN Japaxaga Typca, TelHU
Macasiad, broxHep BopoHKacuaa MyJl MUKIOpJaru cyB OuiaH oBuiaau (1 m),.

OxkcniiapHu 0oFJamn

Cedapo3 (20 M) OunaHdaomIaITUPUWITAH CYCICH3USICH IOBUJIAIU Ba
Vmanya xaxmaaru tapkuouga 0,5 M NaCl caxnaitguran 0,1 M NaHCOg; (pH 8,2)
Oynran spuTMma O6miian 6ofinaHaau, cyHrpa 0,2 T OKCHUIT KYIIHIIa Iu.

Cycrnien3usiHu XoHa Xapopatuaa éku TyH 0yitu 4 °© C na, TaxmuHaH 3 coaT

JABOMUJA CEKMHIMK OwiaH apamamtupwiaad. CynepHaTaHIard 3pKUH OKHII
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MUKJIOPUHHN OOFJIaHTaH OKCHJI MUKIOPUHHM XHUCOOJIAIl yq9yH aHuWKjiIaHamau. Konraxn
peaxiusra KupyuiImMarat 3pkuH rypyxiaapau S mut 1 M rimunus Kymum6 OnokiaHaau
(HOao A TUPUIIAIN ).

['en aBBan 0,1 M nHatpuii anerar / cupka kucinotacu ( pH 4,0), cyarpa 0,1 M
kit  pochar (pH 7,6) Ouman roBunagu. ['enHM cakjam y4yH OXHMPTrU
koHneHTparusicu 0,1 M Hatpwuit azunu (NaN3) conuHay.

Anaouér
1. buccBanrep X. b65 [Ipaktuueckas sH3uUMONOTUS [DIEKTPOHHBIN pecypc] /
X. buccpanrep ; mep. ¢ aHria. — 2-¢ u3A. (971.). — OnekTpoH. TeKcToBbIe
naH. (1 ¢aiin pdf : 331 c.). — M. : BUHOM. JlaGoparopus 3nanuii, 2014.
— (Metoapbl B OMOJIOTUN).
CasoJiap
1. Oxcunmnapau OpoMiiad OWJIaH OOFIAIIHMHT MOXUSITH HUMajia?
2. OxcwimapHu OpoMIaH OuIaH OOFJIaIll KaH1ali amara OIuprIaan?
3. Oxkcwutapau  Opomiman OwimaH — OoFmamiga KaHgall — spuTManapiad
dornananumam’?
4. Peakuusira KHpUIIMaraH rypyxJapHu KaHJal 10JoKIaHaau?

5. Peakmus oxupwuaa reaTHd HUMa OWJIaH FOBUJIAIH.

§17. PEPMEHTJIIAP MUKIOPUHU AHUKJIALI

depmeHTIap - Oy TUPHUK XyKaipanapja XOCHJ Oymamurad Ba TYpPiIH XHIT
KUMEBUN OUpUKMaiapHU  (PaoJIAIITUPUIIT  KOOWJIMSTUTA dra OYJaraH OKCHII
TaOHaTIM OMOJIOTHUK KaTajlru3aTop XUCOOIaHAIH.

depMeHT (aoJTTUTHHUHT Y3Ura X0C XyCyCHATH IIYHAKH, yIap MabiIyM Oup
peakuusiHM  KaTanmusnaad. @DepMeHTIapHUHT  (HAOJUIMTUHU  CyOCTpaTHUHT
VY3TAITUPUIIUIT TE3JIMTH €KW Peakius MaxCyJOTIIAPUHUHT TYTUTAHMII TE3JIUTH
Owran YymyaHaau. byHma >bTHOOpHM MabiayM OMpP BaKT HUWA Y3JIAIITHPUITAH
cyOcTpaT MUKIOpHTa dMAC, OAJIKU JACTIA0KH Y3IATUPWINII TE3TUTHHY YTdalira

KapaTull Kepax.
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@®epmentinap Oyitmua Xankapo OWOKMMEBUN HUTTHU(POK KOMHUCCHUSICH
TOMOHUJAH (PEPMEHTHUHT CTaHAapT (aoIUru OUPIAUTK TyIIyHYacH KaOyl
KuinuHrad. @epmenm ghaonnuzu oupaueu (E) ctannapt mapouTiapaa MUHYTHra
OUTTa MUKPOMOJIHHHI KOHBEPCHICHHH KaTalu3Iaiaurad (epMEHTHUHT MUKIOPU
(pH ontumymu, optukua cyoctpar, 37 €xu 20 ° C xapopardga) MHUKIOpUra
TEHTIUP.

@®epmenTaTB  (HAOJUIMKHU  aHUKJIAII Y4YyH KyWWgaru ycyJulapaaH
dbolnananuIagu:

1. KuméBuii ycyn - KUMEBUIN peareHTiapaan Qoiiiaianrad xojjga cyocTpaTHU €KU
MaxCyJOTJIapHU MHUKAOpUN aHuKnam (O-TIMKO3WITHApPOIa3anapy - KalTapuirad
HIAKapPHU XOCUJI KWINLI OPKaJIH).

2. CnekTpo(OTOMETPUK YCYJ - XapaKTEepiau TYJIKUH Y3YHJIMIHWJIa CyOCTPAaTHHUHT
IOTWIMILMHU  Y3Tapuilld  OpKajlu (PEpMEHTAaTUB pEaKIMs TE3JIUTMHU YIiidall
(;maszanap — Ky 00OF XoCcHJ OYuIm Oyitnya).

3. MaHOMeTpHK yCyl - peakiusi maiThaa YUKaguraH ra3 MUKIOPHUHHU aHHUKJIAII
(okcupazaa - O,, nekapookcunaza — CO, HUHT YHKHUIITN OHIIaH).

4. TlongpumeTrpuk ycyl -  ONTHK  TEpPaHUIIHUHT  y3rapumm  (P-
bpykTodypanocumgaza) Ounan Kai1 STUIA]IH.

5. Xpomarorpaduk ycya - XpoMaTOrpaUsHMHI Xap XWJ TypJjapuiaH
doitnananran xonjaa cyoCTpaTHH €KUM MaxXCyJOTIAPHU MUKJIOPHUM aHUKJIAIL: KOFO3
(kaHD MUKIOPWHM TaXJMJ KHIWII), FONKA Kartiamian (Mypakka0d arIMKOHJIH
rnuko3uaiiap), CyB BSKCTPakTIM CYIOK XpoMmMoTorpadgusi (aMHHOKHUCIOTaJap Ba
OOIIKaTapHU TaXJIWJI KUJIUIII).

Hucouii ¢haonnux 1 Mr oxcwimra TyFpu Kenaauran GepMeHT (Haosuuru
oupnuru conu (E).

buonoruk  oObekTmapgar  (GEepMEHTIAPHUHT MHUKIOPUNA  TapKUOWHU
aHUKJIAIl MabJyM KUNMHUMIMKIAPHUA KEATHPUO UYMKApaau, UyHKH KamJlaH-KaM
xoJlatiapaa, TykuMmanapaa ¢pepMeHTIap axaMUaTU3 KOHLIEHTpauusiaapaa Oyiaau.
Myauar yuyH ¢epMeHTIap MHUKIOPH MyasH KaOysl KWIMHTaH —aHHUKJIaIl

mapouTiapuja KaTaJdu3JIaHIr'aH pCaKUUsAHUHT TC3JIMIUura Kapa6 6aXOHaHaI[I/I.
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OnTuman xapopat mapoutuaa, pH myxutuaa Ba (EepMEHTHHUHT CyOCTpat
OunaH TYWMHTUpPWITaHAAa KaTalu3alMsUlaHTaH pPeakius Te3MUTrd (PEpMEHT
KOHIIEHTpAIUsICUra MPOMOPIMOHANl - MYTAHOCUO Oynamu. DH3UMATUK pPeaKius
TE3NMUTU CYOCTPATHUHI cap(IaHHIl TE3NMUTHd EKU pPeaklus MaxCyJIOTH XOCHII
Oynmum  Te3nurura Kapa® OaxonaHagu. @OepMEeHTHUHI KOHIICHTPALUSICHHU
aHUKJIAII STUII Ba YHUHT MUKIOPUHU OuiiaH O6axosnam yuyH depmeHTiap Oyiinya
Xankapo OMOKMMEBHUI UTTH()OK KOMUCCHACH CTaHAapT Xainkapo oupiuk (E Exu U)
HM TaBCUs OTraH: Xxap KaHmail ¢depMeHTHUHT daourd Oupnaurn e,
(epMEeHTHUHT MakOyJ mapoutaa 1 MUKpOMOJ CyOCTPATHUHT KOHBEPCHUSICUHU EKH
XOCHJI OYJIUIIMHYM KaTaJIW3JIaiIuraH MUKIOpH €KH Oup Nakukaga 1 MUKpoMoIl
MaxcyJoT (MKMMOJIb / MUH) TYIIYHUJIQIH.

Xankapo Oupnuknap TU3UMHHHUHT (XbB) >KOpuil KUIMHUIIM MyHOcCaOaTH
owiaH, (epmeHT QaoMruHUHr sHrU udogacu karammap (kat, kat) taxmud
kuinHau: 1 kar - 6y 1 ¢ (1 mon / ¢) BakT mMoOaiiHuga 1 mMojira TEHT Te3IuKIa
peakiusl YTKaszuilra KoAup KaTaauTuk daouumkaup. Xaiakapo oupiukau (U)
KaTanra HucOaTaH Kyiugaruda udoganam MyMKUH: 1 kat = 1 Mot * ¢ - 1 = 60 mon
eMu 1 =60+ 10°mkm * Mun ' =6+ 10" U, éxu: 1 U = 1 mMkmon * mun "+ = (1/60)
MkMon ¢ ¢~ = (1/60) mxkar = 16,67 uxar. Ilynmait kum6, 1 U depmentn
MUKI0pU 16,67 HKaTra TYFpH Kenaau.

bynnan tamkapu, pepment aommrunu 25 © C xapopataa, ontumai pH Ba
cyOcTpaT KOHIICHTPALUACUHUHT TYWMHTUPUII KOHIICHTpauuscura HucoaTa
KaTTapoK OyiraH MmapouTHAlIYall TaBCUs ATWIaAU. YOy XoJaTiapaa TE3JIHK
cyOcTpatra HHCOAaTaH pEaKIUSHUHT HOJI TapTUOWra TYFpu Kenaad Ba (akat
(epMEHTHUHT KOHIICHTpAIUsACUTa OOFIHNK OYaau.

Amanuérna gepment (aomummruayd udopanam y4yyH KyNuHYa HUCOWM Ba
MOJISIp (paoJUTMK TYIIYHYAJIapu 3PKUH paBuUIaa KyaHuiaaun. depMeHTHUHT
HucOui (aommuruau onatna 1 mr oxcun (€ku 1 kr ¢aosi OKCHI ydyH KaTajuiap
COHM) ra HucOatan ¢depMeHT (Qaomuuru OUpIMKIApU MHUKIOpH cudaruga

udoananau.
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depMeHT TYIUK cyOcTpaT OwWiiaH TYWHMHUII BaKT OWPIMTHAArH PEaKIIHs
xapaéHuga OuTTa GEpMEHT MOJIEKYJIacH TOMOHHUIAH MaxCyJoTra allaHTUPUIITaH
cyOCTpaT MoOJIeKyJaJJapuHUHT MUKJAOPH ofaTAa (pepMEHT aiaHMallapu MHUKIOPH
¢ku wmoisip Qaoyuuru ned aramaau (MoyiAp KaTanuTuk (aommuru 1 r-Mon
¢depmeHTra Hucro0aTaH Katajuiapaa udopanaHaaun). MacanaH, SpUTOLUTIAPHUHT
KaTanazacuHu Outra wMmoJiekyinacu 44000 Mojekynaa BOJOPOJ TMEPOKCHIUHU
napyajamnra KoJaup.

@®epMeHT Gao/VITMITMHA MUKIOPUH AHUKJIAL PUHIUILIAPU

®epmeHT (aourd  (PEepMEHT CakJIOBYM MATEPUAIHUHI MHKIOpUTa

HUcOaTaH CyOCTpaTHHHI cap(UIaHHUIIM Ba MaxCyJIOT TYIUIAHWIIK TE3JIUTHjIa

ndoaananay.

Maxcy/10T éKu CyOCTpaT MUKJOPHU

CDepMeHT q)aOJIJII/IFI/I -
Bakr 6upsiuru x HamyHaHUHT MaccacH éKu XaXXMHU

Amanna, ynap oaatna KyWuaarmiapHy UIUIaTUIIA
MOJIJIAaHUHT OMPIIUTH - MOJI (Ba YHUHT XOCHJIaJIapy MMOJI, MKMOJI), TpaMM (KT, Mr),
BaKT OUPJIMKIIAPH - JaKUKA, COAT, COHMSI,
Macca €KM XaxM OUPIIUTH - TpaMM (KT, MT), JUTP (M).

Boiika xocunanapaan xam ¢aos doitnananmianu - katai (Mo / ), XaJlkKapo
daomk oupnuru (Xb, Unit) - MKMOJI / MUH ra TYFPH KEJIa/Iu.

ynaait kKunub, GpepMeHTHUHT (aoJUIUry, MacajlaH, MMOJI / ¢ X J1, T / coat X
1, Xb / n, karan/ mu Ba Oomkanap Ouiaad udogamaHuid MyMKiUH. MacanaH, 1 T
nencud 6mp coaT nupAa 50 Kr TyXyM OKCHJIMHH Tapyalalld MabiIyM - IIyHHUHT
yuyH yHMHT (aomumru 1 r depment yuyn 50 kxr / coar O6ynmaau. Arap 1,6 r
MUKIOpUJIaTH CcyJaK coatura 175 Kr KpaXMalHM napyaiaca, cynakgaru | r
cynaknaru amMmuiaazaHuHr daosumru coatura 109,4 Kr kpaxMaaHu TalTKWI KUJTaau.

OnuHraH HaTWXKAJTapHU TaKKOCHAIl YYyH CTaHAapT [IAPOUTIAPHH
spaTUIaan
TypJiu JabopaTopusiiapja - ontuMman pH Ba myaiistH xapopar, Macaias, 25 ° C éxku
37 ° C, cyocTpatHuHT (pepMeHT OuiiaH MHKYOAIWsl KUJIUIIT BAKTUTA aMajiail KAJTUIIT

KaOwiap nHOaTra OJIMHAIM.
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Oputmagarn (pepMEeHT MOJIEKYyJaJapUHUAT Oapyacu WNLIANIN  YIyH

cyOcTpaTHU OpTUFH OmiaH Oepuiaiu.
Karana3za pepmentu (paosinrmHu aHMKJIA yCYJUIapPH

Karanmuza dbepmenTn XoM cyTaa, ailHMKCa OFU3 CyTH (Tajuia) Ja Ba MacTUT
OwJiaH KacaJUlaHTaH XaWBOHJApJIaH OJUHTAH CyTAa KYyI MHKIOpJA Y4pauau.
Karanaza myHHHTIEK oaM Ba XaiBOHJIAp KOHKJIA Ba Xap KaH/Iall YCUMIIMK XxaM/a
XaWBOHJIAPHUHT TYKUMaIapuia XxaM MaBxKy 1 0yin0, OpraHu3MHUHT aHTHOKCHIAHT
TU3UMUHUHT TapkuOWil Kucmiiapuaan Oupu xucobOnmananu. Kartamaza pexuwusina

BOJOPOJI IEPOKCUHU CYB Ba MOJIEKYJISIP KUCIOPOAra aXpaJTulINHU TabMUHIIANIH.

KaTaJia3a

2 H,0, ————2 H20 + 02

Karamaza ¢aommurn MUKIOpH MyaisiH TaXkpuOa MIapoWTIapHaAa BOIOPOJ
nepokcuaHr 30 MUHYT MUMAa mapyajiamra capdiaaHagurad MAJIUTPaMM MUKIOPU
ownan udoaanaHaIu.

Boopon mepoKCUAMHUHT MaBXYJIUTHHU aHUKJIAIl YHU YYyH KHCJIOTAJIA

MYXUT/Ia KaJIMi IepMaHTaHaT SpUTMacu OWIaH TUTpPJIaHATU

5 H,0, + 2 KMnO, + 3 H,SO, => 8 H,0O + 5 O, + K,SO, + 2 MnSO,

CyT Tapkubuaaru Karajaasa (paoJIMTMHU AHUKJIALI YCYJIH
(A.H. bax Ba C.P. 3y0OkoBa)
Taoxuxom mamepuannapu 6a peaKkmuenap.

Xom cym, 2 kxappa cyiloimupuraou (5 ma cym 5 wmn cyé oOunau
apanaumupuiaou),

1% 600opoo nepoxcuo spummacu,

10% cyagham xucnoma spummacu,

0, 1 H kanut nepmaneanam 3pummacu.

Yexynanap. 100 mn konuk xonbanap, 5 Ba 10 M, 1 Min 1M TpagyupiaHTaH
MUIeTKanap,

AHuknaw sxcapaénu.
WkkuTa KOHUK KoJibanapra 7 Myl JaH JUCTUJUIAHTAH CYB COJTUHAIN.

Keitnn ynapnan 6upura 1 mit 2 MapTa CyrOATHPUITaH XOM CYT KYIIUJIAIH.
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bomkacura 1mn cyronTupwiraH, JE€KWH OJIMHIAAH KaWHATUO OJMHTAH CYT
KYIIWIagu.

Nkkana konbara 1 mi nan 1% Bogopoa NEPOKCUAN SPUTMACH KYIIMIIATU Ba
30 makukara KOJITUPHUIAIH.

Karana3 tabcupunu TyxTaTuim ydyH xap Oup kosbara 3 mu 10% cyndar
KHCIIOTa KYIIWiIaau Ba KojiraHn Bogopon mnepokcuauau 0,1 H 1u  xanuid
MEepMaHraHat »pUTMacd OW/aH OY-MyIITH PpaHr XOCUJ OYyiryHra Kajaap
TUTPJIAHA]IH.

Hazopar Ba Taxpuba BapuaHTHHU THUTpJaml Yypracumaru ¢apkka Kapad
KJIMM TIepMaHraHaTHUHT MUKJIOPUHU TONMHO, PEepMEHT TabCHpHA MapyallaHraH
BOJIOPO/JI TEPOKCHUITa SKBUBAJICHT MUKJIOPUHHA XUCOOIaHAH.

MucoJa. Autainuk, Hazopar HamyHacuHH TuTpjam yuyH 8 mu 0,1u KMnO4
sputMacu capdianau, Taxxpuda Bapuantuaa sca - 2 mi 0,1 H KMuO4 sputmacu
WIUTATUIIH.

1 M1 2 mapTta cyronTupuiIagural CyTAaru Karajiasa TabCUpUIa MapyajaHraH
BOJIOPOJ MEpOKcUau MuUKIopu 8-2 = 6 mia €éku 6-1,7 = 10,2 mr (1 ma 0,1 H
KMnO4 sputmacu 1,7 Mr Bogopoa mepoKCuaura TeHr) oOynaau

bynnan xenu6 umkaauku, | M XoMm (CyrodTHpUiIMaraH) CyT TapKuOuaa
katanaza mukaopu 30 muHyT muuga 10.2x2 = 20.4 mMr BoAOpOJ NEPOKCUIUHU
napyasaiira Koaup 0ynanau,

KapromkanuHr karanasza ¢haouTMIMHA aHUKJIAII

Taokukom mamepuannapu éa peaKmuenap:

Kapmouwka,
1% 6000p0o0 nepoxkcuou spummacu
10% cyngham xucnoma spummacu,
0,1 H kanuu nepmaneanam 3pummacu.
Yexynanap. 100 mn au ynuos konoanapu éa 200 mn au KOHUK Konbanap, 5 ea
20 mn epadyupranean nunemKalap, 60poHKaiap, bropemxkanap.

AHHUKJIAII )KAPACHUHT OOPUILHN.
1 r xoMm KapTomikara acta-CceKuH 2-3 Ml CyB KymMO KBapl KyMH OujaH

MaianaHaan, KBapl KyMH.
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MyXUTHUHT KACTOTAJMTUHU KaMaWTUPHUII Y9yH TOKH KapOOHAT aHTHIPHUJ
nydaxvanapy YUKUIIN TYXTaryHya IInaTeN yunaa Kadiuid KapOoHaT KYIIUIaIu,.
Maiinananran mMaccanu ym4oB kosibacura ojguHagu Ba 100 mi xakmra eTKyHra
KaJap CyB KyIIWIaau.

Apanammvann 30-60 gakukara KOJIUPHIIaIN.
Keitnn xkatnamiu Guatp opkaiu GuiaTpiIaHaau.

Hkknra 200 M 1n KOHUK KonOanapra yidoB nurerkacu Ounan 20 M aaH
OKCTPAKT cCoNMHaAU. butrracuHu KalHam jgapaxacura oiaub  Oopuiiaau
(Hazopatnaru HamyHa).Mkkana konbara 2 mia 1% mau BOJOpOJ MEPOKCUAM COJIUO,
xO0Ha xapoparuja 30 MUHYTTra KOJAUPUIIAIN.

Keitun xap Oup kosibara xarajga3z TabCUpUHHU TYxTaTuil yuyH 3 mi 10%
cyldar KUCIOTacH KYIIUJIAau Ba BOJOPOJ MEPOKCUIAMHUHT KOJIAUK MUKJIOPUHU
0,1 H xanmuii mepmaHraHaT spuTMacd OWJIaH O4Y MYINTH pPaHr Maigo OYiaryH4a
TUTPJIAHA]IH.

Hazopar Ba Ttaxpuba tutpianuiap ypracujmard Qapk OpKaid Kaaui
MepPraHraHaTHUHT BOJOPOJI MEPOKCUIHU (HEPMEHT UINTUPOKHUIA MapyalaHUIINra
TEHT OYJIraH SKBUBAJICHT MUKJIOPHU TOMMIAIN

MucoJg. Hazopat HamyHacuHU TUTpJaIl yuyyH 8 mi, Taxkpubara - 2 mi 0,1 H
KMuO4 »spurmacu capdnangu. Kartamaz ToMoOHUJaH mMapyajiaHraH BOJOPOJ
nepokcuau Mukaopu 8 - 2 = 6 M €ku 6 x 1,7 = 10,2 mr (1 v 0,1 1 KMnO4
spuTMacH 1,7 Mr BOAOpO/I MEPOKCUIUTA SKBUBAJICHT) OYaau

Hemak, 1 r xom kapTolikaaa
30 munyt nuuga 10,2 x 5 =51 mr Boopoa nepoKCcuI mapyaiail XyCyCHUsITATa 3Tra
OynraH Katajia3 MUKIOpY MaBxyx OVianu.

[ynai Kuaub, peKIus TeHriIaMacu Kyruuaaru KypuHuIira ara oyiaau:
m (H,0O,) = (Vua3opar — Vraxkpu6a) x 1,7 x 5
0y epoa:
m (H;0,) - Bomopon mepokcHI mapdyajail XyCyCHUsATHUTa dra OyjiraH Karajas

MHUKJIOpU
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V yasopar = Ha30paTaaru dputmanu turpaamra capd 6ynran 0,1 # KMnO,
DPUTMACUHUHT XAKMHU

V taxpuba - TaxpuOagard 3puTMaHU TUTpiamra capd OyiraH 0,1 =
KMnO, sputmacununr xaxmu 1,7 wmr 0y 1 mun 0,1 1 KMnO, spurMacuHUHT

BOIOPOT IICPOKCUANUTA SKBUBAJICHT MUKIAOPHU

Anaduéraap:
1. neiikun A.I'., CxkopuoBa H.H., bmangos H.H. Ilpuxknagnas
su3zumosiorus. — CI16: Yausepcurer U'TMO, 2019. — 160 c.

2. http://www.piboc.dvo.ru/structure/ext labs/met/activity.php

3. P. AnumoBa Kummox xyx)anuk Yycumnmkiapu Ouokumécu (aHuman
1abopaTopus MalIFyJIOTIAPH.
CaBosiap
1. ®epmeHT Qaosuru Oupauru 6eranjia HUMaHu TyIIyHacu3?
2. Hucbuit daomnuk kangai ymuanaau?
3. ®epMeHT  GAOJIUTMHM  MUKIOPUN  aHUKJIAII  MPUHIUITIAPU
HUMajapaH nbopar?
4, KapromkaHuHT Karaja3a (aoJIMTMHU aHMKJIAIl KaHdal amanra
omupuiIagn’?
5. Cyr Ttapkubuparn  Karanaza (aoOJUIMTUHU AaHUKJIAIl YCYJWHHU

TYIIYHTUPUO OCpPUHT.

§18. DEPMEHTJIAPHU HEUJIOH IIAPUKJIAPTA
MUKPOKAIICYJIAJIALI

HEWJIOH KOIITOKYAJIAP
MHUKPOKACATICYJIALUSIJIALLL

CunteTuk monuMepnap (QepMeHTIapHH WMMOOWIM3AKS KUJIUII YYyH
MaTtpunaiap cudaruga KEHr  KYJJIaHWJagd. OHr  KYI  MIUIATWIAIUTaH
nojavamMujjiap, MOJuecTepiap, MNOJUATUJICHIAp Ba [MOJUMBUHWI  COUPTIIAP
xucobnanaau. I[lomuamunnap guamunnap OwiaH anupaTUK JUKAPOOKCUIIMK

KHUCJIOTAJIAPHU TMOJUKOHAEHCATIal Wynu Ouian omuHanu. Kymuumnuk xosutapaa
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KEHT KYJUIaHWJIQJWTaH TEeXHUK TMOJUaMUJA - HEWIoH xucoOmanamu. Heitnon- Oy
XOCHJI OYNTaH y3yH 3aHKUPJIM TOJHMEp OYIuO, SKBOJISIP MUKIOPIArd aJIUITHK
KHCTIOTa Ba JUAMHUHOTEKCaH (TMOJWreKcaMeTwsIeH amumnamua, 6.6 - mommamun; 6
paKkamM# KHCJIOTAaHWHT XaM, aMHHHUHT XaM 6 yriaepoJ aTOMHUJIaH UOOpaTIMTHHU

OWIIMpa i) HUHT KOHJICHCAITUSCH HaTHKacua XOCHII OYymain.
n HOOC—(CH,),~COOH + n H,N—(CH,).-NH, — >
— > [-NH-CO-(CH,),~CO-NH—(CH,)¢1,

Helinon umnap TYFpUAaH-TYFpU SPUTHIN WYIM OusiaH Tal€pliaHanau; yiap
IOKOPH DJIACTUKJIMK Ba KyBBaTra sra. HeilsloH TamryBumaa MMMOOMIU3ALMSHUHT
ad3aJTUTH YHUHT MUKpOOIap Ominad udaociaHUIMra HucOaTtan 6apKapopiauru Ba
HUCcOAaTaH IKOPHU Japaxkaaa ruipodoOouruamp.

[TonmmamMun-6 (mepsioH, AeAEepOH) OJIMII Y4yH, (akaT OWUTTa KOMIIOHEHT —
KanpoJyiaktaM KepakOymanu. Y a-aMHUHOKANpOWK KHUCJIOTa XOCHUJ KWJIUII Y4YyH
CYBHU OUPUKTUPHUO, AMUHOKAMPOH KUCJIOTA XOCHJI KHJIaIh Ba OOIIIKA KalpoJiakTaM

MOJICKYJIaJIapHu OuaH IMOJIMMEP XOCHUJI KI/IJ'H/I6, KOoHACHCAaTIaHaaAu. aiu

€-KarpoJjaKkTam ﬂ» n H,N-(CH,);-COOH ——>
— > [-NH-CO-(CH,)s—],
Ymly nonumep HILKOpJIapra uujamid, aMMO KHCJIOTajlapjaa 3pHuilau.
Helinon TtamyBumiapaa (epMeHTIIApHM WMMOOWIM3ALMsIIAIL aCOCaH IOJIUMED
103acHra KarcyJnaiaml €K1 agcopOcHsuiall opKajiu amanra omupuianud. KosaneHrt
Oofnamr  ydyyH Moc Oynran (QyHKUMOHan Typyxjap (akaT MoJuMep
3aHXKUPJIAPUHUHT y4Japuaa *KOWJIAITaHIuTy cadadin OOFIaHMII KUHUHIIAIIA]IH.
Oxopu  3uunmMkaary UMMOOWIHM3aLUAra SPUIIMII yUYYH HMKKUTa MYKOOWII
cTpaTerusi KyJUlaHWIaJu. ByHUHT ydyH KHUCJIOpOJa €KU a30THUHT OYJIMHMAaraH
AJIEKTPOH Ky(PTIIapU PEaKTUB TypyXJapHH KYIIUIIIA UIITUPOK €TUIITH MYMKHH.
[y Owuman Oup Katopaa, TMOJIUMEP MOJEKyJacumaru 0O0ab3u amMuj

6OFJIaHI/IIHJIapI/IHI/IHF KUCMaH IMapYaJaHUIl MYOJIaKaCUHU g’TKaSI/IJIca, HaTv»Xazaa
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YHJIa UMMOOWIHM3AIMS YYyH HILIATHIAIIA MYMKHAH OViIraH 3pKHH aMHUHO Ba
KapOOKCHJI TYpYXJIapy XOCHJT OYIaI.
[TonmuMepHHUHT TapyYaTaHWIIUHU OJJAWHHU OJHII yYyH KHCMaH THAPOIIU3

KWINII KaThUM HAa30paT KUJIMHAIUTAH IapoUuTiapaa YTKa3uiaam.

NmauHr 6opumm

Tapkubuna ¢depment Ba 1,6-muamuHOreKcaH OYiraH spUTMalapu TEHT
MUKJIOp/a apaTaliTHPUIaIN

Cyurpa xocuia OyiaraH HEWJIOH KONTOKYaJIapHU OWp-OMpura TerMaciauru
yUyH WIpul &€paaMuja acTta-cekuH cebaummauxiopun (10 mxm) spurmacu
TOMYMIIA0 TOMU3WIAIHN.

5 MUHYTJAH CYHT, OopraHuk ¢aza Oy3ujiagu Ba OpraHUK SPUTYBUUHHU TYIUK
OyrnaHummaan cysr, kancynaiap 0,05 M kamuit ¢pocdar, pH 7.0 na 0,9% NaCl
pUTMacH OWIaH IOBUIIA]IH.

Anaduéraap
1. Chang, T.M.S. (1976) Meth. Enzymol. 44, 201-218.
2. buccsanrep X. b I[lpaktuueckas sH3uMoNIOTHs [ DIEKTPOHHBIN pecypc] / X.
buccpanrep ; mep. ¢ aura. — 2-e u3A. (91.). — DneKTpoH. TeKCTOBbIE NaH.
(1 aitn pdf : 331 c.). — M. : BUHOM. JlaGopatopus 3uHanmii, 2014. —
(MeTtoast B OMOJIOTHH).
Casoaap
1. Heiinon y3u Huma?
2. Huma yuyH depmeHTIapHE MIMMOOMIIaNIia HeMoHAaH (oiaananunamu?
3. @epMEHTHH  HEHWIIOH KONTOKYalapra >KOWjaml KaHgai Imapoutiapia

YyTKa3mmaan?
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§19. DEPMEHTJJIAPHU ITOJIMAKPUJIAMMU/ I'EJITA
KUPUTUII

[Tonmuakpunamus reiapu HadakaT OKCHILIAPHU AJIEKTPOPOPETHK a>KPaTHIL
y4yH, 0K UMMOOUITU3AIIMS YUYH XaM KyJutanwiaau. [lonuakpuiaMuIHUHT Y3YH
nonuMep 3amwxkupiapu N,N-meTuiieHOMcakpuilaMUIHU Yy3apo OOFjall opKald
OOFJIaHraH (21-pacwm). [Tonumepusanus peakuuscu N,N,N-,N--
terepameTundTWIeHIuamMud (TEMED) Ba amMmonmii mepcynbdaT HIITHPOKHIA
GommaHamM. Y3apo OOFIAl areHTH MHKJAOPHHH  Y3TapTHPHII  OPKAJH
(epMEHTHUHT redl TOMOHHMJIAH MaxkaMm TyTHO TypWJIMIIM Ba cyOcTpariap xamzia
MaxcyJnoTiap (aoa Mapkasra, yHJaH Tamkapura MGG yHaupIaHUuII TabMUHIIAIIT
YUYH TeJl TOPAJIAPUHUHT YITYaMUHH OOIIKAPHIL MyMKHH

Kepakau pearentiiap Ba spurMajiap

Axpunamuo (Mr 71,1)

N,N'-memunenbucaxpuramuo (Mr 154,2)
N,N,N,N'-memepamemursmunenouamun (TEMED, Mr 116,2)
Ammonuit nepcynogham (Mr 228,2; 10% cysoaeu spummacu);

0,1 M Tpuc-HCI, pH 7,2

0,1 M xanuii- poccham, pH 7,5 nune aneu mauépaanean s3pummanapu
Depmenm spummacu (8 ma oa 8 me 0,1 M Tpuc-HCI, pH 7,2)

NuHuHr 0opumm
8 M pepment spurmacura 1,5 r akpunamuz, 80 Mr MeTHIIeHOMCAKpUTIAMUI,
10 mxn TEMEJ] Ba 30 mxn 10% ammonuit nepcynbdar kymuminaau. byHna
peakuuoH apanamma 37 °C xapoparna OYIWIIM Ba KM3UO KETHUIIIAH CAKJIAHMIII
kepak. [Tonmumepusanusa TaxmuHan 20 makuka maBoM dtaau. KelinH ren ckanmen
Oownan Oynaknapra 6ynunaau, yura 10 ma pH 7,5 6ynaran 0,1 M kanmit pocdar
ApUTMACH, KYIIIUJIaAW Ba KeHWH OyeHep Epaamuaa Maiigananany. ['ensb 3appanapu

BapOHKaJa y4 MapTa IOBAJIAAW Ba TaXJIWJI KHJIWII YUYYH HIJIaATHIadH.
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H>C —CH—C
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/NH
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X HQC——CH—C\/ + ¥ H2C\
NH»> /NH
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TEMED
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O O
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_H>C—CH>,—C _CH>—CH—C CH,—CH,—C
[Tonumep ™~ N N\
H N\ NH-TTomumep
DepmeHT CH>»
/
O
I[Tonumep O N
“~H>C — CH>—HC? CH>—CH>—C N\ 4
2 2 \HN/ 2 2 \ CH>—CH>;—C

o NH-IToaumep

21-pacM. AKpWwiIaMi Ba MeTWIEHOMCAKPUJIAMUJAAHUHT OUPrajukaa
NOJIMMEPJIAHMIIN HATHKACUIA XOCHJ KWJIMHIaH rejira (pepMeHTHUHT
KUpUTWIHIIHK; X Ba Y — cTeXuoMeTpuk ko3 duunentiap.
Anadouér
1.buccBanrep X. b IIpakTuueckas sH3UMOIOTHS [DIIeKTpOHHBIN pecype] / X.
buccBanrep ; mep. ¢ aHn. — 2-¢ u3a. (971.). — OnekTpoH. TekcroBeie maH. (1
daiin pdf : 331 c.). — M. : BUHOM. Jlabopatopus 3nanuii, 2014. — (Metozas! B
ouonorun).
CasBoJiap
1.TTonmmaxkpuiiaMu i Tell JeTania HAIMaH!u TYyITYHIUHTH3?
2.Huma yuyH @QepMeHTIIapHd MMMOOWJUIAIAA TOJIUMAKPWIAMUA — TelUIaH
dornananunagu?
3.Ilommakpunamua renra GepMeHHH UMMOOWIIIAIT JKapaéHU Ta(CHIOTIapUHU

EpuTtrO OEpHHT.
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§20. IOPACHU3 HINIIA IOZACUTA PEPMEHT/TAPHUHI
KOBAJIEHT UMMOBWIN3AIIUACHU

[lopanapuHuHT ymyamMu Ha30paT KWIMHAIUTaH muiia oiHa (Bioran®) - Oy
MaxcCycC pUTHIIraH Iuia 6ynub, Oy MUKpoIopagapyd MaBXy Uy Tyailiin karra
CUpT MaiijoHura era. Ymly muma oHHa (aoalITUPWIral — XoJijaa
UMMOOWIM3AIUs  YTKa3uIl Y4YyH TaW€piaHrad Imakiaga cotwiaaud. Kyimmaru
Taxkpubana 46 HM XaKMJary nopajil OMHalIap Ba CUIOKCAH KYIIpUKYaJIapu OpKaJIn
YHUHT [03acura OOfJIaHraH TIIMLEPUH MOJIEKYJIalapy KyJTaHUIIA IH.

Meranepuonar TabCHUpUIA TIUILEPUHHUHT aJIKOTOJ TYpPYyXJapH ajJieruj
rypyxJjapura kajgap okcuanaHaau (22-pacm). CyHrpa, n-QpeHWICH-AMAMUH
kymmnumy ounan [udd acocnapu xocun 6ynanu Ba HaTpuit Ooporupuj Ouiian
KaWTapuInIIM HaTHXKacuaa OOFJIaHUIIHUHT OapKapopIiallyBUra SpuIiniaaan. A3or
KUCJIOTaCH MaBXyJ OYylIraHjga, amMuUHOTYpyXJap B JHA30HUNA KaTHOHJIapura

allma”aay, yjaap OpKajy TUPO3UH KOJIIMKJIAPU acOCH]Ia OKCUII OOFJIaHaIu.

Kepaknu peacenmaap ea spummanap

fosax nopanapu ymuamu ounan 6owkapuraoueaw ounanap ((Bioran®) -
Bioran®-CPG, Pierce Chemical Comp. Rockford, IL, Schott Glas, Mainz,
Germany).

NalO4 NaBH

4 n-Denunenouamun

0,1 M kanuii pocgpam, pH 7,5

Depmenm spummacu (1 me/mn 8 kanuu pocghamoaeu 0,1 M, pH 7,5)

Inma konrok4yanapHu ¢GaosiamTHPHULI

[Muma xontokuwamap (1 r) 100 M naum TyOM naymManok kosidarara
xoimamrupwiaan Ba yinapra 70 mur cysma 91 mr NalO4 caknoBum seputMacu
kymmnau. Konbamapuu potopnu Oyrnatkuyna 1 coatr maBomuga 0,3-0,4 Oap
0OCHM OCTH/Ia ATAaHTUPYIIAIHN.

OnuHran anaeruj rypyxJjapu OyiraH mmuiina KomTokdaaap Oup Heua mapra
cyB Owman toBwiaau (ymymuit xXaxmu 350 wmm). Keliun ¢nakongaru
KOIITOKYaiapra
77 mr n — peHunenauaMuH cakjoBun 70 mi cyB kymuiaay Ba gaakod 0,3-0,4 6ap

OocuM ocTHIa alJlaHaJuraH poTopiau OyfnaTkuyjaa annaHtupuiagud. 20
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nakukanad cyHr, 7 mr 7 mr NaBH4 kymunanu, ssHa 60 nakukagaH CYHI peakuus
TYXTaTUJIaAM Ba KONTOKYanap cyB OuiaH (Xap cadap 20 mi maH) Oup Heua MapTa
IOBUJIAIH.

Kennn xonrtokuyanmapra 88 mu 2 M XJOpuUI KHCIOTaCMHU COJIMHAJIH.
Konbanu my3 xaMMomuia aijaHTUpuiIaau, Oy uirHu kojoa tapkuodumaaru 0 © C ra
KaJap COBYTr'yHUa JaBoM 3Ttupuianu. 20 nakuka gaBomuaa 1,12 r NaNO,l kuuuk
KHCMIIap OWMJIaH acTa-CEeKUH KYTTUIIa/IH.

CwiMKoH  KYNpuUKYajdapu OpKaJIM  oOWHara  OOFJaHraH  TJIMIEPUH
KOJIMKJTAPUHUHT JaBPUH OKCHJUTAHWINN TMAWTHAA aJIeTHI TYPYXJapUHHHT
TITaKJUTAHHIIIH.

ByHuHr yuyH Kyiuaaruiap Oaxxapuiaiu.

o @enunenaunamuH Tabcupuaa [ludd acocnun maxkmwranTUpUII.

o Iludd acocnmapunu THKIAIIL.

O AB3OT KHCIIOTacH TabCUPHUA TUA30HUM KATUOHJIAPUHUHT IAKIIJIAHUIIIH.

o BakyymHu KymmaciaaH KoJiOaHUM aWJaHTUPHO KylMMYanap KYIIHUIILIap
opacuJary JaBpJia THPO3UH KOJAUKIAPU aCOCHAa OKCHITH KMMOOUITU3AIINS
KHUJTHIIL.

CyHITM KUCMMHU KymraHgaH cyHr, wuaudm 10 makuka — JaBoMujia
almaHTUpuIaau, YHAAH a30T OYFJIApUHUHU OJMO Tamuiam y4yH CyB CEKHH
OKaauraH Hacocra (taxmuHal 20 mOap) yna0 Kyiunaau.

Cuprtuaa nqua3oHui KaTHOHJIAPHU XOCKJI OYJTaH Imapyanap y4 mMapTa (xap oupu
20 mut) My3JI1 CyB OWJIaH FOBWJIQIM Ba JAapX0J UMMOOUIU3AIUS YIYH UIILIATUIIA U,
NmMmoOunuzanus KWauiigan oJiiuH, konTokyaidap 4 °© C xapoparna cakjJaHUIIN
Kepak Oymanu.

depMeHTIAP UMMOOWIU3AIUSICH

25 MI1 XaxMIIH Kostbaaru KkonTokdanapra ¢gepment sputMacu (10 mi 0,1 M
kanuii pocdar, pH 7,5) xkymmmnanu Ba konbanu 4°C na Ty naBomunaa (12-16 coar)
cexkuH ainanTupunaau. Keitun mapuanap yu mapta 0,1 M kanuii ¢pocdar, pH 7,5

Oynram (xap Oupm S5 wu1) osputmacu OwnaH roBuiaan. MmmoOunuzarms
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camMapaJiopJIuruHu  0axonamr ydyH CyNepHAaTaHTOArd OSPKUH  OKCHIJIHUHT

KOHIICHTPAIUSICH Ba PEPMEHTHUHT (DAOJITUTUHN aHUKJIaHA M.

?-C“:-C”l
H:(‘—C.H;—O—Slzi—cH_~—CH_~—CH;—NH.~
, 0-CH3-CH; groteth
Crexno %Si—GH I =U.[H:|I[ﬂ%Sj_o'sj_CHz_CHE_CHZ_NH:
I
0-CH,-CH;
Cl
(8]
o 0-CH,-CH;
|
NO, }sa-o-s.lj-cHz-CHg-CHz—NH
. MTHma 0-CH:-CH; NO;
o
0-CH;-CH;
Naz$:0, 5i (}:g.l' CH;-CHz-CHz-NH
I M 1Iema | = Si-O-§i-CHz-CHz-CH.-
0-CHz-CH; MH:

O
O-CH>-CH;

NO* |
M1 Hma %Smasli-cmumg-cm-mn

c

O-CH:-CH;

[
O-CH»-CH;

DepueHT ]
] I THIIIA :—":.* Si—D—S-lj—C H;-CH:-CH2-NH

v
O-CHz-CH;

.

2 /T

PepmenT

o

OH

22-pacm. Illuma cuptruHu cuinanu3anus (F03aHUHT KPEMHHM THOKCUIN FOTIKA
KaBaTH OWMJIaH KOILJIAHWIIHK) KWJIKII Ba (PePMEHTHH MMMOOMIM3anus Kummr. |. Si-
OH rypyxyapuHuHT 3-aMUHOTIPOMUITPUITOKCUCHIIAH OWJIaH TIWIIA CUPTHAATA
y3apo tabcupu. |l. AMUHO TYpYXJIApHUHT YUYJIapUHHUHT M-HUTPOOEH30MI XJIOpH]
owinan ¥y3apo tabcupu. lll. Hutpo rypyxpapuHMHr HaTpuil AUTHOHUT OUIIAH
Karapumumm. V. A30T KucinoTacu TabcHUpUAa IWAa30HUYM KaTHOHWHUHI XOCHII

oymumu. V. @epMEeHTHUHT TUPO3UH KOJJAUFU OPKAIU OUPUKTUPUIUILN
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Anadouéraap
1. BuccBanrep X. b65 Ilpaktuueckas sH3UMONOTUS [ DJIEKTPOHHBIN pecypc]
/ X. buccBanrep ; nep. ¢ anri1. — 2-e u3fl. (311.). — DnekTpoH. Tekcrobie AaH. (1
daiin pdf : 331 ¢.). — M. : BUHOM. Jlab6opatopus 3uanuii, 2014. — (MeTtons! B
OuoJIoTHuN).
2. Gabel, D. and Axen, R. (1976) Meth. Enzymol. 44, 383-393/
3. Weetall, H.H. (1976) Meth. Enzymol. 44, 134-148
CaBosiap:
1. Ilopacu3 mmuina jerasjia HUIMaHu TYITYHIAHTU3?
2. Huma  yuyH  ¢epMmeHTIapHM  HUMMOOWIIAIIA  TOpach3  IIWIIaJaH
dboinananumam?
3. INopacu3 mmmia ro3acura GpepMeHTHH UMMOOWIIIAIT JkapaéHu TadCUIOTIaApUHU

Eputn® OEpUHT.

§1.AMAJINIA MALIFYJIOT. STHTH OKCUJLJIAPHA
JOMUXAJIALLL KOMIBIOTEPIA BU3UYAJIU3ALIMSA
KUJINII YCYJIU

Monekynsip Bu3yanuzanus 0y MOJIEKYJISIp MOJIC/UIApHU YPraHUII Ba yJIapHU
TYLIYHUII MabHOCHHM aHrjaTaav. MoJekyisp BHU3yalIn3auuss MYyTJIAKO SIHTH
MOJIEKYJIIp MOJACIUIAIITHUPUIIHU Y3 WYUTa OJIMAalAM, S’bHU MaBXYyJ MOJEKYJSp
MOJEJUIapHU  ApaTHIl €KW  MaBXyJ  MOJCIUIAPHUHI  TapKUOMHU  EKU
KOH(UTypalMsICUHU y3rapTupuigad ubopar. YHAaa epaa OupuHuM HaBOatia
makpomouiekynanap (okcun, JHK, PHK €xu ymapHuUHr KOMIUIEKCIapH) HHUHT

MoJieJIapy OWiIaH UIyFyJUTaHUIIaIH.
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A

KontoxkcuMon Ba| TaéKkyacHMOH Ba CHMJIH
daz3oBuN HIAKII

TaEK4YaCUMOH MIAKJI HIAKJT

http:biomodel.uan.es/en/m
odel13/aa.htm)

http:biomodel.uan.es/en/m |http;biomodel.uan.es/en/m
odel13/aa.htm) odel13/aa.htm)

CHONS

23-pacMm. MoJieKyJIsIp MOJIeJUIAPHUHT KYPUHULLIAPH

AToMm TacBupiapu (AMCIUICiap, pacMiiap) KONTOK Ba Ta€K, Ta€K
(TaékyacMMOH cUM) Ba OYIII KOWHU TYJIUPHUIIHU Y3 wuura ojamu . FOkopuma 20
Ta aMUHOKHUCIIOTANIap YOy yduTa yCYJHUHT Xap OWpHU TaCBUpPJIAHTAH Ba TIUIWH
AMUHOKHCIIOTa MHUCONUAA TacBUpJIAHTaH. YOy Ty3wiMalap aTOMJIApHUHT Ba
KOBAJGHT AJOKAIAPHUHI JKOMNAINYBMHH KypcaTaaud. YHIJIArd pacMmiapia
KypcaTWIraH BOAOPO/ KYIHHYA KpUCTauIorpaduk Moaeapaa KypuHManu.

bynmaii Ty3unamanap aTOMJIApHUHT TY3WJIUIIMHA MOJAENAA KYpuO HYHMKHII
yayH GoHgauaup, aMMoO KyJla KaTTaJIWTUd Y4YyH MenTuaiap €Kd OKCHII
3aHKUPJIAPUHU BU3YaJl paBUIIIA KYPHUI YUYH KyJda HOAHUK OYVIMO KOJIaIH.

KonTokua Ba Taék — OKCWJIApHM BHM3yaju3alusi KWJIUII BapUaHTIApAaH

oupu. bomika Taéuanu xaprxac ned nHomnanaau. Slua 6upu Jmol vilda FirstGlance ,

KaTTa CTPYKTYpaJaH KUYUK OMp KUCMHHU axpaTtuO, cyHrpa yHH Taékya cudaruga
udonamananu cudaruaa kypcatuiaau (Vines/Stiks in the Views lab). €ku, 6omka
XaMMa HapCcaHW WYHWra KHPru3ud, MapKa3namThpuO, KeHnH €EH TOMOHIaH

CUJUIMKJIAII KOIUIaIl MYMKHH.
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https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
http://biomodel.uah.es/en/model3/aa.htm
http://biomodel.uah.es/en/model3/aa.htm
http://biomodel.uah.es/en/model3/aa.htm
http://biomodel.uah.es/en/model3/aa.htm
https://proteopedia.org/wiki/index.php/Image:Cys-bs.png
https://proteopedia.org/wiki/index.php/Image:Cys-sticks.png
https://proteopedia.org/wiki/index.php/Image:Cys-spacefilled.png

[eMHU

Gidrofobik yadro
KypcaTyBuu plitalar (1 soat )

va qutblarni ko'rsatuvchi plitalar ( 1pgb )

24-pacm. Slabbing
Cuniiukaanm

Karra wmakpoMojekyasip MOJEIHMHT KHYMK OHp KUCMHUHHHI aroMap
KYpuliHd HWOJATAIHUHT JUKKATra Ca30BOp JKOWM YHHMHI MapKasujaup. YHH
udonamad Oynarad, MOJIGKYJAaHWHT OJI Ba OpKa KHUCMJIApUHU KechO omb
TallUIaHaI}.
byHra cnaGOouHT neininaam, 4yHKH aciuaa KaTTapoK MOJeaH KUIUKPOK OYJIaKkH!
kecu® onum Ounan OenrunanHaau. CraOOMHT HIYHWHTIEK, OKCHUJI JOMEHUHHHT
ruApodoOHK AIpocH Kabu OCPKUTHIITAH Ty3WJIMAJTapUHU Ba yJIAPHUHT aTpodUHU

kypum yuayH Kyd. Cnab6unr FirstGlance B Jmol ;- man ¢oiinananun® amanra

OLIUPWIIMINKE  MYMKHH : Viewstab ra kupuiaay, KU3UKTUPraH JIOMpPaHH
mapkazigamrupum Center Atom wm 6ocub, yuyn Ba Slab button 6ocunanm.
Keitunru xypuHuIIap aBTOMaTUK paBullga nanao oyiaau.
CoaganalmiTHPWITaH CXeMaTHK KYPUHHIILIAP

Oxkcwmiap, JJTHK, PHK Ba ymapHuHr koMmIuiekciapu kKabu WHpPUK MoJIeKyJiajiap
XaKyja ram KeTraHja , TacMa €KUM acOCHil 3aHXUPHUHT COJJaJallTUPUITaH
TaCBUpJIapH, MacajaH, TacMa Hu3Japu €KM 3aHXupiap / pacMjap CTPYKTypaHU
TYIIyHHIIAA Kyaa porgamuaup. YmoOy tymrynuanap Proteopedia munr  Scene

Authoring Tools éxu Views, Bkaaakaaapuaa MaBxy.
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https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/Scene_Authoring_Tools
https://proteopedia.org/wiki/index.php/Scene_Authoring_Tools
http://firstglance.jmol.org/fg.htm?mol=1hho
http://firstglance.jmol.org/fg.htm?mol=1hho
http://firstglance.jmol.org/fg.htm?mol=1hho
http://firstglance.jmol.org/fg.htm?mol=1pgb
http://firstglance.jmol.org/fg.htm?mol=1pgb
https://proteopedia.org/wiki/index.php/Image:Slab-heme-sticks.png
https://proteopedia.org/wiki/index.php/Image:Slab-core.png

Alfa yrnepon
3aH)KUPU U3UHUHT Opka Acocuii 3aHXHu
o samxupHUHT Alfa P P

coilanalirad 3aHKUPHUHT U3U TacMacu
YIJIEPOIH W31

Acocwuit

KYpHUHUIIN

Jucyidua 3aHKupJiaap

PR
> (

TacmacumoH
9in nupnard Oxken 3amkupu FirstGlance maructpaia | Jucyndun
nUCyIbGuUI uznapu [AYs ck OJTUHTYTYpPT- pHH KYIPK 3aHXUAP
3aHKUPUHUHL  |€JIET W3JIapura OJITHHTYTypT  OofjaiiiuraH OwiaH
aTomap Kajap AJIOKAaCUHU nucyndu OoFJaHTaH,
KYPUHUIIIH CoJIaJIalITHPH  KeHTraiTupaaui kynpukuanap FirstGlance
CON JIraH : HUHT JIary OITL[YSL.

cXemacu

25-pacm. Jmol-dagi FirstGlance nactypuaa cHuKoHYa TyrMacHHU OMp MapTa
oocuu (Tools tab épaurnaa) qucysadua 6oFIapHH KYpcaTHII Ba paHT

OepUIIHUHT OMP HEeYTA BAPUAHTIAPUHHM HILTA COJIATM..
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https://proteopedia.org/wiki/index.php/9ins
https://proteopedia.org/wiki/index.php/9ins
https://proteopedia.org/wiki/index.php/9ins
https://proteopedia.org/wiki/index.php/9ins
https://proteopedia.org/wiki/index.php/9ins
https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/Image:Ss1.png
https://proteopedia.org/wiki/index.php/Image:Ss2.png
https://proteopedia.org/wiki/index.php/Image:Ss3.png
https://proteopedia.org/wiki/index.php/Image:Ss4.png
https://proteopedia.org/wiki/index.php/Image:Ss5.png
https://proteopedia.org/wiki/index.php/Image:Helix-bb-wf.png
https://proteopedia.org/wiki/index.php/Image:Helix-backbone.png
https://proteopedia.org/wiki/index.php/Image:Helix-trace.png
https://proteopedia.org/wiki/index.php/Image:Helix-ribbon.png

Ikkilamchi

Aminokislota

N-> C kamalak struktura Tarkibi ( 1d66 )
zaryadi
(1pgb) Anda cnupannap, Protein, DNK, ‘ap

Anionik (-)
C UTYBYU
N kationik (+)

MIM'

26-pacM. MakpoMoJieKkyjaajaap y4yH PaHIJIu cxeMaJjaap

Makpomosnekynanap yuyyH DRUMS ne6 wHomianran craHgapT paHT
cxemanapu Ttymiamu 2000 #wina unoiad dukwirad. YmOy paHr cxemaliapu
Proteopedia-HMHT KYpUHUII SPATHIN BOCHTAJIapHa >KOMJIAIITaH TyrMadvajiapia
takiud HSTwiamu. Yiap KUCMaH KonTokda Ba Taékua (pre-dated computer
visualization ma Corey-Pauling-Kolton or CPK models ne6 HomiaHamn)
¢busnkaBuil MoneUIapy KOMIBIOTED BU3YAIM3AIMACHAAH OJIWHTH MOJeiiapaa
Kyutanwirad. Jlactna® kuMEBHWI dreMeHTiapra paHr Oepuin (FOKOpUaaru
mucosiapra kapanr) Kinemages , RasMol u Chime. u mosekynsp Bu3yanu3arus
nactypiapura kuputiiran. CPK colors kumésuii sneMeHTNIap y4yH paHriap, Ba
Oapabanmap paHr cxemangapu, Proteopedia.na wunuaTHIaAuraH BH3YyalTH3allUs
BocuTacu JMol ra ypHaTHITaH paHT cXxeMajapy KHJIMHTaH

Kapanr : Proteopedia.na Help: Color Keys- panr Tyrmadanapmu.
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https://proteopedia.org/wiki/index.php/DRuMS
https://proteopedia.org/wiki/index.php/History_of_Macromolecular_Visualization
https://proteopedia.org/wiki/index.php/History_of_Macromolecular_Visualization
https://proteopedia.org/wiki/index.php/CPK
https://proteopedia.org/wiki/index.php/Kinemages%2C_Mage_and_KiNG
https://proteopedia.org/wiki/index.php/RasMol
https://proteopedia.org/wiki/index.php/Chime
https://proteopedia.org/wiki/index.php/CPK
https://proteopedia.org/wiki/index.php/Jmol
https://proteopedia.org/wiki/index.php/Help:Color_Keys
https://bioinformatics.org/firstglance/fgij/fg.htm?mol=1pgb
https://bioinformatics.org/firstglance/fgij/fg.htm?mol=1d66
https://proteopedia.org/wiki/index.php/Image:Domain-n2c-rainbow.png
https://proteopedia.org/wiki/index.php/Image:Domain-ss.png
https://proteopedia.org/wiki/index.php/Image:Domain-charge.png
https://proteopedia.org/wiki/index.php/Image:Domain-composition.png

CrpykrypaBuii

YIEMEHT/IAPHUHT 1d66 || Views || Tools || Resources || Preferences |
BU3YAJIN3aNHUACH Secondary Structure Cartoon Solid N—+C Rainbow

Composition Hydrophobic/Polar Charge..
Local Uncertainty.. Vines/Sticks.. Thin Backbone

TacaBBypnap Ba  paHr

CXEMaJIapUHUHT
—1Spin —1 Background
KOMOMHAIUACH Ligands+.. — Water. _IQuality
KyWHJIArHIapHd  aKPaTUII —I Slab.. TY Zoom
yayH hoigauImp Hide.. new |solate.. Find..
Center Atom.. Trouble? Heset Close New
1. Hxknimamun,

Views yorlig'ini Jmol yilda FirstGlance

yWwIaM4d Ba TypTiaMyu
CTPYKTypa

2. Okcun  3amkupnapuauHar  H-  Ba  C-yumapw; HyKJIEHMH  KHCIIOTa
3aHKUPJAPUHUHT 5' Ba 3' yuiapu.

3. Kyronmu (3apsmmanran €ku  3apsjyiaHMarad: Tuapodui) Ba TUApOdoO
AMHHOKHUCJIOTAJIADHUHT CUPT/IA Ba sApoJa TapKamim (claOuHT épraMusa)

4. Oxcun cuptuaa Mmycoar Ba MaH(pUi 3apsUTapHUHT TapKATHIIN

5. OxcumHUHT (YHKIIMOHA Xy yJapUHUA aHUKJIAII YUyH 9BOTIOIOH KOHCEPBAIIHSL.
6. UHTErpaj MeMOpaHa OKCWIIJIapU YUYH JUIUA OMOKaTIaMu Yerapaiapu

FirstGlance B Jmol . marm the Views tab mucrieiinga 1-4 XycycusTiaapHu

OCOHTHHA KYpCATHII MyMKHH . DBOJIOLNMOH KOHCEPBALUSAHU Oab3aH
, Oup Mapta Oocwuil OujlaH KYpuIl MyMKHUH , €Kd OOIIKa XoJuiapnaa
UIITHU . cepBepHra TONIIUPHUII Taynad
strnagn . HWHTerpan wmemOpaHa OKCHWJUIApH Y4YyH KYII KaBaTid  JIMITHT
YyerapajapuHi BU3yaldu3alus KWJIUII YCyJUIapu
. X0JIaTua KeITUPHUITaH .
MyaiisH okcua ydyH OyHmail xycycusmiap Proteopedia wHuHT
BOCUTaNapuaaH (oigaanu® KYpcaTWIHMIIA MYMKHH Ba KEWHH

caxudara YTUII S XaBoJiajgapra OMpUKTUPUIITaH.
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https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/How_to_see_conserved_regions
https://proteopedia.org/wiki/index.php/How_to_see_conserved_regions
https://proteopedia.org/wiki/index.php/ConSurf_Quick_Analysis_Procedure
https://proteopedia.org/wiki/index.php/Jmol/Visualizing_membrane_position
https://proteopedia.org/wiki/index.php/Jmol/Visualizing_membrane_position
https://proteopedia.org/wiki/index.php/Scene_Authoring_Tools
https://proteopedia.org/wiki/index.php/Scene_Authoring_Tools
https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/Image:Firstglance-views-tab.png

KoBajenT Ba KoBaseHT [ 1d66 1 Views 1 Tools H Resources || Preferences ]

0yamaran y3apo | Ends. Disulfides/S/Se.. Salt Bridges/Cation-Pi..
TabCHpPJIAP Contacts & Non-Covalent Interactions..
Crystal Contacts..  Unit Cell

YHUHE Distances/Angles ~ Advanced/Technical..
AR, Oup-rHK —1 Spin Background
facTyp OCTH Ligands+.. Water.. Quality
nporpammanapu T00ls tab Slab.. T Y Zoom
OKPATUII  BKJIaJKacHIa Hide.. wew |solate..  Find..

Center Atom.. Trouble? Reset Close New

Oepuiiran
Jmol-dagi FirstGlance-ning asboblar yorlig'i

O Hucyndun 6ornapu
O Ty3 kynpuknapu
U Katnon-nu y3apo tascupiapu
O Xap KaH/Jai HOKOBAJICHT TabCUPJIapHH TaHiaHca 100Is tab naru Contacts 6a
Non-Covalent Interactions uu , 6ocunanm.
0 Xap kangait wkku, 3 €ku 4 aromijap aromsiap opacugard macodaHu Ba
Oypuakmapu éku WKku Oypuakiu xoiimapuau Distances/Angles in the Tools tab.
dbolinananub TonMIaIN.
O Kpucrann 6ornap .

Mousiekyasip MOeJIAPHHA OJIHIL

OxcuutapHuHT Mostekysisip moaertapuan Atlas of Macromolecules, the Molecule

of the Month, éku Protein Spotlight 6unan onmum MyMkuH

Omnupuk 3J1 moxemnap y4yH KUAUPULL yCyJUIapUaaH
dbolnananunaau. OMIMPUK MojAeiap - Oy Taxpuba, XycycaH, peHTreH
HYPJAAQHUIIIMHUHT ~TapKaJIWIIHA, SIAPOBUA MArHUT PE30HAHC EKU  DIICKTPOH
KPUMHUKPOCKOIIHS EplaMHla aHWKJIAHTaH MOJS/UIapaup. OMIMPUK MOJIeuap
Hazapui MoOJeJUlapra KaparaHja aHdya HWIIOHYIH, aMMO JMIUPHUK MOJCITHUHT
cudarura pTHO0p OepuIll Kepak, YyHKH Oy MoJieutap Oolkanapra HucOaTtaH aH4da
HIIOHWIN XHUCOOJIaHa u.

OxcwmnapHuHr Oab3unapu, 3XTuMon <10% wu ydyH SMIUPUK MOJEUIap

MaBxKyJ, Arap SMIOUPHUK MOJEN MaBxys OyiMaca, KEMMHTH SHT AXIIM MOAeEN Oy
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https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
http://atlas.molviz.org/
http://pdb101.rcsb.org/
http://pdb101.rcsb.org/
https://web.expasy.org/spotlight/
https://proteopedia.org/wiki/index.php/Protein_Data_Bank
https://proteopedia.org/wiki/index.php/FirstGlance_in_Jmol
https://proteopedia.org/wiki/index.php/Image:Firstglance-tools-tab.png

TOMOJIOTUK MoAeulap XxucoOnaHagu. bapua OKCWIIapHUHI ydJgaH OMp KUCMHU
WIIOHYWIM PABUIIJA FOMOJIOTMK MOJEIUIAIITHPWINIIA MYMKHH, aMMO T'OMOJIOTHK

MOACJIap OMIIMPUK MOJACIUIApra KaparaHaa KprOK HOAHUKJIMKJIIapra oara

XUCOOJIaHAIH.

JJ1st uero Bu3yanusanus?

WLLSFERKYRVRGGTL IGGDLEDEWY GFFGVSATFFIFLGVSLIGYAASQGRTWD
[ [ EY B3 3 o B3

ALLSFERKYRVRGGTLIGGDLFDFWVGPYFVGFFGV

FIFLGVSLIGYAASQGPTWDPFAISINPPDLKYGLAAPLLE PFAIS INPPDLKYGLGAAPLLEGG FWQA TTVCALGAF I SWMLREVET SRKLGIGWHVEL A
GGFWQAITVCALGAFISWMLREVEISRKLGIGWHVPLAF I s i L R T L
CVPIFMFCVLQVFRPLLLGSWGHAFPYGILSHLDWVNNF 2NN e PN P RN
GYQYLNWHYNPGHMSSVSFLFVNAMALGLHGGLILSVA Eci‘é{(nCtr'c':LQVFvPLLm swanAEPYET L s pwinw ESYQvLNIYNE GRS ST S FL
NPGDGDKVKTAEHENQYFRDVVGYSIGALSIHRLGLFLA e e
SNIFLTGAFGTIASGPFWTRGWPEWWGWWLDIPFWS SRR —

T [T T T ) LS
oL His_ H e |
Light-induced electron transport and ELTGAFGT1ASGE FWTROWPEWNGWYLD TR EWS!
ATP synthesis in a photosynthetic bacterium e e

Rexidoe inteictions;-  + with ligoed = with metal

soluble
cytochrome

€ (cytochrome) subunit

Special pair of
bacteriochlorophylls
(see Figure 7.18)

Bacteriopheophytin

PERIPLASM /A

OO g =7 ,’ ), S OO0000

Membrane-
spanning. L and M
protein helix

H protein — © 1998 Sinauer Associates, Inc.
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NHCTpyMEHTHI BU3YyaAIU3AlUA

RasMol / RasTop
Chime

Protein Explorer
Cn3D

YASARA
WebLab Viewer
SwissPDB Viewer
\%A\%1D

DINO

REY 6

File Edit Display Colours Options Settings Export Help

RasWin Molecular Graphics
Windows Version 2.7.2.1

Molecule name ......... CRAMBIN
Classification . PLANT SEED PROTEIN
Database Code .

Number of Group:

Number of Atoms

Number of Bonds ..

o
+s RasMol Command Line

RasMol Molecular Renderer
, Augu=t 1335
) Roger Sayle 1992-1999

Copyright (C) Herbert J. Bernstein 1996-2001
*** Zee "help notice” for further notices **%
mable to find RasMol help file!

277 Group: CYS 40
Group: PRO 22
Group: PRO 22
RasMol> reset

RasMol> moom 140
[RasMol>




RasTop 2.0
Molecular Visualization Software

by Philippe Valadon
January 2002

Tep Pou 1O
gm:-n.mmmwmwm
CAEATET NOUGEEAN SN e RZ e 40

* Plugin nnsa Netscape Communicator u Apyrux 6pay3epos

* OCHOBHOE NPEHA3HAUYCHHE — IMO3BOJISIET BU3YAJIM3UPOBATH
OMOMOJIEKYJIbI HA KOMIIBIOTEPAX, JIUIIEHHBIX KAaKUX-TU00 JIPYyTHUX
UHCTPYMEHTOB JJIsl CTPYKTYPHOUM OMOJIOTHH, pab0TaeT KaK
HaJICTpOMKa B Opay3sepe.

* [Tongo6en RasMol, HO HE MoI/IEepKUBAET KOMAHIHON CTPOKHU
* JlononuurenbHas uHGOpPMAIIHUS JOCTYITHA 110
http://www.umass.edu/microbio/chime/chimehow/chimehow.htm

* He Brirouaer nomnoHeHU U ycoBepiieHcTBoBaHUM RasMol
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Protein Explorer

* ViyumenHas Bepcusi RasMol

* I'paduueckuit unrepdetic moxox Ha Chime, HO ¢
0oJiee pa3BUTOM CHCTEMOM MOMOIIU U
aBTOMAaTU3AIIAN

* loctyneH jyisi pabOThl HOBUYKAM, HET HYK/Ibl
M3y4aTh KOMaHbI

* ObecnieunBacT yriiyOJEHHOE U3YUYCHUE MOJIEKYJI U
WX CBOMCTB JiJIs1 MpOo(ecCHoHAIOB

Protein Explorer

proteinexplorer.org .
FrontDoor to Protein . @s
Explorer 1.901 Beta

from the University of Massachusetts -- Cable/DSL users: the
Color by multiple EF Hand San Diego mirror will be faster!
sequence ent. binding calcium oyl
Copyright © 2001 by Eric Martz DRuMS
Bookmark this page. Bookmarking subsequent pages in this site may not work!

Beginners click here:

Quick-Start Protein Explorer to explore DNA

complexed with a protein
(veast Gald transcriptional regulator, PDB identification code 1d66).

Do the 1 Hour QuickTour for an introduction to
Protein Explorer.

SRl g prpritiest
* SH3 Domain: Peptide Identification Code here:

Complex (proto-oncogene Help/Index/Glossary, &

CRK, 1b07)

* Lac Repressor: DINA
Complex with hydrogens,
MMR. (3 models, 1lcd)

Larger, slow for modem:

* Antibody Fah:Lysozyme
Complex (1fdl)

= Protein Comparator: side by
side comparison of a soluble
protein (deoxhemoglobin,
2hhd) vs. an insoluble one
(potassium channel, 1bl8). In
QuickViews, be sure to try
coLORS, Polarity3

o

(or Comparator, URL)

Find your Molecule's PDBE
ID code

Create hyperlinks that
prespecify molecules

Download PDE Files

“Bare' Protein Explorer or
Comparator (no molecules
prespecified -- specify
molecules mside PE)
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comprehensive
Tutorial.

Lesson Plans and
Assessment.

What's New in version
1.901 Beta?

What is the Purpose of

Protein Explorer?

Protein Explorer vs.
RasMol

Copyright © 2001 by
Eric Martz

Publications about PE.
Presentations in PE.




Protein Explorer

FirstView: 1grm
Protein Explorer © 2000 Eric Martz

Rotate the molecule by dragging on it with
the mouse
Toggle Spinning | HidesShow Waeer |
Chains: Each chain of protein, DNA, or RNA is shown in &
different color as a backbone trace
Ligands: When present, ligands. metals,
carbohydrate, water, etc. C"hetero atoms") are
spheres colored to identify the elements:

(More elements)

o
Disulfide bonds, when present, are shown
between backbone traces,
Identify any atom by clicking on it, noting the 5-5 Bond
reportin the window below.
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This is the ExPASy (Exper Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (SIB). This server is dedicated to the analysis of protein sequences
and structures as well as 2-D PAGE (Disclaimer)

[nnouncements] [Job opening] [Mirror Sites]

SWISS-PROT and TrEMBL - Protein sequences + Proteomics tools
PROSITE - Protein families and domains o |dentification and characterization
SWISS 2DPAGE - Two-dimensional polyacrylamide gel electrophoresis o DMNA-> Protein
SWISS-3DIMAGE - 30 images of proteins and other bialogical macromolecules Similarity searches
SWISS-MODEL Repasitory - Automatically generated protein models Pattern and profile searches
CD40Lbase - CD40 ligand defects Post-translational modification prediction
ENZYME - Enzyme nomenclature Primary structure analysis
SegAnalRef - Sequence analysis bibliographic references Secondary structure prediction
Tettiary structure
Links to many other molecular biology datahases Transmembrane regions datection
o Alignment
Melanie 3 - Software for 2-D PAGE analysis
SWISS-MODEL - Automated knowledge-based protein modelling server
Swiss-PdbViewer - Macintosh/PC tool for structure display and analysis
Boehringer Mannheim's Biochemical Pathways

Education and services Documentation

¢ The ExPASy FTP server * What's New on EXPASy

o Swiss-Shop - automatically obtain (by email) new sequence enfries relevant to your * SWISS FLASH electronic bulleting
field(s) of interest * SWISS.PROT documents

¢ 2.D PAGE training - attend a one-week course in Geneva * How to create HTML links to EXPASy

o SWISS-2DSERVICE - getyour 2-D Gels performed according to Swiss standards * Complete table of available documents
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SwissPdbViewer - Deep view

WNucTtpymeHT, 001a1ar01uii OrpOMHBIMH BO3MOXKHOCTSIMH
[To3BomsieT aHaNMM3UPOBATh MHOKECTBEHHBIE CTPYKTYPBI

[To3BonsIET UBMEHSTH YTJIbl XUMHYCCKHUX CBSI3EH U IMPOU3BOJIHUTH
INEPEHOC AaTOMOB WJIH I'PYIIIT aTOMOB

MopenupoBanue MyTanuii

MoaenupoBaHue ¢ UCIOJIB30BAHUEM I'OMOJIOTOB (IIpU
HNOAKITIOYEHUH K YJIaIEHHOMY CEpBEPY)

ba3oBpie MUHNMMH3AITUN SHECPIruun

KapTs! 251eKTpOHHBIX 1OJIEH

* Yet Another Scientific Artificial Application
* MosniekynsipHas rpaduka Ha OYEHb XOPOIIIEM YPOBHE

* MoaenupoBanue u cumyJisiiuu (not free!)
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—_ Copyright () Herbert J. Bernstein 1998-2001
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RasMol - IIBet

Temperature Temperature
Stucture Structure
User

This is the CPK (Corey,
Pauling, Koltun) color
scheme used in RasMol
and Chime.
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[I[:WE Export Help
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RasMol - Help

2 RasWin 2.6_CIF Help
File Edt Bookmark Options Help

Contents| Seach [ Back [ Pint [ o [ » |

RasMol V2.7.2.1
Molecular Graphics Visualisation Tool

Y | srrRRRRRER

< 1CRN Table of Contents

File Edit Display Colowrs Options Settings ExpurtlHe\p
About RasMol...,
User Manual, ..

Command Reference
Internal Parameters

Machine-Specific Support
Bibliography

Based on RasMol 2.6 by Roger Sayle

Biomolecular Structures Group, Glaxo Wellcome Research & Development

Stevenage, Hertfordshire, UK

Version 2.6, August 1935, Version 2.6 4, December 1998

Copyright @ Roger Sayle 1992-1939

and Based on Mods by

Author Version, Date Copyright

Arne Muslier RasMol 2.6x1 May 98 @ Arne Mugller 1336

Gary Grossman and RasMol 2.5-uch, Nov 95 @ UC RegentsModularCHEM
Marco Molinara RasMol 2.5-uch, Nov 96 Consortium 1995 1996

RasMol Manual

RasMol 2.6 Manual

http://www.umass.edu/microbio/rasmol/getras.htm#rasmanual

RasMol 2.7 Manual http://www.rasmol.org/
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"’ RasTop - 1cc0 - 1CCO
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http://ca.expasy.org/spdbv/text/tutorial.htm.




| Swiss-PDBViewer
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Anadouér
1. https://proteopedia.org/wiki/index.php/Introduction to molecular vis

ualization

CasoJiap
Monexkynsip BU3yaau3alys 1eranjia HUMaHu TYITYHIUHTU3?
AToM TacBUpiapuHU Udoa ITUII Typiapu HUMaap?

Cwuukam auma’?

> w e

CopmanamTupuirad CXEMAaTHK KYPUHUILIAPUHUHT K (OaaTaHUIIT

WyJIIapHu.

o1

Hucyndun 3anxupiaap Huma?
6. CtpykTypaBuil 3JIEeMEHTIAPHUHT BU3YaIM3aLUSCH JI€TaH]a HUMaHU

TYILIYHIUHTH3?
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§2. AMAJIMIA MAILIFYJIOT. OKCUJI MYXAHJIUCJAUT UJIA
TOMOJIOIVIAPHI MOJIEJUTA LITHPHILI BA
BUOUH®OPMALIMOH EHJIALLIYBJIAP

T'omonocuxk modennawimupuwi, 1IYHUHTAEK, OOlKa HOM  OwuiaH
OKCWJUIAPHU KUECUI MoOelauimupuul JIeTaHaa MakKcaJil OKCUJIHM YHHUHT
aMUHO KHCTIOTAJIapU KETMA-KETJINTY Ba SKCIIEPUMEHTAN Y4 Yimdamid Ty3uwiumu ("
MaTpHIa») aCOCHJIa aTOMJIApH KeHranTMacu cudaTtruaa MOJSITHMHN KypHUIIl Ha3ap/a
TyTUiaaau. ['OMOJOTMK MOJCIIAINTUPHUIINAA KUJUPUIAAUTaH  KeTMa-KeTIUK
CTPYKTYpPacHUHHU JCJIAaTUO, OKCHJI MOJCIUIMHM TEKUCTAll >KapaéHuja MaTpuila
KeTMa-KeTJIUTUIard KOJIIUKIap OwinaH conumTupwiaau. [IpotenH Ty3uiManapu
roMOJIOTJIap OpacHuaard OKCWIIap KeTMa-KeTJIUMIUra Kaparaja KymnpokK CakjiaHu0
Kojuimm ucOoTianrad, amMmmo 20% Kam HACHTHUK KeTMa-KeTJIMKKa TYyIIaJuraH

KEeTMa-KeTJIMKIap KyJla TypAUu-TyMaH Ty3WJIMIITa 3ra OYIUIIN MyMKHH.

58-pacm. Jscbk okcuit romosorusicu moaeiu DHRS7BmBeiinapus

up3nyasiamTupum PYMOL acocuaa Ty3miras.

OBOJIIONMOH KApUHAOII OYyJraH OKCWIIap YXIIam KeTMa-KeTIMKKa Jra
O0ynu6, TabuaTaa TOMOJIOTMK OKCHIUIAp yXIIam (aHOJIOTHK) MPOTEUH TY3WJIMILINTA
sra Oynmamu. Y4 VI4OBIM OKCHJI TY3WIHMIIH SBOJIIOIMOH KOHCEpPBATUB OYiuO,
dakaT KeTMa-KeTIWKIapW CaKIaHuO KOJTaH Ty3WIuIra HucOaTtaH Oapkapop
CakJaHUWO KOJUIIra acoClaHTaHJaH Kypa, KyTWITaHJaH Kypa KYNpoK cakjIaHuO

KOJIMIIra 3ra 3KaHJIMI' ncOOTIaHTaH.
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KeiinH keTMa-KeTIUKIApHUA Ba MIAOJIOH TY3WJIUIIM TYFHUpJall HUIIOHIArd
OKCWJI MOJICJIMHUHT CTPYKTYpPaBUW MOJEIMHU UILIA0 YUKUII YUYH KYJUITAHWIIAIH.
Uynku nporend ty3wiMmanapu JHK kerma-kernurupgan xkypa KYNpoK cakjIaHHO
KOJa OJuIIM (KOHCEPBATUBIMIH) ca0aliH, KETMa-KETJIUMKIAPHUHT VXIIAIINK
Japakaiapy oJaTAa MyXUM TapKUOUM YXIIANUTUKIApHU Ha3apaa TyTaau.

['omonoruk  MonenHWHr  cudarh  KeTMa-KeTIWKIap Ba  MaTpulla
TY3WIUIIMHUHT TYFUpPJIAHAIIUTA OOFIMK. YOy EHIOIIMII HUIIOHAA MAaBXKY.l
OynraH, amMmo IIa0JoOHJaa OYJMaraH TapKUOWM MHUHTAKaHM KYpcaTyBUYd 3a30p-
oyumukiapu (omatna wuHAENAKAa Ae0 arajnaau) MaBXKyMJIATd  Ba  11a0JIOH
TapkuOuaaru OYNuUIMKIap SKCIepuMeHTan (oaarna X-Hypiau Kpucrtamiorpadusi)
KapaCHHUHT  SXIIM  €YWIMAraHjiuru OWwiaH MypakkaOJaluiid — MYMKHUH.
MopenHuHr cudatu KeTMa-KeTJIWINIap MICHTUKIWTY YXIIALUIMTA  KaMalHuIn
nacasiiu.

Oparnma, 6up momen ~ 1-2 A ypraua crampapr ueknanumra C “ Gunan
mocnamran 6ynu6 70% uaeHTHK KeTMa-KeTauKiapra ara Oynaau, JIeKuH ¢akar 2-
4 A na Ba 25% wuaeHTHK KeTMa-KeTmkiIapra moc kenaau. Iy Owmman Owupra,
XaToJlap MUHTaKa MUHTaKaJlapuia Ce3WIapiu Japaxaja oKopu, Oy epaa HUIIOH
Ba M1a0JIOH OKCUJUTAPUHUHT aMHUHOKHUCIIOTajJap KETMa-KEeTJIUTH MYTJIaKo Oollkayda
OYTIUIIIN MYMKUH.

['omonornapHu  MOAEUIAIITUPHUIN  YCYJIM  aMHHOKHCIOTajdap  KeTMa-
KETJIMTUJIaH Kypa OKCUJIHUHI Yy4JlaMud TYy3WJUIIW SXIIUPOK CaKJIaHUIINUTa
acocliaHaJu.

[ynnait  kuinb, Oup-OMpumaH KeTMa-KeTiaapnu Oyiinua ce3uiapiiu
mapaxkana axpaiud YUKKaH, aMMO AaHUKJAHAJUTaH YXIIANIUKKa dra OynraH
OKCWJIJIap XaM YMYMHI TapkuOuil XycycusiTiapra, XyCcycaH, yMyMHUil WuFMara sra
Ooynmaau. Xap Oup KU3UKUITAH OKCHJI YIYH PEHTTEH KPUCTAIIIOTPaHUsICH Ba OKCHUI
SAMP u kaOu ycyuapAaH 3KCHEPUMEHTaN Ty3WJIMaJapHU OJIMII KUWWMH Ba Ky
BaKT Taynald STAUTAHIUTH cabalbiiv, TOMOJOTUSHUA MOJEIUIAIITUPUIL HYIU OuiiaH

OKCHJIHUHT (YHKIMSICH XaKuJa THUIOoTe3ajap spaTHIl Ba KEHUHTH Taxpuda
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UIUIapura HYHanTHUpUIIl Y4yH (oiganu CTpPyKTypaBHil MOJEIJIApHU TaKIuM
KUJTUIIA MyMKHH.

YMymuil Kougana HUCTHCHONApP MaBXKYIKU, Yyilapra Kypa, Cce3ujiapiu
Japa)kaja UISHTUK KeTMa-KeTIUKKa 3ra OKCHILIap yMyMHuid Oup iiurmara ¢apk sra
Oynanu. Macanan, okcuiaHuUHT 50% pgaH KaMHU TalIKWd ASTaJWraH OKUJIOHA
TaHJIAHTaH MyTalUsJIapy TYIJIaMH OKCHJIHMHT MYTJIaKko OOLIKa WHFWIIMIIUTA OJI10
kemum  MyMmkuH. Iy Ownman Oupra, OyHpmalh KaTra TapkuOuii KaiTa
TAIKWUIAIITHPUII COAUP OYIUIIM 3BOJTIOLUAAA TapTYMOH, UYyHKM OKCHJ OJaT/Aa
YEKJIOB OocTHIa OYnuO, TyFpu Oypanud oNMILM Ba XyKaipajgaru 3 (pyHKIUSCUHU
Oaxapum no3uM. llynpait kunnO, OKCHWIIHMHT Oypairar TY3WIMIINA (YHUHT
"Tomosnoruscu'") aMMHOKUCIOTaJdap KeTMa-KeTIMIMAaH Kypa MYyCTaXKaMpoK Ba
yHra Ba moc kenaaurad JJHK kerMma-keTnuruaad anya y3yHpok OViaau. borkaua
KUJIMO alTranzia, MKKUTa OKCUJIHUHT 3BOJIIOLIMOH aJIoKajapy KaHYalMK Y30K Oyiica
yxmam Wurmara sra 0ynu0, y3apo Takkociamm OuilaH xam yiapHu (apkiiad
Oynmaiau. Takkocnaml y4YyH, OKCHUJIHUHT (YHKIUSCH OKCHJUIAp KeTMa-
KETJIMTHIaH aH4a MacT KOHCEPBATUB OYiaau, YyHKU YXIIaH GyHKIUSHU OaskapuIi
Y3 3uMMacura OJIMII y49yH aMHHOKHCJIOTaiap KeTMa-KeTJIWrura HucOaTaH O3Td
y3rapuiiap KUpUTHIUAIY Kudos 0ynanu

Mopaen nuuiad YMKaApMIIATH KagamJjiap

['oMonorussHM ~ MOAEIUTAIITHUPUIN ~ TPOLEAYPACHHM TYpTTa KEeTMa-KeT
Oockuura OYIWII MyMKHH: IIIa0JOHHM TaHJall, IIa0JOHHH MOCIAIITHPHII,
MOJICJTHM TY3HWIIl Ba MojelHu Oaxonami. JlacTinaOku WKKHATAa KajaMm KynuHYa
Oupranukna Oaxxapuiaad, YyHKH IMAOJOHJAPHW aHUKJAIIHWHT OJHT KEHT
TapKaJlraH yCcyJulapy KeTMa-KEeTJIUK TYFUpJIaHAIUTaH KeTMa-KEeTIIMKIAPHU OJIMILTA
acocllaHaJy; aMMo, Oy MoclaHulIap eTapiau cudarra era OYIMaciaIurd MyMKHH,
YyHKM MablyMOTJIap Oa3acujaH KUAUPHUII YCyJUlapuaa TE3KOpJuK cudar
MOCJIaHUIINTA HUCOATaH YCTYH Kyhuianud. Yoy »apa€Hinap sKyHUNH MOJETHUHT
cu(daTUHU AXIIWIALI YYyH YUFYH OaXKapuiIuIIM MyMKUH, cudaTHi 0axoJiall rapuu
XaKUKUH MakcaJyid Ty3wiIMara OOFNIMK Oynmaca xam cudaTHu Oaxosarl

HWYutapuHy UIiad YMKUII Xaau JaBOM dTMOKJIA.
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Identification and Selection of Templates
Sequence similarity, phylogenetic and environmental
factors are used.

.

Sequence Alignments and Alignment Correction
Careful inspection and correction of alignments
is crucial.

\
(Model Building
There are various methods that can be used in model

generation.

\

Loop Modeling
Accuracy of loop modeling determines the value of the
models for further applications.

\

(Side Chain Modeling
This is usually done by putting side chain onto the
backbone.

\
(Model Optimization
This step is done to improve the quality of the model.

\

(Model Validation
The quality of the model determines the functionality of it.

T

29-pacMm. I'oM0JIOTHK MOJE/UIAIITHPHUIIHN AMAJITA OLIPHUII GOCKHYJIAPH.
AHI03aHM TAHJIAII Ba KeTMA-KETJIHUKJIAPHUA TYFUPJIALL
['oMosiorusiHE MOJEIAIITHPHUIIIA OMPUHYM MYXHUM KaJam, arap MaBxy.l
Oynca, SHT XU WAOJOH TY3WIMIIMHU aHUKIAMIAAP. AHJ03aHU AHUKJIAIIHUHT
sHr oanuit ycynu ®ACTA Ba BJIACT kabu mabiaymotinap 0a3acHMHU KHIMPHIL
ycylutapu €praMuyia KeTMa-KeTIWK Oyinuya TYFUpJamra acociaHagn. Mwucomn
cudaruna kyn yupaitnuran [ICU-BJIACT ycymiapu keTMa-KeTJIMKHUA TYFUpJIalira

acocllaHTaH sHajga ce3rup ycymap Oynub, y30KpoK OofimkK  Oynrax
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TOMOJIOTJIAPHUHAT KETMA-KEeTIUTHHN aHUKJIANl YI9yH V3JIapUHUHT TO3UIUsIIapUra
MOC CKHPUHUHT MATPHUIIACHHU TE3KOp SHTWIAWIW. YOy ycyuiap TypKyMHU
KYTUTad TIOTEHIMaN IIabJOHIaApHU sSpaTHIN Ba Xap KaHAal €4uMIard CTPYKTypa
Owran (akaT y30K ajlokara dra OyJraH KeTMa-KeTIMKJIAp YYyH SXIITHPOK
mraOJOHJIApHU  aHWKJIANM Hamoumm dtwirad. Kydugarn pacmiapga ymoy

KaaaMJIapHHUHI' KCTMa-KCTJINTI'H KCITUPUIIT'AH.

FASTA

>roal_drome Rea guano receptor type I1I >> 0.1

MVNSNQNQNGNSNGHDDDFPQDSITEPEHMRKLFIGGLDYRTTDENLKAHEKWGNIVDV
VVMKDPRTKRSRGFGFITY SHSSMIDEAQKSRPHKIDGRVEPKRAVPRQDIDSPNAGATVK
KLFVGALKDDHDEQSIRDYFQHFGNIVDNIVIDKETGKKRGFAFVEFDDYDPVDKVVLQK
QHQLNGKMVDVKKALPKNDQQGGGGGRGGPGGRAGGNRGNMGGGNYGNONGGGNW
NNGGNNWGNNRGNDNWGNNSFGGGGGGGGGY GGGNNSWGNNNPWDNGNGGGNFGG
GGNNWNGGNDFGGYQOQNY GGGPQRGGGNFNNNRMQPYQGGGGFKAGGGNQGNYGN
NQGFNNGGNNRRY

>roa2_drome Rea guano ligand

MVNSNQNQNGNSNGHDDDFPQDSITEPEHMRKLFIGGLDYRTTDENLKAHEKWGNIVDV
VVMKDPTSTSTSTSTSTSTSTSTMIDEAQKSRPHKIDGRVEPKRAVPRQDIDSPNAGATVK
KLFVGALKDDHDEQSIRDYFQHLLLLLLLDLLLLDLLLLDLLLFVEFDDYDPVDKVVLQK
QHQLNGKMVDVKKALPKNDQQGGGGGRGGPGGRAGGNRGNMGGGNYGNQNGGGNW
NNGGNNWGNNRGNDNWGNNSFGGGGGGGGGY GGGNNSWGNNNPWDNGNGGGNFGG
GGNNWNGGNDFGGYQQNYGGGPQRGGGNFNNNRMQPYQGGGGFKAGGGNQGNYGN
NQGFNNGGNNRRY

30-pam. FASTA nactypuma okcusl KeTMa-KETIIMHUHT KYPUHUIIIH.

Bpr10opka roMOJIOTUYHBIX OCJIIKOB

UniProtKB/Swiss-Prot description: dUTPase

D
entry name (ID)

[ DUT_ACIAD  Q6FDRO"

[1 DUT_ADEG1 @

[ DUT_ADEGS Q@YY

T T2 OUTRESST o0
Probable deoxyuridine

1 DUT_AERPE  Q9Y dut, APE_0069. 1 nucleotidohydrolase (EC 2 6
pyrophosphatase)

dut, Alu0314, D 5"

AGR_C_548 3 6.1 23) (dUTPase) (UTP pyrophc

1 DUT_AGRTS  QsUIl

] DUT_ANAMM dut, AME0S5

D 5'trip
3.6.1.23) (dUTPase) (dUTP

\ . D 6'-triphosp
£ |DUT_ANTLO DuT 36.1.23) (dUTPase) (dUTP pyrophc

5

3.6 1.23) (dUTPase) (dUTP pyrophosphatase
Probable deoxyuridine 5'triphosphate

nut rolase (EC 26 1.22) (dUTPase) (dUTP

[l DUT_AQUAE 066592  dut, aq_220

£] DUT_ARCFU 029157 dut, AF_1108

[ DUT_ASHGO Q74ZF0 DUT1, AGR249C )

[ DUT_AZOSE Q5P729 )

1 DUT_BACFN  Q5LIHG

31-pacm. FASTA pactypuaan roMoJIOTHK KeTMAa-KeTJIMKHA TaHJIAILL.
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Coxpanuth B FASTA ¢dopmare

[C] swiss-Prot - Nowek & Google ifln htep:/ /www.expa.../cai-bin/waetz [

>DUT_ACIAD
MEVQVEILDQRLGQEWPLPSVATTGSAGLDLRACLDEATQIEPGQTVLIKTGHATYTHDT
NF AGL ILPRSGLGHEHGIVLGNLVGL IDSDYQGELNISVWNRGONTF TLEPGERLAQYVL
VPVIQAEFEQVEEFVATDRGAGGF GHTGOK

>DUT_ADEG1
NDPFGSSSVPPCSTSDLPEPKLYFVRLSPHAVPPVRATHGAAGYDLFSAYD IKVP ARGRA
LVPTDLVFQFPPGCYGRIAPRSGLAAKFF IDVGAGVIDPDYRGNVSVVLFNFSESSFNIR
RGDRVAQLILERINVPELSELTQLGETDRGASGFGSTGHGAVDRNQRSVLEWLTPGSR
>DUT_ADEGS
BSFDSGCPPTPPVELLFKKHSPFAVTPQRATSGAAGYDLCSSADVVVPPKSRSLIPTDLS
FQFPRGVYGRIAPRSGLAVEFF IDVGAGV IDSDYRGIVSVLLFNFSDHNFNVRRGDRI AQ
LILERHLTPDLEERSGLDETARGALGFGSTGGFDTGVCPSSFS

>DUT_AERPE
NFLEGRDLVLLGVVKGHSNGATQP AGVDLSVGE TESL AD AGFLGEEDKTHPKGDRIQCEY
GUCELEPGAYRLRFNEVVSIPPGHVGFCFPRSSLLRMGCYLGCAVWDPGYTGRGQAMLLY
ANPHGLRLEMGSRIAQLVVARVEGPLTSLYRGD YQGEGL

>DUT_AGRTS

NTVQNDNRPLLRLVRLANGADLELPSYETRGAAGHDLRAAVP ADEPLNLOQPGERALVETG
FIFEVPQGYEAQIRPRSGLATENGITCLNSPGTVDSDYRGEVEV ILANLGQDDF TIERGH
RIAQNVIAPVTQUTVSEVTETSETARGAGGFGSTGY

>DUT_ANAMH

NLEVKILRLASGYGLPLPSYATPKS AGLDLYARVDSKLVVHPGGRC AVKTGVALELPDGY
EAQIRSRSGLAANFGICVLNAPGTIDSD YRGEITVVLSNFGSED YV ISRGDRVAQNVIAP
VERVEWEEVNSITATSRGEGGFGSTGT

>DUT_ANTLOQ
NSEIITVKRLFSDAKIPVRHSEGAAAYDLYAYEDTVVAPNERKVIATGVRITVPLECQGT
IYSRSGLALKYCIEIFGVNIGPGETKD IVVD IYNHGKMPFNVAKGDRIAQIVF TKLF GGD
LHEVSELSDTKRGECGUGSTGIS

>DUT_AQUAE
NSKVILKIKRLPHAQDLPLPSYATPHISGLDLRAAIEKPLEKIKPFERVLIPTGLILEIPE
GYEGQVRPRSGLAVKKGL TVLNAPGTID ADYRGEVKVILVNLGNEEVVIERGERTAQLVT
APVQRVEVVEVEEVSQTQRGEGGFGSTGTE

>DUT_ARCFU

MAVLSGDEIRKLIQKEGL IRDYVDLETQIQPNGF DCTLRSVYRLRGCGRVDFDNSRRELP
ELEEVEFRDWVYLPRGVYRAKLNEVVRLGND INAIARPRSTL IRCGANVLTAVUDAGYEG
RSEVS IVVHND YGIVLSRNART IQLVF IRLSSPTEGYEGVYKGENIDS

>DUT_ASHGO

NTDOP AKKVHS APTLEVQLRSENAT APTRGS ARAAGYD IYASQDCV IPGRGQGLVATDVS
FTVPVGTYGRIAPRSGLAVEHGIQTGAGVVDRDYTGEVEKIVLFNHESDRDYAVKRGDRVAQ

32-pacm. FASTA nactypuaa MabJIyMOTHH CaKJIAIIlL.

CrangapTHas 3anmuchk Swiss-Prot

Search  Swiss-ProfTrEEMBL v |for lysozyme Go Clear
Printerfiendhy visw]

Subritupdlate

UniProtKB/Swiss-Prot entry Q9CIT4 (CEiBiasBsearnl
Entry history

| [Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools] I

Note: most headings are clickabie, even if they don't appear as Jinks. They link to the user manuai or other documents.
Entry information

Entry name ACMA_LACLA

Primary accession number Q9cCIT4

Secondary accession numbers None

Integrated into Swiss-Prot on August 14, 2001

Sequence was last modified on June 1, 2001 (Sequence version 1)

Annotations were last modified on  October 2, 2007 (Entry version 45)

Name and origin of the protein

Protein name Probable N-acetylmuramidase [Precursor]
Synonyms EC 3.21.17
Peptidoglycan hydrolase
Autolysin
Lysozyme
Gene name Name: acmA
CrderedLocusNames: LLO272
From Lactococcus lactis subsp. lactis (Streptococcus lactis) [TaxID: 1360] [HAMAP proteome]
Taxonomy Bacteria; Firmicutes; Lactobacillales; Streptococcaceae; Lactococcus
Protein existence 2. Inferred from homology,

(11 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]
STRAIN=IL1403;
DOI=10.1101/gr GR-1697R; PubMed=11337471 [NCBI, ExPASy, EB, Israel, Japan]
Bolotin A, Wincker P, Mauger S, Jaillon O, Malarme K., Weissenbach J_, Ehrlich 3.0, Sorokin A ;
"The complete genome sequence of the lactic acid bacterium Lactococcus lactis ssp. lactis L1403,
Genome Res. 11:731-753(2001)
Comments
+ FUNCTION: Required for cell separation during growth (8 sirnilan
o+ CATALYTIC ACTIVITY Hydrok 4-betalinkages between N-acel

33-pacMm. Swiss-Prot nactypugaru cranaapr é3ysJiap.
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CraniapTHbIC OJIS: entry, name, origin

UniProtKB/Swiss-Prot entry P00533

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools]

Note: most headings are clickable,_even if they don' appear as links Th

Entry information

Entry name

Primary accession number
Secondary accession numbers
Integrated into Swiss-Prot on
Sedquence was |ast modified on

link to the user manual or other documents.

EGFR_HUMAN

P00533

Q006588 000732 PO6268 Q14225 Q92795 QIBZS2 QIGZX1 QIH2CY Q9HICY QIUMDT QIUMDS QalUMGS
July 21,1986

November 1, 1997 {Sequence version 2)

Quick BlastP search
Entry histary

Annotations were last modified on
Name and origin of the protein
Protein name

Synonyms

October 2, 2007 {Entry version 121)

Epidermal growth factor receptor [Precursor]
EC27.101
Receptor tyrosine-protein kinase ErbB-1
Name: EGFR
Synonyms: ERBB1
Homo sapiens (Human) [TaxID: 9606]
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Horminidae; Homo
1: Evidence at protein level,

Gene name

From
Taxonomnmy

Protein existence
References

Ha3sBanme 3ammcu, yHukaueHbIH uaeHtudukarop (ID), mnpensinymme
HWACHTH(HUKATOPBI COOTBETCTBYIONIEH 3amucH, [aThl TNEpPBOH W moOCIeaHeH
MoaudUKanui, pacIpocTpaHeHHOe Ha3BaHue Oenka u ero cuHOHHMEI (EC HOMED
s (GepMeHTOB), Ha3BaHHE TE€HAa, OpPraHHW3M M €ro TAaKCOHOMHS, YPOBEHb
NOATBEPKAEHUSA

34-pacm. Swiss-Prot nactypuaaru cranaapT yerapaJap: entry, name, origin

NiceZyme ((hpepMEHTHI

NiceZyme View of ENZYME: EC 2.7.10.1

Official Name
Receptor protein-tyrosine kinase.
Alternative Name(s)
Receptor protein tyrosine kinase.
Reaction catalysed
ATP + a [protein)-L-tyrosine === ADP + a [protein]-L-tyrosine phosphate
Comment(s)
+ The receptor protein-tyrosine kinases, which can be defined as having a transmembrane domain, are a large and diverse multigene family found only in metazoans
« In the human genome, 58 receptor-type protein-tyrosine kinases have been identified and these are distributed into 20 subfamilies
s Formerly EC 2.7.1.112
Cross-references
PROSITE
BRENDA
PUMA2
PRIAM enzyme-specific profiles
KEGG Ligand Database for Enzyme Nomenclature
IUBMB Enzyme Nomenclature
IntEnz
MEDLINE
MetaCyc

PDOC00100
27101

27101

27101

27.101

27101

27101

Find literature relating to 2.7.10.1
27101

P13368, 7LESS DRONE;
552.".;3; ALK M

07333,
008345, DDRI_HUMAN;

P20506, TLESS DROVI: QSUM73, ALK §
JSVEW3, CAD9E DROME:

CSFLR DT ;
» CSFLR_MOUSE:
! DORL HoUsE
DORZ_FUMAIL:
» EGFR_DROME ;
9, EGFRMOUSE 5
EFAD_ENLA:
. EPBLE_XENLA:
7/ EFifA2_HOMAY:
EFHA3_CHICK:
, EPHAI_MOUSE:
47 EFiAQ_HONAY:
P54756, EPHAS
0

+ EGFRCHICK:
5, EGFR_MACHT:

EPA4A_DANFE

+ EPBLATKENLA:
L E £

P54755, EHAS

050629,
£ 0

35-pacM. DepMeHT/Iap TYFPUCHIATH MAbJIyMOTJIap.
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Taxonomy Browser
NEWY e =

" Include all synonyms
UniProt Taxonomy Browser = LIpeoimk sl |

Home Archaea Bacteria Eukaryota Viroids Viruses

Notice: This page will be replaced with betauniprot.org. Please send us your feedback!

Homo sapiens (Human)

Lineage Taxonomy identifier 9606 ] External information
ota Organism identification code HUMAN

Homo

ific
Scientific name sapiens

Common name
Synonym
Other NCBI synonyms man

“5(Rank species

Number of UniProtkB/Swiss-Prot 53
entries —

Number of UniProtkB/TrEMBL
entries

T
Up taxonomy tree Down taxonomy tree

Compléte broteoma Irformatioi
Source of data : Swiss-Prot  NCBI ¢

UniProt  Swiss-Prot@ExPASy  Swiss-Prot®EBI  Species list NCBI Taxonomy

36-pacm. Bpay3epaan okcHJIHM HAeHTHPUKAIMSA KUJTUIIIL.

AHann3 0eJIKOBOM IIOCJICAOBATCIIBHOCTHU

Y

‘Swiss Instiute of ‘& ExPASy Proteomics Server
Boniomates

Latest News [

New tools for in silico drug design and molecular
modeling 1,201

iculse Visdeing group
jssDock

New proteomics data uploaded into the World-
2DPAGE Repository

The ExPASy server — npoteomuka http./www.expasy.ch/tools/#primary

v" The Swiss EMBnet — coiled-coil yuacTku, BoIpaBHHBAHHS 1 JIp.

http://www.ch.embnet.org
v" The CBS Prediction Servers — nokanu3amus,

MOCT-TPAHCIISAIHOHHBIC MOIU(DUKAIHIH. . .
http://www.cbs.dtu.dk/services

37-pacm. JlacTyp OKaJIU OKCHJI KeTMA-KeTJIUMTHHHA TAXJIUJ KUJTUIIIL.
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ProtParam - npencka3zanue pU3NKO-XUMHUYECKUX
rmapaMeTpoB Oeka

s ExPASy Home page | Site Map Seaich ExPASy Contact us Proteomics tools
Search | Swiss-ProyTrEMBL > |for

ProtParam tool

ProtParam (References / Documentation) is a tool which allows the computation of various physical and chemical parameters for a given protein stored in Swiss-Prot or TrEMI
for @ user entered sequence. The computed parameters include the molecular weight, theoretical pl. amino acid composition, atomic compesition, extinction coefficient, estimg
half-life, instability index, aliphatic index and grand average of hydropathicity (GRAWVY) (Disclaimer)

Please note that you may only fill out one of the following fields at a time

Enter & Swiss-Prov TrEMBL accession number (AC) (for example PO5130) or a sequence identifier (ID) (for example KPC1_DROME)

Or you can paste your 0wn sequence in the box below:

RESET | [ Compute parameters

39-pacm. ProtParam nactypuaa oKCHJIHUHT PU3NK-KUMEBUHT

napaMeTJIapyMHM 0aAmIopaT KUJIUIIT

Compute plI/Mw

s ExPASy Home page Site Map Search ExPASy Contact us Proteomics tols
Search Swiss-ProyTrEMBL ~ |for

Compute pl/Mw tool

Compute plMw is & tool which allows the computation of the theoretical pl (isoslectric point) and Mw (molecular weight) for & list of UniProt Knowledgebase (Swiss-Prot or
TIEMEL ) ertries or for user entered sequences [reference]

Documentation is available.

Compute pl/Mw for Swiss-Prot/TrEMBL entries or a user-entered sequence

Please enter one or more UniProtkB/Swiss-Prot protein identifiers (D) (e.9. ALBU_HUMAN) or UniProt Knowledgebase accession numbers (AC) (e.a. PO4406), separated |
spaces, tabs or newlines. Altemnatively, enter a protein sequence in single letter code. The theoretical pf and Mw (molecular weight) will then be computed.

Or upload a file from your computer, containing one Swiss-Prot TIEMBL ID/AC or one sequence per line [(Gssop]

Resolution: ® Average or © Monoisotopic

Click here to compute pMw [ Reset

40-pacm. [lenTua MmaccacuHM XCuoo6JalI.
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PeptideMass

mﬁi&i{:“ e ExPASy Proteomics Server

Databases Tools Services Mirors About Contact

PeptideMass

Instructions are availa

ProtiTrEMBL) entries only:

onal modifications

bigger than 500

position #MC peptide sequence

2917.3229 311-337 0 SHCIAEVENDEMPADLPSLA ADFVESK
25932425 139-160 0 LVRPEVDVMCTAFHDNEETF LK
24332635 4565 O ALVLIAFAQYLQQCPFEDHV K
24041709 470-490 0 MPCAEDYLSVVLNQLCVLHE K
2203.0012 525-543 0 EFNAETFTFHADICTLSEK
20450953 397-413 0 VFDEFKPLVEEPQNLIK
19157731 265-281 0 VHTECCHGDLLECADDR
18539102 509-524 0 RPCFSALEVDETYVPK
1742.8940 170-183 0 HPYFYAPELLFFAK
16237875 348-360 0 DVFLGMFLYEYAR
16007312 414-426 0 QNCELFEQLGEYK
1511.8427 439-452 0 PHOS: 443, 444 446 1751.7417 VPQVSTPTLVEVSR

0

0

1386.6206 287-298
13845355 76-88

PHOS: 294, 297 1546 5532 YICENQDSISSK
PHOS: 82 1484 5018 TCVADESAENCDK

42-pacm. [lenTua Maccacu TYFPUCHAATY HATHKAJTAPHUHT YUKUIIHA.
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DALI

Comparing protein structures in 3D

INPUT
NEW
PROTEIN
What

are the
neighbours?

Aligned

4antiparallel 5 of

43-pacM. OKcWJIHHHT cTpyKTypacunu 3 D popmaTtaa iinrum.

KOxopunaru nacrypiap acocuaa OaxapuiraH Kagamiap OpKajld IPOTEUHIH
UIUTApHU IIYHUHTJACK KaTjaaHumiapHu TaHuo omum €ku 3J1-11 Busyanmuzanus
cupartuga xam MabIyM OYyJraH Ba aHbaHABHA TOMOJIOTHSIHM MOJEIUIAIITHPHUII
yCcyJulapyu/la MIJIATHIAJWraH [AaOJIOHIApHA AaHMKJIAIl YYyH KHIUPYB YCYIU
cudaTuia UIUIATHIAIIN MyMKHH.

MabiaymoTinap 6a3acMHU KUIUPUILI TEXHUKACH TOMOHUAAH XOCHJI KUJIMHTaH
KETMa-KeTJIMKHU XAaTTOKM KEHMMHIM MOJETHM UIUa0d YMKapull Y4YyH acoc
cupatuga HIUIATHUII MYMKHH, aMMO SHaja Mypakkad eEHpanryBiap Xam
YpraHuiras.

Anaduéraap
1. https://onlinelibrary.wiley.com/doi/full/10.1111/cbdd.13388

Casosiap
1. T'omosOruK MOJIEIIAIITUPUI JIETaH/1a HUMAaHU TYIIYHIUHTU3?
2. Kuécuit mopemnamtupui Huma?
3. T'omonornapau MOAEIIAIITUPHII YCYIU HUMara ocociaHaan?

4. Mopaen uinad YMKapuIaard Kajamiiap HuManapaad noopar?
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§3. AMAJIUIA MAIIFYJIOT. HYKHU MOJIEKYJIAP BA
MOJIEKYJIAPAPO Y3APO MYHOCABATJIAPHHU TAXJVINJI
KWJINII BA XUCOBJIALI YCVYJ/IN

OKCHJI-OKCHJIHHHT y3ap0 MyHOCA0AT/IapH TypJiapu

Oxkcumtap Oup-Oupu OumiaH "BakTuHYa" OoFjlaHUIIUA EKU "OGapkapop" Kyn
OKCWJUTM KOMIUIEKCIApHA XOCHUJ KWJHMIIK MYyMKUH. byHmail xonma, OKcHI
KOMILJIEKCIIApH T€TEPOOIUTOMEp Ba TOMOIUroMep OViuiyu MyMKUH. OKCHII- OKCHIT
y3apo MyHOcaOaTIapUHUHT KJIACCUK HaMyHajgapura (QepMeHT-UHTHOUTOPH Ba
aHTUTaHA-aHTUIT€H MyHacalaTiaapu Mucoil Oynmub, aMMo OyHra Kymmmya
paBuIIIa OKCUJI OKCHJI ¥3ap0o MyHOcabaTiiapuia UKKU JJOMEH ypTacuia €Ku JOMEH
OwJaH MenTuj ypracujaa naijgo OYyaumM MyMKUH OYiraH MyHacadaTiiap KHpaJu.
Oxcui JoOMeHHU - Oy OKCHJIHMHT y4JlaMud CTPYKTYpacH 3JeMEeHTU O0Ynu0, y xKyaa
Oapkapop Ba MyCTaKUJl OKCUJI CTPYKTyacu XucobsaHuO, Oykianuiu ((HoiaauHrn)
OorIKa KucMiIapAaH MyCTaKWJI pPaBUIIia aMalira OUTHPUIIaIu.

I'omo- u rerepooJiuromepJiap

I'omoonuromepiiap gakat OuTTa Typaard OKCuil cyoOupiauKiIapyian noopat
MaKpOMOJIEKYJISIp KOMIUIEKCIapaan ubopar. Arap Oup xwi OyiMmaraH NTpOTEUH
3aHXKUpJIapy ypracuaa OOFIaHuII XOocuJl Oyiica, y X0j/1a TeTepo-0JIUroMep XOCHII
oynamu. I'erepo-onuromepnap Oapkapopiauru OusiaH (apK KWiaJau Ba aKcapusT
rOMO-0JIMTOMEPUK KOMIUIEKCIIap HOCUMMETPUK Ba OapKapopaup.

['oMonuroMepiapH axpaTud ONUIN  KYNMWHYA JCHATypalusHu Tajab
kuwiagu [4]. bav3u QepmeHTIIap, TPaHCIOPT OKCHWLIApU Ba TPAHCKPUIIIUS
oMmiiapu BasudacuHu ToMoosuromep Oyma TypuO Oaxkapamgu. Typau ocuiiap
YypTacuaarn MyHocabaTiap Xykaipanard CUTHAJUIAPUHU Y3aTWIHIINIAA MYyXAM
YPHUH TyTaJH.

Ma:x0ypuii Ba UXTHEPHIT y3apo MyHOcadaTIap

Oxkcuil- OoKcuJl MyHOca0aTapuHu MaxOypuil Ba MXTUEpUNTra  aXKpaTHII
YUyH 3PKMH XOJIaTAa Ba OKCHJI KOMIUIEKCH TapKuOMIa y3apo TabCHpJAllUIIIa
UIITUPOK ATaJWraH OKcwuiap (MOHOMEpJap) HHUHI OapKapopiurua TYFpuUcuia

MabJIyMOT 3apyp. Arap MoHoMepiap ¢akar in Vivo mapouTtua (OpraHu3M WIH]IA)
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KOMITJIEKCHUHT Oup KucMmu cudaruma 6apkapop Oyica, y xoya yJIapHHUHT ¥3apo
TabCUPH MaXOypuiiaup. MaxxOypuii ¥3apo MyHOca0aTIap HaTWKacuaa MaKOypui
¢kn obnurar (MyaiisH »kapaéHia ajgbaTTa MaBXKyJ OIyIaJuraH) KOMIUIEKCIIap
XOCHJI Oynmaau. Arap OKCWJUIap MYCTaKWI paBHILA MaBXKyJd OYJIHWIIN MYMKHH
Oynca, y xonma ynap uxtuépuit Oynran OKkcui- OKCWJI MyHOcabaTiapuia
KaTHaIaauiap. Xykapajgaru MakKpOMOJEKYJSIp MEXaHW3MIIAPHUHT aKCapHUsTH
MaxOypuii y3apo Tabcupra mucosap [2]. MaxOypuit komruiekcnapra P22 Arc
repressor MHUHC JAMMEPH KHpaJu Ba UXTUEpHUU Y3apo Tabcupiapra sca RhoA
owian RhoGAP Ba TpoMOMH OWJIaH YHMHI UHTHOWTOPHU POJHUHUH OWiaH y3apo
TabCUPU KUPAJIH.
JloumMuii Ba BAKTMHYAJIHMK Y3apo MyHocadaTtJiap

Oxkcuil- OKCuJ1 MyHOcaOaTiapyuHU KOMIUIEKCHU HIILIAIl MyZAJaThra kKapao
axpatum MyMmMKuH. Jloumuii MyHocabaTiap ojatia skyJa Oapkapop: OKCHILIap
¥3apo Tabcup KWIMO JOMMHUM KOMIUICKC XOCHJI KWIaad. Yjaap KyIHUHYA
roMoojuromepiapaa (Mmacanad, [{utoxpom c¢) Ba 0ab3u rerepoosiuromepiap/a
(macaman, AT®aza cyOOupnukiapuna) ydpaiiad. BakTtuHuamuk MyHocabatiap
JIOUMO IIaKJUIaHUO, mapyananul Typajau. Yiap rOpMOH- perenTop MyHocabaTuaa,
Xy>Kalipa CUTHAJUIMPUHUHT y3aTHWIHINN/A a0 OYIUIY MyMKUH. YOy Typaaru
MyHOca0aTaap CUTHAJ Ba PEryJsiiiys Wyiapuaa KeHT TapKaJraH.

KoBaJsieHT Ba HO KOBaJIEHT 0yJIMaraH MmyHocadartJiap

KoBaneHT anmokanap SHr Ky4djd Ba SJEKTPOHJAP aJIMAallMHUIINIA XOCHII
oynmamu (Macanan, nucyiadun Ooriapu). YmlOy OoflaHUNUIAp OKCHJI Ba
OKCUWJUJIAPHUHT y3apo TabCHUpHJA KamjJaH-KaM Yyuypaljau, amMMO TpaHCIISIUsIaH
KeWnHTY 0ab3u MoAuduKanusuIapaa yjaap Xal KWITyBYH aXaMHsITra sra (MacajaH,
SUMO okcumtapunn ($Ha3zoBuil MAKIMHU XOCHJI OYJIUIIN Xamaa YOMKBUTHHIIAIIIA
—XamMa >KOWJ1a TapKAIMIINAIA) MyXUM YPHUH TyTaaH.

Voukeumun (uHrnmmsua ubiquitous - "xamma okoima") - Oomika
OKCUWJUJIAPHUHT Xy’Kailpa WUWJard mnapyajaHulll >kapaéHIapuHu TapTHOTa COJIUIIL,
IIYHUHTAEK YyJIApHUHT (DYHKIUSUIAPUHUA Y3rapTUPUIN OWJIaH IIyFyJUIaHaIATaH

knuuK (8,5 k/{a) sykapHOTIapHUHT KOHCEPBATUB OKCHUJIIH.
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HoxoBanent Oofmanunuiap, ojataa, 3aud OornaHunuiap OWpPUKMacu
Tydalan BaKTHHUYAIMK MyHOcabaTiapjaa Xocui Oyiaaw: BOIOPOJ, WOH, BaH ACp
Baasnc éxu ruapodo06 6ornapyu KOMOMHAITMSCH HATIKAacHAa IIaKutaHaau.[6].

CTpyKTypacus X0JaTAaH CTPYKTYPaBHii Xoj1aTra yTuin

Oxkcuii- okcunl MyHocalaTiapuaa CTpyKTypajaliMaraH OKCWiUIap Ouiad
KHUCMaH XOCWJI Oyiaran MyHocaOaTjapHM ajoxXuja aXXpaTUIl MYyMKHH. YOy
OKCWJIIAp TapKuOHIa aMHUHOKMCIOTAa KETMa-KeTIuru OapKapop ywiamMyu
CTPYKTYPAHUHT IAKJJITAHUIIUTa UMKOH OepMaiiiuraH MUHTaKallap MaBxya. Yoy
OKCUJIJIap MIEpUK OusiaH OOFJIaHUII YYYH MOC KOHGOPMAIMSIHU TaHIa0, OolKamap
OWJIaH TabCUP YTKA3UIITN MYMKHH.

OKcHJ1 KOMIVIEKCJIAPUHUHT YU YI4aMJId TY3HJIHIITU

Kynruna oOKcUI KOMIUIEKCIAPUHMHI MOJIEKYJIAp Ty3WIMalapu pPEHTIECH
CTPYKTYpaBUM TaxJIUau EplaMuia aHUKJIAHTaH. bUpUHYM IIyHJall aHWKJIAHTaH
CTPYKTypa KalasaoT MUOTJIOOUHU Oynras. Keitnnuanuk, OKCHJI
KOMIUJIEKCJIAPUHUHT Y4 YIIHOBIM TY3WIMIIMHUA aHUKJam yuyH AMP (Sapo maraut
PE30HAHC YCyJIM) XaM KyJulaHwia Oonuradnrad. MacanaH, OupuHum OYiImO,
KAIMOAYJIUH OwiaH y3apo MyHocabarra KUpHILAgurar KaJdMOIyJUH OuiiaH
OOFJIaHTaH JIOMEHJIAPHUHT CTPYKTYpacH OJIMHTaH. YOy yCyd KYy4uCH3 OKCHII-
OKCHJI MyHOCA0aTJIapuHU aHUKJIAII YYYH Ky/1a MOC KeJlaJu.

JlomenJiap

OKCWITapHUHT Y4 VI4amiIid CTPYKTYpPAacHMHHM aHUKJIAINl YCyJUIapu uiiabd
YUKWITAHJIUTH TyQalian OKCUI-OKCHJI MyHOCA0aTIapUXOCHI OYJIMIINMIA UIITUPOK
ATaJNraH CTPYKTypa AOMEHJIAPUHU aXXpaTUll MyMKUH Oynau. MacanaH, ymiap:

* pochopriiaHral OKCHILIApHA OOFIaiauran SH2-noMeny,

* MpoJuHIapra 0ol KkeTMa-KeTiukiapra xoc 6ynran SH3-gomenu;

 PTB -momenu ¢ochoTupo3nH TYpyXWHU Y3 HUWTa OJTaH KEeTMa-KETIUKIIAp
OuJIaH TabCUP YTKA3ZHILL;

* [{ucreunra 0oi1 pyx 6apMOKJIapy MOTUBUHHU ¥3 nuura oirad Ba PDZ -nomenura

cuHrapu gqomensapra yxmam LIM -gomenu;
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e TapkuOHMaa Yy3ura yxmami--I0MeHU OyiIMaraH OKCWJUIApHU OUPUKTUpPAIUTaH
SAM--nomeHnu;
o okcwitHuHr C-yumpmarn S/TXV MotuBuHM Tanumiguran PDZ  -gomenw,
myHuHrAek LIM -nomennapu éku mryHra yximam kadumap;
* P1(4,5)P, (bochounosuroin-4,5-6udocdar) Hu 6ofnamira koaup Oyiaran FERM -
JIOMEHH.
OKCHIT-0KCIJIT §3ap0 MYHOCA0ATIAPUHUHT OMOJIOTHK TabCUPH

OKCHII-OKCUJTHUHT Y3apo MyHocalaTiaapu Kymiad OHOJIOTHK >kapaéHiapa
MyXHUM poJ yitHaiiau. [IpoTenHHUHT QyHKUMICH Ba (AOIUATH aKCapHUAT XOoJIapaa
HIEPUK OKCUJIIapu OuiaH OofnaHTraHAa y3rapaau. YJap auloCTEpUK Tabcup (yHra
cyOcTtpar Oyimaran OOIIKa MOJICKYJAHUHT OWPHUKUINN HaTHXKachaa OKCHII
MOJIEKYJJACHHUHT  (Da30BUH  KOH(PUTIYpPAUUSICMHUHT  y3rapuiiu)  Tydaiau
(GepMEHTHUHT KUHETHK MapaMeTpjapura ce3wsapiid TabCUp KYpCaTHIIM, YHUHT
WHaKTHBaIusicura (HodasiamnryBura) oiaud KeJUId MyMKWH (Macanal, (pepMeHT
UHrUOuTOp OunnaH OofjaHraHga) €xku  (QEPMEHTHUHI  CcyOCTpaTura Xoc
XYCYCUSTUHUHT Y3rapuiiura oau6 kenaau. byHnan Tamkapu, OKCUIUIApHUHT OUp-
Oupu OmaH y3apo TaAbCHPU WKKU MOJIEKYJIAHHHT y3apo TabCHpHUIa CyOCTpaT yuyH
SHTU OOFJIAHUIN YKOMMHU XOCWJ OViHIMra ojiud Kenumu MyMKuH. Mkku €xu
YHAaH OPTUK (epMEeHTIapHUHT Oup-Oupu OusaH ¥y3apo Tabcupu Tydaitnm
TYHHEJAITaH CyOCTpaTHU XOCHJT KUJIUIII MyMKHUH OYJaau, Oy opaauk MoIajlapHu
OapKapOpJIALITUPHII BA YIAPHUHT MaXaJJTMH KOHIIEHTPAIMSICUHYU OLTUPUII OPKATH

(dbepMeHTaTUB peakuusiap camapagopIMriHu OLIUpaan
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En 3ankupiapaaru y3apo mynocagatiiap
Acocuil 3aHKHpAard MoJeKylap MpTacugaru MyHocadaTiaplaH TallKapu
€H 3amKHUpJ MOJIEKyJajapu ypracuja XaMm MyHocabariap MaBxkyd yJap
OKCHJIHUHT (Pa30BHI CTPYKTYpacHHU OENTHIIaIIIa MyXuM YpUH TYTa/Iu.

Ty3 kynpuk4yajapu

4 L '/)_‘i—,\. .“‘ 3 ¥ v3
34-pacM. Ty3 KYNpUKYAJIAPUHUHT (pa3onaru kypunnmu. Kusua ouian
MaH(}UH 3apAAJIAHTAH KUCJIO0POA ATOMH, KYKOUJIaH MycOaT a30T, OuHadma
PaHT OMJIaH MOJIEKYJIAHUHT YIJIEPO CKeJIeTH OepHJIraH .

Pacmuau J-mol gactypu épnamuaa onunrad. M3o0paxkeHne mojlydeHo ¢ MOMOIIBIO
POTPaMMBL.
AprunuH 152 Ba acnaparus kucjaora 14 opacuaaru Ty3 KyNnpuKJIapH.
ApPruHUH KOJAWFU Ba aclapardH KHUCIIOTa Opacujiard Ty3 KYNpHUKIapUHU
KYpuO YWKUHT. bUpMHYM Ba WKKUHYM OOFJIaHUILIApJa a30T aTOMHU BOJOPOJ
JOHOPHUANP, KHUCIOPOJ 3ca YHU Kalyn Kuiaau-akuentop. bormanumn y3yHmuru

oupuHuM Xonataa 3,01 A, nxxuauncuna 3,03 A.
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AS D2

35-pacM. ApruHuH aMHHOKHCJI0TACH KOJAMKJIapu 152 Ba acmapTHK KHCJI0Ta
14 opacugaru Ty3 KynpukjIapu.
Kucnopon arommapu Ku3Wi, a30T aromyiapu KyK, Ty3 KYNPHUKIAPU KYJPaHT
(mykTanu ynsukiap). Pakam J-mol.nactypu €épaamuaa oJiMHraH.
Ty3 kynpuru 0yamaran Bogopoa 00fu
35-pacma acmaparuH aMHHOKHCIIOTACH KOJIIUFU Ba apTHHUH YpTacuaaru
BOZIOpo OoFu KypcaTwiran. by Ty3 kympuru smac, 4yHKH acOCHM 3aHKHUpJaru

KHUCIIOPOJ] aTOMHU OOFMHUHT XOCHJI OVIIMIIN/A UINTUPOK dTaau. bor y3ynnuru 3,19

A.

/

ARG312 NH2 — ¥

ASP168 O ==3.19 A

e

36-pacm. AcnaparnHk kucjaoracu 168 Ba aprunun 312 Koaaukiaapu
opacujaru 0O¥JaHMII MHCOJIMIA Ty3 KYIIPUTH 0YJIMaral BOJI0pPO/ a10KacH.
Kucjiopoa aromu KM31J1, a30T ATOMH KYK, BOAOPO/ 00FHU 3ca KYJIPAHT HYKTa
YM3MKAa OepuJras.

36-pacm J-mol.nactypu épaamMuaa oTMHIaH.
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JAucyngun Kynpuru
Jucynpua Kynpurn WKKM [HCTEUH KOJJAWFU Yypracuaa aucyndun
(koBaJIeHT) OOFJaHUII XOocwi Oymumu Tydainu ro3ara kemaan. ducyndung
KYOPUKJIApH OKCWJIHUHT (Ha30BUH TY3WJIUIIMHU OapKapopiallTHpHUIINIA XaMm

HIOTHUPOK 3TalH.

A 2.05
CYS80

——~"
37-pacm. lucreun 64 Ba Llucreun 80 opacuaaru qucyadua Kynpuru.
Jucyndua Kynpuru Ba OJTHHIYTYPT ATOMJIAPU CAPUK PAHT OMJIAH
Oearmiaanrad. Pacmaa qucysigua 00FIaHUIIMHUHT Y3YHJINTH, OOFJIAHMILIAD
opacujaaru Oypuaxkjaap kypcarwirad. Opkara yuanrus, ymoy XaBoJaHUHT
AUreaApas Oypuyaru naimo 0yaaau.
Yuszma Ba yauosJap J-mol nactypu épaamMmuaa oJIMHIaH.

Herunpartaza Tapkubuaa aucylidua KYNpurd TONWIMAraHu y4dyH siHa Oup
okcun wunuatuiarad - Gallus gallu (toByk) opranusmuman C THI JIH303UM
(mm3o3um  C). VYmlby oxcun Oakrepusuiap XyKailpamapu — AeBOpJIapUHU
NEeNTUAOTINKAaH OwilaH mapuanaiiauran antubakTepuan BocuTaaup. PDB
unentudukaropu 1HCO.

C-C xynpuruHu TOmMII Yy4yH SsSbondc Oyipyfu wunuaTHiITaH. Yoy
OKCWJIJIaH YHMKKAH AUCYNduI KynpuKiIapuaaH OWPWHUHT TacBUpu 4-pacMia

KenTupwirad. bormanum y3yanury 2,05 A, Oy OornaHMII TreoMeTpUCHHU
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TaBcudaoBun Oypuaknap sca 103,7 © Ba 104,1 A, muruapan Gornanum Gypuyaru
96,1 A.
CyB kynpuru
Bonopon xynpuru - Oy mpoOTEMH Ba CyBHUHI aMHHOKHCIIOTa KOJIUKJIApU
opacujard Bojiopoj 6oruman udopar.
JleruipaTtaza OKCWIMA CYB KYIPHUTU -pacMia Keatupuwirad. Bomopoa noHop
Oymu0 cyB, akcemropijap- 93ca acmaparuH KUCJIOTaHWHI aMHUHOKHCJIOTa

KOJIAUKJIIapH ¢H 3AHKUPHUHUHI KUCJIOPOJ aTOMJIApH.

SP288

2.74 A

39-pacm. CyB kynpuru. Kuciopoa atomyiapu KM3uJ1 paHria, cyB
MOJIEKYJIAJIapU SINTWJI PAHT/AA, BOJOPO/ AJIOKAJIAPH eca KOPa YM3NKIapaa
kypcatwiran. Pacmaa ukku Boopo/1 00FJIaHMII opacuIaru 0ypuak Ba
YJAAPHUHT AHTCTPOMJIAPAATH Y3YHJIUTH KYPCcaTHJITaH.

Pakam J-mol.nactypu épaaMmuaa oJIMHraH
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CaBoJsiap:

1. OKCWJI-OKCMJIHUHT  y3apo MyHocalaTiapyu TypJiapu JeraHja HHUMaHH
TylryHacus?

MaxOypuii Ba uxtuépuii y3apo myHocabaraap Huma?

Jloumuii Ba BAKTUHYAIHMK Y3apo MyHocabaTiap Huma?

KoBasieHT Ba HO KOBajieHT OyiMaran MyHocabatiap Huma?

o bk w

OKcu KOMIUIGKCIIAPUHUHT Y4 Yiuamlii — TY3WIMIIM JeraHja HUMaHU
TylryHacus?

OKCcHI-OKCHII ¥3apo MyHOCA0ATIaPUHUHT OMOJIOTUK TabCUPU HUMA?

Pammonan xucooOJianr nu3aiiHl HUMa'/

de novo daoin caitt (HykTa) TU3aiHU

© © N o

Xwucobuam Bocutanapu Ba de NovVo na QepMeHTIapuHH JoHrXaanl

§4-AMAJIUM MAIIFYJIOT. OKCUJI MYXAHJIUCJIUTH YUYH
KUJAUPYB AJITOPUTMJIAPUHU TY3UI

NHuHr makcaam:

1. EMBOSS nactypuii TabMUHOT TYTIJIaMU OMJIaH TaHUIIUIII,
2. IHK keTMa-KeTIUruiad OKCHJUIap KeTMa-KeTIUIura AeKOUPJIAIIHUHIT aCOCHUM
TaMOWWJIJIAPUHU TYIIYHUO OJTUIII;
3. KeTMa-KeTIMKIapHU TaKKOCJAll aJIrOpPUTMIIAPH TPUHIUIUIAPUHN TYIIYHUO
OJIMIII;
4. OuuK YKUII paMKacHl TYFpHUCH]Ia TaCaBBypra sra Oyiui;
5. bab3u KeTMa-KETIIMKHHA TaKKOCJIAIl TEXHUKACUHU Ba
TaKKOCJaIl HATWXKaJAPUHU TATKUH (MHTEPIPUTAITUS) KUJIHILL

EMBOSS http://emboss.sourceforge.net/ / 6y "The European Molecular
Biology Open Software Suite" EMBOSS - 0y o4MK KOmIM AacTypuil TAbBMHUHOT
TYIUIaMH  XucoOnaHaau. Y MOJeKyJsp OMOJOorusi coxacuaard MyTaxaccuciap
axTuéxiapuaan kenud uyukuO maxcyc unpiad uumkwiran. EMBOSS aBTomatuk

paBuiga kymiad Ouosnoruk ¢opmar MabiymMoTiap TaHUWIU Ba (oliganaHyBuu
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yuyH ymoOy MabIyMOTIAapHH TapMOK MabilymoTiap Oazamapuman maddod
OJIUIIITAa UMKOH Oepau

EMBOSS keTMa-KeTJIMKHM TaxXJWJd KWIMII YYyH KaTrTa XakKmaarua
YTUIIATIIADHU y3 wumra onub, SXJIUT JacTypuil TabMUHOT TYIUIAMHHU
makiantapaguy. EMBOSS kerMa-keTnukiapHd ¥3 MuMra ojiraH MabiyMOTJIap
OunaH um Oouutam yuyyH Oemmyn BapuaHT XxucoOnaHaau. UyKyppok TaxJIMiIapHU
KWJUII YYYH TETHILIH KyMaK, TEXHHUK , XMU3MaT (CepBUC) Ba SHTHJIAHUIIIAP 3ra
OyHJaH OOIIKa THXKOPAT JAaCTypU MaxCyJloTiIap XaM MaBxkKy/Il.

a) EMBOQOSS -auHr cyHIIru BepcusCMHA KOMIMIOTEPUHTH3TA IOKIa0 OJIMHT Ba

ypuatunr (ftp://emboss.open-bio.org/).  Ilaker XyxokaTiapu 3ca Oy epna

xommamran http://emboss.sourceforge.net/apps/#list GenBank man JIHK E.Coli
isocitrate dehydrogenase J02799 IHK xerma-keTiuru ¢haiIMHA TOITMHT

c) PaililHM OUYMHI Ba YHJArd HYKJIEOTHJ Ba aMHHOKHCIOTaJap KeTMa-
KETJIMKJIADUHU TOIIHHT.

JHK HYKJIEOTHUIa P KETMa  -KEeTJIMTUIAa  aciauaa  OKCHUJIHMHD
AMUHOKHCJIOTAJIap KETMA-KETJIIMTUHY KOJJIAIINATA UIIOHY XOCUJI KWJIUHT.

Cuz 6ynu JJHK kerma-keTnurugard aMUHOKHUCIOTalap KEeTMa-KeTJIUTura
TYIMK ~ MOC  KeJaJuraH HyKJIeoTu[yiap  (TpUIUIeTSap) HU  aHUKJAMI
(uneHTHUUKALMSA) KWIMII OPKAJIM aMaJira OIIUPUIIUHIU3 MyMKHH.

JInkkatau 6ymuar! YKum pamkacy, (GUPUHYM KOJOH) MYMKHH
OMpUHYM HYKJICOTUJAAH 3MAcC, MKKUHYMCHJAH EKM YYMHUYMCHUIAH OOLUIaHUIIH
MYMKUH!

['eHEeTHK KOOHU KyWHIard XaBOJaJaH OJIMII MyMKHWH:

http://helixweb.nih.gov/gcode.html.

AMUHOKHUCIIOTa KOJM 3Ca KyWMuJa TaKIUM 3THITaH
http://www.mun.ca/biochem/courses/3107/aasymbols.html
[Mapxygap, mnpobemtap €KW HYKICOTHUIAp KETMa-KeTIUTHAaH OoIka

oenruniap OyaraH caTpHU OJIMO TaluIal MyMKHH.
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Vium pamxacu (SbHH HYKICOTHIIAp KETMA-KeTIUTMIATU SKOM) HHHT
OOIIJIAaHUIIl KOMMHU TOMNMIIJA CaTp OCTUHUHI Xap KaHAall KUJIUPHUIIT
byHkuuscunan GonganaHuI Te3K0p, JEKUH KYTIOJ YCYIu XUCOOIaHaIH.

bu3 Owmamusku (reHetuk koxara kapanr) ATG — M (MeTnoHwH) HU
KoJupiaiau Ba Oup BakTHHUHT y3uga ATG OonutaHFud KOJOHU OYJIUIIIA MYMKHH.
[Hynunraex HadakaT M HU KoJ1all KeTMa-KeTIUTH dMac, OaJIKM YHJAH aHUKPOK
(Y3yHpPOK) MacTKM YM3UKJIapHU TOMMINra XapakaT KWIHAII MYMKHH, Xe€4
Oynmaranna  OMpUHYM  OJTUTara  aMUHOKUCIOTAJAPHU  KOAWUpJIalauraH
HYKJICOTUJJIap KETMa-KeTJIUTHAArd KOJOHJApHU KUAUPUO KYpHUIra YpPUHUIL
MYMKHUH

[IlyHu €nna TyTUII KEpaKKH, ydTa TyxTaml KoaoHu MaBxyn - TAID, TAA,
TIr'A. Ymly koAoHJIap aMHHOKHCIOTajdap TWIWra Tap:kuma KuinHmanau. Cus
noumuil (perynsip) ubopanapaad (ONJAIaHUIIMHTUA3 MYMKHH (arap 3XTUMOJ
myHjaai Oyiica), YyHKM TEHETUK KOJi OMTTa aMHUHOKHUCIOTa OMp HeuTa KOJOH
TOMOHM/IaH KOJIJIAHUIIIM MYMKHH, JIeraH (pUKpra acocjiaHaam.

Macanan, Jlnzunaau uznam yuyHn goumuiit udoma AA [A, I'T (UNIX yuyH)
XucoOJaHaau.

Marmk: Jlefinmunu perynsp udoa 6vnan kKauaan €3umn kepax?

I') IKKUHYY MyaMMO KeTMa-KEeTJIIMKHU KoJjaniga €Taau
acnuna 6uszHu KuzukTupanurad JIHK HUHT Kymmmua 3aHkupy (Ba MablyMOTIap
0azacuja KenTupuiIMaral MabiayMoTiap, leading strand Ba lagging strand, strand +
Bastrand ) okcuiia sxoUamrad OyJauim MyMKAH
JIHKuuHr myalisH OVJIariHUHT KOMILJIEMEHTAp KETMa-KeTJIMKHU KaHJai OJMII
MYMKHH?

Mabnymkn, JHK wuKkuHUM 3aHXUpU KETMA-KeTJIMTM OMpUHYUCHUTA
HUCOATaH TECKapu KOMIUIEMaHTap XyCyCHUsTra 3ra
5" C-A-T-G-T-C-C-A 33" G-T-A-C-A-G-G-T 5' Monekymsip Owuomnorusga
KOMILJIEMEHTAPJIUK ~ XYCYCUSITM JeraH/Ja HYKJICOTHIJIADHUHT  dakar aHHK
OenrunadraH KyPTIapHUA XOCUI KUJIUIIH TYITYHUJIAIU (KapaHT Mabpy3aiap)..

EMBOSS nakerunaru revseq nactypuaan Kyiuaaruiapaas (GonagaHyHr:
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- TECKapU K€TMa-KETJIMKHH SPATHILL;
- Oup-Oupura KOMIJIEMEHTap KeTMa-KeTIMKHU SPATHIIL;

- TeCKapy KOMILUIEMEHTAp KeTMa-KETIMKHU XOCUJI KUJIHII KypHUIII

J20799 keTMa-keTauru yuyyH KyHujaru aMmaijapHi OakapuHT.

€) OuTTa HYKJIEOTH] KETMa-KEeTJIUTHJIaH MYMKUH OyiraH KaH4ya
TpaHCISIUsIIap (AMUHOKUCIOTANAP KETMa-KEeTIUTH/Ia) OJIMHUIIA MyMKUHMHU?

by BapuanTnmapHu omumra ypuUHUIOHUHT Xokath UyK. J02799 Hu
TPaHCISIUS KWIWIL, SbHU OKCWJI TWira Tapkuma Kwimin ydyH EMBOSS
JacTypujaru transeq naH ¢oinananudr. by mactypaa OyHu yuyTa TYfpu Ba Ba
yuTa TeCKapu KOMIUIEMEHTap KeTMa-KeTIukiaap €Ku Oapya TYFpH /TecKapu
KOMILJIEMEHTAp KeTMa-KeTJIMKIap OuiiaH Oa)kapuiid MyMKuH Oyiran frame épnuru
MaBXy/I.

Vinm pamkacu yuyta mymkuH Oynran JIHK éku PHKparu nykneorumnap
KeTMa-KeTJIMTUHU YKUII Wyimapugad Oupu OYnu0, HYKICOTHIAPHUHT (YUIIHK)
Oup-OuMpura MOC TyIIMaWauraH TPUIUIET cepusick cudatuga y HYKICOTU]
(OupuHYM, UKKUHYM €KW YUYWHYM) HUHT Kalcu Oupuaa VKUl KeTMa-KeTIUTd
OOLITaHTaHJIUTUTa OOFITUKIUD.

Macanan, TGCTGCTGC pa kyinmaru yura ykum pamkacu TGC TGC
TGC, GCT GCT Ba CTG CTG MaBxXy/I.
€) IOKOpHAA KENTUPWITaH MAacCaJaHWHT MOXMATH IIYHIAKd, TPAHCISIIHS YIyH
VKUIIl paMKacHUHH TYFpH TaHiaid Ounumn jo3um. J20799 okcwnm ydyH ONTH
uMkonustaan 6upu Ba ORF (open reading frame) yuyH MabHOTa raaup.

EMBOSS naru plotorf nmactypunan doiinananu6, J20799 oOKCHUIMHUHT
O6apua maBxyn ORF nman dorimanann®d rpaduk Ty3uIll Ba YIAPHUHTIHT Y3yHUHH
aHuKIam (MaeHTuuKaus Kuwinia) MyMKuH. KeliuH Oy MabIyMOTHM TETHIILIU
OKCWJI TWJIUTA Tap)KUMa KWIMHHINKA (TPaHJSIUACH) YUYyH TETHUIUIA OYiraH TeH
KETMa-KETJIMKHUHT OOIIJIaHFUY Ba OXUPTH HYKJICOTHUJJIAPHU aHUKJIAII y4yH
UILTATHIIAIH.

lynn ynytmacnuk kepakku, plotorf mactypu craprt- Ba cTOm-KOZOHIApH

OwiaH dYerapajlaHraH ydacTKajdapHu Kujaupaau. boikaya kwinb adTrasja,
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AYKapUOTMK 3K30HJap — CTAPT KOJIOHJApH OYJIIMAraHjaurd y4yH ymoy JacTypia
Tympu6 Kommupuianu. Plotorf ngactypunm mpokapuormap JHK Ba ékm
sykapuotiap M-PHKcu ketma-ketnuknapu yuyH Kyiuian Makcajara MyBO(QUKIUD.

MabnymoTiap TyFpucuaara axoopot http://emboss.bioinformatics.nl/cqi-

bin/emboss/help/plotorf na xoiimamaras.

x) O J02799 ra yxumaiiuran KeTMa-KeTJIUKIAPHU KYpUO YNKaMU3,

v’ Bv ousra HUMa y4yH KU3UKapIu XHcoOIaHagun?
[03ara KelaJuraH MyTalMsulap HaTWwKacuja Ba TEHJIAPHUHT KaidTa
KYpWJIUIIM /OpraHM3MJard TYpJad XoAucaidap KeTMa-KeTIMKIAPHUHT
ABOJIIOLIMSICUMTA ONMO KenuO, ymap VYXimam KeTMa-KeTIUKIap OViIuim
MYMKHH,;

v/ KOHCEpPBaTHB y3rapMaiiiiraH y4acTKAJIapHU KUIAUPUO TOITHIIL;

v CyHbuil YaKpuiaran MyTansiiap Ouian OelruIapHi KUIAPHO TOTIHIILL.

JJHK HuHr OM3HM KU3UKTUpraH ydacTkacuHu tonuin yuyyH BLAST -

http://www.ebi.ac.uk/blastall/ K1 http://www.ncbi.nlm.nih.gov/BLAST/

KYyJUIaHAJIAIH.

Hactypnap Owian wm Oomaradn Tanmabamap html  caxudamapunu caxiab
KyWunuiapu Kepak, Oy KeWMHrH wuHuUlap Yy4YyH Kepak Oymamu. Kepakmu
MabJIyMOT/Iap 0a3acUHU Ba JJACTYPHUTAHIIA0 OJIUHT.

byHuHT Y4yH KyWnaarua MabJIyMOTIAaH (doiganaHuHr

http://www.ebi.ac.uk/Tools/sss/nchiblast/help/index-protein.html).

EMBL wmabnymotnap 6asacumaru blastn macrypupman HykiaeoTHn KeTma-
KeTJIMKJIApUHU KUAWPUIN Ba TakKociam ydyH Ba SwissProt marum blastp nan
aMUHOKHUCTIOTIAp (OKCWIIap) KeTMa-KeTnuru yuyH Qoiinananwianu. J02799 ra
MOC KeJIaJIuraH YXIail KeTMa-KeTIUKJIapHU TOMHUIITa XapakaT KWIMHT. MacaliaH:

a) HS5N1 avian (mappanaa rpuIilii) BUPYCH MappaHaaiap yuyH yTa BUPYJICHT
XUCcOONIaHa M, oJaMra sca TabCHpyaH OynMmaiiiu. VYHUHT acocuil XyCyCHUSATH
MyTanusra Kywin Movmuurd xucobnanaau. GenBank gan HS5N HuHrucranraxn
KEeTMa-KeTJIUTMHU TOMUO, KeMHH yXIIall KeTMa-KeTIUKIApHU W3JaHT. Tomuiaran

KETMAa-KCTIUKIIAPHUHI XapaKTCPUCTHUKACH Ba JTOKAJIHU3allUsACHU KaH,IIafI?
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0) Kyiiuga HOMabIyM KenuO 4YMKHINra Ba HOMAablyM (YHKIUSAra 3ra yura

keTMa-keTuk 6epunrad MPHK:

acauuugcuu cugacacaac uUguguucacu agcaaccuca aacagacacc auggugeacc

ugacuccuga ggagaagucu gcgguuacug cccugugggg caaggugaac guggaugaag
uuggugguga ggcccuggge aggecugcugg  uggucuacce  uuggacccag  agguucuuug
aguccuuugg ggaucugucc acuccugaug caguuauggg caacccuaagg Ugaaggcuc
auggcaagaa agugcucggu gccuuuagug auggcecugge ucaccuggac  aaccucaagg
gcaccuuugc cacacugagu gagcugcacu gugacaagcu gcacguggau  ccugagaacu
ucaggcuccu gggcaacgug cuggucugug ugcuggecca  ucacuuugge  aaagaauuca
ccccaccagu  gcaggcugec  uaucagaaag  ugguggcugg  uguggcuaau  geccuggece
acaaguauca cuaagcucgc UuUCUUgCUg Uccaauuucu auuaaagguu —ccuuuguucc
cuaaguccaa cuacuaaacu gggggauauu augaagggec uugagcaucu —ggauucugec

Uaauaaaaaa cauuuauuuu cauugc xJIHK: acatttgctt ctgacacaac tgtgttcact agcaacctca
aacagacacc atggtgcacc tgactcctga ggagaagtct geggttactg ccctgtgggg caaggtgaac
gtggatgaag ttggtggtga ggccctggge aggctgetgg tggtctacce ttggacccag aggttetttg
agtcctttgg ggatctgtcc actcctgatg cagttatggg caaccctaag gtgaaggctc atggcaagaa
agtgctcggt gcctttagtg atggectgge tcacctggac aacctcaagg gcacctttgc cacactgagt
gagctgcact gtgacaagct gcacgtggat cctgagaact tcaggctcct gggcaacgtg ctggtctgtg
tgctggccca tcactttggc aaagaattca ccccaccagt gcaggcetgec tatcagaaag tggtggctgg
tgtggctaat gecctggece acaagtatca ctaagcetcgce tttettgetg tccaatttct attaaaggtt cctttgttec
ctaagtccaa ctactaaact gggggatatt atgaagggcc ttgagcatct ggattctgcc taataaaaaa
catttatttt cattgc Oxcwut Tunura Tap>KMMacu - TPaAHCISALHNS:

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESF
GDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSEL
HCDKLHVDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGV
ANALAHKYH 6ynanu.

BLAST &pnamuna ymly xap Oup KeTMa-KeTIUKIAPHU KUIUPUIIHA aMalra
Evalue Ba

ompuHr BLAST. Kuaupuin nHaTikamapuHu OaxoyiaHr SCOre,

Identities maiimoHTApUHUHT MOXUATH HUMana?(kaBoO OJMIN YYyH HaTHOKajap
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KeNTUPWITaH ¢ > naH OonuraHaguraH caxudadu mactra auIaHTHPHUIN Kepak
oynau.

Anaduéraap
1.Richard Fox, Ajoy Roy, Sridhar Govindarajan, Jeremy Minshull, Claes
Gustafsson, Jennifer T.Jones4 and Robin Emig Protein Engineering vol.16 no.8
pp-589+597, 2003 DOI: 10.1093/protein/gzg077.

Casosiap:

1. HOkopuaaru keTMa-KeTIUK Kaiicu opranu3miapra Moc kejaaan?

2. Maskyp resaa KoajlaHTaH OKCHUTHUHT (YHKIMSICH HUMastapaaH uoopat?

3. Tanmkuk sTwiran ydactkara OupmyHya sikuH kenaauran [IHK kerma-
KETJIMKJIApU Kacu?

4. VYnmap Kalicu opraHu3miapra TeTUIIUIM Ba yIapHUHT QYHKIHMSICH KaHIan?

5. VY4 xun KuaupyB cYpOBHOMACH 1A OJIMHTAH HATHXaiap OUp XiMu?

6. m PHK Ba x/IHK kxerma kxernuknapumaru 21 HYKICOTHIHU Ba OKCHII
TapKUOWJArd TETUIIUIM aMUHOKHUCIIOTAJIANp KEeTMa-KeTIUTUHU CEKUH OJIH0
tanuianr. by BLAST naru kuaupyB HaTWXaiapura TabCUp KUIAUMU?

7. Kerma-keTIMKIapHUHT OXHUpUJAru 0ab3u HEKJICOTUAJIapHU/
aMUHOKUCcHoTanapHu onu6 Ttanuiad kypunrea BLAST nman kaiitagan ytkazud
KYPHHT.

8. Xymnu ymanmail HaTHXKa OJTUHTH3MU?

9. Harwmxanap xanaka?

10. Scores Ba identities kypcaTkuuaapy KaHam?

11. ABBanru HaTwkKa KaOW KYpCaTKUWIAPHU KYpPCATHUILJAH TYXTAallk Y4YyH
HEYTa HYKJICOTHI /AMUHOKHCIIOTAIAp KETMa-KeTIUKJIAPUHU OJTMO Tamuiaml Kepak
oynanu?

12. Arap cu3 HYKJICOTHU]] /aMHUHOKHCIIOTATapHU KeTMa-

KETJIMKJIApUHUHTYPTACUAaH OJIM0 TalutacaHru3 KaHjai xouca 103 oepaan?

13. Arap cu3 HYKJICOTH]I /aMUHOKUCIIOTaJapHU KeTMa-KeTIUKIApUHUHT

ypracuman  1\2\3  Hykneormmiapauonu6  rtanuiacanrm3  JIHK  Huar
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AMHUHOKHCJIOTJIApra KaJaap TpaHCALUsACHAA KaHOal Y3rapuil BYXyAra

Kexaau?

§5. AMAJINA MALIFYJIOT: OKCUW/IJIAPHUHI' TABUUM
XYCYCUSATIAPUHU XUCOBJIAII YCYJ/IVIAPHUJIA
MOAEJJIAIINTUPHUIIL
MOJIEJIIEP XAKUJIA

MODELLER y4 y14oBIu OKCUI Ty3WJIMaTapUHU TOMOJIOTHICH EKU KUECHUIA
MOJICJUTAIITUPHUII YUyH unuatuiany (1,2). @oiiganaHnyBuu CUMYISIUS KAJIMHTAH
KETMAa-KETJIMKHA ~ MabliyM OOFIWK Ty3WwIMaiap OWjiaH MOCTAIITHPUIITHU
tabmunnaiian Ba MODELLER 6apua Bomopon Oynmaran aromiapHd Y3 WUHUTa
OJITAaH MOJICJTHU aBTOMATHK PaBHIIIJIa XUC001a0 YUKaIH.

MODELLER (3,4) da3oBuii  4ekJIOBJIapHM  KOHAMPUIL  OPKaJIU
TaKKOCJIAHAJIUTaH OKCUJI TY3WJIUIIMHU MOJCIUIAIITHUPUIIHU aMalira OIIUpagd Ba
Kymiabd Kymmmuya BazudamapHu OakapuliM MYMKHH, JKyMJIaJaH OKCHJI
Ty3WJIMalapuiard [MUKUTAPHU J€ HOBO MOJEIUIAIITUPHUII, MOCTAIIyBYaH MaKcaj
byHKnuscura  HUcOATaH  OKCWJI  TY3WIMIIMHUHT  Typiad  MOJACIIAPHHH
ONTUMAIIIAIITUPHUII, OUp HEUTa KETMa-KETJIMKHU MOCJTAIITUPHUIN Ba / €KU OKCHUII
Ty3uJIMalapu, KIacTepiiail, MabiyMOoTiap Oa3acMHU KETMa-KeT H3JIalll, OKCHII
Ty3WIMajJapuHu Takkocyiam Ba Oomkamap. MOJEJUJIEP-um  Unix/Linux,
Windows Ba Mac. TU3UMIIApUHUHT aKCAPUSTH YUYH IOKJIA0 OJIUIIT MyMKHH.

MODELLER yuyn Oup Heuta rpaduk uHTepdeiicmap caBmo cudartuaa
MaBxyll. Monemnepnan rpaduk €xku BeO-unTepdeiiciapaa ku OoliKa paMkaiapaa

doitnananagurad kKymiad O0omrka ManOagap Ba MyTaxaccuciap 0op.
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About MODELLER

MODELLER News MODELLER News

Download & Installation

+ Sep. 9, 2020: MODELLER 9.25 released. [Download]

Release Notes
Data file downloads

« Apr. 9, 2020: MODELLER 9.24 released. [Download]
N - « Oct 29, 2019: MODELLER 9.23 released. [Download]
on-academic use

[ piscussion Forum | « Jun 21, 2019° MODELLER 9.22 released. [Download]
Subscribe

Browse archives

Search archives

| Registration |

+ Dec. 11, 2018: MODELLER 9.21 released. [Download]

+ Jun. 5 2018: MODELLER 9.20 released. [Download]
| Documentation |

FAG e Jul. 25, 2017: MODELLER 9.19 released. [Download]
Tutorial

Online manual « Feb. 22, 2017: MODELLER 9.18 released. [Download]
Wiki

e Jul. 7, 2016: MODELLER 9.17 released. [Download]
Developers' Pages

« Jan. 12, 2016: MODELLER 9.16 released. [Download]

Contact Us

+ May 19, 2015 MODELLER 9.15 released. [Download]
e Jul. 29, 2014: MODELLER 9.14 released. [Download]
« Feb. 12, 2014: MODELLER 9.13 released. [Download]

MODELLAR ¥ypuatum yuyH €ku yHnaH Qoigananum xakuna FAQ man

doitnananunaan. MODELLER ra Terummmu Xyxokatiap Ba OXUPTHUKUPHUTHITAH

mapxjgap MHTEPETna masxyn. [llynunraex yHra QoiiagaHyB4d TOMOHUIAH
taxpup KwmHaaurad Wiki ra kuputwiras.

MODELLER-nan doigananum 6yiinya amanuii €piaM OJIMII YIyH KYT1a0
Macaja Ba TaBcuslapHu ¥3 mumra oiaran modeller usage elektron pochta nan
doitnanannnagnPyiixar xakuga KynpoK MabiyMOT OJUII Y4yH oOyHa OVl €Ku
oOyHa oynrangan KEWHH yHAAru MabJIyMOTJIapHU Taxpupail
yuyH modeller usage ma'lumot sahifasiga kupunagu. Pyiixatman yrran
MabJIyMOTJIAPHUHT apXMBJIApH MaBXyJ Ba YJIapHU KAJUPUO TOMUII XaMm

MYMKHH. MabpaymMoTIapHu pyHxaTra >KOWIall Y4YyH 3JIEKTPOH IoYTa OpPKaJIU

modeller_usage@salilab.or man3unura xabap roOopwiaau, OYHUHT YYYH
OJIAMHJAH O0yHa OYuII Tanad 3TUIIaIH.

Monekynsap auHamukanu wmoxetamtupumi  (MJ) — Oy  xucoOunamn
TEXHUKACH yCylnu OYnuO, MOJEeKynajard aTOMHUHTUCCHUKJIMK TeOpaHUIIapH,
IIYHUHTJIEK MOJIEKYyJIaJapHUHT BakIra OOFJIMK paBUIIAa HUCOUN >KOMIAnTyBUHU
aHUKJIallra UMKOH Oepaiu.
bruomonekynsap MOAeNIallITPHUIL JIMTaHIHU OOFJIaHuIIHd, pepMeHTaTUB (HaoJTTUKHU
aHMKJIAIl CUTHAJIADHUHT  Y3aTWJIMII ~MEXaHU3MJIAPUHM Ba  OKCHUIJUIAPHUHT

(1)OJ'I,Z[I/IHI‘I/IHI/I TaxXJIWJI KWINIO YIYH HIITTaTUJIaan.
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bynman tamkapyu MOJEIAIITUPHUIN 3JEKTPOH MHUKPOKOIHUSA, PEHTTEH
Hypananumu, SAMP (41po MarHUT pe30HCIM) Ba MOJIEKYJSP Ty3WJIMaJapHHHT
aHUK MabJyMOTJIADHUHU OJMIIra KapaTwiraH OoIlKa ycyJjulapia OJIMHTaH
MabJIyMOTJIAPHU aHUKJIAIITUPUIL YUYH KYJUITaHUIAIH.

M/l MoAemIalITUPUIIHUHT TapKUOMM KUCMIJIAPUHM MOJIEKYJIAHUHI aTOM
KoopauHaTiaapu ojaaraa pdb daitnma 6epunnbd, aTaTOMIIAPHUHT TUIMHA aHUKJIAII
omJiap opacujard OOFNIaHUIUIAp Ba Oypuyakiap Ba MOJCUIAIITHPHUIN THU3MMHJA
MOJIEKYJIAJJApHUHTMUKJIOPH TAILIKUJI 3TaIH.

by anuknamnu mononoeus ned aranaau. Karra OmomolieKyjalapHUHT
aTOMJIapy oOpacujard y3apo OOFJIaHMILIAD KIACCHUK MEXaHWKa MPHUHUILIIAPH
acocuzia ypranwiaau. SpHU OyHZa MOJEKyJa KOMIbIobepaa Oup Oupu Ousan
npykuHa €épaamuaa OOfIaHral cepuk makuiap MMFUHAUCU cudaTtuia Kapajiaau.
[Torenunan osHeprus V HM (QU3MKAHUHT KJIACCUK TEHIJIaMacura acocaH
Kyiinaaruua ndoaanaHaim:

V - Zk:mﬂd (rf _r'.,“)z + Zk:ﬂ.&'ﬁ' (aI _a",“)l + Zk;orsfﬂﬂ (I—COS(nf¢f _¢u] ))

bonds bondangles torsionang les
A, B, 1 0.0 (1)
ij if i%]j

D D)

rq* ‘m"'rs_ﬁ 4”8,,80 ry

pairs —ij L i

Xap Oup WUFUHIM YanaaH YHITa TOMOH OOFJIaHUIIAp, BAJIGHT Oypyakiap,
TOpCHOH OypdyakiapHu, BaH Jep Baanbc V3apo OornaHUNUIApUHUA — Ba

ANEKTPOCTATUK TAbCUPJIAPHU, YHU KyWUHIaru pacMaa Oepuiiran

Bond vibration Angle vibration Torsion potentials

P £ O\

van der Waals interactions Electrostatics
>«

00 ® O
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Tenrnama maknuaa kypu6 unkmiaran (1) k bond, k angle, k torsion Bau gep
Baanpc Ba amekTpocTaTHK TabcHpiap KaOu Kyd MaWIOHJIApW IMapaMeTpiiapu
XucoOIaHa M MOJICUTAIITHPUIITHIUHT aHUKJIUTHHA OCIITITal IH.

OHr KeHr KymaHwnaguran kyd Maigonnapu AMBER, CHARMM, OPLS Ba
GROMOS xwuco6managn. GROMOS kyu wmalijoHun OomkazapaaH BOJIOPOT

aTOMJIApH KOUJANTYBH OuiaH GapK KUIaau.

2. MartepuaJiap Ba ycyJjjiap

Monemnamrupumn yayn NAMD npactypunan doiinanananmiaau. ByHuHr
yayd  VMD  nactypuman  doiimamaHuimmHd - Ownam  go3uM - Oymmb, y
Mozesamrpumaa NAMD Hu viira TymipHII Ba TaxIWI YTKa3WII YYyH KepakKin
KypuJIMaJapHU CO3JaliHu TabMuHIa0 Oepamu. Tamab sTunamuran macananap
KyUJard apcMmjia Kypcatuiarad 0JI0K cxemaja akc srtupwirad. Y pdb daiin ounan

oonutaan® NAMDHM cTUMYIIBITHS KWIAII OVIIaH SKYHJIaHATH.

40-pacm. NAMD na moae/sialITHPUII YUYYH Kepak OyJaguran KkaaamJjap,
pdb-daiin onnan oomianud, pdb-daiin pakar 6uTTa 3aHKHP / cCerMenTra

sra. Pacm NAMD napcaurunan oaunran (Phillips et al, 2012).
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bapua xagammap VMD rapdux ¢oitnananyBuun unTepdeiicu Epaammuaa
Ooaxapunn6, paxkatr NAMD carp koMaHmacki TOMOHHAH HWINTa TYIIUPHIIATH.
MoaennamTupuin MacalalapuHUHT Gaijutapy Typiu napameTpiiapu mapamMeTpoB
Kymmmya zip-aiinma Oepwnran. bynunr yuyn NotePad €xu AkelPad. matn
peaakTopyapu XaM Kepak Oyiaiu.

3.1 OkcuiHMHT TY3WInmu paaunan spatui (psf-gain)
riboprotein.pdb ¢aiinuan zip-daiinmgan omuHAIM @ MOJIEIUIAIITHPUIIT aMajra
OIIMPUJIAJIUTAH TManKara cakjaad kyhwiaau. Pdb-gaiinga aToMHUHT Kepakiu
KOOpAMHATIApU cakjanran Oynub, kommioTepra pdb-daingaru aTomiaapHUHT
KAlCu TUIIM y4dpalld Ba ynap KaHJAWIWp 3apsA] TallyBUYMMH, aTOMJIAp KaHIau
Oofanran Ba Oofiap aTpodusia SpKUH Ba yerapajiaHraH aJIaHUI MaBXKYJTUTH
TYFpHUCHIa MABIyMOT OCPHUIIT MyMKHH.

by mabnymoTinapuunr 6apuacu psf-daitnma cakiaHagu Ba OKCHIUIAp YUYyH
xam pfsgen é€pnammma aBTOMaTHK paBuiaa Oomkapwiaad. VMD nactypunu
umra tywupuHr Ba “Consol TK” (Consol TK-keHraTupuiaran MEHIOCH)
oitHacuan  ouuHr Consol oWHacugagaH Y3WHTU3  UIUIOMOKYM — OYnraH
(riboprotein.pdb neb caxnanran), macanas, % cd u: / ab2-3 nankara yTuHTr.

ObpTHOOp O€pull JO3UMKH, 3TPU UYW3HK TManKajJapHU aXpaTUll Y4yH
uiratuiaaad (0y LINUX outumu 6yau6, Windows na "\" unmarunann). Cus
daon mankanu «pwd» EpaamMuaa TEKIIMPUIIMHTU3 MYMKHH. ABTOMAaTHK
psfbuilder: Extensions - Modeling - Automatic PSF Builder Hu ounHr.

«Rbp» ra xupum acocuii HOMHUHHM Y3TapTUPHUHT Ba «3arpy3uTh BXOIHBIC
(aiinb» HU OOCHMHI KEeWHH «YTanaite u pazdoeiiTe 1enoukuw» Hu OocuHr. OXupru
Oocuigad KeWrnH X0CWI Oyaauran cypar ... pacmaa kentupunran. Keitun «Create
Chains» uu 6ocunr. Koncon offHacuaa )y/aa Ky oroxjJaHTHpHUILIap Oyiau0, cus
«rbp.pst» daiian xakukaTaaH xaM OOMIKAPUIAETTAHIUTHHU TEKIIUPUIITHHTH3
MyMKHH. KeWMHrM Kagamiap OKCWJIHHM CYBJIM Xa)XKM MapKa3ura >KOWJIAIITHPUIL

yUyH Kepak Oyiau.
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3.2.Tu3duMHM COJIbBAT/IALI (CYBAA IPUIIUHU 0AIIOPAT KUJIMII)

«AutoPSF» olinacunn €nuHr Ba Oapua MonekynamapHu «VMD Mainy
oitHacuaaH xap oup €3yBHu Molecule - Delete Molecule mentocunan dorinananud
pyiixatnan Tanna0d ommer. Keiwn mactnad psf man («3arpy3uth (aitibr ais:
rbp.pst») mapameTpu TaHIa0 OJIMHTAaHUTA MIIIOHY XOCHJI KUiuo). rbp.psf Ba rbp.pdb
HU 10KJIa0 ONMHT. DHAU OKCWJIHM CYB COJIMHTAH KyTHUra YKOMJIAIITHUPHIN JIO3UM.
JlacTma® mosekyna KOOpAWHATAIAp TU3UMUHUHT MapKa3ura KOWIAHUIIN JIO3UM,
yan «Koncomu VMD TK» oitHacuma Oaxapwiaau (amepukanya ‘“‘centre”
Oputanua “....” 6mnaH dapkK KuIaan).
% Oapuacunu ypuatuir [atomselect top all]
% measure center $ all (terumwm KoopauHATIAD X, Y, Z HU MapKa3/1aH YHKAPHIII)
% $ all moveby [vecinvert [{rgam mapkasu $ 6apuacu]
% measure center $ all (dbasoBwmii >xofinHK Y3rapuinn MyBaQakUATIH YHKKaH-
YUKMAaraHJIuTMHA TeKIIUPa]IH)

Oxuprd KOMaHJagaH KYpUHUO TYpUOJWKH KOOpJWHATAjIap HOJTa SIKUH
HIYHWHT y4yH OKCWJ Mapkasnamirad. bapuya komanmanap Tcl / TK twimaa

JACTYpJAIIHUHT KUCMIIApU XUCOOIaHAAH.

D Main

| File  Molecule  Graphics Display Mouse Extensions Help

D T A D F Molecule Atoms Frames Vol
Wu T A D F riboprotein pdb 1089 1 o

T4 AutoPSF

Apply patches and Ainish PSF/PDS |

Reset Autopat Frm fasting tucky |

41-pacm. bapua kKagamiap 0axkapuIraHIaH cYHT «Yraaad u pa3aeiu
HEMOYKH € UCMOJIb30BaHHEM TEKYIIEero Mox00pKH » éKWJIrad oJTMHTaH JKpaH

pacMmu.
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1| Input:

PSF: rbp_waier.psf Browse

PDB: rbp_water.pdb Browse

Qutput prefix: 'rbp_ions Choose saltt NaCl -

~lon placement mode

" Only neutralize system with NaCl

& Neutralize and set NaCl concentration to 0.1 mol/L

" User-defined number of ions:
Na+| Cl| K+  Mg2+| Cs+  Ca2+  Zn2+

Mininum distance from solute: i5 Angstroms
Minimum distance between ions: i5 Angstroms
Segment name of placed ions: !ION

Autoionize

42-pacm. CoaBatjall TUSUMUHUHT KYPUHMIIL

Ouau VMD Solvation Boxing Tool €pnamuaa okcHIHM coiBaTiamira Tauép
oymunaau. Kenraiitmanap — Moakinamrupum- Kapopiap Kymmin ofHacH SIHTH
OMHAHU OYaIH.

Yoy oitHaga Yukui (BsBox) Hu "rbp water" ra y3rapTUpuHT Ba Oapua
"Box Padding" kuitmatnapau 10 A ra y3raptupumr.

Ma3kyp KuiiMaT OKCHJ Ba KyTMHUHI 4Ye€KKacH Ypracujaard macodaHu
OMJIIMpPaM; CYB MOJIEKYJTACHHUHT YayamMu Takpu6ad 3 A ra Tenr 6yam6 okcun Ba
CYB YpTacuja TaKkpuOaH y4 KaTjiaM CyB Ba KyTMHHHT YeKKacHu OViaau.

OHr oxupuaa solvat Hu 6ocunr. Kanya cyB Mosiekynaiapu KyIIvJIrad 3au?

YOy caBosnra xaBo6 O6epumn yuyH Kyungaru Tcl / Tk Oyitpyknapu épaam
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O6epagu. CyHruma cyB MOJEKyJajdapura TETHILIM aToMiIap COHUKEIUO
YUKAIH.
% set wat [FoKOpuAaru CyB aTOMUHU TaHJIaml |
% $ BaT con
3.3 TudumMHM HeHdTpaLIaAII

Oxcuinap 3apsij Taluiau, OKCUITHUHT cod 3apsau - 0y Asp, Glu, Arg, Lys,
His) amunokunoTa Konaukiaapu Ba N- xamaa C-yusnap €H 3aHKHUpJIapyd TOMOHHUIaH
Oepunaauran Mycoat Ba MaHGUN 3apAIapHUHT HUFUHAUCUIIUD.

Cod 3apsa puOONpPOTENH YUyH HOJUIM KMKWMATra 3ra Oy MyMKHUH 3Mac,
JIEKUH MOJIEKYJIAHMHT UCTaJITraH TU3UMU HOJI 3aps/ra 3ra Oyjaaau. HCTalIraH TU3HM.
3apsaiHd CUMYIISIIUSIAA KOJUPHUO, TU3UM peall OyaMarad mapouTIapHHu spaTajiy,
IIYHUHT YYYH CU3HUHT TU3UMHUHIH3a Xap KaHJad 3apsj KapaMa-Kaplld HOHJap
OunaH HeWTpaulaHumM Kepak. Maskyp Oockuyna NaCl Ty3uHUHT pean
kondentpamusicu 0,1 M Oynmub, ymOy kamam Kypuima EpaamMujaa HOHIAPHU
KYLIUII yIu OUilaH amanira OlHUpUIIaan:

Kenraittupma —Mopemnamrupumn —Monnapan  kymmm  (Pacmpenust -
MogenupoBanre - JloO0aBuTh WOHBI). YOy OWHAagA YHKUII TMEePPEKCHHH
«rbp_ionsy ra co3nad, pacmaaru kabu «VOHIapHHU JKOWIAIITHPHUII PEKUME» Ta
Oatipokua kyiunaau Ba «Hewitpannam Ba NaCl kontentparmsicuau 0,1 Mob/ ra

co3nain» TyrmacuHu 6ocunagu. Oxupuaa « ABTOMOHU3ALM HU OOCHIIaIN.

CasBoJiap:
1. Hatpwuii xj0p MOHUIaH KaH4Ya KYIITUIIN?
2. Cu3 0y conmapuu Bl Tcl / TK komanmacu épraMuia TeKITUPUITUHTNA3 MYMKHH.
3. ATbTepHATHB cudaruaa Windows MIPOBOTHUTHIAH doitnananuo,
Y3UHUHTU3HUHT MINYM Mankanurusra ytub bimokxotma rbp_ions.pdb daitnuau
ounHr. QAMIIHUHT OXUPHUJIa HATPUU BA XJIOP UOHJIAPUAAH KaHYA KYIIWITAHIUTUHA
KYPUIITUHTU3 MYMKHH.

4. By COHHUHT OXHpHUJa 3ca AMAHMHUKaAa co 3apsIHU aHUKTAIl MyMKHH.
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XaKuKuii MOJEUIAMNTUPHINIA CUMYJISINS KUJUITHA OomnutamiaaH OJIuH
10000 nc nman opTuk Oypwinin yakupwiaauradn "WMmmad dukapuin ukin"' HU
oomangal OJJAMH OUP KaTOp MOJEIUIAIITHPHUIN OOCKUYIApUHU Oakapulll Tajad
stunaau. byHna sHeprusstHu MuHUMamamTupum (OM), cyHrpa cyB Ba OKCHII
MOJIEKYJIACH MOJIEKYJAJIApUHUHT MYBO3aHaTra KenTupuil. ByHnmaili myBo3aHaT
Oynmaca, CyB MoOJIEKyJalapu CUMYJISIUs OOIIMa OKCUJ OWJIaH TYKHAIIWIIN Ba
CTpyKTypaHu Oy3um MyMkuH. Ammo SIMP Taxpuba MabiaymoTiapu CyHBHI
paBuia Oy3unaMaciauru kepak. bamancnam exey 0Oapua OKCHJI aTOMIJIAPUHU
dazona ynuiad Typuiaaau, CyBHUHT MOJICKYJIaJlapyd Ba MOHJIAPHU 3Ca APKUH XapakaT
KWIMIITa KyWuiaiau.

byara MJl HH NO3MIMOH 4YeKJIall JACHWIaW, YHra Kypa OKCHII
aToMyapuHUHT nosuuusuiapu AMP cTpykTypacuzaH 4ekiIaHraH NO3HLMSIAPIND.
bynunr yuyn Windows Oyiipyk carpuna NAMD nan doitnananunaau, EM u MD
Owian OofnuK Oapua mapaMmeTpiap uUMHTanus «.namd» KeHraTMacu OVirax
MaTHIIU (paitiuiapaa KypcaTuiras.

4.1 JHeprusian MUHUMAJLIaTupuin (M)

bupuHun >HEpPrusiHM MUHUMAJUTAIITUPUIL YYyH OWU3 MOJEIUIAIITUPHIL
OMHACH Ba MapKa3 KOOpJuHATalIapu YI4amMHu Xakuja Oup 03 MabIyMOT OJIMIIUMU3
Kepak. Y0y MabJIyMOTHU XypHAJUHTH3HU €3UHT Ba €3M0 OJUIIMHTU3 KEepak Ba
yHu namd daiinura éunr. VMD -na rbp ions.pdb daiinuau rokiaHr, atakadyoH
rokiadran 6ynca Ba TKConsole ga Kyinaaru OydpyKiapHU KUPUTUHT
% Gapuacunu rokiaHr [atomselect top all]

% measure minmax $ Gapuacu Harmka 3ca TaXMHHaH MaHa IIyHIAW KYPUHHUIIH
kepak: {-23.841999053955078 -37.52799987792969 -21.398000717163086}
{24.74799919128418 27.742000579833984 21.966999053955078}

by ywanpaH MoJe/alITUpHUIN OMHACHHUHI TMACTAArd Ba YHIJAH KOKOPUAAru
Oypuakiapu KOOpAWHATIApUAUDP. by KOOpAMHATIAD OpKAIM MOJACIIAIITAPHUII
oifHacuJa KOoOpAMHATIap OYyiimya KyhWujaru yadamjapra sra Oymamus: xdim =
24,75 - (-23,84) = 48,59 xamma ydim Ba zdim Xymau mry Tap3ga Oymamu.

MoaemnamTupuin OMHACKU MapKas3u Kynuaaruiap €pJaamMmuia OJIMHAIN:
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% Ymaamiap mapkasu $ 6apuacu:
0,5794315338134766 -4,7676897048950195 0,3911421597003937

Ymby pakamiapHu xam €310 oJuHr. OHAUW «minim.namd» Qainuau
cosnamira Tail€pmus. TU3UM SHEPTUSCHHU MUHUMAIUIAIITUPHUIIHU KYypcaTaIuraHT
daitman  Kymmum4a  zip-daili  KUCMHUJIaH OJMHI Ba  (QalaHu  Kepakiu
MabIyMOTIapHU Galauaa KYpcaTWITaHUJEK SKOWIAINTHUPUHT XaMJa WIIYU
nankagaru 22 caxudanan 12-caxudanruszga cakiiaHr.

Keitun Windows kxomangacu OyHpyFMHU OYMHI, WIIYM MallKaHTU3ra YTUHT Ba
SHEPrUsTHI MUHUMAJUTAIITHPUIITHE OOIIIaHT

(Windows kaiiTap arpu 4yn3uruaan GporganaHanm «\»):

> U

>cd \ ab2-3

> c:\NAMD_2.10_Win64-multicore \ namd2 + p4 minim.namd>

minim.log (namd2 nacTypuHUHT KOMIFOTEPHUHIU3Ard >KOMJIANIyBH OOIIKaya
OVJIUIIIM MyMKHHITUTUTA €bTHOOP OCPHHT).

MuHuManiamTapuin  Oup JaKWKaZgaH KaMpoK BakT HWYuAa Tyraiaw,
XaMMacl MyaMMOCHU3 VTraHJIMTura HIIOHY XOCWJ KWJIUII Y4yH minim.log
daiinuan brokHOT Epramuia OUMHT.

4.2 MJI X0JIaTHHM YeKJIall

M/I-HMHT O3ULIMOH YeKkJ0BU yuyH 03 NAMD ra tuzumpaa Kaiicu atomiiap
YeKJaHTaH Ba yJjap KaHJal KoopJuHAaTajgap/a YEKIAHWIIA KEePaKIUTHHU alTuO
OepuliuMu3 Kepak. bu3 OKCWJIHUHT Oapya BOAOPOIIM OYyJIMaraH aToMJIapUHU
DHEPrUSHN MUHUMAUIAIITHPUIN HATW)KAacHJa OJMHTAH TMO3WIUsiIap OwiaH
YyeKJIaiMu3 (OJIMHTH KaJaMHHUHT HaTwkacw, emin.pdb na umkamu). NAMD ra
Kaiicu aTomuiap 4eKJIaHTaH OYJIUIIM KepakIuTuHU Xabap Oepuin ydyH Ou3 Oera-
daktopaa 1.00 pakamunu ¥3 nuura onran yctyH pdb dainunu spaTHImMu3 Kepak
Bynunr yayn VMD -Hu Kaiita uiira Tymupusr (€ku 6apua MoJieKyJIajJapHu 010
taniadr), emin.pdb Ba TKConsole Hu ouunHr.
TKConsole ra KyiiuparuinapHu KUPUTHHT:

% set allprotein [rokopuru okcuia atomselect]
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% set fix [Atomselect top «BOIOPO IMAC OKCHID» |
% $ allprotein 6eta O Hu Kaiix 3Tagu
% $ fix set beta 1
% [atomselect top all] writepdb fixsystem.pdb
fixsystem.pdb uu biokHoT épmaMuiaa ouMHr Ba oxupuaaH ojaauHrd ycrynaa 1.00
Oenrucu OuNlaH OKCHWJIHMHI HOBOJOPOJ aToMJiapu OeNTrHJIaHTaHJIMIUra HIIOHY
xocun kKuiudr. Illynma mopemnamtupuniga MD mo3unuoH YeKIaHUIUIAPUHU
UIITa TYIIUpUIITa Tanép OymaMus:
> ¢: \ NAMD_2.10 Win64-kyn sopormm \ namd2 + p4 sim_fixprot.namd>
simfix.log

Mopemnamrupuimn naituga (= 1,5 coar) Kydugarsa caBosuiapra »xaBoo
oepunr MD no3unuscuHM 4YeKIallHM MOJAEIUIAIITHPUII Oyiinua >KypHaJIMHTIA
Kaiig >tuHT. byHaa 13-caxudanunr 22-kucmu NAMD Owmnnaitn dorinananyBuu

kytanmacu - (http://www.ks.uiuc.edu/Research/namd/2.9/ug/ug.html) cu3z yuyn

doitnany 6y MyMKHUH.
Casosap
1. Dnextpocratuk Ba Ban nep Baanc §3apo TabcupnapuHu XucoOnaml y4yH
yerapasuii MacoacHHUHT KuitMaTu Kanzait (A na)?
2. MoaennamTupuil BaKTUHUHT OPTTUPWIMIIKA HUMAa (QHHUKJIAIIHUHT TYFPH
Ooupnukiap Ounan) (arap aHuKJIaHMaras 0yica, 4-0etra Kapasr)?
3. XKoiinanryB 4ekIoBIapUHA MOCIUIAIITUPHUII YUYH HEUa KaJaM Kepak?
4. Tuzum KoopauHatanmapu Tpaektopus ¢ainura (.dcd) Hewa Mapra &E3unaau
(ukkana 60cKuYTa Ba XaKUKUW BaKT OpAJIMFUTA YbTUOOP OCpPHUHT).
4.3 MD Hu yekj1aHMaraH MojaeUIAIITAPUIN (MILIA0 YMKAPUIT IHMKJIH)

byHaH OJIUMHTH MOJE/UIAIITUPUIN Tyrarad, pUOONMPOTEMHHUHT IOKOpHU
XapopaTaa TapyalaHWUIIMHU aHuKIam  Makcaauaga MD  Hu  dexnanmaran
MOICIIIAIITUPHUIITHYU UINTa TYITUPUIT MyMKUH. b
yHAaH oiauHTH 6okuyaa sim_fixprot.pdb nan yukkan mabsaymotiaap 10000 nic 550
K xapoparma  y30K MyagaTiu MOACIUIAINITHPUINHNA WINTAa TYIIUPHUIT yIyH

naiaTuiaaau.
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Nurun MarKaHrusra KyluuMya zip-aiinman sim_free.namd
KoH(uUrypanmsicuau (paiInHU CakJaHT Ba aBBAITH KaOW MOACIIAIITHPUIITHU
OaxxapuHr. Mojemramtupuinl naituaa cu3 sim free.namd TapkuOMHM TaXJIWm
KWIAITAHTA3 MyMKUH.

OpTHbop Oepunrku, Oy epaa ©OocuM Hazopatd HYK, UIYHUHT YYyH
MOJICJITAIITUPUII KaThUM OCNITMIIaHTaH XaXM/1a aMalira OlUupUIIaIu,

bynnait rokopu xapopatga. CyBHUHT OyFJIaHMIIM, SXTUMOJ OJJAWMHU OJIUII
yauyH NVT ancamMOnu (CTaTUCTUK MeXaHHMKaja "JIaru aHbaHauii - aHcamoOn")
KYJUTaHWIau. Y MyMaH, MOACIUIAIITHPHII BaKTH KaH4Ya KypCcaTUTaH?

Cus ¢akar xyna KUCKa MOAEIUIAIITUPULIIIAP OaKapUIMIINHU KYPHUILUHTU3
MyMKUH. Tynmuk wmopemnamtupumr 10000 nc nmap oaaMii HWKKU — SAPOJIU
nmporeccopia Oup Heya KyH AaBOM d3Taau. KeWuHru MablyMOTJIApHH TYIIUK
TpaekTopus sim_free.dcdma nor-daiin simfree.log KUCMUHN ONMIN Xamaa TaXJ W
KWIdin yuyH sim_free.namd ¢ainuHu y3rapTUpUIIUHTU3 Kepak Oyiaau
(Mopennamtupuin KyJIJaHMacCHHUHT OXupu) 22-6etnan 14-6etu

5. MabJayMoOTJapHU TAXJIUI KUJIUII

Busyan taxiaua. 42VMD -aun TKConsole épmamuna wimra TYIIUPUHT Ba
Ul KataJoruHrusra yTuHr. emin.pdb ¢aitmmau ounnr. Keitun Menu Display -
Orthographic man dQotinananunr. ['paduxa mentocu Ounan — Kypununuiapuu
V3UHTH3HUHT ~ XOXMINMHTH3ra  Kypa, MacajaH, Kyiwumarn  43-pacmaa

KypCaTUITaHAEK y3rapTUPUILINHTU3 MyMKHH.

™ el RepreserReore
‘ Selected Molecule
e
R -
Selected Atoms 3 - -
[lon~a — g > ’
| Oraw styie | selections | Trajectory | Perioaic | : 5 Q:} =’ -
Coloring Method Maternal = =
[rame -1 [Spaque | [ - = - : .
4 o P
rawing Methc o boo? . ol
> - 2 ’ <
C ; >
S & ¢ S “l!{" e
w‘/ i |
= ;
4 |
[ | — |
| < Apply Changes Automatic ally Appiy | . b

43-pacm.: yanga VMD (cjieBa) HM YHIa KYPCATWITaH KYPUHHII YIYH

co3Jiall.
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Keiinn acocuil oiiHagaru MoJiekynanu (aoymamitupuar Ba Menwo Paiin -
MabnyMoTIapHU MOJIEKyJara IOKJIall-Hu TaHjaHr, . sim_fixprot.dcd ra yTunr Ba
yan VMD -ra okmanr. Taxmumaan 1000 kaap roximanau. «VMD  Mainy,
OWHACHHUHT TACTKU KUCMHAAru I1uieep OomkapyBumaH (oigananud, XoiaTHU
YeKJIAlHA  MOJCIIAINTUPUIT  MyBaphakuariu OVIuMImuHN (pakaT HOHJIApHU
Ky3aTHILl OPKaJdM TEKUIUPUIIUHTU3 Kepak, OyHJIa CyB MOJIEKyJajgapu YpHUHU
y3rapTupaay, JIEKUH OKCHIJI aTOMJIAPUHHUHT X0JIaTH 3¢a JOMMUH CaKJIaHUO KOJIaIu.
NounapHuHr WYK 0Yi1r0, KyTHHUHT YeKKajdapuaa sHa Mai10 OVIMIMMHUHT cabadu
HUMaa?

Ounu Molecule - Delete Molecule Ounan mosiekyinaHu yuyupuO TalulaHr Ba
sim_fixprot.pdb, HU IokmaHr, Oy XOJaTHH YEKJIAITHH MOJCIUIAITHPUIITHUHT
YUKUILIMHA OXUprucu 0ynanu. Ymoby monekynara y3yH 10000 rnc TpaekTopusicuau
rokjIaHr. Y 5000 kagpHU cakJialliyd Kepak.

Cuz L7 / L12, pubocoMan OKCHJIMHHHI KOWJIAIIUIINHU TPAaCKTOPHUSHU
OJIIMHTAa €KH OpKara MyHaITUpUII OWJIAH KATJAHWIIMHU KYPUIIMHTU3 MYMKHH.
Kopwuit ngucrieiina OKCuA TapKUOUAaru Y3rapuiIapHU Ky3aTHIN YHYAIHK
MaH(paatam smac, 4YyHKM MoJjekyna 22 caxudanHuHrl5 caxudacuma monexyna
TapKOK Ba ailjlaHMa Xapakarjapra sra Oynamu. Ainanuim Ba AUGGy3UsHH YK
KWIKII y49yH O0apya TpaeKTOpHUsl paMKaJapuHU JACTIa0Ku X0JaTUra TeKUCIIaHT.
Ouuk kenravitmanap - RMSD Trajectory Tool kypuimacu OusiaH aHaiv3 Ba
«Selection Modifiers» nan- «Backbone» tanmanr keitun «BBIPABHUTD» -
“Texucnanr’ TyrMacMHW TaHJIaHT. bupo3 KyTrady KypuiMa OWHAacMHH Ba
TPaCKTPOPUSHH KaWTalaH WIITra TYIIUPHUHT. DHIW OKCWJIHUHT  WYKH
XapakaTjapura JUKKaTHU KapaTUIll MyMKHH.

5.2 Mukaopuii TaxjiuJa
5.2.1 KBaipaTHMHI ypTaya OFUIIHA

Nkkun Ty3unum opacujaru yprada kBagapaTuk ofuil (RMSD) ymymuii
Kypcatkuy Oynau0, 0 wmonekyna Ba 1 Mosekyna opacuaard CTPYKTypaBuid
VXIManuIMK Ba acoCuil 3aHXUpHUHT Oapya N atomutapum OVitmda ypraua BasH

Maccacu cudaruaa XxucooaaHaIu.
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1 N
RMSD= |— m.(r’ =r")?
M; f(f -')

Oynna ri = (X, Y, Z) - KOOpIMHATIAp BEKTOPH, Mi 3ca Xap OMp aTOMHUHT
maccacu 0,2 BM (2 A) ra sxum RMSD kaTra 6Yyamaran CTpyKTypaBHii
TeOpaHMILIApHU KypcaTamu, Oy Baktaa RMSD>0,3 um (3 A) xondopmarmon
y3rapunapau kypacataau. OMonekyna - Oy TPaeKTOPUSHUHT OMPUHYM Kaapu
(xucobOmam TH3UMH), 1 MOJeKyJda 3ca TpaeKTopusigard Oapua KeTMa-KeT
TU3UMIIApra MOC KeJaJIu.

RMSD Trajectory kypuimacu xap 6up RMSD-kaipHUHN HIaKUTAHTUPUIIT
y4yH OMpHHYM KaJpra xXaBoja OWJlaH MIUIATUIUIIN MyMKUH. YHAa "Traektoriya”
oymumuaaru "Grafika" Hu axpatwraau. "Magistral" BapupaHTHHA KOJAUPHIIAIA Ba
tekmupuiaau. RMSD rpadurun 44 -pacmpaa kentupwirad. by TyxrTatuiaraxn

Vnuanmaradn RMSD xuco6ianaau.

| P Mambct

Lo

Rmsd (A

44-pacm: kaap pakamura ooriuk 0yaran RMSD rpaguru. RMSD
Kypuiamacu épaamuaa apatuirad. 5000 ra kaap 10,000 nc

MoOAC/VIAITUPUINIAH OJTMHI'aAH.
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Mlynagait kuamb KeTMa-KeT WKKW KaJap opacugaru BakT ¢dapkd 2 TaHH
Talmkui dTaan. bu3 oxcwutapau katnaHuml (QoiaauHT) KapaHUHW YHUHT
TPACKTOPUSICUHU V3rapTUpUO VpraHuilHA HCTaraHUMHU3 Y4yH, OyHU amaiira
OLLIPAMU3.

DJeKTPOH *kaBai gactypura (Macanan, Hanpumep, Microsoft Excel) RMSD
MabJIYMOTJIAPUHUA UMIIOPT KWIMHT Ba 22-caxudanunr 16-caxudacuHu OUMHT.

I'paduka oitHacuuu €nunr, " Plot " 6enrucuam onu6 Tanuiadr, "CoxpaHUTh"
¢Hura tacauk OenrucuHu KyuuHr Ba ssHa RMSD Ttyrmacunum Oocunr. Jlactyp
CU3HHMHT HIIYM Nankanrusnaa «trajrmsd.dat»daitnuau apatau. Microsoft Excel -na
«trajrmsd.datydaitnuan  ounnr. @aiin Typu ouwiaguraH pyhxatuaaru "bapua
daiimtap"-«Bce ¢aitnby HU TaHJIAITHU YHYTMaHT.

"MartHHM UMIOPT KWIHII ycTtacu' - «Mactep uMnopra TEKCTa»aBTOMATHK
paBuiga maiino Oymaau. FOkopura ropu0; cuz "Pyxcar erunran keHrnuk" -
«DukcupoBanHas mmpuHa» Ba "Keiinnru - Kelinnru - Tyratum" - lanee - Jlanee
- 'oTOBO» HM TaHNaKCH3.

NA HM HoJra amMamITUPUHT Ba KEWHWH Kaapliap opalufu 9-pacmia
kypcatwirangek 2 nc / kBaapar (= 10000 nic / 5000 kBagpar) OynummHu xucoobra

0JIUO, TYFPU BaKTHU XOCHJI KAJTUIITUHTU3 KEPaK.

c2 - B | =A2*2

A ' B C D ' E
frame moll time/ps

O
0.634
0.784
1.001
1.089
1.138 10
1.031 12
0.918 14

WO A WN M
NO A WwWN O
0w ohNO

45-pacm: RMSD ra umnopr KuJaMHran masaymotrJiap Ba C ycrynaa

BAKT OPAJMFU/IA IAK/UVIAHTHPUJITAH KajpJaap.
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Keiiun A ycrynumaru tapkuOuu C ycTyHura anMamtupuHr, C ycTyHIaH
HycXa OJIMHT Ba “BcraBuTh 3HaueHus B crosOen’”- A yCTyHHJard KUAMaTIapHU
KYUUHT -HM OOCHHI. BH3 OKCMJ KAaTJaHUIIMHU TaXJIWJI KUIMOKYM OYJIraHUMH3
yayH, OW3 Xuiija WiraTamMu3 Ba b yCTyHIarm MabliyMOTIApHU Y3rapTHpamMus.
bynuHr yuyH A yctynuaas C ycryHura Hycxa oiuHr, cyHrpa b Ba C yctyHinapusau
TaHJIaHr Ba Mabiaymorinap - C yctyHu Oyiimua capanam «CopTHpoBaTh IO
cronbuy C»HU TaHnabd Ba KaTTaJaH KUYMKradya TtapTuOnam opkamu «JlaHHbie -
CoptupoBka» (GyHKUUsAIAH capanai (poiJalaHuHT.

Keituarn Oockuuga A ycTyHiaapuHM TaHiad, Bakrra HucOaran RMSD
rpauUruHu sIpaTUHr, OyHUHT Y4yH A Ba b ycTyHnapHu TaHjmaHr Ba '"Ty¥pu
YM3UKIap OWlaH HYKTaIM JAMAarpaMMacu «TOY€4yHas JauarpamMma C HIOpsSMbIMHU
JVHUASAMU» TUINMHUHT - "HYKTalau auarpaMmacu’ HM spatuHr. Mucon 10-pacmaa
kypcartuira. Yoy muconga RMSD 2 Ba 4 A opanuruia te6panu6 Typub, 6y sca
OKCWJIHUHT Xe€4 KauoH TYIMK €E3unu0 KeTMaciIuruHu kypcataau. CHU3HHHT

TPACKTOPHUSIHU MOJICJUTAILITUPHUII HATHXKAJApUHI U3 OOIIKaya OYIUIIN MyMKHH.

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
time/ps
46 -pacm: L7 / L12pudocoma oxcuiim C-TepMHUHAT JOMEHHHHHT KATJIAHHUII
RMSD acocuii 3aH:;kMpuHHHT TpaekTopusicH. TYK 4M3HK - Oy 25 Ta HyKTAJIH
MabJIyMOTAaH HOOpar oiiHa OYyilnad xapakaTiiaHyBUM ypTaya KUiMar.
CasBoJiap:
1. Karnanum OONITaHUIIMHYA KaHYa BaKTJaH KeHUH Kypacus?
2. Karmanum kaiicu BakTaa coqup Oymanu

3. Teznuk ce3unapau aapaxaaa omagumMu?
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4. Cuz VMD ra kaiftub, TpaeKTOpHsHM KaWTagaH HIUIa0 YWKUIIUHTU3
MYMKHH
5. RMSD rpaduruga Kky3aTwiraH —TapKuOWil  Y3rapuilllapHH — BH3yall
TaCAUKJIAUIMHIU3 MyMKHH.
5.2.2. Bopopoa 00FJAPUHUHT XOCHJI OV JIMIIN
TpaekTopus WIAKUIAHUIIK J@BpUJa BOJOPOA OOFJIApPUHMHI COHUHU
xucobmnam yayH Extensions -Anamms - Bomopoaasie 6ofnapaan (GovigaiaHuHT. .
«PaccTosHMEe JoHOp-akienTopy “JloHop akientop macodacw”Hu HE 3,5 A ra,
«Yron otceuenus» “bypuak kecummvacu”’ HE 30° Y3rapTHpUHT Ba BOJOPOT
oornapunn «Haittn» “Kuaupuir” sHu OocuHr. bupo3 Bataan cyHr Kyiugaru 47-

pacm xocuna oynanu (47-pacm).

-
Té MutiPlot

[Eibe l

|
|
: MNo. Bands
|
|

[ 200 1000 1500 2000 2500 3000 L a000 4500

Frame

i
|

47-Pacm. Bogopoa 0ofJ1apu COHU Ba KBaJpaT COHMIa HUCOATaH. 22-0€THUHT
18-caxudacu
Multiplot oliHacuIaH MabIYMOTJIAPHH BEKTOpJApHra SKCIOPT KUJIUIITHH

tannad @aiin - Oxcnopt B BekTophl ASCIIHM skcmopt kunuur. Kelinn ymoy
157



mabiaymotiapuu Excel ra 5.2.1-0anana ailTu® yTunranuaek MMOOPT KUJIMHT Ba
BAKTHU Y3TapTUPUHT.
Casosiap

1. IlpoTeHHM KaTJIaMaHUII TaWTHAA BOJOPOA OOFJIApH COHUHUHT Y3rapuil
XKapa€HMU TEHICHUUSCUHU Ky3aTasiIICU3MU?

2. Bogopon OofnaHunuiapu Ba Yyprada uekiaHuin (sd) HUHT ypradya COHHHHU
KypcatuHr, 0y pakam nhb + sd ra Tenr 6ymagu. nhb yuyH MyxuMm pakamIapHUHT
TYFPU COHMHU KUPUTTAHUHTU3ra UIOHY XOCUJI KWJINHT; CTAaHJApT YEKIAHUII CU3Ta
KaHaal pakamiapaaH QoilgaiaHuIl MyXyUM SKaHIUTUHU aiTuo Oepaau. Cranmapt
YeKJIaHUIUIAp ofaTAa Oup €KW HMKKUTa MyXUM pakamM OWIaH KypCaTHUJIau.

Macanan: 14.123 + 1.2 vHoty¥pu, 14.1 + 1.2 éxu 14 £ 1 Tyrpu.

5.2.3 UkKnjI1aM4u CTPYKTypa
Mopemmamrupui Bakumaa Extensions - Timeline kypuiamacu épaamuia
OKCWJTHMHT WKKJIAMYH CTPYKTYPaCHHUHT V3TapHIIApUHN TAIKUK OSTHITAMU3
MyMKHUH. Xucobnam unuiapu kyn BakT (30+ muHyT) Tanad stranu Oouc Oy
O0ocKuya onnuHaadn TaHahdyc pexamamTapud oyMin Tanad ATUIAIH,

Kypunmnap oitnacunan Calculate - Calc.  Struct 6yTuMuUHY TaHJIaHT..

'ﬁ WMD Timeline rbp_ions.psf (mol 0) = | =

Eile Calculate Inhreshola Analysis Appearance Data Help
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sec. sTruct.
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47- pacm. Kaap Homepura 00¥JIMK paBuliia xap OUp KOAUKHUHT UKKWJIAYH

all
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crpykrypacu (T: Oypuianm, E: b-3anxkup, B:axxpaTuiaran kynpuk, H: a-
cnupai, G: cmpaan 3-10, |: p-cnupan, C: cnimpain).

22 caxugpanune 19 caxughacu
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47-pacMaa KEATUPHWITaH MUCOJIJIaH MOAEIUIAITUPHIL NMAWTUIA CU3 y4Ta O-
Coupall eTapiu JAapaxkajga OapkKapop KOJAETraHWHW KYPHUIIMHIUA3 MYMKHH, IIy
Owian Oup BakTaa N-TepMUHAN O 3aHXUPHUHT MKKWJIAMUYW TY3WIHIIKM MapKasja
[le57 Oypununuiap, xycycan, 1500 pamka atpoduma xocun Oymumm Tydaiimm
kamairanaury (3000 mc, BakT Oupiauruaa "€3wmimu" HA aHriataaud). Mapkasu
Lys95 6ynran ukkuHuM O 3aHXkupu OyHAAH XaM OUp BaKTHHUHT Y3HJla CEe3WIapiu
KaTTapoK jAapaxazna TymuO kerau. 0-3amxkupuHuHr C-yum 3200 (6400 nc) kaap
aTpoduia KUCKApUIIU Ky3aTuiaaau. TpaeKTOPUsSHUA MOJICIUTAIITUPUII HATHXKaJIapu
CU3HUHI TaXpuOaHru3aa OyTyHiai Oomkaya Oyaumm MyMKHH. [lacTku kucMaaru
KaJIppaKaMUHU OOCHIII OpKaldW CH3 TPACKTOPUSHUHI MaBXKyJa HyKracuHu VMD
rpaduk udonanam orHacuaa Kypcaracus. I'padux nucruieliga yanjgarda KeTma-
KEeTJIMKIIap CcaTpuja CU3 AaMHUHOKHUCIATaHM KWU3WI paHr OwiaH axpatuo
KYpacTUIIMHIU3MYMKHUH. Jucnneinapau sarunam «VMD He oTBeuaer» “VMD
xaBoO OepmasnTu” cudaruga OMpoO3 BaKT F03ara YMKMACIWTH MYMKHH, JIEKMH
OMpO3 BAKT yTrady IUCIUICH STHIUJIAHAIH.

5.2.4. Ty3 kynpuxkuaJap

Kenraitupunran — Ttaxjuia - ne3 Kympukdanap Epaamuaa Ous  Ty3

KYIPUKJIApUHU aHUKJIAI, IIYHUHJEK Xap Oup KYNpuKya Y4yH — BaKT OPAJTUFUHU

TOIINIINMHA3 MYMKHH.

F'?.é Sait Bridges p— ==

Help

Input options

Molecule: O- rbp_ions_psf |

Selection: protein
Frames: all (mnow, all, be, or bis_e)

I Update selections every frame

Oxygen-nitrogen distance cut-off (A): 3.2
Side-chain COM distance cut-off (A): none

Output options
I~ Wirite a file with the distances for each salt bridge

Output directory: C/Users/ifsgakDocuments/mamdRiboprot Choose l
Log file: saltbridges txt

Status
Done.

Find sait bridges |

48-pacm Salt Bridges kypuiMacuHHHT co3iamanapu. “ Ynkum
napaMeTpJapu” Jard co3jiamMajapra 3bTu0op OepuHr, KymuM4a paBuliia
“Xap Oup Kaapaarv TAHJIAIIHA SHIWJIAM OeJIruIaHMaraH.
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13-pacmma  kypcatwiran kabM  YMKHUII  [apaMeTpiapuHU  CO3JAIl
HaTHXKacuaa KyHuaard Ty3 KyIpuKIapu aHUKJTaHTaH.
22 caxughanune 20 caxugpacu
GLU96-LYS95, ASP102-LYS95, GLU116-LYS107, ASP85-LYS95, GLU111-
LYS108, GLU104-LYS108,
GLUS0-LYS100, GLU112-LYS70, GLU53-LYS51, ASP101-LYS100, GLU82-
LYS81, GLU49-LYS100,
GLU104-LYS100, GLU88-LYS65, ASP55-LYS120, ASP85-LYS84, GLU104-
LYS107, GLU118-LYS120,
GLU111-LYS107, GLUA49-LYS51, ASP55-LYS51, GLUB82-LYS95, GLU118-
LYS59, GLUBS-LY S84,
GLUS3-LYS120, GLU96-LYS120, ASP85-LYS81, GLU116-LYS59, GLU112-
LYS108, GLU5S0-LYS51

DBTHOOP OEpUHT, arap TPaeKTPOMSHUHT Xap Oup HykTacuaa macoda 3,2 A
ra TeHr €ku yHAaH KaM Oyica, , y Xojijga Oup KypT KOJJIUK Ty3 KYNpHUKYACH
cudaruaa anukiaananu. Ty3 kympukyacu yuyH Glul12- Lys70 opacugaru macoda

14-pacmaaru "xoinamTupuin" BaKTUra HUCOaTaH KypcaTuiraH.
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Glu112-Lys70 distance / A
S

time/ps

49- pacm. Glull2 m Lysl7 opacuaarn macoga TpaeKTOPUSIHUHT

“€3uaIMINHT” YaKapu0 OJMIIHUHT BAKTra 0OFJINKJINIH.
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Casouar:
1. TpaexkropussHu MOACIUIAIITUPUII JAaBpUAa KaHYa Ty3JIW KyNpUKYajIap
AHUKIaHI1?
5.2.5 JDHeprernka

Keinaru Ttaximina OKCWJIHMHI BakIra OOFNUMK paBulia Ban-nep-Baanbc
rpaguruan  KypuO, HUYKM DOJIEKTPOCTATUK DHEPrUsCUMHU XucobOnaHamu. By
taxsimwian  NAMD Energy kypwimacuna 14-pacmaa KypcaTwiraHu —KaOu
coznamanap Kenraiitmanap - Ananmus - NAMD Energy ¢ épaamuaa yTkazuiaau.

DbTHOOp OEpHUHT TapaMeTpJIApHUHT (Pailiin aBTOMATUK KYHHIIaIu.

> B & .. . guouss
Help
Molecule: 0: rbp_ions.psf
Selection 1: protein
Selection 2 (opt):
Energy Type: [~ Al v vDW v Elec [~ Nonbond
[~ Bonds [~ Angles [ Dihedrals [~ Impropers [~ Conformational
Output File: Switch: 10 Cutoff. |12 Dielectric: (1.0 Skip: 10
Temp File Prefix: namd Timestep: 0 StepLength: 1 Stride: 113
Parameter Files (opt): {C./Program Files (x86)VMD/plugins/n Find Reset “
XSC File (opt): C:/Usersllfsqak/Documentsfnadeibt Browse | Generate [~ PME
[~ Silent |~ Debug | ShowForce OQutput [~ Show Only Force Projection [v Plot output
[~ Update selections every frame " Run job remotely (BioCoRE)  Run job locally
Run NAMDEnergy

50- pacm. Moaenjamrupuil BakTH GyHKuusicu cudaTuaa OKCHIHI
KaTJaaHuII naTuaa Ban-1ep-Baajibc FJHEPTrUsACH Ba HYKH YIEKTPOCTATHK
JHEPrusiHu Xucooaam/

K¥ypcatunran Multiplot oiinacuna ®dune - File - Export to ASCII matrix.
matpuniacuaan (oitnananunr. Keiiun Excel ga spatmiaran multiplot.dat daitmau
UMITOPT KWJIMHT. BUpUHYM YCTYyH TpaeKTOpHS pPAMKACHHU OWIIUpanu, KEHUH
TYIMK, OJJEKTpocTaTUK Ba Ban nep Baanbc »sHeprusiiapy Kkain / Mojjaa
udonamananu. 15-pacMja OKCHIHMHT KaTJIAHWIN >KapaHU Ba YYaCTKACHHU
udoganam ydyyH wWirapu KypacaTuiraH MHCOJJard kabu BakT Oupiuruaa yku

MUCOJUJA KYPCATUITAHMICK, 3JIEKTPOCTATUK Ba WYKHU BaH Jiep Baaybc sHeprusicu
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BaKTra HucOatan opkara 15-pacM fa KaiiTa KaTJaHUII jkapaéHU Ba y4aCTKACHHU
udomanam ydyH WIrapd TaCBUpJIAHTaH BaKT YK MHUCOJUAA KYpcaTUITaHICK,

QJICKTPOCTATUK Ba HWYKH BaH OCP Baanbc OHCPIusACH BaKITa HHCOaTaH

udoganaHraH.
folding time in ps
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0 2000 4000 6000 8000 10000
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Figure 15: Protein internal energy terms plotted against folding time.

51-pacm. KaTiianum BakTura Kapad muKu YHePrusiCAHUHT TY3UJIHIIH.
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§6. AMAJIMM MAIIFYJIOT. OKCUJIJIAPHA KOMITIBIOTEPIA
AU3AUHEPJTALI YCYJIN

Oxcwiap, aMUHOKUCIOTAJIAPHUHT ToJMMepaapu OYnuo, XyKalpaHUHT
acocwii TapkuOMii KucMiaapu Ba GyHKIIMOHAT MOJIEKyJaapyu XucoOmaHaau. Yiap
TUPHUK TU3UMIIAPJIArd SHT Ky KUppaId MaKpoMOJIeKyJanap OYiuo, Typiau MyXum

byHKIMsIapra, Ory SKymiaZaH CTPYKTypaBUM, KaTalUTHK, CE3YBUAHJIMK Ba
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TapTUOra ComyBuM (yHKIHsUIapra sra. AMHHOKHCIOTaNIap KETMa-KeTIUTHHU V3
UYNra OJITAaH aHWK Ty3WIMAaJapHU XOCWUJ KWIMII yYyH OKCHUJUIapHH Oup-Oupura
Tymaam  KoOowmmsatu Oy Kymiad posutapHu  Oakapuilra HMMKOH —Oepaju.
[IpoTennnap KeTMa-KeTIUTH XaKUJard MabIyMOTJIap TYIUIaMH Te3 cypbatTiap
ounan ycub Oopmokaa, xo3upru Baktaa Universal Protein Resurs (UniProt)
MabJIyMOT 0a3acujia TAXMHHAH 6 MILIHOH €3yB MaBxy [ 1 - 8].

OkcwiHUHT GYHKOUSICHHU TYJIUK TYINIYHUIT Y9yH YHUHT Y9 YI9OBIA
TY3WIHIIA TYFpUcHAa OuimMMmra sra Oymauin 3apyp. Adcycku, OyryHIH KyHJa
OKCIIEPUMEHTAN TEKIIMpUiIaéTran Taxpubanapaa 0apya OKCHJUTAPHUHT TapKHOU
TY3WIHIIUHU OyTyHJIall aHUKJAll MMKOHM KEHT 3Mac, OKCHWJUIAPHUHT (akaT Oup
Kn4uukK oup Oymaru (2,8 — 10) KUCMUHU aHUKJIAIl MyMKHH, TAXMUHAH 2% MYMKHH.
Konran 98% yuyH cTpykTypanu Oamopar KWJIMII SITOHa MYKOOWUJ YyCya
xucoOnanaau. LIyHUHr y4uyH, OKCHIITApHUHT CTPYKTypaBuil 0axoiad XucoOuarn
OuonorusaIa MyXuM MaKcaj XucoOIanau..

Mornekynsip MOAEIUTAIITHPUIIAATH IOTYKJIap Tabuatga MamBxkyd Oyirax
MabIyM OKCHJIIAp KETMa-KeTIMKJIApW acoCHa SHTH OKCWUIAPHU SpaTHUIIIaH
TOpTUO, MabiAyM OWp Ty3WIMINra VypajaraH €KUM MabiyM OHp (QYHKUUSHU
OaxxapaJuraH SHTM OKCHJUIApHU JIOMHMXajamira Kajgap XucoOail OKCHILIapUHU
JIOMMXAJall MalIOHUHU KEHTaUTUPIH.

XucoOaan ycyiapuHu KyJIan opKaiu OKCUJIIapHU JIOMMXaJIalllHA MaKCcal
KWIMIIAAH OJJIMH, OKCWJIHUHT KariaHumwm (donaunru), Oapkapopiurd Ba
(GYHKUMSICUHU TapTUOTa COJIyBUM acoCUi (DPM3MKAaBUM MPUHUMUIUIAPHU TYIIYHUO
ofmm Kepak. byHu YHma0 WHuutap naBoMHaa OJuUMIAp Ba TAAKUKOTYHIIAD
OKCWJIHUHT (DYHKIIMOHAJUIMTUHM aHUKJIAIl yYyH OFUIIM €KW y3rapuiira
acociaHrad mnapaaurma (MHUcCoJUIap) HU Ky3aTuO Oopwuiirad. Ycyn 1o3nad Ba
MUHTIa0 TPOTEMH MYTAHTIAPUHUHT XOCHJI OYIUIIINTa Ba KEpaKIId XyCycusiTiaapra
ATa BapUAHTIAPHU aHHUKJIAII YIYH CEJIEKTUB Tabcup Omnan 0ornuk. Ly 6mman Oup
KaTopJa, XucoOjaml OKCWJIMHHU JIOWMXajallJa OFHUINra acOoCIaHTaH MapagurMa

YpHUra IW3arHra acoCjaaHrad napagurmara HyHalaTUpWITaHIup.
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JluzaiiHra acociaHraH napajaurmaza OuoJiorjap IW3aiH MmapagurMaiapuHu
¢KM MacalaJapHUHT EYMMHUHHU Xall KWiuljga Oapya yCyJJIapuHU XHCOOJamd
MOJCIJIAIITUPUIIT ~ TEXHUKAcH OwiaH Oupnamtupud, V3 Au3alHIapUHUHT
MyBapGaKUSITUHA TaxMHUH KAJIUIIAgU. YOy mapaaurMa sSHTU FOsulap Ba
UXTUPOJIAPHU SIpaTUII Ba amaira OIIUPUII YYyH camapaiud Oyiaud YMKKaH.
Jlotmxamamra acociaHraH IapagurMa MYyMKHH OViraH Jau3aiiHIapHUHT
YyerapaJlapvHy aHUKIAIl Ba alTEpHATHBAra acoClaHIraH Iapagurma EpaaMuaa
aHUKJIall KUWWH OVJIraH MMKOHCHU3, aMajuil OyimaraH, camapacu3 €KM aKCHHYa
YPUH aJlMalluIIra acOoClaHraH Iapagurmanap KUPYBYM JW3aWHIIAPHA WYKOTHII
YUYH HMILIATHJIA]IH.

Ty3unumra acociaHran XucoOjaml — ycyiuga OKCHJI — 3BOJIIOLHUSACH,
byHKuuscu, OapKapopiaurn Ba (PYHKUMOHAUIMTMHU XHMCOOra oOJdraH XoJja
xucoobnam €kM MareMaTuK acoc Ty3winaau. KelnH MyipkamiaHral OKCHILIap
HKCIIEPUMEHTAJ PABUILA YIAPHUHT Y3Ura X0o¢ QyHKIUSIIApU YUyH TEKIIUPUIIAIH.
Arap nnutad YMKWIraH OKCWILIap yui0y XyCYCHUATIApHUHI OapyaCMHU HAMOWHUII
KMJICa, YHJIa MaTeMaTHK MOJIe] €KUM paMKa OKCUJIHUHT MOXUSTHHU TyO/1aH Kampad
OJIMIIM MYMKHMH JI€TaH XyJjocara KelIuIl MyMKMH. bomka TOMOHAaH, arap
HKCIIEPUMEHTIIAp HaTHXa Oepmaca, yHIA SHTH Xa€THH OKCUJIHH XUCOOJaI Wyiu
OwiiaH JOWMXAJAIITUPUIITHUHT SKYHHM MakKcajura Xu3Mar KWIaJuraH SHTH
MOJICJIHA Yy3rapTUpUIl Ba spatuuaard MyBadPakuaTCU3NMKIApIAH KepaKin
MabJIyMOTJIAPHU YPraHUIl MyMKHH.

[ynpaii  KuinO, HOMAAH OKCWJI Ju3alHU TaOuuid OKcwuiap  ¥3
GyHKUMSUIapUHU ~ KaHAal amanra OLIMPUIIM  XaKuJard OWIMMIIapUMU3HU
TEKIIUPUIITHUHT SHT aHUK yCYJIM XUCOOJAaHaIu. y XO0JIJa MaTeMaTUK MOJAEN EKU
paMKa OKCHJI MOXUSATHHU TyOJaH KaMpald OJMIIKA MyMKHH JETraH Xyjocara Keaull
MyMKuH.  bomka  TomoHmaH, arap TaxpuOamap  Hartmka — Oepmaca,
MoAM(UKAIMSIIAIT Ba SIHTU MOJEITHH sipaThmaard myBadakusiu3mKiapaaH
ypranuir MyMKdAH, Oy OXUp-OKHOATna sHrM Xa€THil OKCWJIHM XucoOusamn Hynu

oman HOﬁHX&H&IHTHpHHIF a XU3MaT Kujaaau.
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SAxmunanran  ¢yHKnuoHan €KW AHTM  JacTypiapra oJra  Oynrad
KCHWJJTADMYXAHAUCIUTUUTa  SKCHEPUMEHTAJl  paBHINJa  KaTrra  MYTaHT
KyTyOXOHaJIApUHU CKPUHUHT KWJIMII OPKAJIU SPUIIUIAU. BUpoK, Oy OKCUIUTApHUHT
aKcapHsITH JJOMMXaiall TaMOMUIUTApUHH COH KXUXATUIaH TabMUHJIaM oamaiinu Ba /
€Kl Kepakiu (PYHKIUSHU KYJU1aO-KyBBAaTJIOBUM CTPYKTYpPaBHM XyCYCHUSITIAPHU
TylryHMaiu. XucoOJaHTaH NPOTEMH Au3ailHu Oy KaMYWIMKJIAQpPHU EHTHINra
&pmam Gepau.

Nmonunu Ttapkubuii Oamiapotiami, OepuiiraH MIAPOUTIAPAA OKCHUIHUHT
OapKapopJIurd Ba MOJEKYyJIajlapyd OpacHJard y3apo TabcHp (OKCHI-IIPOTEUH
myHocabaTinapu Ba JIHK-okcun myHocaOatiapu OKCHJUIApHM XucoOnam uynu
OwiaH JOMMXANAINTUPUIL YCIyOM OHOTEeXHOJIOTHS Ba OuOoTHOOMETIA TE3
pUBOXJIaHAETraH TeHACHUUsIIapAaH Oupu OYynub konau. byHaan Tamkapw,
XucoOyaml OpKajlid OKCWJ JW3aiiH, MacajaH, sSHrM OMOoKaTaau3aTtop AW3aliHUHU
unuiad  YMKUIAA Mappara OJpUIIWIraH HOTaOMWMW  MoJIeKyJanap  y4yH
OroceHcopIiap UIUIad YUKUILA, OOFIaHUII apPUHINTH SIXITUIAHTaH OKCHILJIApHU
KaiTa JIONUXAIAITUPHIIIA FOKOPH CHEU(UKIUKKA 3Ta OOFIAaHUIIUTA OKCUIUIAPHU
KailTa JoMuXaJamTupuil Ba OuoJoTMK OYynmaraH kodaktopiapHu Oofnalira

Koaup OYJraH OKCH/UTAPHUHT qu3aiiHuaa MyBadGakuaT KO30HWITaH (pacMm).
A
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51-pacm. Xuco6/1a0 yuKWIrad tyswimanap Ba gepmentiaap. (A) Atom
JTapakacuard aHuKJIWK OwiiaH stHTH Tor7 TinoOynap okcun katiamu. (b) umiad
yukuirad SspB amantep okcuinu. (C) JIHK Ownan OornaHyBuuKaita HILia0d
YUKWITaH OSHJIOHyKJeaza. Kaiita wunuiad uukwiran  QepmeHT, Tabumii
HHJOHYKJICa3a OWJIaH TaKKOCIaHAJWTaH/la MaKCaJJd JUCKPUMUHALMS Japa’kacu
Ownan, €BBoitM Typaarm ¢depMmeHTra Kaparanga TtaxmuHadn 10,000 wmapta
camMapaJupoK calTHH TaHWO OornaHaam Ba keca onamu. (J1) TIM-barrel scaffold
paMKacH U4Uu/ia SIpaTUIITaH STHTH peTpo-aiaoi GepMEHTH .

®depMeHT au3aitHu Hadakar TaOuMii a”ajorjaapu MabiayM OVyiamaraH
Kartajgu3aTopJiapHuHr  0e  novo  (omamii MOJIeKyJallapiaH — Mypakaad
MOJICKYJIAJIADHUHT CHHTE3 OVJIMIIM, JIOTHH THIMIAH Tap)KUMa KuiuHranmaa “de
novo '"yangi" MabHOCUHM Oepaau, JeKUH ‘‘sHa”, “HoyimaH Oomwiad” aeraH
MabHOJIAPHU AHTJIATa 1 )AU3aiHUTHHA AMac, OAJIKM CaHOAT OPTaHMK CHUHTE3W Ba
METa0OJIMK MYXaHAMCIUK KaOu OWOTEXHOJOTHMK coxajlapia Oynran Kymo
byHKUMSUIIM  (pepMEHTIIApHU JIOMMXAJallga XaM KEeHI KyJulall Joupacura sra
OYIUIIN MYMKUH.

Panmonaa xuco0Jam gu3aiiHn

buokaTtanuzaTopiaapHu HOJJIAH SpaTHIN OJIUMJIAD Ba MyXaHAuciapra Oup
KAaToOp TypJiu XUJ KUMEBHUM peakuusiiap YIyH CUHTETHUK (hepMEHTIIApHU SPATHIITa
UMKOH Oepaju, MacallaH, peTpo-ajiiojl peakuusicu Ba Kemn siammuHanuscu.
[IyHUHTACK, Y OKCHWILIAPHUHT TY3WJIUIIHA Ba (YHKIMSUTAPUHUHT MYpPaKKAOJIUTHHA
acOCUH TYyIIYHYaMM3 y4yH CUHOB ManJIOHYacura aniaaHaiy.

XwucoOJamnr OKCHJI TU3alHU OKCHJI acocum 3aHKUPUHUHT
KOOp/IMHATaJIapuIaH OomtaHaan Ba MarucTpal TCOMETPUSHH
OapKapopJalITUPUIIT  y4yH MakOyn OyiaraH aMUHOKHUCIOTAJIApHUHT KeTMa-
KCTJIMKJIapU Ba TEOMETPHSUIADMHM  aHUKJIAIl Y4yH Kyd  MaWJOHHIAH
doitnananunaan. Xarro KHYMK OKCHWJUIAD YYYH XaM MYMKHH OVJiraH KeTMma-
KETJIMKIIAp COHU SXIMNIA0 M3JIalll MyMKHH OYJTaH KypcaTKU4IapJaH aHda I0OKOPH

oynanu.
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Onrtuman edruMIIapHU TOMHII YYYH KYWIH KUJUPYB aIrOPUTMIIAPUHU UIILIA0
YUKWII coxara KarTa TypTKH Oymamu. XucoOJaHTaH OKCWJ MW3aiiHU TapKUOWi
Oamopatinap  (CTpyKTypaBHM  MpOTHO3JapH)  y3apo  OOFJIUKJIMIUHM  Ba
IKCIIEpUMEHTaN OapkapopiukHu Tanad kKwiagu. CyHbUE (QepMeHTIap Typiu
Japakajard XyucoOuall TabCUpHa MIUIA0 YuKWiIran OyiuoO, ymap tapkuOura de
novo ¢depmentnap kupaau, Oy epja XaM OKCHUJUIAPHUHT TOIOJOTHUsACH, (aond
HYKTACH XaM HOJIJIJaH KypuJraH Oynaiu.

De novo ¢gaoa caidT(HyKTa) AU3alHU

AMUHOKHUCIIOTANIAp KOJJIMKJIApUHM MaBxyna Oynran kapkac (scaffold)
xounapura ¢Gaoa SKOM KONAMKIAPU KYPUHUILIKJA KUPUTUII (HepMeHTIap
KaTaJIM3UHU XUCOOIall y9yH MyJkauianrad. GepMeHTIapHUHT Yoy ¢aoit ko
KOJITUKJIApU YTHUII XOJIATUHU OapKapOPJIAIITUPHUILL OPKAJIA AKTUBU3ALMS TYCUFUHU
NacauTUPHIN OpPKaJU KUMEBUN pEaKIUsIApHU Ky4aWTHPHUII y4yH >KaBOOTapaup.
daoyr MaiiIoH1a MyXUM Kyd4JapHU aHUK MOJCIIAIITHPHUIN KBAaHT MexaHuK (KM)
XUCO0-KUTOOMapHU Taslad KUJIA/IH.

VTum xonartura MaxkaM OOFIaHHO, (YHKIHOHAT TYpPYXJApHUHT KepaKiH
TCOMETPUSICUHU CaKjIad TypuIIra KOJAUp MOTEHIMal OOFJIOBYM UYHTAKIAp TypJu
XWJT OKCHUJI cKadoJijuiapa aHUKIaHAIH.

['eomerpusira acocnanrad ujaeHTudukanusgan Gongananud, YTUIT XOJIaTH
OOFJIaHUI KOWM OWJIaH MOC KeJIaJMraH XOoJIaTM Ba KaTAJUTUK €H 3aHXKUpJiap
ONTUMAIIIAIITUPUIIAAN. Ba HUXOAT, YTUII XOJATUHU KATTUK OOFJIAIl YYyH KOJTaH
KOJITUKJIap UIIa0 YMKUJITaH Ba TU3alHIap YTUII XO0JaTUHU OOFJaliIurad SHeprus
Ba KaTAIUTHK T€OMETpHUs acocuja TapTuOiaHraH. bup BakTHUHT y3uaa TY3WIUII
Ba KaTalnu3 JW3allHU CyHBUH (epMeHTIap KYJIaMUHU KEHTAUTHPUINHU Babla
Kuica-za, 0y coxa xaiau OonuianFud OOCKuIuaaaup.

Xucobmain TeXHUKACcH OKCHILIAP WYHUra SIHTM MEeTaT MaXOypuil caitiap
JNA3aHU yYyH MIUIATWITaH. Typaud Xujl KUCIOPOJ OKCHJIAHUII-KAUTAPUIIUIL
KUMEBUM Mojanapura sra OyiaraH OKCUJI MeTaioepMEHTIap METAJTHUHT
acoCHil KOOPAMHAIIMOH COXaJapuaaH OWPUHU OKCWIJI OWJIaH KOTUTAaHMaraH XOJija

KOJITUPUII HATHKACKIa XOCHIT OYJIraH.
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MeTammmapHUHT XUIMa-XWI Ba KyWId KUMECH METaJUIONPOTEHH JAU3aiHUHA
dbepMeHTIap AW3alHATAa WCTHUKOOJIM EHpamryBra avmantupagu. JlactmaOku
UIuIapja TEMUPHU TUOKCUTeH OuiiaH OOFJlaHraH OMpiiaMud KOOpJAMHAIMOH cdepa
OuilaH MOJCIUTAIITUPHIIHY Y3 UUHUTa OJITaH Ba THOPEIOKCHH KaTilaMuaa Oup KaTop
MeTaJuIoNpoTeu jIap MIUTad YUKUIITaH.

Ymby okcuiuiap SKCIEPUMEHTal paBHIa TEMUPHH OO0FIad TypHIIH
KYypcaTuiral Ba TYpJIM XWJI KUCIOPOJJIM KUMEBUNA MOJAANApHU KaTallu3 KWJITaH.
['uctunun-KkaTanuznanrad n- Hutpodenumnanerar (PNPA) rugponusuHuHr okopu
PHEPreTUK XOJIaTU KaTtop 3amkup poramepu cudaruga Bolon Ba Mayo
TOMOHHUJAH MOJCIJAIITHPUITaH. YJap KaTaJIUTUK aHTUKOPJApHU JOMHUXaaliia
UIIaTWIaural  ycyira yxmam  ycynHd — Kyutangga — Escherichia  coli
MUOPeOOKCUHY KyJail SKCIIPECCHOH XyCYCUATIApH, TEPMOJAMHAMUK OApKapOPIUTU
Ba xucoOnam au3aiiHuaa MyBad@akusaTIM HaTHKara sra OYITaHIUTH cabadim
ckadomnga cudaTuaa TaHIAHTaH.

Ymby peakuustHu xucoOnam ynu Ownan monemmamtupuin yayn PNPA
OWJiaH KOBAJICHT paBHINIa OOFIaHTaH THCTHAWHJIAH TAIIKWJI TONTaH KOMIIO3UT EH
3aH)KAP KUPUTHWITAH Ba KOH(GOPMAIMOH paBHIIga HaMmyHa onuHraH. CyOcTpaTHH
Oornam Ba TaHKO oymIHK ocomnmamtupum yuyH His-PNPA, maiionura KyuHu
AMHHOKHUCIIOTAJIADHUHT aJlaHuH OWitaH MyTarusicura pyxcat oepuiarad. His-PNPA
Ba YHHHT atpodumarun €H 3amkupiapHuHr KoHpopmanwusiapu Dead End
Elimination épaamuaa onTuMaIam THPUIIIH.

ByHuHT opTuaaH SHr sSXmmM OaxoJaHTaH WKKHATAa HOM30J - IPOTO3UMIIAP
nuzaitau (PZD) 1 Ba PZD2. PZD2 cunte3u Oonutanran. PZD2 katanu3zianmaran
peakius Ba CyOCTpaT KOHIICHTPAIIMSICUHUHT OPTUILY OWIaH TYWWHTaH KUHETUKAara
HUCOaTaH ce3uJapiu Japaxkaaa SXIIWIAHWIUIApHU HaMmouumn dStrad. [lactmad
ymly Xxucobnaim ycymuiapuau TpuozodochaTuzomepasann JTOWHUXATAMITAPHUIIT
yayH TaTOWK OTum  MyBaddakusaTuz O0ynubd uYMkkaH ~Oynca-ma,  ymioy
TaAKUKOTIAp/Aa WIrapu CypwiraH Kymiad MyXHM Fosulap SKUHIA KUMEBUU

MaIIxyp CyHbuil pepMeHTIapHUHT MyBadHaKUATIN AU3AHUTa KUPUTHIITAH.
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Sxunna GyHKIOUMOHAN JKMXATAAH Xap XWwil TyIulamaard OuTTa Saposu
Tapkubuga pyx Oynran weramuiopepmeHT ckadong TymiamugaH —Oomiad
oprarodocdaT ruApoIa3aHy JOUNXAIAMTHPHUII CTPATETUSCH UILTA0 YUKUIIIH.
Opranodocdar rugponnza QaoUIMTHHM XUCOONAIl JAW3aiHM y4YyH IIA0JIOH
cudaruga TapkuOuga pyx Oyaran depMeHT OYyaraH saposud  OakTepuan
oprarodocdat ruaposnasa TaHjdaHrad. PyxHu ¥3 wdwra oiarad MOHO-SIpoOH (Haoit
ydacTKaJapHU XucoOjamijga aJeHO3MH JeaMUHa3a TapKUOWAard MyTalHoHJIap
Maxmyacu MyBadhakuaTId aHUKJIaHIU, Oy yHra Makcaaiu Qocdar ruaponmsa
daowmuruan  Oepagu  (52-pacm). Jleammuazaga opranodocdar THAPOIH3
(GaoJUIMTMHUHT Maiiio Oynumm y4yyH ¢akar Oup BaKTHUHT Y3UAa TYpTTa
MyTalysiap 3apypiurd aHukiaHad. CHYKOHHMHT TapKuOUga pyX CakJIOBYU
aJIcHO3WH JleaMMHA3acu MOJeIM HUIUIad YuKuiaraH Oyiauo, KaTaJINTUK
camapanopaurd (Ke, / Km) ~ 10* M'c'6ymran paommk 6uman opranodochar

TUAPOJIU3UHU KaTauu3 Kuwiau, Oy 3ca ymoy (aolmukHuUHT onxatnarugad 10 [

MapTajaH IKOpH OYJITraHIUTMHH aHTJIaTa/Iu.

52-pacm. Opranodocdat ruapoiazaHuHr Xxucooaam qu3aiiHu. CHYKOHHUHT
Tapkuouaa pyx oyaran PT3.1aqeH03MH JeaMHUHA3ACH KOHCTPYKIUSA
KMJIMHIaH, KATAJIUTUHK KOJJAUKIAP CAPUK PaHIAa OepuiraH.
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Xucobnam wumapyd Tapakku€tu Ownad, (aon callTiapHu JiolMXasall
paryoHai, UHTYUTHUB cTpaTerusiiap €paaMua puBoxiIanu6 6opasepaau. [Ipotenn
Ba cyOcTpaT MyXaHIuUCIUTH EpaMuja dcrepa3za (aoJUIUrd ojlaM KapOoHat
aurugpasun  (HCAIIl) ra wmyBadpdakusatnun kuputwinu. benzasynponamun
cakioBun  mojekynamapra  (HCAIl)  HuHr  gKMHIWTH,  CyOCTpaTHHU
MOJCIJIAIITUPUIIT YYYH IIYHAAH UIUIATUITaHKH, KaWdmid OOFJaHUII OKCHJIHUHT
WYKH TUpKHIIMAa okoinmamrad. Omguarn  de NOVO  crimpali-XaiKa-Crupat
KOHCTpYKIHUsIapuaard HIS nuaganu ymam HaTvkacuaa €BBOWHM Typra HUcOaTaH
screpaza (Qaommrun omran HCAIIl  Bapuantn maiino Oymam. Ymoly
EHIalTyBIAPHUHT YMYMUN KYJUTAHWIIUIINA KeTaXKaKIard KH3UKapiau HaTHKaJapHH,
my OKymjazgaH TaOuuid ¢depMeHTIap Jpullla OJMalWuraH peaklusIapHu
KaTajgu3jianl y9yH OKCHJUIAPHH JTOUMXAIAIITHPUIIT KOOMIMATUHN TaXMUH KUJIQIH.

Xwucobuarr Bocutajgapu Ba de Novo na (hepMeHTIapuHM JOHUXaIall
KomribroTep/ia OKCHILIapUHU JIOMKMXajall BoCuTanapy OyryHIM KyHrada »xynaa Kym
dbyHKIMsATa 3ra OVIraH MyXaHIUCINK OKCWIIApU yuyH (houamuaup.

Ymby wmyBaddakugaTiapHUHT aKcapusTH aciuja IOKOPH aHUKIUKIArH
KPUCTAIUTM KOHCTPYKIMsIapa KYpUHATUTaH Maructpal KoHopMalusiapHu
cakjaiauran Ba dakar €H 3aHXKUpPJIApHU KaiTa TUKIIAITa WYHAITUPUIITAH aCOCHM
MarucTpai €HalnryBIapra TasHau.

XucoOmam OKCHJUIApUHM JIOMHMXajaml JacTypilapd OJaTAa WKKUTa acOCHi
KOMITIOHEHTHU ¥3 HYWra OJaJu: MablyM OWp aMHUHOKHCIOTa KETMa-KeTJIWTU
OepwiraH WcKala Ba KETMa-KeTIWKHHU, IMyHUHTACK MAarucTpail Ba €H 3aHXKHUP
KOH(pOpMaIUsIapUHU HaMyHa KWJIATUTaH KUIUPYB (QYHKIUSCUTA KAaHYAIUK MOC
KEeIUIMMHU Oaxojam ydyH sHeprus €ku ckopiama ¢yHknuscu. OKCHUTapHU
UNUIa0d YUKapUIl yYyH eHeprus (QyHKIUsIapyd KYyNMUHYa )KHCMOHUN Ba OWjmMra
acoOCJIaHTaH aTaMaJApHUHT KOMOMHAITUSICUHU Y3 WIUTa OJIa]IH.

Anaduériaap
1.https:/Mmww.ncbi.nlm.nih.gov/pmc/articles/PMC3962203
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CagoJuiap
1. Pammonan xucoOnam nu3aiiHu HUMA?
2. de novo daon caiT(HyKTa) qU3aliHd HUMA?
3. Xucobnmam Bocutamapu Ba de NOVO na  ¢epMEHTIApUHU JIOWWXAJall

ACTaHa HUMAaHH TYIIyHaCcHu3
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