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OCOBEHHOCTH CEKPEIINH a-AMWJIA3bI
AJIEMPOHOBOI'O CJIOA ITIIEHUIBI

Annoramua. MccnaeaoBaHa AKTHBHOCTD M 3CKTPO(OPCTHUCCKHIT CHCKTP BHYTPHKJICTOYHOH (CHHTC3HPO-
BAHHOM) U BHEKJIETOYHOM (CEKPETHPYEMOM) O-aMHIa3bl MIICHUYHOTO aJCHPOHOBOIO CJIOS C MOMOIIBIO ABYX THIIOB
cyOcTpara — pacTBOPEMOTO KpaxMasia M B-IHMHT JCKCTPHHA. YCTAHOBJICHBI CYINECTBCHHBIC PA3IHYHA B TEPMO-
CcTadWIBHOCTH H30(opM (PepMCHTA, TIPOIYLHPYCSCMOTO H30IMPOBAHHBIM H HHTAKTHBIM anciipornoM. Ha ocHOBE 3kctie-
PUMCHTATBHBIX JAHHBIX C MPUMCHCHHCM HHTHOMTOPOB TAMKOSHIMPOBAHUSA MOHCHCHHA W TYHHKAMHIIMHA JCIACTCS
3aKFOYCHAC O BAKHOCTH 3Tala MOCTCHHTCTHYCCKOW MOMM(PHKAIHH W30()CPMCHTOB MIICHHYHOH (-aMHJIA3BI B
TMPUIAHUA TCPMOCTAOHIBHOCTH 3PCIBIM (hopMaM (DepMCHTA.
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NzyueHue pacTUTETBHOH CEKpELHH 3TO HOBas 00NaCTh MPOTCOMHOTO HCCICAOBAHMS, MOCBILICHHASL
II00ATBHOMY HCCIICIOBAHMIO peanu3auni (YHKUUH CHHTC3UPOBAHHBIX OCIKOB, MyTEM BKIIOUCHHS pas-
JMYHBIX CEKPETOPHBIX MEXaHU3MOB [1]. AneHpoHOBBIH CIOH 3MaKOBBIX BEChMa 3HAYHM B (DOPMHPOBAHHH
KaK THTATCIbHBIX CBOMCTB MPOAVKTOB mepepadoTku U 3P (PEKTHBHOCTH MPOMBINIICHHOTO CONOAOpALLE-
HHSL, TAK W CEMEHHBIX TOKazaTelacH 3epHOBKH. [IpopacTtanue ceMsH OnmpeaemsieTcsl CiocoOHOCTRIO MOOU-
JW3alUH 3aMacHbIX BEIIECTB dHAocIepMa. B oTBeT Ha AeliCTBHE CHHTE3UPYEMOTO B 3apOABILIC FOPMOHA
ruboepennosoii kucnotel (I'K3) anelipoHOBBII cnol CHHTE3UPYET FUAPONA3BL, CEKPETUPYIOIUCCS B 3HAO-
cOepM Ui Aerpajalyu 3anmacHelx eemects. OOHMM M3 mpeBaIvpyOMUX (EPMEHTOB, CHHTC3HPYEMBIX
ANCHPOHOBEIM ClIoeM sBsieTcs a-ammaasza (3.2.1.1, mmm 1,4-rmokas-4-rmokoruaponasa), yIacTBYOLAs B
MOOMIH3ALMK PE3CPBHOrO Hojrcaxapuaa — kpaxmana [2]. Ha cerogusimHuiil J6HP aKTHBHO HCCIICITYFOTCS
MPOTECOMBI ANCHPOHOBOTO CJOSl SYMCHS, KAK MOJCTBHBIC CHCTCMBI PACTHTEIBHONW CHUTHATBHOW TpaHC-
AYKIHHA U CCKPELUU OCIKOB, B YACTHOCTH, (i-aMuIassl [3].




ISSN 2224-5308 Cepus buonoeuvecxas u meouyurexas. Ne 5. 2014

IMokazano, 9TO MAKCUMYM CCKPCLIMH, CHHTC3UPOBAHHOU anctipoHoM mon acticteueM ['K; a-ammnassr,
Jocturaetcs uepes 10-12 uacos oT HaYATA MHAYKIME M 3aBUCHT OT Hamuums noHos Ca’ [2]. B mpouecce
CO3PEBAHMS CIIOCOOHOCTE ATCHPOHOBOTO CIOS SUMEHS K CHHTE3Y M CCKPELHH (-aMUNa3bl PE3KO BO3pac-
Taet nocie 30 AHA MOCC LBETCHUS H CTUMYIHPYETCS MOACYIINBAHUEM 3¢pHOBKH [4]. OcoOBIX yCIEeXoB B
M3YUYCHHH MCXAaHH3MOB IMOCTCHHTCTHYCCKOH MoAM(HKamuy o-aMuiaa3bl U CCKpeLHH H30(ECpPMECHTOB
ajetiponoBoro cios samenst goounuck P.JI. JxoHe u ero komterd.

WNMu BBIABIEHBI HE CEKPETHPYEMBIE NPEAMIECTBEHHUKH «3PENOi» O-aMHIa3bl, ¢ YMEHBIICHHEM H30-
3MEKTPUICCKHUX TOUCK KOTOPBIX CBA3aH HX MEPEXOJ B SKCTPALCIUTIONSPHBIC, T.€. CCKPETUPYEMBIC H30dep-
menThl [5]. [Ipu 3toMm oTMmeucHa TEPMOCTAOWIBHOCTh CCKPETHUPOBAHHBIX (PEPMCHTOB B CPABHCHUU C
BHYTPUKICTOYHBIMH. DTHMH K€ aBTOPaMH HCIIOIb30BaH HOHOGOP MOHCHCHH, HHIHOUPYIOIIHN CCKPELHIO
(-AMHIIA3kl, 2 TAKXKE BBUIBICH H YACTUYHO OUHIICH OCIKOBBIH (pakTop MoaudUKaIiy mpeaecTBEHHIKOB
o-amMuIaskl [6].

B Gonee panneii pabGore [7] mokazaHO MHrHOUPYIOIICE BIUSHUC aHTHOMOTHKA TyHuKamuiuHa (TM)
Ha CCKPEILMIO O-aMHUJIa3bl AICHPOHOBOTO CIOS 3¢pHA SUMCHA. ABTOPBI CUHTAIOT, 4TO TM mpemsaTcTBYET
[IMKO3WIUPOBAHUIO (hePMEHTA, MOJABIsIsE ero cekperuro. B 1o ke Bpemst P.JI. JIxonc u coasropsr [§]
OTPHLAIOT HATHYHE KapOOTHAPATHBIX KOMIIOHCHTOB B CTPVKTYPE «3peioi» (IpOLECCHPOBAHHOM) o-
aMHIa3HL.

Nwmerorcs ceeaeHus 00 HHMMOHPOBAHUH HOHO(OPOM MOHCHCHHOM CEKPCLHH (-aMHJIa3bl LIUTKA
3CPHOBKH KYKYPY3bl [9]. 3HaumTelpHOE KOMMUYECTBA PaboOT MOCBILICHO BTOPHYHOM MOIU(HUKALUH H
CEKPEIMH O-aMHJIa3 puca. Y CTAaHOBJICHO HAIMYME ABYX Pa3IHUHBIX IO CTPYKTYPE TIHKO3ZUITHOHN CBA3H
dopm a-amMunazbl cekpeTupyemoi mmrkom 3epHa puca [10]. Kak u Ha suMeHe, mpoacMOHCTPUPOBAHA
CTHMY THpPYIOMAs pob HoHOB Ca’ B CHHTE3¢ M CEKPELHH 0-AMHJIA3 IIUTKA PUCA.

B cBa3u co ckazaHHBIM BHIIIE, & TAKKE 3HAYMMOCTBIO MINCHHIEI KAK OCHOBHOTO XJICOOMEKAPHOTO
37MaKa HAMH TOPCIIPUHATO HUCCICAOBAHUEC OCOOCHHOCTCH CEKPELUH PasnHIHBIX (OpPM (-aMHIa3bl 3¢pHA
TIICHHUIIB,

Marepuajbl H METOABI

OObeKTaMH HCCICAOBAHMS CITYKUIH U30IHPOBAHHBIC ANCHPOHOBEIC CIION 36PHOBOK MSTKOM MIICHHLIBI
(Triticum aestivum L.) copta Kazaxcranckas 10.

AJCHPOHOBEIC CIOH, CBOOOJHBIC OT KpaxMana, BHIACISIN B ACCNTHYCCKUX YCIOBHAX M3 NpEABa-
PHUTCIBHO 3aMOYCHHBIX B TCUCHHE CYTOK CEMSH C YIAICHHBIMHU 3apOJBIIIAMH U HHKYOHUPOBATH B TYHKAX
6-THE3JHBIX MIAIICK Ha cpeaax HeOosbimoro oObema. [lpu M3yueHHMH BIUAHHS MPOXOKUTCIBHOCTH
MHKYOAIMY HAa CHHTE3 H CCKPELHIO 0-aMHIA3bl H30IUPOBAHHBIC ANTCHPOHOBEIC CIOHW HHKYOHUpoBami B 5 MM
pactope CaCl,, coaepxamem 1 MxM I'K; («Sigmay, CIIIA) B TeucHue 36 1acos.

AMHIA3HYI0 aKTUBHOCTh ONPEACISIN KpaxMan-HOOHBIM MeTtonoM ¢ ucnome3zoBanmeM 0,02 %-ro
Kpaxmana B KauecTBe cyOCTpara M BhIpa)Kanu B CAMHHIAX akTHBHOCTH Ha | mut 3a 1 wac [11]. ng omnpe-
JCTCHUS aKTHBHOCTH TEPMOIAOHIBHOU (-aMHNIA3Bl aNCHPOHOBOTO CJI0S B KaUECTBE CyOCTpaTa HCMOJNb-
30Bancs [-orpaHudcHHBIA AekcTpuH («Megazyme», Wpmangus), cnemududHblil 11 0-aMHIA3bl, YTO
MO3BOJIACT UCKIFOUNTh MPEABAPUTEIBHBIN IIporpeB epmMeHTHOrO 00pasua mpu 65°C.

Hzosnexkrpodokycuposanne (MID) a-amunaszer mpooawtn Ha npudope Myastudop («LKB», Ise-
wust) B 1 mm mactunax 5% ITAAT B rpaguente amdbonunos pH 4-9 («Sigmay», CIHA). Ilo oxoHuaHuu
ND® renm unkyOuposamu B 1% pactBope kpaxmana B TeucHue | uaca mpu +4°C ¢ mocmeayromum
MPOSIBJICHUEM 30H aKTHUBHOCTH (hepmeHTa pacteopom J,/KJ.

DepMEHTHYIO aKTUBHOCTD U3MEPSUITH B TPEX aHATHTHUCCKUX MOBTOPHOCTAX. PesymbpraTsl 06paboTaHsl
CTATUCTHYCCKH € BEIYUCICHUEM CTAHAAPTHON NOTPEIIHOCTH CPEIHETO.

PezyabTatel u 00cyKkaeHHe

Kak ormeuanoce BeIIIE, B TUTEPATYpe MPAKTHUCCKH OTCYTCTBYIOT CBEACHHS O CEKPETHPYEMBIX (op-
Max o-aMHJIA3bI aHeﬁpOHOBOFO CJIOA 3CPHA MIICHUILIBI. Hmerorcsa auimb CBCACHUA O TOM, UTO B OTCYTCTBUU
I'K; cexpetupyemas Oe33apoAblIICBEIMH  TOJOBHHKAMH 3€PHA (-amMuiasa, Oblla TepMOIaOHIIbHA.
JoGasneHHbIN B Cpeay MHKYOALMK TOPMOH TpHaaBal GEPMEHTY CBOMCTBCHHYIO (-aMHJIA3¢ CTAOMIBHOCTD
[12].

— 7§ ——



H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

B nammx ucciaenoBaHUAX, MPOBEACHHBIX HA H30JIMPOBAHHOM ANCHpPOHE B MPUCYTCTBHH T'OPMOHA,
MOKA3aHO, YTO HE3aBHCHUMO OT CPOKOB MHKyOarmu (0T 24 1o 72 4acoB) B Cpelc OTCYTCTBOBAIA TEPMOCTA-
omnpHas o-amuiasa (pucyHok 1 A, B). Jlas Toro 4To0bl BRISICHUTH MPOUCXOINT JIU CCKPSIIHS O-aMHJIA3BI
H30IHUPOBAHHBIM anchponoM nox aevicteueM ['K;, ObIM MpoOBERCHBI SKCHEPUMEHTHI ¢ HCIOIB30BAHUEM
cneur(HUIHBIM TONBKO IS 0-aMUIA3bl CYOCTPaTOM [3-OrpaHHYCHHBIM ACKCTPUHOM, KOTOPHIH MO3BOJSCT
n30exkath npoueaypy nporpesa (65°C, 15 MunyT), HCOOXOAUMYIO /IS HHAKTUBALIUU [B-aMHUIIA3bI.
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Pucynok 1 — BpeMeHHAd THHAMUKA O-aMHATA3BI
B H30JIHPOBAHHOM ANICHPOHOBOM CII0¢ W HHKyOanuoHHOH cpeae (5 MM CaCly,1 MmxM I'K3):

A — m30(epMEeHTHBIH cocTas 0-aMuIa3sl (Cyocrpar 5% B-mamur aekcTpuH); b — n30(epMeHTHBII COCTaB O-aMHIIa3bI
(mporpes npu 65°C 15 mun, cyodcTpar 1,5% xpaxman); 1 — aneiipon 6e3 mHKyOanuu (KOHTPOIb); 2—6 — aTeHPOH
mocre 24, 36, 48, 60 u 72 yacos uHKyOanmm; 7-11 — cpexa mocae 24, 36, 48, 60 u 72 yacoB WHKyOaImm,

B — aktuBHOCTH 0-amMmunaszel (cyoctpar 5% B-maMut aekcTpuH); [ — aKTHBHOCTH 0-aMHJIA3BI
(mmporpes mpu 65°C 15 mun, cydcrpar 1,5% xpaxman)

B nocneayromeM Ha H30JUPOBAHHBIX ANCHPOHOBBIX CNOAX OBLIO M3VUCHO BIUSHHE KJIACCHYCCKOTO
HHTUONUTOPa CEKpeLHH — HOHOGOpa MOHCHCHHA HA (-aMHTa3y BHYTPHUKICTOUHBIX CTPYKTYP H CEKpe-
THPYEeMBIH (PEPMEHT IPH ONTUMAITBEHOM BPEMEHH MHKyOaiwu — 36 gacos (pucyHok 2 A, B). MoxHo yT-
BCPXKAATh, YTO MPH KOHLCHTPALMIX MOHCHCHHA 2,5-5 MKM 3T0T HOHOGOpP CTUMYIMPOBAT KaK BHYTPHU-
KJICTOYHYIO, TAK U BHEKICTOUHYIO O-aMunasy (puCyHOK 2 A, B). Veenuuenue koHUIEHTpauuu woHodopa
ot 10 mo 50 MxM mpuBoANNO K MomaBicHHIO 00eux GopMbl (epmeHTa. M3ydeHO BIMSHHE MOHCHCHHA
HA TEPMOCTAOMIBHOCTh (-AMUJIA3bl AJCHPOHOBOTO CJos mpu 15 muHyTHOM mporpese mpu 65°C (pucy-
Hok 2 A, b).

— 7] ——
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Prcynok 2 — Bimsirme MoHeHCHHa Ha 130 GepMeHTHBIH cocTas (A, b)
U aKTUBHOCTH (B, [') o-aMuiiaspl B H30IMPOBAaHHOM ajlelpoHe:
A — DO o-ammtassr (Ge3 miporpesa, 5% P-mavut gexetpu), b — MOO® a-ammmasst (tiporpes 65° 15 muH, 1,5% kpaxman),
1 — unkyOarus anetipoHa 36 yacoB Oe3 MOHEHCHUHA, 2—6 — HHKYOarusl anelipoHa 36 4acoB B nipucyTcTBuH 1, 2.5, 5, 10 1 50 MkM
MOHEHCHHa; 7 — cpelia 6e3 MOHeHCHHa, 8—12 —cpenac 1,2.5, 5, 10 u 50 MmkM MoHeHCHHA, B — akTUBHOCTD 0-aMHUIIa3bI
¢ P-mMUT TeKCTPUHOM, |” — aKTUBHOCTH 0-aMITTa3kI (IIporpeB Tpu 65° 15 MuH) ¢ kpaxmanom, K — anetipon ocne 36 qacoB
HHKyOaIuu (KOHTPOIb), 1-5 — anelipoH nocie 36 yacoB UHKyOaIu B TIpucyTeTBUHA 1, 2.5, 5, 10 u 50 MkM MoHeHcHHA

Haiu pesynpraTel 10 u3031¢KTPOGOKYCHPOBAHUIO (-aMHUJIa3bl ¢ UCIOIb30BAHUEM CyOCTparoB B-or-
PAHUYCHHOTO JACKCTPUHA M PACTBOPUMOTO KPAaXMajia HArISIHO JCMOHCTPUPYIOT, 4TO MOHO(OP B 3HAUH-
TENBHO OONBIIEH MEpe ACHCTBYET HA TEPMOCTAOUIBHOCTD O-AMHIIA3BI H30JIHPOBAHHOTO ajlcipoHa 3epHa,
YTO CIIC Pa3 YKa3bIBACT HA KAKHUEC TO CTPYKTYPHBIC HAPYIICHHS, MMCIOUIHC MECTO MPHU OTACICHUU 3TOU
TKAHHU OT HAOCTICPMA.

BropeiM 0oOIICTPU3HAHHBIM HMHTUOHTOPOM CEKPCIMH SIBISICTCS AHTHOMOTHK TyHHKaMUIH [7-9].
YcranosaeHo, uto TM Ojokupyer mepBbiii B (DOPMUPOBAHUHN JOJUXOJICBI3AHHOTO MPEIIICCTBCHHUKA
N-CBSI3aHHBIX OJIUTOCAXAPHUIOB, T.C. AB/ICTCS MHIHOUTOPOM TNIMKO3UIMPOBAHUS 1O N-THITY CBS3bIBAHUS
[1]. Hamu skcniepumentsr ¢ TM mpoBoawiuck ¢ ucnonb3oBanveM oHo (50 mkr/l M cpeast) KOHICH-
Tparmu 3toro arcHta. st onpenenenus 3¢ dexkruBrocTH AeicTBHS TM HCMONB30BAIN TPU BAPUAHTA €TI0
BHCCCHUS B MHKYOAIMOHHYIO cpeay: | — ¢ camoro Havana uHKyOaruu u n10 koHna (36 uacos), 2 — TM
BHOCHIH oce 15 yaco unkybanuu ¢ I'Ks, 3 — TM nocne 15 gacos unkybanuu ¢ ['K; BHOCKHIH B cBEkEH
nopuuu cpeasl (pucyHok 3 A, B).

HarmsaHo BUIHO, 9TO TYHUKAMUIIMH [TPU U3HAYAIBHOM BHECCHUH B CPEAY MHKYOALMH 3aMCTHO BIIMSLT
HA AKTUBHOCTH U TEPMOCTAOHIBHOCTH H30(CPMEHTOB KAaK BHYTPUKICTOUYHOH, TAK M CCKPCTHPYESMOI
a~amuiassl (pucynok 3 A, 2,6; B 1).
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Prcynok 3 — BisiHue TyHMKaMuIHA Ha M30(epMeHTHBIM cocTaB (A, b)
U aKTUBHOCTH (B, [') o-aMuiaspl B H30IMPOBAHHOM aJlelpoHe INIICHUIBL:
A - DO g-ammasel (6e3 mporpesa, 5% -t aekctpuH), b — OO a-amumnassl (tiporpes mpu 65° 15 muH, 1,5% kpaxman),
1 — unaKyOarus aneiipona 36 yacoB B orcyTeTBUH 1M, 2 — uHKyOarms aneitpona ¢ TM 30 vacos;

3 — nobasicHic TM nocnc 15 yaco nHKyOarmu anciipona ¢ 1'Ks; 4 — moGasncarc TM co cBexkcit cpesioit ocie 15 yacoB
mHKy Gar anetipona ¢ I'K3; B — akTHBHOCTD 0-aMUiIaskl ¢ B-TAMUT JAEKCTPUHOM, | — aKTHBHOCTD O-aMIIa3bl
(miporpeB 65° 15 muH) ¢ kpaxmanom, K — aneiipoH (KoHTpons), 1 — aneiipoH niocie 30 yacoB MHKyOaimy;, 2 — BHeceHne TM
mocite 15 vacoB uHKY Garum anetipona ¢ ['Ks; 3 — BHecenne TM B cBexkel cpefie mocite 15 uyacoB MHKY Oaruu anelipoHa ¢ ['K;

Buecenue sroro daktopa, mocnie 15 vacoBoii uHKyOalmu ¢ 3amMeHOM cpeanl (pucyHok 3 A3, B) u Oe3
ero 3aMeHsl (pucyHok 3 A4 u B) HeckoIbKO MOJABIAIO AKTHBHOCTD BHYTPHUKICTOUYHOrO (PEpMEHTA U 3HA-
YUTCIBHO HHTHOHPOBANO CCKPETUPYEMVIO O-aMiIady. TakuMm oOpa3oM BapHAHTH ¢ BHECCHUEM aHTHOHO-
TUKA B CpPeay MHKyOaruu mocjie 15 4acoB CHHTE3a O-aMHJIA3bI, YKA3bIBACT HA 0COOYIO 3EKTHBHOCTh
UHTUOUPYIOIIETO ASHCTBUS STOTO arcHTa Ha y»Ke CHHTEC3HPOBAHHBIA B KJICTKaX (DEPMEHT.

AHATOrMYHOE UCCICAOBAHUE N0 ACHCTBUIO TM Ha CEKPELMIO O-aMHIIA3bl AJICHPOHOBOTO CIIOS 3¢pHA
MIICHALBI TPOBECICHO € HCIONB30BAHUEM [3-TUMHT JEKCTPHHA — cyOcTpaTta crieuduIHOro Ans O-aMH-
Ja3bl, YTO MO3BOLIET HUCKIIOUNTE npoueaypy mporpesa mpu 65°C 15 munyt. [lokazano (pucynok 3 B.I),
YTO B CIYy4Yae HCIOIb30BaHHUS cretn(UIHOro CyOcTpara, BO BCEX BapUAHTAX OMBITA CEKPETHPOBATUCH
MPAKTHYCCKH BCE CHHTC3UPOBAHHBIC (BHY TPHKICTOUHBIC) H30(ECPMEHTEI O-AMHIIA3HL.

TakuM 00pa3oM, OYECBHIHO, YTO TYHHKAMHUIIMH HOJABIANI MOCTCHHTETHUCCKYIO MOIu(pHKaIuio
(epMeHTa, YTO PUBOJHIO K CHIKCHHIO €T0 TepMocTabuabHOCTH. [IpH 3TOM KOTHYECTBO CEKPETHPYEMOM
0-aMHUTIa3bl CHIKAJIOCh He3HAaunTeIbHO. Harm gaHHbIe MOKA3bIBAIOT, YTO B OTIWYHE OT STYMEHHOMU [7, 8],
MIICHUYHAS 0-aMHa3a B MPOLECCe CEKPELHH MPETEPICBACT KaKHE-TO MOAM(MUKALIMOHHBIC W3MCHCHUS,







