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(57) Sang ché dé cap dén phuong phap san xuat hop chat thom thu duge tir octaketit can
quan tAm (vi du, axit carminic), trong d6 phuong phap nay bao gdm (I): biéu hién khac loai
gen polyketit syntaza (polyketide synthase: PKS) typ III d duoc dua vao bang cach tai to
hop ma hoa octaketit syntaza (octaketide synthase: OKS) dé thu duoc octaketit khong khir
in vivo trong té bao chu tai t6 hop va (II): chuyén héa in vivo octaketit khong khir & budc
(I) thanh hop chit thom C4-Cs, can quan tam (vi dy, axit carminic).
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Linh vye ky thuét dugc dé cap

Séng ché délcép dén phu'ong phép san xut hop chit thom thu dugc tir octaketit
can quan tam (vi du, axit carminic), trong d6 phwong phap nay bao gém (I): biéu hién
khac .loai gen polyke;tit syntaza (polyketide synthase: PKS) typ III da duoc dua vao
béng céch tai tb hop ma héa octaketit syntaza (octaketide synthase: OKS) dé thu duoc
octaketit khong khtt in vivo trong t& bao chu tai tb hop va (I): chuyén hoa in vivo
octaketit khong khtt & buéc (I) thanh hop chéit thom Ci4-Css cin quan tdm (vi du, axit

- carminic).
Tinh trang k¥ thuit ciia sang ché

AXit carminic mau ty nhién 14 mot trong céc chét tao mau dugc st dung thudng
xuyén nhét trong thuc phim, y hoc, m§ phim va san pham dét.

Axit carlhinic 14 chét tao mau, ma c6 thé duoc chiét tir co thé con frung céi cua
Dactylopius coccus costa (tén khéc Coccus cacti L.). Céc con tring ndy sbng trén
Nopalea coccinellifera, Opuntia fidus indica va cic cdy khac ctia ho Cactaceae duoc
tréng, vi du, & céc Vﬁhg sa mac cua Mexico, Trung va Nam My va quin dao Canary.
Tuy theo dd pH, chét:tao mau ndy c6 thé 1a mau trong phd tir mau da cam phia trén
mau dé dén mau tim Va thuong duoc biét 1a canh kién d6 hodic mau canh kién do. Chét
tao mau dé Carmine dugc st dung rong rai trong thue phim va d udng.

Nhu di biét trong linh vuc, Porphyrophora polonica ciing san xuit axit
carminic va duoc tréng & san xuét axit carminic, vi du, & Ba lan.

Trong sin xuét cong nghi€p c6 lién quan hién nay, axit carminic duoc thu

'?hoach bang céch chiét tir xac kho ciia con tring bang nuée hoic cdn.

Pé c¢b ghng giai quyét vin dé v& c4c thay d6i khong mong mudn va dao dong

gia - US5424421 (European Colour, cong bd nim 1995) mé ta quy trinh td dng hop hoa

hoc axit carminic béng con dudng t@ng hop bao gbém céc hop chit trung gian khéc
nhau. )

Nhu da thao luan, vi dy, trong WO2006/056585A1 (Chr. Hansen A/S), trong

qué trinh chiét axit carminic tir con trung dua trén nudce, lugng protein con trung cling

dugc giai phong tir con trung va s& nam trong dich chiét mau va da duge béo co rang

protein c6n trung canh kién do6 c6 thé tao ra mot s6 van de¢ lién quan dén di tng. Trong
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WO2006/OS6585A1 quy trinh ddc biéi_] dé lam giam luong protein con tring ti dich_
chiét con tring dugc mo ta. Tuy nhién, ché phim/sin phdm mau thanh phim cia
W02006/056585A1 van s& chtra mot s§ lwong protein cta cdn tring Dactylopius
coccus costa.

Céu tric cua axit carminic dwoc thé hién trén Fig.1 trong ban mo t4 ndy. Nhu c6
thé théy tl hinh v&, cdu trac nay duogc goi C-glucosit (tirc 14 trong d6 glucoza dugc
) nbi/lién hop vé6i aglucon bang lién két cacbon-cacbon).

-' Nhu duoc thé hign trén F ig.1 trong ban md ta nay, sy thiy phén axit C-glucosit
carminic c6 thé tao ra. glucoza va axit aglucon kermesic (KA). -

Con dudng sinh téng hop in vivo cia axit carminic & con trung (Dactylopius
coccus) hién van chua dugc mo ta chi tiét. Theo d6, dua trén giai phap da biét, ngudi
c6 hiéu biét trung binh trong linh vuc ky thuat khong biét duoc hop chét nao 12‘1.
agh-lcon trong qua trinh san xudt sinh tdng hop in vivo cua axit carminic & Dactylopius
coccus.

: Vi€c phan tich Dactylopius coccus d4 chi ra rang c6 rat nhiéu loai hop chét lién
quan dén axit carminic c6 mit trong dich chiét tir Dactylopius coccus va nhidu trong
s6 cac hop chat nay néi chung c6 thé duoge glucosyl hoéa trong qua trinh san Xﬁét sinh
téng hop in vivo éﬁa axit carminic. |

Vi du, trong tai liéu cta Stathopoulou et al. (Analytica Chimica Acta 804
(2013) 264— 272) séu anthraquinon méi duge mo ta trong dich chiét tir D. coccus va
bat ky trong s6 séu anthraqﬁinon méi nay (xem, vi dy, fig.1 cta tai liéu) néi chung c6
thé 14 phan tr ma duoc glucosyl hoa trong qué trinh san xuét sinh tdng hop in vivo cia
axit carminic & Dactylopius coccus. |

Ngoai ra, nhu da biét trong linh vuc k¥ thuit nay hop chéat duoc glucosyl héa
bdc mot da tao thanh trong qud trinh san xuét sinh téng hop in vivo cia san pham cudi
glucosit ¢6 thé 1a hop chét trung gian khong 6n dinh ma sé& khong x4c dinh dugc trong
dich chiét duoc phén 18p tir Dactylopius coccus, vi du, nhu dugc phén tich & tai liéu
néu trén cua Stathopoulou et al.

Nhu dugc hiéu béi ngudi c6 hidu bidt trung binh trong linh vurc k¥ thuat nay,
dua trén tai liéu ky thuét da biét, c6 thé suy doan ring hop chét duoc glucosyl hoa bac

mdt thich hop trong qué trinh san xuét sinh téng hop in vivo cia axit carminic &
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Dactylopius coccus c6 thé, vi du, 12 hop chit polyketit trung gian khong 6n dinh véi
khoang cting s6 lugng nguyén tir cacbon véi, vi du, axit flavokermesic.

ADN theo sang ché hoic trinh ty axit amin cta glycosyltransferaza tham gia
vao con dudng sinh tong hop & con trung (Dactylopius coccus) in vivo cua axit
carminic khong dugc mo ta rd rang trong tai lidu k§ thuét da biét.

Nhu da biét trong linh vuc, dbi véi con tring tich liiy hoa chit khdi luong phan
tr thap, cac gen cua con dudng sinh téng hop thich hgp doi khi khong c¢6 mét & bd gen
cua con trung nay.

Vi du, mot s6 con trung hap thu glycosit tir cdy ching an — vi du xem tai liéu
cua Zagrobelny et al (Cyanogenic glucosides and plant-insect interactions:
Phytochemistry. 2004 Feb;65(3):293-306) hodc tai liéu cua Geuder et al (Journal of
Chemical Ecology, Vol. 23, No. 5, 1997).

Con triung Dactylopius coccus in cdy xwong rdng va c¢6 thé 1a cén trung
Dactylopius coccus (nhu céc con trung khac) hip thu glycosit thich hop tir cdy xuong
rong chiing an vao.

Nhur da biét trong linh vue, ddi véi con tring tich Ity glycosit khéi lwong phan
tir thip, gen cuia con dudng sinh téng hop thich hop d6i khi duge tim thdy & cac vi sinh
vat sdng trong cbn tring, vi du xem tai liéu cia Genta et al. (Potential role for gut
microbiota in cell wall digestion and glucoside detoxification in Tenebrio molitor
larvae), Journal of Insect Physiology 52 (2006) 593-601.

Do d6, dya vao tai liéu ky thuat da biét nguoi c6 hiéu biét trung binh trong linh
vuc k¥ thuat khong thé biét duge lidu bo gen cua Dactylopius coccus ¢6 that su chira
gen ma hoa glycosyltransferaza tham gia vao con dwdng sinh tong hop in vivo dan t6i
axit carminic hay khong,.

Céac polyketit dugc tong hop béi nhom céc enzym ma thuong dugc goi la
polyketit syntaza (polyketide synthase: PKS). T4t ca cac PKS cung c6 kha nang xtc
tac cho phan tmg dung hop dua trén su ngung tu Claisen ctia cac nhom axyl bang cach
tao lién két cacbon-cacbon c6 giai phéng cacbon dioxit. Phan Gng nay dugc xtc tac
bdi mién beta-ketosyntaza (KS). Ngoai mién/vi tri hoat dong nay, qué trinh tong hop
cling ¢o thé phu thudc vao, nhung khong loai trlr, hoat dong cua Axyl—Chét mang-
Protein (ACP), Axyl-transferaza (AT), Chit khéi dong-Axyl-Transferaza (SAT),
khuon sdn pham (Product template: PT), ThioEsteraza (TE), Yéu t§ chiéu dai mach
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(CLF, con duoc biét 1a KSB), Claisen XYClaza (CYC), Ketoreductaza (KR),
dehydrataza (DH), enoyl reductaza (ER) va C-metyl transferaza (Cmet). Céc co chét
dé tdng hop polyketit thuong dugc phan loai thanh cac don vi khoi dong va kéo dai,
trong d6 don vi khéi dong, bao gdbm nhung khong gié1 han & axetyl-CoA 1a don vi
duoc bd sung dau tién cta mach polyketit phat trién; va cac don vi kéo dai, vi du
nhung khong loai trir malonyl-CoA, tht ca déu 1a cac don vi cacbon-cacbon dugc bd
sung sau do.

O mtec trinh ty bac mot (trinh tv axit amin), mic ciu trac béc hai (gép nép cuc
bo), mirc céu trac bac ba (gip nép toan bd) va muc cdu tric bac bdn (twong tac
protein-protein), cac PKS thé hién tinh da dang rit 16m, va do d6 duoc chia nhd thanh
cac kiéu khac nhau.

Céc hé PKS typ I thuong duoc tim thay & ndm soi va vi khuén, trong d6 chung
chiu trach nhiém vé sy tao thanh polyketit thom, thom da vong va duoc khu.

Céc thanh vién cta PKS typ I ¢c6 mdt vai vi tri hoat dong trén cing mdt mach
polypeptit va mdi enzym c6 thé xtc tic cho p};én ung ngung tu dugc ldp lai cia céac
don vi hai cacbon. Tap hop t6i thidu cac mién & PKS typ I bao gébm KS, AT va ACP.
PKS typ I con duoc chia nho thanh PKS m6dun va PKS lap, trong d6 PKS lap chi c6
mot ban sao duy nhét cia mdi kiéu vi trf hoat d0ng va tai st dung chting 13p lai dén khi
mach polyketit phat trién dat dén chidu dai dinh true. PKS 1dp typ I ma tao thanh hop
chit thom va thom da vong thuong dwa vao mién PT va CYC dé gip nép truc tiép
mach polyketit khong dugc khir da tao thanh. PKS modun chira mot vai ban sao cta
cung céc vi tri hoat dong, ching dugc t6 chtrc thanh céc trinh tu 1dp lai ctia cac vi tri
hoat dong ma duogc goi 1a médun, mdi mddun chiu trach nhiém cho viée bd sung va
bién dbi don vi ketit don. M1 vi tri hoat dong & tng modun chi dugc str dung mot lan
trong qué trinh tong hop polyketit don. PKS lap typ I thuong dugc tim thdy & ném,
trong khi PKS modun typ I thuong duoc tim thdy & vi khuén.

Céc hé PKS typ II chiu tréch nhiém tao thanh hop chét thom va thom da vong &
vi khudn.

PKS typ II 1a céc phirc hop protein trong d6 cac enzym don 1é tuong tac dé tao
thanh enzym PKS chitc ning. Céc enzym don 1é bao gém céc hoat tinh cho KS, CLF
va ACP.
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Kiéu PKS nay dugc ddc trung bdi viée tao boi nhiéu enzym khac nhau ma tao
thanh phuc hop protein, ma dugc goi chung 1a PKS hoat dong. PKS typ II tao thanh
polyketit khong dugc khtr ma gip nép tu phat thanh hop chét thom/vong phtc tap. Tuy
nhién, & cac hé vi khuén su gdp nép cta khung polyketit thuong dugc tro gitp/dinh
hudng bdi cac 16p enzym khic nhau, hoat ddng in trans (khong phu thudc vao enzym
PKS) dé thuc diy gip nép khong ty phat. Cac 16p enzym lién quan dugc goi la
aromataza va xyclaza. Qué trinh sinh tong hop ctia mét hop chit thom da vong trong
céc hé nay thuong bao gdm hoat dong lién tuc ctia nhiu aromataza/xyclaza khéc nhau.
Céc aromataza va xyclaza c6 thé duge chia thanh hai nhém dua trén kiéu co chdt ma
chung hoat dong trén d6: trong d6 nhém dau tién chi hoat dong trén mach polyketit
thing va xtc tac tao nhom thom/vong ddu tién, nhém enzym thir hai chi chdp nhén céc
co chit bao gdm nhém thom hodc vong (= san phim tr nhém dau tién cua
aromataza/xyclaza). Pa ching minh dwgc 14 khong thé biéu hién chtc ning cac hé
PKS typ IT & vat cha san xuét thich hop (E. coli, Bacillus, nAm men), ¢6 thé do day 1a
céc phtic hop nhidu enzym doi hoi mirc biéu hién duoc can bing, va c6 thé dua vao
céc yéu tb chua biét.

PKS typ ITI thudng chi chita mién KS, ma trong tai liéu ¢6 thé, vi du, dugc 201
12 mién KASIII hodc Chalcone syntaza ma hoat dong khong phu thudc vao mién ACP.
PKS typ III tir vi khudn, thuc vt va nAm da duge mo ta.

PKS typ II da dugc biét tir 14u & thuc vat, tai dé ching chiu trdch nhi€m tao
thanh cdc hop chit nhu flavonoit (chit mau/chit chdng oxi héa) va stilben, duge tim
thdy & nhiéu loai thuc vat khac nhau. Céc san phdm cta PKS typ I1I thudong gép nép tu
phét thanh hop chét thom/vong phtc tap.

Tai liéu ctia Yu et al. (2012) xem xét lai vé Polyketit syntaza typ III trong qua
trinh sinh tong hop san phdm ty nhién. Tai lidu cta Yu et al. (2012) boc 16: “PKS typ
IIT 1a cac enzym tu chtl ma tao thanh homodime. Vi tri hoat dong duy nhét cua ching
trong m&i monome xtc tac phan tng mdi, md rong, va tao vong lap lai dé tao thanh
san pham polyketit. Miac diciu tric cua ching don gian, PKS typ III san xuét mang
rong cac hop chit nhu chalcon, pyron, acridon, phloroglucinol, stilben, va lipit
resorcinolic. Trong nhitng ndm gan day, PKS typ III da thu hat nhiéu sy chu y do cac
san pham da dang cta chung, sy phan bd rong, cac cu tric twong dbi don gian, va kha

nang thao tac di truyén dé dang. Trong tai lidu ndy, chung t6i s& thao luan mot cach c6
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hé théng PKS typ III tir thuc vat, vi khuén, va ndm cling nhu tién b gan dy trong
nghién ctu PKS typ II1.”

Néi ngén gon, dwa vao tai liéu k§ thut da biét, ngudi c6 hiéu biét trung binh
trong linh vuc k¥ thuat s& biét PKS cu thé cdn quan tdm 1a PKS typ L, typ II hay typ
1.

Ngoai viéc phan loai dua vao cdu trac va chuc ning protein ctia cac hé thdng
PKS, phan loai theo cach khéc 13 dwa vao muc bién ddi duoc tim thdy & san phim
polyketit cudi cling. Luu ¥ rang cac bién ddi ndy c6 thé dugc dua vao béi chinh PKS
hogc béi cac enzym sau khi hoat dong. Trong so dd phén loai nay, céc san phidm duoc
chia thanh hai nhém: (I) polyketit khong khtr va (IT) polyketit khtr. Loai khong duoc
khtr duoc dic trung béi su ¢6 mat ciia nhom keton trong ketit (-CH2-CO-), ¢6 ngudn
gbc tlr cac don vi khoi dong hodc kéo dai, dusi dang keton hodc & dang lién két doi
trong nhom thom. Trong polyketit khit, keton don hodc tt ca cac keton duoc khi
thanh nhém rugu (-CH2-CHOH-) bing mién/enzym KR, hoic tiép tuc thanh nhém
alken (-C=C-) bang mién/enzym DH, hodc tham chi con tiép tuc thanh nhém alkan (-
CH2-CH2-) bang mién/enzym ER. Dua vao cac tinh chét héa hoc ndy ctia san phim
tao thanh, cac PKS lién quan dugc phan loai 1a PKS khéng khit hodc PKS kh.

Viéc gap nép mach polyketit tao thanh vao céc cdu tric phure tap véi cac motip
vong thuong 1a quy trinh duge xuc tic va huéng dan béi enzym sau PKS. Céc enzym
chiu trach nhiém thudc mdt sb ho enzym khéc nhau, thuong la cac aromataza va/hoic
xyclaza. PKS Idp typ I & ndm 1a d3c biét do sip dit mién PT chiu trdch nhiém tao vong
thom trong khi mién CYC chiju trich nhiém vé giai phdng san phdm két hop véi tao
vong thom. Aromataza va xyclaza hoat dong trén polyketit dd duoc mo ta tir cac hé vi
khuén va thuc vét. Ngoai ra, mot sb vi du da ¢, trong d6 viéc gip nép polyketit 1a quy
trinh tu phét, vi du flavonoit & thuc vat.

PKS da dugc phan 1ap va dugc phéan tich vé chic ning tir vi khuén, ndm va
thuc vat. Tuy nhién, chua c6 PKS ¢6 ngudn gbc dong vat nao duoc md ta, va quy trinh
téng hop polyketit & con trung trong mot vai trudng hop c6 lién quan dén hoat dong
trao dbi chat ctia vi khuén ndi cong sinh.

Tai liéu cia Tang, Y. et al. (2004) mb ta ring sy biéu hién & chung vi khuin
Streptomyces coelicolor CH999, chira dot bién mét doan nhiém sic thé anh huéng dén

toan by cum gen Act chiu trach nhiém vé sy sinh tdng hop actinorhodin. PK'S nhé (Act
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PKS = Act KS, Act CLF va Act ACP), thudc PKS typ II, sén sinh axit flavokermesic
(FK) (duoc goi 1a TMAC & tai lidu vé vi khuén) khi két hop véi sy biéu hién khéc loai
cia Zhul aromataza/xyclaza va ZhuJ xyclaza tir cum gen zhu trong Streptomyces sp.
R1128.

Do do6, tai lidu nay md ta viéc dua tai t6 hop gen Streptomyces PKS vao té bao
chu Streptomyces, vi viy PKS khong thudc giéng khéac véi té bao chu.

Fig.2 trong ban md ta nay 1a fig.5A da duoc thé hién cua tai liéu Tang, Y. et al
(2004). Nhu ¢6 thé duge thiy trén hinh v& nay va nhu duge md ta thém trong tai liéu,
Act PKS (dugc goi 1a octaketit syntaza (OKS)) tao ra octaketit khong khtr va octaketit
nay, nhd Zhul aromataza/xyclaza va ZhuJ xyclaza, dugc chuyén héa thanh axit
flavokermesic (FK) (duoc goi 18 TMAC). Céac hop chit SEK4 va SEK4B ciing dugc
san xuét tu phat (céu trac duge thé hién trén Fig.2 cé thé duoc goi ¢ day la cac san
phém song song).

Trong cdy Aloe arborescens, cac PKS xac dinh da dugc chi ra 1a san xuét céc
polyketit ¢6 cac chidu dai khac nhau bao gém octaketit, vi du xem Mizuuchi et al
(2009) trong d6 trén fig.1 duge minh hoa rang octaketit syntaza (OKS) duogc goi 1a
PKS4 va PKS5 ¢6 thé, bang cach st dung malonyl-CoA 1am cac don vi kéo dai, tao ra
octaketit khong khtr. Céc hop chit song song SEK4 va SEK4B ciing dugc tao thanh
tu phat.

Cay Hypericum perforatum (St. John's wort) con chira octaketit syntaza, vi du
xem Karppinen et al (2008), trong d6 mo ta rang PKS goi 1a HpPKS2 duogc biéu hién &
E. coli, tiép theo 1a tinh ché va phan tich héa sinh in vitro enzym nay. Fig.1 cua tai liéu
nay minh hoa rang PKS goi 12 HpPKS2 tao ra octaketit khong khir (st dung axetyl-
CoA lam don vi khéi dong va malonyl-CoA 1am céc don vi kéo dai) va san pham song
song SEK4 va SEK4B dugc tao thanh tu phét.

Tai lidu ctia Yu et al. (2012) xem xét lai vé& Polyketit syntaza typ III trong sinh
téng hop san phém tu nhién; tai li€u doc trén trang 293: “Céc PKS typ I khic nhau
da dugc thao tac di truyén vao E. coli dé tao ra polyketit mdi. Viée san xuét
curcuminoit dac hi¢u & thuc vat da dugc tai tao trong E. coli béng cach déng biéu hién
CUS véi phenylalanin ammonia-lyaza to Rhodotorula rubra va 4-coumarat:CoA

ligaza (4CL) tu Lithospermum erythrorhizon”. Nhu da giai thich trong tai liéu, PKS
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duoc goi 1a “CUS” tdng hop diketit-CoA va do d6 CUS khong phai 14 octaketit
syntaza.

Tai liéu Jadhav et al (2014) md ta ring PKS hexaketit typ III tir Plumbago
zeylanica (PzPKS) dugc tach dong va biéu hién ¢ céc cdy thudc 14 dé nghién ctru lidu
cac cdy thude 14 chuyén gen biéu hién PzPKS c6 tdng hop duoc polyketit quan trong
vé mit duoc phim, plumbagin hay khong.

Trong céc tai liéu lién quan dén PKS néu trén khong c6 tai li€u nao thao ludn vé
san xut axit carminic.

Khong bi giéi han boi 1y thuyét, tin 1a giai phap da biét khong mb ta ring cic
PKS octaketit syntaza (OKS) typ III theo sang ché c6 thé hoat dong in vivo & té bao
cht san xuét khac loai thudc giéng khéc, vi du OKS typ II thuc vat c6 thé tao ra
octaketit khong kht in vivo & t€ bao chu san xuét khac loai, vi du nhu t& bao chi san
xudt tai to hop Aspergillus.

Pon yéu ciu cdp bing sang ché PCT/EP2014/078540 da dugc ndp ngay 18
thang 12 nim 2014. Vao ngay ndp don/uu tién ciia don yéu ciu cip bang sang ché
PCT/EP2014/078540 khong dugc cong bd. Tai liéu nay mé ta glycosyltransferaza
(GT) dugc phan 1ap tr con trung Dactylopius coccus costa ma c¢d kha nang: (I): lién
hop glucoza véi axit flavokermesic (FK); va/hodc (II): lién hop glucoza véi axit
kermesic (KA) va st dung GT nay, vi du, dé tao axit carminic.

PCT/EP2014/078540 khong mo ta truc tiép va rd rang cac octaketit khong khir
va/hodc polyketit syntaza (PKS) dugc thao ludn & day.

Ban chit ky thuit ciia sang ché

Muc dich cia sang ché 1a d& xuit con dudng sinh tong hop thich hop c6 thé dan
dén axit carminic.

Uu diém cua viée dé xuit con dudng sinh tdng hop thich hop nhu duge mo ta
trong ban mo ta nay 1a né mé ra kha nang san xuét khac loai (vi du, & Aspergillus hoic
nidm men) axit carminic ma khéng can tao dich chiét tir con trung va do d6 c6 thé tao
ra ché phdm/san pham mau axit carminic khong chira protein tir con trang Dactylopius
coccus costa khong mong mudn.

Mot phan cta giai phap ndy dé cip dén viée céc tac gia sang ché da xé4c dinh
dich chiét Dactylopius coccus (bao gém dich chiét cta sinh vat noi cong sinh c6 mat

trong Dactylopius coccus) ¢6 hoat tinh glycosyltransferaza GT theo sang ché. Nhu da
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thao luan & day, cac tic gia sang ché phan tich GT va xac dinh ring n6 ¢6 kha niang:
(I): lién hop glucoza vai axit flavokermesic (FK); va/hodc (II): lién hop glucoza véi
axit kermesic (KA). Do do, GT nay c6 thé dugc st dung, vi du, dé tao ra axit carminic.

Trinh tu polynucleotit ma héa Dactylopius coccus costa glycosyltransferaza
mé&i dugce phan lap/tach dong duge mo ta & day dugce thé hién trong SEQ ID NO: 1 ¢
day va trinh ty axit amin polypeptit duoc thé hién trong SEQ ID NO: 2 & day.

Enzym glycosyltransferaza theo sang ché ctia SEQ ID NO: 2 ¢6 thé duoc goi 1a
“DcUGT?2” hodc don gian 1a “DcUGT” trong badn md ta nay.

Fig.l biéu dién bing so dd hoat tinh glycosyltransferaza theo sdng ché cta
DcUGT glycosyltransferaza dugc phan lap/tach dong duge mo td ¢ diy cua SEQ ID
NO:2, nhu dugc minh hoa trén hinh v& nay, enzym nay da dugc phét hién 1a c6 thé
lién hop glucoza véi aglycon axit flavokermesic (FK) va axit kermesic (KA).

Dua vao tai liéu k¥ thuat da biét, nguoi c6 hiéu biét trung binh trong linh vuc
ky thuat khong biét duoc hop chit nao 1a hop chit duoc glucosyl hoa bac mdt trong
qué trinh san xuét sinh tong hop axit carminic in vivo & Dactylopius coccus.

Céc tac gia sang ché ching minh rang Dactylopius coccus chira GT ¢6 thé C-
glycosyl hoa axit flavokermesic (FK) va/hodc axit kermesic (KA). Do do, va khong bi
giéi han béi ly thuyét, c6 thé tin rang axit flavokermesic (FK) va/hodc axit kermesic
(KA) la cac aglucon thich hgp, vi du, dé sinh téng hop khéc loai in vivo, vi du, axit
carminic.

Dua trén kién thirc nay, c6 thé tin rang axit flavokermesic (FK) va/hogc axit
kermesic (KA) 1a cac aglycon thich hop, vi du, dé sinh tong hop khac loai in vivo, vi
du, axit carminic, céc téc gia sang ché da xac dinh dugc rang céc glycosyltransferaza
theo sang ché ciing c6 thé dugc xac dinh & céc cdy Aloe, cac cAy Haworthia va cdy
Sorghum hodc cdy lua.

Nho viée xac dinh dugce cac aglucon cé thé thich hop, cic tic gia sang ché co
thé quay trd lai va ¢d ging xac dinh cac hop chit trung gian trude thich hop ma c6 thé
thich hop dé sinh tdng hop in vivo cic aglucon nay (vi du FK/KA).

Nhu da thdo luin trong vi du thir nghiém 6 trong ban mo ta nay, cic tic gia
sang ché da biéu hién tai t6 hop polyketit syntaza (PKS) octaketit syntaza (OKS) typ
I thuc vat (cua Aloe arborescens (AaOKS) va/hodc Hypericum perforatum

(HpPKS?2)) trong Aspergillus nidulans va xac dinh dugc rang OKS thuc su hoat dong
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trong vat chd khéac loai, c6 octaketit khong khr dugc tao ra in vivo trong té bao
Aspergillus nidulans. Céc octaketit khong khir 14 khong 6n dinh va viée xéc dinh ring
cac octaketit khong khur xuét hién in vivo dugc chirng minh bﬁmg su tich tu cuiia cac san
phim song song/thoai bién SEK4 va SEK4B (xem Fig.2 trong ban mb ta ndy va céc
giai phép da biét da thao luan trén day + Vi du 6 trong ban mé ta nay).

Nhu da thao luan trong phan két luan ctia vi du thir nghiém 6 trong ban md ta
ndy, sy biéu hién ctia PKS typ III thuc vat (HpPKS2 hoic AaOKS) dan dén su san sinh
céc hop chat khac nhau bao gdm cac hop chit SEK4, SEK4B va axit flavokermesic
(FK) in vivo & Aspergillus nidulans. Vi & vi du 6 nay, xyclaza va’/hodc aromataza khéc
loai khéng duoc gén xen vao chung Aspergillus va hgp chit FK dugc nhan dién, né
chi ra ring chung Aspergillus ¢6 thé chua xyclaza va/hodc aromataza twong dong co
kha ning chuyén hoa octaketit khong khir thanh hop chit FK in vivo.

Nhu da thao luan trong phan két luan ciia vi du thir nghiém 8 trong ban md ta
nay, cac tdc gia sang ché da tao ra su déng biéu hién cta PKS thuc vat khac loai
(4aOKS) va glycosyltransferaza thuc vat khac loai (DcUGT?2) & Aspergillus nidulans
va din dén su san sinh in vivo axit carminic (CA) va DclI.

Theo cbng trinh thyc nghiém cia cic tac gia sang ché lién quan dén su biéu
hién/san xuét khéc loai & cdy Nicotiana benthamiana (ho hang gin cua ciy thudc 1),
nhu d3 thao luan trong phan két luén cta vi du thir nghiém 11 trong ban md ta ndy, cac
két qua ctia vi du 11 nay ching minh ring:

(i): Gen PKS AaOKS thuc vat cia Aloe arborescens dugc biéu hién tam thoi &
N. benthamiana va in vivo, diéu nay dan dén sy tao thanh SEK4 va SEK4B, ching
minh réng AaOKS c6 thé hoat dong nhu octaketit syntaza hoat dong in vivo & N.
benthamiana;

(ii): Vi axit flavokermesic (FK) anthron hodc FK khong duoc quan sat thay khi
mdt minh 4aOKS duoc x4m nhidm (agroinfiltrated), N. benthamiana c6 thé thiéu
enzym ndi sinh dé chuyén hoéa thém octaketit khong khir thanh cac hop chét nay.

(iii): Céc gen Streptomyces sp. R1128 xyclaza, Zhul va ZhuJ, dugc xAm nhiém
dong thoi (co-agroinfiltrated) (tc 13, duoc ddng bidu hién in vivo) véi AaOKS va su
san xuét/tich lity in vivo cac hop chit khac nhau bao gdm FK dugc quan sat thay. Do
do, su biéu hién khac loai ctia gen Streptomyces R1128 xyclaza din dén su san xuét in

vivo cac hop chit khac nhau bao gém FK;
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(iv): Su san xuét in vivo Dcll va axit carminic (CA) dwoc phat hién khi
DcUGT?2 duoc ddng biéu hién v6i 4aOKS, Zhul va ZhuJ & N. benthamiana.

Do d6, cac tac gia sang ché da ching minh:

(D): Gen polyketit syntaza (PKS) twong tu typ III da dugc dua vao bing céch téi
t hop ma hoa octaketit syntaza (OKS) (vi du, nhw, Aloe arborescens (AaOKS)
va/hodc Hypericum perforatum (HpPKS2)) va trong d6 OKS la cta gidng khac voi té
bao chu (vi duy, nhu, té bao chu thuc vat Nicotiana benthamiana hoic Aspergillus
nidulans nim) c6 kha niang chuyén héa don vi khdi dong va kéo dai thich hop thanh
octaketit khong khir trong cac didu kién sinh trudng thich hop va sau d6 san xuat in
vivo octaketit khong khur; va

(I): C6 thé chuyén héa in vivo, trong té bao chii tai t hop dang sinh truéng,
octaketit khong khir & bude (I) thanh hop chét aglycon thom Ci4-Cs4 can quan tam (vi
du, axit flavokermesic (FK) hoic axit kermesic (KA)), trong d6 hop chét aglycon thom
can quan tdm nay khong phai 1a SEK4 va/hoic SEK4B (tirc 13, SEK4 va/hoic SEK4B
thu dugc tu phat tir octaketit khong khtr va trong ban md ta nay ¢o thé duoc goi 14 cac
san phim song song);

(II1): Néu t& bao chu tai td hop con chua gen glycosyltransferaza mi hoéa
glycosyltransferaza sau d6 hop chit aglycon thom can quan tAm da duoc tao ra & bude
(I1) ¢6 thé duge glycosyl hoa in vivo bing glycosyltransferaza dé san xudt hop chét
glycosit thom can quan tdm C14-C34 (vi du axit carminic (CA) hogc Dcll)).

Pugc tin ring bude (II) néu trén ty n6 ¢6 thé duoc xem 1a déng gop mébi, c6 y
nghia ctia sang ché cho linh vuc nay, vi dua trén tai ligu k¥ thuat da biét ngudi ¢ hidu
biét trung binh trong linh vuc k§ thuat khong thé biét chic chin ring octaketit khong
khir duge tao ra trong bude (I) trén thuc té ¢6 thé ¢ sdn "mot cach tu do" in vivo trong
té bao chu tai td hop thudc gibng khac dé thuc su duge chuyén thanh hop chét aglycon
thom khéc can quan tdm (vi duy, axit flavokermesic (FK)) va khong chi cac hop chat
SEK4 va/hoic SEK4B dugc san xuét tu phat.

Nhu da thao lun trong ban mé ta nay, ¢6 thé tét hon, néu su chuyén hoa in vivo
cua octaketit khéng khir dugc thuc hién nho sy tham gia ciia cdc aromataza/xyclaza
hoat dong in trans (khong phu thudc enzym PKS).

Nhu da thao luan & trén, cong trinh thir nghiém cla cac tac gia sing ché nhu da

thao ludn trong céac vi du thir nghiém trong badn mo ta nay da ching minh rang c6 thé
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san xudt khéc loai in vivo, vi du, axit carminic (CA) cta cdn trang Dactylopius costa &
céc té bao chu san xuat tai t hop khac nhu té bao nim Aspergillus nidulans hoic té
bao thuc vat Nicotiana benthamiana (ho hang gin ctia cay thudc 14).

Nhu di thao ludn & trén, hién nay chi c6 thé c6 dugc axit carminic (CA) béng
cach phén 1ap truc tiép tir co thé con tring Dactylopius hodc bing quy trinh téng hop
héa hoc axit carminic bing con dudng bao gdbm cac hop chét trung gian khéac nhau
(US5,424,421).

Do d6, c6 thé duoc xem 1a déng gbp 16n nhoy chiing minh dugce ring 6 thé san
xut khéc loai in vivo axit carminic (CA), vi du, & té bao nim Aspergillus hoic té bao
thuc vat Nicotiana.

Nhu duge hiéu boi ngudi c¢6 hiéu biét trung binh trong linh vuc k¥ thuét nay,
dua vao thong tin k¥ thudt méi ¢ day, khong co ly do 8 tin ring khong thé san xuét in
Vivo béng té bao tai td hop khéc loai céc hop chit thu duoc tir octaketit khac nhau can
quan tdm — vi du nhu, hop chét thom C14-Cs4 cin quan tdm, trong d6 vi du v& hop chit
thom Ci4-C34 ¢ thé 1a Mutactin (vi du, xem Fig.2 trong tai liéu Tang, Y. et al (2004)
da thao ludn & trén); Emodin, Hyperixin hodc Pseudohyperixin (vi du, xem Fig.1 trong
tai liéu Karppinen et al (2008) da thao ludn ¢ trén); hodc Barbaloin (vi du, xem Fig.1
va 4 trong tai liéu Mizuuchi et al (2009) dé thao luan & trén); hodc axit carminic (CA).

Nhu duoc hiéu bsi ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat nay, &
buéce (II) ctia phuong phép theo khia canh dau tién nhu duoc md ta & ddy, cac loai dic
hiéu ctia cac hop chét dic hiéu aglycon thom C14-C3s4 duoc tao ra in vivo can quan tam
(vi du nhu, axit flavokermesic (FK) hogc axit kermesic (KA)) thuong s& phu thudc vao
enzym sau PKS (vi du, aromataza va/hodc xyclaza twong déng hoac khéc loai) c6 mat
trong té bao chu téi t6 hop duge st dung.

Tai liéu k¥ thuat da biét mé ta nhidu aromataza va/hodc xyclaza khac nhau ma
ngudi c¢6 hiéu biét trung binh trong linh vuc k§ thuét c6 thé st dung dé tao ra aglycon
thom C14-C34 ddc hidu can quan tdm & budc (II) ctia phuong phép theo khia canh thir
nhét nhu duge md ta & day.

Dua vao két qua dugc thao ludn ¢ day, dugc thé hién trong Fig.3 1a vi du vé md
hinh cho con dudng sinh téng hop thich hop ma cé thé din dén axit carminic.

No6i ngéan gon, vi du vé& md hinh con dudng sinh téng hgp bao gbm cac budc

sau:
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(1): st dung PKS octaketit syntaza typ III dé tao ra octaketit khong khir;

(ii): chuyén hoa octaketit khong khir bang tac dung in trans (khong phu thudc
enzym PKS) cia aromataza/xyclaza thanh axit flavokermesic (FK) va/hodc axit
kermesic (KA); va '

(ii): (1): axit kermesic (KA) aglucon dugc glucosyl héa dé thu duoc axit
carminic CA; hodc

(2): FK dugc glucosyl héa dé& thu duge DcIl, hop chat nay dugc
hydroxyl hoa tiép dé thu dugc axit carminic (CA).

Nhu da thao ludn & trén va khong bi gidi han bai Iy thuyét, tin rang giai phap da
biét khong mo ta 1a PKS octaketit syntaza (OKS) typ III theo sang ché c6 thé hoat
dong in vivo & té bao chu san xuét khéc loai thudc gidng khac, vi du OKS typ III thuc
vét ¢6 thé tao ra octaketit khong khir in vivo & té bao chu san xuét khéc loai, vi du nhu,
té bao chu san xudt tai td hop Aspergillus.

Nhu di thao ludn & trén, trong giai phap da biét, duoc biét réng octaketit khong
khir ¢6 thé duoc chuyén hoéa in vivo thanh cac hop chit thom thu duge tir octaketit
khac nhau cin quan tim, loai hop chit thom dic hiéu cin quan tim thudong s& phu
thudc vao cac enzym sau PKS dic hi€u (vi dy, aromataza va/hodc xyclaza) c6 mait in
vivo trong té bao chil.

Vi du, Fig.1 cua tai liéu Karppinen et al (2008) da thao luén & trén thé hién réng
octaketit khong khtr ¢6 thé dugc chuyén hoéa in vivo trong H. perforatum thanh hop
chét thom Emodin anthron vd/hoic Emodin (Anthraquinon).

Fig.1 cua tai liéu Mizuuchi et al. (2009) da thao luén & trén thé hién ring
octaketit khong khtr ¢6 thé dugc chuyén hoa in vivo trong A. arborescens thanh hop
chét octaketit anthron barbaloin thom.

Do d6, khia canh th@ nhét cta sang ché dé cép dén phuong phap san xuit hop
chét thom thu dugce tir octaketit cdn quan tdm, trong d6 phwong phép nay bao gom cac
budc sau:

(D): cho tiép xtic in vivo trong té bao chu tai to hop chira gen polyketit syntaza
(PKS) typ III da duoc dwa vao bang cach tai td hgp ma héa octaketit syntaza (OKS) va
trong d6 OKS thudc gidng khéc véi té bao chu:

(i): don vi khéi dong va don vi kéo dai thich hop véi OKS da duge dua vao

bing céach tai tb hop c6 kha ning chuyén héa don vi khéi dong va kéo dai thanh
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octaketit khong khir trong cac didu kién thich hop ma trong dé octaketit khong khi
duoc san Xuét ra; va

(I): chuyén héa in vivo, trong t& bao chu tai té hop, octaketit khong khir ctia
bude (I) thanh hop chét aglycon thom Cis-C3s cdn quan tdm, trong d6 hop chit
aglycon thom can quan tdm khong phai 1a SEK4 va/hodc SEK4B; va

(I): tiy ¥, té bao chi tai to hop con chira gen glycosyltransferaza ma hoa
glycosyltransferaza va hop chat aglycon thom di san xuét & buge (IT) cin quan tAm
duogc glycosyl hod in vivo boi glycosyltransferaza dé san xuit ra hop chit glycosit
thom C14-C34 can quan tAm; va

(IV): phan 1ap hop chét aglycon thom can quan tim ctia budc (IT) va/hogic phan
1ap hop chét glycosit thom cin quan tdm cta bude (III) dé thu dugc ché phdm, trong
d6 ché phém nay chtra it hon 1% khéi hxc_mg/khéi lugng chit kho cua vat lidu té bao
chi tai t6 hop.

Nhu da théo ludn & trén, cdc tic gid sang ché da bidu hién tai td hop polyketit
syntaza (PKS) octaketit syntaza (OKS) typ LI thuc vat (4loe arborescens va/hodc
Hypericum perforatum) & Aspergillus nidulans va xac dinh ring OKS thuc sy hoat
dong trong vat chii khéac loai. Do d6, vi du vé té bao chiu & bude (I) co thé la
Aspergillus nidulans va vi du v& PKS/OKS typ III ctia bude (I) c6 thé 1a OKS tir Aloe
arborescens va/hodc Hypericum perforatum.

Nhu da thao ludn & trén va nhu di biét trong linh vue, octaketit khong khir ¢6
thé dwoc chuyén hoa tu phat in vivo thanh hop chit SEK4 va SEK4B (cic ciu triic
duoc thé hién trén Fig.2 c6 thé duoc goi 14 san pham song song).

Nhu duoc hidu boi nguoi ¢6 hidu biét trung binh trong linh vuc k¥ thuat nay,
viée x4c dinh SEK4 va/hodc SEK4B in vivo trong té bao chu tai t6 hop ching minh
ring octaketit khong khir ¢6 mit in vivo.

Do d6 va nhu duoc hiéu boi ngudi ¢ hiéu biét trung binh trong linh vuc k¥
thudt nay, octaketit syntaza (OKS) typ III cia bude (I) ¢ thé duoc dinh nghia 1a OKS,
ma ¢6 kha ning san xudt in vitro cac san phim song song thu dugc tlr octaketit SEK4
va/hodc SEK4B.

Thir nghiém cho phén tich in vitro nay dugc mo ta trong vi du thtr nghiém 9

trong ban mo ta nay.
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Nhu da thao lun & trén, thudt ngir polyketit syntaza (PKS) typ III da dugc biét
r5 boi nguoi ¢6 hiéu biét trung binh trong linh vuc k¥ thut va do d6 ngudi 6 hiéu
biét trung binh trong linh vuc k¥ thuét c6 thé xac dinh theo cach thong thudng 1a PKS
can quan tAm c6 dugc hiéu 1a PKS typ III va do d6 khong 1a PKS typ I hodc typ II hay
khong.

Nhu da théo ludn & trén, trong giai phap da biét, duge biét ring octaketit khong
khtt ¢6 thé duge chuyén hoéa in vivo thanh cac hop chit thom thu duoc tlr octaketit
khéc nhau cin quan tAm va viéc nay s& thuong phu thudc vao enzym sau PKS dic hiéu
(vi du, aromataza va/hodc xyclaza) c6 mat in vivo trong té bao chi.

Do d6 va nhu duoc hiéu boi ngudi c6 hidu biét trung binh trong linh vure k¥
thut, sy chuyén hoa & bude (II) clia octaketit khong khir thanh hop chét aglycon thom
C14-C34 cdn quan tdm thuong duoc thuc hién nho sy tham gia ctia enzym sau PKS
thich hop (vi du, aromataza va/hodc xyclaza) c6 mat in vivo trong té bao chu.

Hop chét aglycon thom can quan tdm ctia buéc (II), vé nguyén tic, c6 thé 1a
“hop chét aglycon thom C14-C34 cAn quan tAm bét ky trong ban md ta ndy, vi du nhu,
hop chét anthraquinon thom hodc hop chét anthron thom (chi tiét hon xem bén dudi).

Nhu da thao ludn & trén - cac tac gia sang ché da x4c dinh 1a axit flavokermesic
(FK) c6 mit trong té bao Aspergillus nidulans chira OKS typ III d& dugc dua vao bang
cach tai td hop tir Aloe arborescens va/hoic Hypericum perforatum.

Axit flavokermesic (FK) va axit kermesic (KA) déu c6 16 nguyén tir cacbon
(C), - chung dugc hiéu 1a cac vi du v& hop chit aglycon thom Cis va 1a cdc vi du vé
hop chét aglycon thom C14-Cs4 can quan tam & budc (ID).

Nhu da thao luan trong ban mé ta nay, néu hop chét aglycon thom cin quan tdm
dugc phan 1ap ¢ bude (IV) 1a FK, hop chit nay c6 thé dugc chuyén héa in vitro, nho
phan mg glucosyl héa, thanh Dcll va sau d6 thanh axit carminic (CA) (vi dy, xem
Fig.3 trong ban md ta nay).

Nhu d3 thao luan trong bdn mo ta ndy, vi du thay thé tiry y khac c6 thé 1a té bao
cht con biéu hién in vivo glycosyltransferaza theo séng ché va Dcll va/hodc axit
carminic (CA) duoc san xuét in vivo trong té bao cha nay trong budc (III). Pay ¢6 thé
dwoc xem 12 vi du vé buge (I11) tuy y cua khia canh tht nhét.

Céac vi du thtr nghiém & day thé hién cac vi du dugc uu tién cia phuong 4n thay

thé tiy v nay.
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Dcll va/hodc axit carminic (CA) déu 1a glucosit va phan aglycon (tirc 13, khong
bao gdm glucoza) ctia cic hop chét nay c¢6 16 nguyén tir cacbon (C).

Do d6, ca hop chit Dcll va/hodic axit carminic (CA) déu dugce hiéu ¢ day 1a cac
vi du v& hop chét glycosit thom Cis va 1a cc vi du vé hop chét glycosit thom C14-Css
can quan tdm trong budc (I1I) tiy ¥.

Nhu duoc hiéu boi ngudi c6 hidu biét trung binh trong linh vuc k¥ thudt, & ngit
canh nay, budc phan lap (IV) chu yéu lién quan dén budc phan lap/tinh ché hop chat
thom cén quan tdm tir vat lidu té bao chu tai to hop (hodc mdi trudng nudi cAy/sinh
trudng néu té bao chu nay la, vi du, té bao nAm/vi sinh vat).

Céc tac gia sang ché da xac dinh rang axit flavokermesic (FK) c6 mat trong té
bao Aspergillus nidulans chira OKS typ III da duoc dua vao bang céach tai to hop tir
Aloe arborescens va/hodc Hypericum perforatum.

BAt ngd 1a giai phap da biét khong mo ta rang octaketit syntaza (OKS) PKS typ
III theo sang ché co thé hoat dong in vivo trong té bao cha san xuit khéc loai thudc
gidng khac, vi du OKS typ III thuc vat c6 thé tao ra octaketit khong khit in vivo trong
té bao chu san xudt khéc loai, vi du nhu, té bao chii san xuét tai t hop Aspergillus.

Nhu d4 thao luan & trén, giai phép k¥ thudt da biét mo ta nhidu vi du vé thir
nghiém in vitro trén cac enzym OKS khac nhau. Tuy nhién, khong c6 giai phap da
biét nao mo ta 1a OKS hoat dong in vivo trong té bao chi thude gidng khac.

Khong bi giéi han boi ly thuyét, OKS typ III c6 thé hoat dong trong vt chu
khac loai khi OKS dang dugc bao vé€ in vivo khang lai sy thoai bién (vi du, qua sy tao
thanh don vi trao d6i chat/phtic hgp véi protein khac). Co ché thoai bién nay khong
xuét hién in vitro.

Viéc OKS hoat dong trong t& bao thuc vat Aspergillus nidulans va Nicotiana
ching minh rang té bao thuc vat ¢6 kha ning bao vé OKS dugc dua vao bing céach tai
tb hop khéc loai.

Tin rang didu nay c6 thé dugc xem la van d& chung, tic 1a cdc hé bao vé nay
cling s€ c6 mdt trong nhiéu loai té bao chu khéc (vi du nhu, nAm men, cay thude 14
V.V).

Ngoai ra, san phém octaketit cia OKS bi thoai bién tu phéat thanh SEK4 va/hodc

SEK4B, hop chat nay c6 thé (rc ché enzym & cac ndng dd in vivo. Khi enzym chuyén
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héa octaketit ¢ mat, PKS s& khong bi trc ché bai SEK4 va/hoic SEK4B va van con
hoat dong.

Tém lai, phuong phép thich hop dé san xudt OKS hoat dong 14 biéu hién né
cung voi enzym chuyén hoa octaketit va/hodc tao céc phic hop voi cac enzym. Cac
enzym nay co thé c6 mat ty nhién trong céc té bao biéu hién OKS da dugc dua vao
hodc co thé dugc dua vao béng cach tai tb hop. |

Nhu dugc thé hién ¢ day, viée axit flavokermesic (FK) c6 mit trong té bao
Aspergillus nidulans chita OKS typ III da dugc dua vao bang cach tai to hop tir Aloe
arborescens va/hoac Hypericum perforatum chi ra rang t& bao Aspergillus nidulans
chtra cac enzym (vi du, aromataza/xyclaza) chuyén hoa octaketit khong khir da duoc
san xuét.

Khong bi gi6i han béi Iy thuyét, tin rang didu nay c6 thé dugc xem la van dé
chung, tic 1a xyclaza va/hodc aromataza nay cling s€ c6 mit trong nhiéu loai t& bao
chtt khéc (vi du nhu ndm men, cdy thudc 14 v.v).

Dinh nghia

Tét ca cac dinh nghia cta thuat ngit trong ban mo ta nay déu phu hop véi dinh
nghia dugc hiéu boi nguoi c6 hiéu biét trung binh trong linh vuc k¥ thuét trong ban
mo ta ndy.

Thuét ngit “aglycon” dung dé chi phan khong phai carbohydrat ctia dang dugc
glycosyl hoa tuong Ung cia aglycon. Khi duong la glucoza, aglycon ¢6 thé duge goi
12 aglucon. Ngoai ra, khi duong la glucoza, thuat ngit dugc glucosyl héa co6 thé dugc
str dung thay vi dugc glycosyl hoa.

Khi aglycon duoc glycosyl hod & nhom hydroxy, thuong tao ra li€n két O-
glycosidic, tirc 1a O-Glycosit (hodc O-Glucosit néu duong 12 glucoza).

Khi aglycon dugc glycosyl hoa bang lién két cacbon-cacbon, né co thé dugc
goi & day la lién két C-glycosidic, tirc 1a C-Glycosit (hodc C-Glucosit néu duong 1a
glucoza).

Thuat ngit “glycosit” dung dé chi hop chét, ma khi thuy phan c6 thé tao ra
dudng va phan con lai khong phai duong (aglycon), vi du, cac glucosit c6 thé tao ra
glucoza, galactosit ¢6 thé tao ra galactoza.

Thuét ngit “glycosyltransferaza” ding dé chi enzym c6 kha niang lién hop

duong dugc hoat hoa bai nucleotit véi hop chit (vi du, hop chit aglycon). Puong, vi
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du, c6 thé 1a isome D va L cua galactoza, glucosamin, N-axetylglusamin, xyloza, axit
glucuronic, thamnoza, arabinoza, mannoza hodc glucoza. Theo cach khéac, duong co
thé 1a dan xuét carbohydrat, vi du nhu, inositol, olivoza, rhodinoza va v.v. ¢6 san dudi
dang nucleotit diphosphat. Ngoai ra, dudng co6 thé, vi du, 14 monosaccarit, disaccarit
hodc trisaccarit. Trong trudng hop oligo- va polysaccarit, cac duong duoc li€n két tirng
phan tir mot, vi du, bing cich st dung mdt hodc mot sé glycosyltransferaza. Néu
duong la glucoza, glycosyltransferaza co thé dugc goi 1a glucosyltransferaza.

Khi glycosyltransferaza lién hop duong dugc hoat héa boéi nucleotit voi hop
chit qua lién két C-glycosidic, n6 ¢6 thé duoc goi & day 1a C-glycosyltransferaza.

Khi glycosyltransferaza lién hgp dudng véi aglycon qua lién két O-glycosidic,
n6 c6 thé duoc goi ¢ day 1a O-glycosyltransferaza. |

Thuét ngit “lai” lién quan dén polynucleotit ma lai trong céc didu kién c6 do
nghiém ngit it nhét 1a trung binh v&i (i) cde nucleotit tir 1 dén 1548 ctia SEQ ID NO:1
hodc (ii) chudi bd sung cua (i) dé cap dén trinh tu nucleotit lai v6i doan do axit nucleic
duoc gén nhadn tuong Ung vdi trinh ty nucleotit duoc thé hién trong SEQ ID NO:1
hozic chudi bd sung cua no trong cic diéu kién c6 dd nghiém ngit trung binh dén rat
cao. Phan tr ma doan do axit nucleic lai véi né trong cic diéu kién nay co thé dugc
phat hién bang cach st dung, vi du, mang tia X.

Céc diéu kién lai nghiém ngit theo séng ché 1a cac diéu kién nghiém ngit ma
ngudi ¢6 hiéu biét trung binh trong linh vuc ky thuét thudng s& hiéu 14 thich hop, tic
13, cho céc diéu kién nghiém ngdt trung binh, cac diéu kién ma nguoi co hiéu biét
trung binh trong linh vuc k§ thuit sé hiéu 14 céc didu kién nghiém ngit trung binh.
Ngudi ¢6 hiéu biét trung binh trong linh vuc k¥ thuat biét cac diéu kién lai nghiém
ngit thich hop, vi du xem (J. Sambrook, E.F. Fritsch, va T. Maniatus, 1989, Molecular
Cloning, A Laboratory Manual, xuét ban 14n tha 2, Cold Spring Hafbor, New York).

Theo linh vuc ndy, dbi voi doan do dai ¢6 do dai it nhat 100 nucleotit, cac diéu
kién nghiém ngat rit thap dén rat cao duoc dinh nghia 14 lai so bo va lai & 42°C trong
5X SSPE, SDS 0,3%, 200 pg/ml ADN tinh tring c4 hdi dugc cit va 1am bién tinh, va
25% formamit ddi v6i do nghiém ngit rat thip va thap, 35% formamit d6i véi do
nghiém ngat trung binh va trung binh cao, hodc 50% formamit d6i v6i do nghiém ngat
cao va rét cao, theo quy trinh thim Southern tiéu chuén trong tir 12 dén 24 gio theo

cach toi uu.

-19-



35109

DPbi vai cac doan do dai c6 chidu dai it nhit 100 nucleotit, vat liéu mang cudi
cung dugc rua ba 14n mdi 14n 15 phut st dung 2X SSC, SDS 0,2% tdt hon, néu it nhét
& 45°C (d6 nghiém ngat rit thap), tot hon nira, néu it nhit & 50°C (d6 nghiém ngit
thp), tot hon nita, néu it nhat & 55°C (d6 nghiém ngit trung binh), t6t hon nita, néu it
nhat & 60°C (dd nghiém ngit trung binh-cao), thim chi t6t hon nita, néu it nhit & 65°C
(d6 nghiém ngit cao), va tot nhat, néu it nhat & 70°C (dd nghiém ngit rit cao).

Thuat ngir “in vitro” (tiéng Latin: trong dng thay tinh) d& cdp dén cac nghién
ctru duge tién hanh bing cach st dung cc thanh phan cua sinh vat da duoc phan lap
khoéi méi trudng sinh hoc xung quanh thong thudng cta chung dé cho phép phan tich
chi tiét hon hozc thudn tién hon 13 ¢6 thé duoc thuc hién véi toan bd sinh vat. Thong
thuong, cac thi nghiém nay thuong duoc goi 1a "thi nghiém dng nghiém". Nguoc lai,
cac nghién ciu in vivo 1 cac nghién ctru duoc thuc hién vé6i cac sinh vét sdng & trang
théai nguyén ven binh thuong.

Thuat ngit “in vivo” (tiéng Latin 13 "trong co thé sdng") d& cép dén viéc thu
nghiém st dung sinh vt séng, nguyén ven trai nguoc véi mot phan sinh vat hoic sinh
vét da chét, hodic mdi truong duoc kiém soat in vitro ("trong dng thuy tinh", vi du,
trong 6ng nghiém hodc dia petri).

Thuat ngit “polynucleotit dugc phan 1ap” chi yéu dé cép dén polynucleotit
dugc phan 1ap khéi méi truong tu nhién cia né. No6i cach khac 1a ché pham
polynucleotit ndy gan nhu khong chira vét liéu polynucleotit khac ma duoc két hop vai
né trong ty nhién. Trinh tu polynucleotit ma hoéa glycosyltransferaza mdéi da phan
lap/tach dong dugc mo ta ¢ day duogc thé hién trong SEQ ID NO:1 va né dugc phan
lap tir con tring Dactylopius coccus. Do d6, nhu duogc hidu boi ngudi ¢6 hiéu biét
trung binh trong linh vuc k¥ thuét, thuat ngtt “polynucleotit dugc phan 18p” nhu dugc
str dung trong ban mo ta nay khong bao gdm polynucleotit ciia SEQ ID NO:1 vi né ¢é
mat ty nhién trong bd gen cida Dactylopius coccus. Thuat nglt “polynucleotit dugc
phan 1ap” chu yéu dé cap dén polynucleotit dugc phan 1ap & dang thich hop dé sir dung
trong cac hé san xuét protein duoc thao tic di truyén. Vi véy, polynucleotit duoc phén
1ap chtra nhidu nhit 12 10%, tot hon, néu nhidu nhit 13 8%, t6t hon nita, néu nhiéu nhat
1a 6%, tot hon nita, néu nhiéu nhit 1a 5%, tot hon nita, néu nhiéu nhét 1a 4%, tot hon
nita, néu nhiéu nhét 1a 3%, thdm chi tdt hon nita, néu nhiéu nhat 1a 2%, t6t nhit, néu

nhidu nhét 12 1%, va tham chi t6t nhat, néu nhidu nhét 1a 0,5% theo khdi lwong 1a vat
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lidu polynucleotit khac ma két hop tw nhién véi né. Thuét ngit “polynucleotit duge
phan 1ap” ¢6 thé duge goi theo cach khac 1a “polynucleotit duge tich dong”.

Thuét ngit “polypeptit dugc phan 1ap” cha yéu d& cap dén polypeptit dugc phan
14p khoi moi trudong tu nhién cua nd. Glycosyltransferaza polypeptit méi duoc mo ta &
ddy nhu dugc thé hién trong SEQ ID NO: 2 & ddy dugc phan 1ip tir con trung
Dactylopius coccus. Do dd, nhu dugc hidu boi ngudi ¢6 hiéu biét trung binh trong linh
vuc k¥ thuét nay, thudt ngt “polypeptit dugc phéan 1ap” nhu dugc st dung ¢ day khong
bao gdm glycosyltransferaza polypeptit cia SEQ ID NO:2 vi n6 ¢6 mit ty nhién trong
bd gen cta Dactylopius coccus. Thuat ngit “polypeptit dugc phén 1ap” ¢ day thé hién
ché pham polypeptit chira nhidu nhét 12 10%, tdt hon, néu nhiu nhét 13 8%, tét hon
nita, néu nhiéu nhét 1a 6%, tdt hon nita, néu nhiéu nhét 1a 5%, tdt hon nita, néu nhiéu
nhét 12 4%, nhiéu nhat Ia 3%, thdm chi t6t hon nira, néu nhiéu nhét 1a 2%, tét nhat, néu
nhiéu nhit 1a 1%, va tham chi tét nhit, néu nhiéu nhét 14 0,5% theo khdi lugng 14 vat
liéu polypeptit khac ma két hop tu nhién v6i n6, nhu duge hiéu bai ngudi ¢6 hiéu biét
trung binh trong linh vyc k¥ thudt nay, thuat ngit “vat liéu polypeptit khac ma két hop
tu nhién v6i nd” ¢6 thé, lién quan dén glycosyltransferaza polypeptit méi duoc md ta &
day nhu duoc thé hién trong SEQ ID NO: 2, dugc thdy lién quan dén vat liéu
polypeptit khac ma két hop tw nhién v6i né trong Dactylopius coccus. Trong mot sb
truong hop, ¢6 thé tdt hon, néu “polypeptit dugc phan 14p” dung dé chi polypeptit c6
do tinh khiét it nhit 20%, t6t hon néu, tinh khiét it nhat 40%, tot hon nita, néu tinh
khiét it nhat 60%, thdm chi con tét hon nita, néu tinh khiét it nhat 80%, tét nhat, néu
tinh khiét it nhét 1a 90%, va thdm chi t5t nhat, néu tinh khiét it nhét 1a 95%, nhu dugc
xac dinh boi SDS-PAGE.

Thuét ngtt “octaketit khong khir” biéu thi octaketit khong khtr, trong d6 loai
khong khir dugce dac trung bdi sy c6 mat cia nhom keton ban dau trong ketit (-CH2-
CO-), ¢6 ngudn gde tir cac don vi khdi dong hodc kéo dai, dudi dang keton hodc &
dang lién két doi trong nhom thom. Trong polyketit da khir, mot hodc tat ca keton da
duoc khir thanh nhém rugu (-CH2-CHOH-), vi du, boi mién/enzym KR, hoac tiép tuc
thanh nhom alken (-C=C-), vi du, bdi mién/enzym DH, hodc con tiép tuc thanh nhom
alkan (-CH2-CH2-), vi du, béi mién/enzym ER. Dua vao céc tinh chit héa hoc nay cua
san phém tao thanh, cac PKS lién quan dugc phan loai 1a PKS khong khtr hodc PKS
khur.
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Thuét ngit “PKS khong khir” hodc “polyketit syntaza khong khir” biéu thi PKS
ma khong khtr nhém keton trong mach polyketit da tao thanh. Viéc thiéu cac nhom
khir ¢6 thé do (I) thiéu vi tri hoat dong keto-reductaza (KR) can thiét trong enzym:;
va/hodc (IT) thiéu cac enzym bién ddi c6 kha ning xuc tic cho phan (g khit keto.

Thuét ngtr "ciu tric axit nucleic" nhu duoc str dung & day dung dé chi phan ti
axit nucleic, chudi don hodc kép, dugc phan lap tir gen xuit hién tuy nhién hodc duoc
bién dbi dé chira cac doan axit nucleic theo cach ma khong ton tai trong tw nhién.
Thuat ngft cdu tric axit nucleic ddng nghia véi thuat ngit “catxet biéu hién” khi céu
tric axit nucleic chra cac trinh tu diéu khién can thiét dé biéu hién trinh tu ma hoa
theo sang ché. Nhu da biét trong linh vuc, céac trinh tu diéu khién bao gdm tat ca cac
thanh phdn, cin thiét hodc thuan loi dé biéu hién polynucleotit ma hoéa polypeptit theo
sang ché. Mbi trinh tu didu khién c6 thé 13 tw nhién hodc ngoai sinh d6i v&i trinh tur
nucleotit ma héa polypeptit. Trinh tu didu khién nay bao gbm, nhung khong giéi han
&, gen chi huy, trinh ty polyadenyl hoa, trinh tu tién peptit, gen khai dau, trinh tu
peptit tin hiéu, va doan két thac phién ma. O mic toi thiéu, trinh tuy diéu khién bao
gdm gen khoi dAu, va tin hiéu dimg phién mi va dich ma. Cac trinh ty diéu khién c6
thé duoc cung cép cac doan lién két v6i muc dich dua vao cac vi tri gidi han dac hiéu
tao didu kién thuan loi cho viéc ndi trinh tu didu khién v6i ving ma héa cta trinh tu
nucleotit ma hoa polypeptit.

Thudt ngft “octaketit” (tiéng Hy Lap 1a “tdm”) biéu thi chudi polyketit bao gdm
tam don vi ketit, c6 nghia 1a khung polyketit bao gdm 16 nguyén tit cacbon. Thuat ngit
“ketit” dung dé chi don vi —CH2-CO- hoic dang bién ddi ctia nhém nay.

Thuat ngir "vecto biéu hién tai t6 hop" d& cap dén vecto biéu hién tai td hop
chira polynucleotit theo sang ché, gen khoi déu, va tin hiéu ding phién ma va dich ma.
Céc axit nucleic va trinh tu diéu khién khac nhau dugc mé ta & trén co thé duoc lién
két voi nhau dé tao ra vecto biéu hién tai td hop ma co thé bao gém mot hodc nhiéu vi
tri giéi han thuan tién dé cho phép chén hoidc thay thé trinh tu nucleotit ma hoa
polypeptit & cac vi tri nay.

Thuat ngit “té bao chu tai td hop” trong ban mo ta nay nén duoc hiéu theo linh
vuc kg thuat. Nhu da biét trong linh vuc nay, phan tir polynucleotit t4i t6 hop (vi du,
ADN) 1a cac phén tt polynucleotit (vi du, ADN) duoc tao ra bing cac phuong phap tai
t6 hop di truyén (nhu tich dong phén tir) trong phong thi nghiém dé gom cac vat lidu
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di truyén tir nhiéu ngudn lai véi nhau, tao ra trinh ty ma s& khong dugc tim thiy trong
co thé sinh hoc theo cach khac. Nhu dwoc hidu bai nguoi ¢ hiéu biét trung binh trong
linh vuc k¥ thuat, t& bao chu tai td hop chita phan tir polynucleotit ti to hop (vi du,
ADN) va té bao chil téi td hop nay do d6 s& khong dugce hiéu 1a bao gdm té bao kiéu
dai tu nhién nhu vay, vi du, nhu té bao Dactylopius coccus kiéu dai tu nhién.

Thuat ngtr “do dong nhat v& trinh tu” dé cap dén mdi lién hé gitta hai trinh tu
axit amin hodc gitta hai trinh ty nucleotit.

Vé6i muc dich cua sang ché, mic do dong nhét trinh tu gitta hai trinh tu axit
amin duoc xac dinh b%mg cach st dung thudt todn Needleman-Wunsch (Needleman
and Wunsch, 1970, J. Mol. Biol. 48: 443-453) nhu dugc thuc hién trong chuong trinh
Needle ctia goi phin mém EMBOSS (EMBOSS: The European Molecular Biology
Open Software Suite, Rice et al., 2000, Trends Genet. 16: 276-277), tot hon néu 1a ban
3.0.0 hodc ban gin hon. Cac thong sé tuy v duoc str dung 1 diém phat mé khoang
trbng bang 10, diém phat mé& rong khoéng trbng bang 0,5, v ma trin thay thé
EBLOSUMBS62 (ban EMBOSS cua BLOSUMS62). Dit liéu dau ra ctia Needle duoc gn
la “do déng nhét dai nhat” (thu dugc béng cach str dung tuy chon nobrief) dugc su
dung lam ty 18 phan tram dong nhét va duoc tinh nhu sau:

(Céac gbe gidng nhau x 100)/(Chiéu dai doan sp thing hang — Téng sb khoang
tréng trong doan sdp thing hang)

V6i muc dich cta séng ché, mic do dong nhit trinh tu gitta hai trinh tu
nucleotit dugc xdc dinh bing cich st dung thuit todn Needleman-Wunsch
(Needleman and Wunsch, 1970, dé cap trén day) nhu dugc thuc hién trong chuong
trinh Needle cia goi phﬁn mém EMBOSS (EMBOSS: The European Molecular
Biology Open Software Suite, Rice ef al., 2000, dé cap trén dy), tot hon néu 1a ban
3.0.0 hogic ban gin hon. Céc thong sé tiry y dugc st dung 13 diém phat m& khoang
trbng bang 10, diém phat m¢& rong khoang trbng bang 0,5, vd ma tran thay thé
EDNAFULL (ban EMBOSS cua NCBI NUC4.4). Dit liéu d4u ra cia Needle duge gan
la “ty 1& dong nhét dai nhat” (thu dugc bing cach str dung tlly chon nobrief) duoc str
dunglmnty16ph&1ﬁﬁn1déngnhétvéduqcﬁnhnhusau:

(Deoxyribonucleotit gidng nhau x 100)/(Chiéu dai doan sép thing hang — Tong
36 khoang trdng trong doan sip thang hang)
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Nhu dugce hiéu boi ngudi ¢o hiéu biét trung binh trong linh vuc k¥ thuét nay,
dbi v6i ca “do ddng nhat trinh tw gitra hai trinh tu nucleotit” va “dd dong nhét trinh tu
gitta hai trinh ty axit amin”, thuat ngtt “chidu dai doan sép thing hang” nén duoc hiéu
1a chidu dai thuc té cua doan sdp thang hang giita hai trinh tu can duoc so sanh vé murc
d6 dong nhét trinh ty.

Vi du, néu trinh tu tham chiéu 12 SEQ ID cu thé gém, vi du, 100 axit amin va
trinh tu con lai 13 trinh tu ddng nhét ¢6 it hon 25 axit amin & mét du (tic 13, trinh ty
con lai nay c6 chiéu dai bang 75 axit amin) thi “chidu dai doan sip thing hang” s&
bing 75 axit amin va ty 18 phan trim ddng nhat s& bang 100%.

Vi du khéc 13, néu trinh tu tham chiéu 12 SEQ ID cu thé gom, vi du, 100 axit
amin va trinh tu con lai la trinh tu d(‘A)ng nhét ¢6 thém 25 axit amin & mot dau (tc 1a,
trinh tu con lai nay c6 chidu dai bang 125 axit amin), thi “chidu dai doan sip thing
hang” bang 100 axit amin va ty 18 phén traim dong nhét s& bang 100%

Thuét ngtt “Polyketit syntaza (PKS) typ III”, nhu da thao ludn ¢ day, 1a thuat
ngit da duogc biét 3 béi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuit va ngudi
c6 hiu biét trung binh trong linh vuc k¥ thuat s& biét PKS dic hiéu can quan tAm cé
phai 1a PKS typ III hay khong. Nhu da thao luan trong tai liéu danh gid cia Yu et al
(2012), cac PKS typ III la cac enzym tu chu tao thanh homodime. Vi tri hoat dong
duy nhét ctia chiing trong mdi monome xuc tac cho viée mdi va kéo dai dé tao thanh
san pham polyketit.

Céc phuong an theo sang ché duge mo ta duéi day, chi bang céc vi du.

M ta vin tit hinh vé

Fig. 1: Thé hién bang so dd hoat tinh glycosyltransferaza theo sang ché cua
glycosyltransferaza mdi da dugce phan lap/tach dong duwoc mo ta ¢ day cia SEQ ID
NO:2. Nhu dd minh hoa trén hinh v& nay, da phat hién ra 1a co thé lién hop glucoza
v6i aglycon axit flavokermesic (FK) va axit kermesic (KA).

Fig. 2: Thé hién Fig. 5A cla tai liéu Tang, Y. et al (2004). Nhu ¢6 thé dugc
thay trén hinh vé nay va nhu dugc md td thém trong tai liéu, 4ct PKS (duge goi la
octaketit syntaza (OKS)) tao ra octaketit khong khir va octaketit nay, nho Zhul
aromataza/xyclaza va ZhulJ xyclaza, duoc chuyén hoa thanh axit flavokermesic (FK)
(duoc goi la TMAC). Céac hop chit SEK4 va SEK4B ciing duoc tao thanh tu phat (cac

cau trac duogc thé hién trén Fig. 2 cé thé dugc goi la cdc san pham song song).
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Fig. 3: Thé hién vi du vé m6 hinh cho con dudng sinh tong hop thich hop co thé
dan dén axit carminic.

Fig. 4: Thé hién khung 9,10-anthraquinon; khung anthron va céu triic hop chit
FK antron.

M6 ta chi tiét sang ché

Té bao chu tai to hop — vi dy, buédce (1)

Dua vao, vi du, thong tin trinh ty duge bdc 16 trong ban md ta nay, nguoi o
hiéu biét trung binh trong linh vuc k§ thuat c6 thé tao ra t& bao chu tai t6 hop theo
sang ché bang cac phuong phap thong thuong. Vi dy, dua trén giai phép da biét nguoi
¢6 hidu biét trung binh trong linh vuc k¥ thuét biét duge rit nhiéu té bao chii tai t6 hop
thich hop khac nhau ma trong nhidu ndm da duoc st dung 1am té bao chu tai t6 hop, vi
du, dé biéu hién cac polypeptit khac nhau cin quan tam.

Té& bao cht tai td hop trong phuong phép theo khia canh thir nhit ¢6 thé 1a té
bao chu tai t6 hop dang sinh truéng hoic, vi dy, trong pha 6n dinh.

Tét hon 13, t& bio chit téi td hop trong phuong phép theo khia canh thir nhat 1a
té bao chu tai td hop dang sinh truéng va bude (I) va bude (II) theo khia canh thir nhét
la:

(I): trong té bao chu tai td hop dang sinh trudng chira gen polyketit syntaza
(PKS) typ III da dugc dua vao béng céch tai td hgp ma hoa octaketit syntaza (OKS) va
trong d6 OKS thudc gidng khac véi té bao chu, cho tiép xuc in vivo:

(i): don vi khéi dong va don vi kéo dai thich hop véi OKS da duge dua vao
bing cach tai t& hop c6 kha niang chuyén héa don vi khéi dong va kéo dai thanh
octaketit khong khir trong cac diéu kién sinh trudng thich hop, trong dé octaketit
khong khtr dugce san Xut in vivo; va

(I): chuyén hoa in vivo, trong t& bao chu tai td hop dang sinh trudng, octaketit
khong khir cua bude (I) thanh hop chét aglycon thom Ci4-C34 can quan tdm, trong d6
hop chét aglycon thom can quan tdm khong phai 12 SEK4 va/hodc SEK4B.

Té bao chi téi td hop ¢6 thé 1 t& bao thich hop bét ky nhu t& bao nhan chuan
bét ky [vi du, té bao dong vat c6 va (vi du nhu, té bao trang chudt dong Trung Qudc

(CHO)) hodc té bao thue vat] hogc té bao tién nhan bat ky.
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C6 thé tét hon, néu té bao chu tai to hop la té bao thuc vat, tdt hon, néu trong do
té bao thuc vat 1a t& bao thuc vat duoc chon tir nhém bao gém: Nicotiana sp. (vi du, té
bao Nicotiana benthamiana); ciy dai hoang, kiéu mach, Hypericum va Aloe sp..

Tét hon, néu té bao thuc vat 1a Nicotiana sp., tdt hon nita, néu té bao thuc vat la
Nicotiana benthamiana.

Té bao chu tai to hop ¢6 thé 1a t& bao duoc chon tir nhém bao gdm té bao ndm
soi va té bao vi sinh vat.

Nam soi bao gdm tit ca dang c6 soi clia phan nganh Eumycota va Oomycota
(nhu dugc xac dinh boi Hawksworth et al. , 1995, néu trén). Néam soi duoc dic trung
béi khuin ty dinh dudng chta chitin, xenluloza, glucan, chitosan, mannan, va céc
polysaccarit phirc tap khac. Sy sinh trudng sinh dudng 1a nhd sw kéo dai soi nAm va su
di héa cacbon 1a hiéu khi bat budc. Nguoc lai, sy sinh trudng sinh dudng boi nidm men
nhu Saccharomyces cerevisiae 13 bang cach ndy mam tan don bao va su di hoa cacbon
c6 thé 1a 1én men.

C6 thé tdt hon, néu té bao ndm soi 1a t& bao cua loai duge chon tir nhém bao
gém, nhung khong gidi han &, Acremonium, Aspergillus, Fusarium, Humicola, Mucor,
Myceliophthora, Neurospora, Penicillium, Thielavia, Tolypocladium, va Trichoderma
hodc dang sinh san hiru tinh hoic déng nghia cia ching.

Té bao Aspergillus duoc wu tién 1a Aspergillus niger, Aspergillus oryzae hoic
Aspergillus nidulans.

Té bao Aspergillus duoc wu tién nhat 1a Aspergillus nidulans.

Té bao vi sinh vat dugc vu tién theo séng ché 1a t& bao vi sinh vat duoc chon tir
nhém bao gdm té bao ndm men va té bao tién nhan.

Té bao nAm men duoc wu tién 13 t& bao nAm men thudc nganh dugc chon tu
nhém bao gdm Ascomycetes, Basidiomycetes va ndm bét toan. Tt hon 13 t& bao ndm
men thudc nganh Ascomycetes.

Té bao nAm men Ascomycetes duoc uu tién thude gidng dugc chon tir nhom
bao gbém Ashbya, Botryoascus, Debaryomyces, Hansenula, Kluveromyces, Lipomyces,
Saccharomyces, nhu Saccharomyces cerevisiae, Pichia va Schizosaccharomyces.

Té bao nAm men dugc wu tién 1 té bao ndm men thuodc giéng duogc chon tur

nhdm bao gom Saccharomyces, nhu Saccharomyces cerevisiae va Pichia.
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Té bao tién nhan duoc uu tién duoc chon tor nhom bao génr Bacillus,
Streptomyces, Corynebacterium, Pseudomonas, vi khuan axit lactic va té bao E. coli.

Té bao Bacillus dugc wu tién 13 B. subtilis, Bacillus amyloliquefaciens hoic
Bacillus licheniformis.

Té bao Streptomyces dugc wu tién 13 Streptomyces setonii hodc Streptomyces
coelicolor.

Té bao Corynebacterium duge wu tién 1a Corynebacterium glutamicum.

Té bao Pseudomonas duoc wu tién 13 Pseudomonas putida hodc Pseudomonas
[fluorescens.

Gen polyketit syntaza (PKS) ma hoéa octaketit syntaza (OKS) — vi du budce (I)

Bude (I) theo khia canh thi nhét d& cap dén “gen polyketit syntaza (PKS) typ
I1T ma hoa octaketit syntaza (OKS) va trong d6 OKS thudc gidng khéac véi té bao cha”.

Nhu da thao luén & trén va nhu di biét trong linh vuc - octaketit khong khir c6
thé dugc chuyén héa tu phat in vivo thanh hop chat SEK4 va SEK4B (cac cau tric
duoc thé hién trén Fig.2 trong ban mé ta nay — ¢ thé duge goi & déy 1a cac san phém
song song).

Nhu dugc hidu boi ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuat nay —
viéc nhan dién SEK4 va/hodc SEK4B in vivo trong té bao chu tai to hop ching minh
rang octaketit khong khir ¢6 mit in vivo.

Do d6, octaketit syntaza (OKS) typ IIT cta budc (I) ¢6 thé duge dinh nghia la
OKS, ¢6 kha nang san xuét in vitro céc san pham song song thu duoc tir octaketit
SEK4 va/hodc SEK4B.

Thtr nghiém cho phan tich in vitro nay dugc mo ta, vi du, trong vi du thu
nghiém 9 trong bdn mo ta nay.

Nhu di thao ludn & trén, nguoi cé hiéu biét trung binh trong linh vuc k§ thuat s&
biét PKS dic hidu can quan tAm c6 phai 1a PKS typ III hay khong.

Nhu da thao luan & trén, trong giai phap k¥ thuat da biét, mot sé PKS typ III
khéc nhau tir thuc vat, vi khuan va/hogc ndm da duge biét.

Do d6, c6 thé duoc uu tién 1a gen polyketit syntaza (PKS) typ III ctia bude (I) 1a
gen PKS tur thuc vét, vi khuén hodc nim.

Tét hon 13, gen polyketit syntaza (PKS) typ III ctia budce (I) 12 gen PKS tir thuc

vat.
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Néu gen polyketit syntaza (PKS) typ III ctia bude (I) 1a gen PKS tir thuc vat, tot
hon néu thuc vat nay la thuc vat dugc chon tir nhém bao g@)m: Aloe spp. (tét hon la
Aloe arborescens), Hypericum spp. (tbt hon 1a Hypericum perforatum), ciy dai hoang,
kidéu mach va Hawortia spp..

T6t hon 1a thuc vat nay 1a thuc vat dugc chon tir nhom bao g61n: Aloe spp. va
Hypericum spp..

Tét hon nita 13, thuc vat nay la thuc vat dugc chon tir nhom bao gém: Aloe
arborescens va Hypericum perforatum.

Néu gen polyketit syntaza (PKS) typ III cta buée (I) 1a gen PKS tir vi khudn,
t6t hon néu vi khun nay 1a vi khudn dugc chon tir nhém bao gdm: Streptomyces spp.
(t6t hon 14 Streptomyces coelicolor).

Néu gen polyketit syntaza (PKS) typ III cta bude (I) 1a gen PKS tir ndm, t6t
hon néu ndm nay 13 ndm dugc chon tir nhém bao gdm: Acremonium, Aspergillus,
Fusarium, Humicola, Mucor, Myceliophthora, Neurospora, Penicillium, Thielavia,
Tolypocladium, va Trichoderma.

Aspergillus dugc wu tién 1a Aspergillus niger, Aspergillus oryzae hoidc
Aspergillus nidulans.

Aspergillus duge wu tién nhit 1 Aspergillus nidulans.

Nhu da biét trong linh vuc nay, PKS typ I va/hodc PKS typ II ¢6 thé dugc gy
dot bién dé loai bo cac phan tir thich hop (vi du, vi trf hoat dong) dé chuyén n6 thanh
hop chit ma vé mit chire ning dugce xem 1a PKS typ III béi nguoi ¢ hiéu biét trung
binh trong linh vuc k¥ thuét nay. PKS, ma vé mit chiic ning dugc xem 1a PKS typ III
boi ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat, duoc hiéu & day 1a PKS Typ
1.

Nhu da thdo luadn & trén va trong cac vi du thir nghiém & day, cc tac gid sang
ché da biéu hién tai t& hop polyketit syntaza (PKS) octaketit syntaza (OKS) typ III
thuc vat (4loe arborescens va/hoac Hypericum perforatum) trong Aspergillus nidulans
va da xac dinh réng OKS thuc su hoat dong trong vat chu khac loai, tirc 1a octaketit
khong khir dugc tao ra in vivo trong té bao Aspergillus nidulans.

Nhu da théo ludn & day, axit flavokermesic (FK) cling duge x4c dinh trong té

bao Aspergillus nidulans.
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Céc trinh tw OKS Aloe arborescens san c6 cong khai duoc thé hién ¢ dy véi sb
SED ID sau day:

O day duoc goi 1a 4aOKS:SEQ ID NO:6 [S ID ngan hang gen AY567707
(nucleotit seq.) va SEQ ID NO:7: [S6 ID ngan hang gen AAT48709 (polypeptit seq)];

O day dugc goi 14 4aOKS2(PKS4):SEQ ID NO:8 [S6 ID ngan hang gen
FJ536166] (nucleotit seq.) va SEQ ID NO:9 [Sé ID ngin hang gen ARC19997]
(polypeptit seq);

O day dugc goi 1a 4aOKS3(PKS5):SEQ ID NO:10 [Sé ID ngan hang gen
FJ536167] (nucleotit seq.) va SEQ ID NO:11 [S6 ID ngan hang gen ARC19998]
(polypeptit seq);

O day duoc goi 1a AaPKS2 A207G: SEQ ID NO:12 (nucleotit seq.) va SEQ ID
NO:13: (polypeptit seq).

Trinh ty axit amin OKS Hypericum perforatum san cé cong khai dugc thé hién
& day véi sb SED ID sau day:

DPuoc goi ¢ ddy 1a HpPKS2: SEQ ID NO:14 [S ID ngan hang gen HQ529467]
(nucleotit seq.) va SEQ ID NO:15: [S6 ID ngan hang gen AEE69029] (polypeptit seq);

Mtc d6 dong nhat (%) gitra cac PKS typ III & muc axit amin:

AaOKS [ AaPKS2 | AaOKS3 [ HpPKS2 | AaPKS2 A207G
AaOKS - 96,28% | 89,88% | 43,07% | 91,32%
AaOKS2 - 90,12% | 43,81% | 91,07%
AaOKS3 - 4507% | 85,93%
HpPKS2 - 43,56%
AaPKS2 A207G -

C6 thé duge wu tién 13 octaketit syntaza (OKS) & buge (I) theo khia canh tht
nhét 1 OKS chira trinh tu axit amin c6 do déng nhét it nhit 1a 70% (5t hon 1a it nhAt
80%, t6t hon nita 1a it nh4t 90% va thdm chi t&t hon nita 1a it nhit 98%) véi cac axit
amin tir 1 dén 403 cua SEQ ID NO:7.

C6 thé dwoc uu tién 1a octaketit syntaza (OKS) & bude (I) theo khia canh thi
nhit 12 OKS chira trinh ty axit amin c6 do ddng nhét it nhét 1a 70% (5t hon 1a it nhét
80%, t6t hon nita 12 it nhdt 90% va tham chi t6t hon nita 12 it nhit 98%) véi cac axit
amin tir 1 dén 403 ctia SEQ ID NO:9.

C6 thé duoce uu tién 14 octaketit syntaza (OKS) & budc (I) theo khia canh thir
nhét 1a OKS chira trinh tu axit amin ¢6 do ddng nhat it nhat 1a 70% (t6t hon 1a it nhét
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80%, t&t hon nita 1a it nhat 90% va tham chi tét hon nita 1a it nhat 98%) véi cac axit
amin tir 1 dén 405 cua SEQ ID NO:11.

C6 thé duge wu tién 14 octaketit syntaza (OKS) & bude (I) theo khia canh thir
nhit 12 OKS chta trinh tu axit amin c¢6 do ddng nhét it nhat 1a 70% (5t hon 14 it nhét
80%, t&t hon nita 1a it nhat 90% va tham chi t&t hon nita 13 it nhat 98%) vai céc axit
amin tr 1 dén 403 cua SEQ ID NO:13.

C6 thé duoc wu tién 13 octaketit syntaza (OKS) & buée (I) theo khia canh thir
nhit 12 OKS chtra trinh ty axit amin ¢6 do ddng nhét it nhit 12 70% (ot hon 1a it nhat
80%, tbt hon nita 1a it nht 90% va tham chi t&t hon nita 14 it nhit 98%) véi céc axit
amin tir 1 dén 393 cua SEQ ID NO:15.

Bude (I) - chét khéc

Nhu da thao ludn & trén, bude (I) (i) theo khia canh thir nhat 1a: “cac don vi
khoi dong va cac don vi kéo dai thich hop (tiép xtc) véi OKS da dugc dua vio bang
cach tai tb hop c6 kha niang chuyén hoa cac don vi khéi dong va kéo dai thanh
octaketit khong khtr trong céc diéu kién thich hop trong d6 octaketit khong khir dugc
san Xuat in vivo”.

Nhu da thdo ludn & trén, cadc don vi khoi dong va céc don vi kéo dai thich hop
da duoc biét trong linh vuec.

Theo linh vuc k¥ thuét, cac don vi khéi ddng thich hop, vi du, cé thé 1a axetyl-
CoA hodc malonyl-CoA va céc don vi kéo dai thich hgp, vi du, c6 thé 1a malonyl-
CoA.

Viéce xdc dinh céc didu kién sinh trudng thich hop trong d6 octaketit khong khir
duoc san xuét in vivo nhu da biét boi nguoi ¢6 hiéu biét trung binh trong linh vuc k¥
thuat 1a cong viéc thong thudong dbi véi ngudi ¢6 hiéu biét trung binh trong linh vuc k§
thudt, cdc diéu kién sinh trudng thich hop nay thudong s& phu thudc vao té bao chu tai
td hop dugc st dung dac hiéu.

Té bao chu tai té hop va OKS thudc gidng khic nhau

Nhu d3 théo ludn & trén, bude (1) theo khia canh thir nhat 13: “trong té bao chi
tai to hop chtra gen polyketit syntaza (PKS) typ III da dugce dua vao bang céach téi to
hop ma hoa octaketit syntaza (OKS) va trong d6 OKS thudc gidng khéc véi té bao

chu, cho ti€p xuc in vivo”
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Tét nhit ¢ day 1a st dung té bao chu tai t6 hop duoc wu tién nhu di thao ludn
trong ban md ta nay va OKS duoc wu tién thudc gidng khac nhu di thio luén & day.

Vi du, phuong 4n duoc vu tién ¢ ddy dé cap dén phuong 4n, trong do:

- t& bao chu tai td hop 1a t& bao chu dwoc chon tir nhém bao gdm: Aspergillus
(t6t hon 1 Aspergillus nidulans) va Nicotiana sp. (t6t hon 1a Nicotiana benthamiana);
va

- OKS thudc giéng khac voi té bao chu 1a OKS duoc chon tir nhém bao gém:
OKS tir Aloe spp. (t6t hon 1a Aloe arborescens) va Hypericum spp. (t6t hon la
Hypericum perforatum).

Tét hon 13, octaketit syntaza (OKS) tir Aloe spp. 1a:

- OKS chira trinh tu axit amin c6 d6 déng nhét it nhat 12 70% (ot hon 1a it nhét
80%, t6t hon nita 1a it nhat 90% va tham chi tdt hon nita 13 it nhit 98%) véi céc axit
amin tir 1 dén 403 ctia SEQ ID NO:7; hoic

- OKS chira trinh tu axit amin ¢6 d6 déng nhét it nhat 12 70% (ot hon 1a it nhét
80%, t6t hon nita 13 it nhat 90% va tham chi t6t hon nita 13 it nhat 98%) véi cac axit
amin tir 1 dén 403 ctia SEQ ID NO:9; hoic

- OKS chira trinh tu axit amin c¢6 d6 dong nhat it nhat 1a 70% (t6t hon 14 it nhit
80%, tot hon nita 1a it nhit 90% va tham chi t&t hon nita 13 it nhat 98%) véi céc axit
amin tir 1 dén 405 cua SEQ ID NO:11; hoic

OKS chira trinh tu axit amin c6 do ddng nhat it nhat 70% (t6t hon 1a it nhét
80%, t6t hon nita 12 it nhit 90% va tham chi t6t hon nita 13 it nhat 98%) véi cac axit
amin tir 1 dén 403 ctia SEQ ID NO:13.

Tét hon 13, octaketit syntaza (OKS) tir Hypericum spp. 12 OKS chira trinh tu
axit amin c6 do déng nhét it nhat 70% (tét hon 14 it nhat 80%, tot hon nita 1a it nhét
90% va tham chi t&t hon nita 1a it nhit 98%) v&i cdc axit amin tir 1 dén 393 caa SEQ
ID NO:15.

Hop chat aglycon thom can quan tdm — budc (IT) theo khia canh th@ nhat

Nhu da théo luén & trén, bude (II) theo khia canh thr nhit 1a: “chuyén hoéa in
vivo trong t& bao chu tai t6 hop octaketit khong khtr ctia bude (I) thanh hop chét
aglycon thom Ci4-C34 cén quan tdm, trong d6 hop chét aglycon thom cin quan tdm

khong phai 1a SEK4 va/hodc SEK4B”.
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Theo phuong 4n duoc vu tién, hop chét aglycon thom can quan tAm 14 hop chét
aglycon thom Ci4-Cis can quan tim.

Tt hon 1a hop chét aglycon thom can quan tadm 1a it nhét 1a mot hop chit dugc
chon tir nhém bao gdm: hop chét anthraquinon va hop chit anthron.

Trong nhém néu trén, dugc uvu tién 1a hop chat aglycon thom cdn quan tim cta
buée (II) 1a hop chét anthraquinon.

Theo linh vuc k¥ thudt, anthraquinon (con dugc biét 1a anthraquinonoit) 1a
nhém hop chit phenolic dya trén khung 9,10-anthraquinon (xem Fig.4 trong ban md ta
nay).

Vi du va nhu duoc hidu boi ngudi ¢6 hiéu biét trung binh trong linh vuc k¥
thudt, axit flavokermesic (FK) va axit kermesic (KA) 1a céc vi du vé anthraquinon.

Anthron 13 nhém hop chét phenolic dua trén khung anthron (xem fig.4 trong
ban mo ta nay).

Fig.4 thé hién cAu trac hop chit FK antron— tirc 13 vi du vé& hop chét anthron
theo sang ché.

Tt hon 13, hop chét aglycon thom can quan tim 14 hop chit aglycon thom Cie
can quan tam.

Theo phuong 4n duoc wu tién, hop chét aglycon thom Cis cdn quan tAm 1a axit
flavokermesic (FK) hodc axit kermesic (KA).

Nhu da thao luén & trén, su chuyén héa trong bude (II) ctia octaketit khong khir
thanh hop chit aglycon thom Ci4-Csa (6t hon 1a C14-Cis) cin quan tAm thuong dugc
thuc hién bang sy tham gia cia céc enzym sau PKS thich hop (vi du, aromataza
va/hodc xyclaza) ¢6 mit in vivo trong té bao chu.

Do d6, ¢6 thé 1a tdt hon, néu su chuyén héa in vivo trong budc (II) cua phuong
phép theo khia canh tht nhét cta octaketit khong khir thanh hop chét aglycon thom
C1-C3s cdn quan tdm dugc thuc hién nhd sy tham gia cia it nhit mot
aromataza/xyclaza.

Tét hon 13, ndé dugc thuc hién nhd su tham gia cua it nhit mot
aromataza/xyclaza hoat ddng in trans (khong phu thudc enzym PKS).

C6 thé 1a tét hon, néu bude (IT) cia phuong phap theo khia canh thir nhét l1a:

(I): chuyén hoéa in vivo trong té bao chu tai t& hop octaketit khong khir ctia

buge (I) thanh hop chit aglycon thom cin quan tim, trong d6 su chuyén héa in vivo
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ctia octaketit khong khir thanh hop chét aglycon thom cén quan tAm dugc thuc hién
nhd su tham gia cta it nhit mot aromataza/xyclaza hoat dong in trans (khong phu
thudc enzym PKS) va trong d6 aromataza/xyclaza 1a tir ndm hodc vi khuan va khac
loai véi té bao chu tai td hop va tir gidng khac véi PKS.

SEQ ID NO: 17 trong ban md ta ndy 1a trinh ty amino sin c¢6 cong khai cua
Streptomyces Zhul aromataza/xyclaza (SO truy cdp ngan hang gen AAG30197) va
SEQ ID NO: 19 trong ban md ta nay la trinh tw amino sin c6 cong khai cua
Streptomyces Zhul aromataza/xyclaza (S6 truy cip ngan hang gen AAG30196) (xem
vi du tai liéu duoc thao luan & day cia Tang, Y. et al (2004)).

Nhu da thdo luan & dudi, cac aromataza/xyclaza nay dugce st dung thanh cong
trong céac vi du thir nghiém & day.

C6 thé 1a t6t hon, néu aromataza/xyclaza 13 aromataza/xyclaza chira trinh tu
axit amin c¢6 do dong nhat it nhit 70% (5t hon 1a it nhit 80%, t6t hon nita 1a it nhit
90% va tham chi tdt hon nita 1a it nhit 98%) véi cac axit amin tir 1 dén 169 ctia SEQ
ID NO:17.

C6 thé 1a t6t hon, néu aromataza/xyclaza 1a aromataza/xyclaza chira trinh tu
axit amin c6 do dong nhét it nhat 70% (t6t hon 1a it nhit 80%, t6t hon nita 13 it nhét
90% va tham chi ot hon nita 12 it nhit 98%) vé6i cac axit amin tir 1 dén 256 cia SEQ
ID NO:19.

Hop chat glycosit thom can quan tdm — budc (III) theo khia canh th@ nhat

Nhu d3 thao ludn & trén, thy ¥ bude (III) theo khia canh thir nhét 1a: “té bao chu
tai to hop ciing chira gen glycosyltransferaza ma hoa glycosyltransferaza va hop chét
aglycon thom can quan tim duoc san xuét trong bude (I) dugc glycosyl hoa in vivo
bang glycosyltransferaza dé san xuét hop chét glycosit thom C14-C4 can quan tam”.

C6 thé 12 tét hon, néu bude (1) nay duogc thue hién (tic 13, khong tiy ¥).

Theo phuong an dugc wu tién, hop chit glycosit thom c¢in quan tdm 1a hop chét
glycosit thom C14-C1g can quan tam.

Nhu dugc hiéu boi ngudi ¢ hiéu biét trung binh trong linh vue k§ thuat nay —
hop chat aglycon thom duoc wu tién can quan tAm ctia bude (II) ¢6 thé dugce chuyén
héa thanh hop chét glycosit thom duoc wu tién can quan tim twong tng & bude (I11).

Tét hon 1 hop chét glycosit thom cin quan tim 1 it nhéat 1a mot hop chit dwoc

chon tir nhém bao gdm: hop chit anthraquinon, hop chét anthron.
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Trong nhém néu trén, tét hon néu hop chit glycosit thom cén quan tdm cia
bude (II1) 1a hop chét anthraquinon.
Vi du va nhu da hiéu boi ngudi ¢6 hiéu biét trung binh trong linh vuc k¥ thuat -
Decll va axit carminic (CA) 1a cac vi du vé anthraquinon.
Tt hon 13, hop chét glycosit thom can quan tdm 12 hop chét glycosit thom Cig
can quan tAm.
Theo phuong 4n dugc uu tién, hop chit glycosit thom Cis can quan tdm 1a
glycosit cua axit flavokermesic hodc glycosit cia axit kermesic.
Theo phuong &n dugc uu tién, glycosit ctia axit flavokermesic 1a Dcll.
Theo phuong &n dugc wu tién, glycosit ctia axit kermesic la axit carminic (CA).
Glycosyltransferaza (GT) ctia bude (III) ¢6 thé, vi dy, 1a GT duoc md ta & day
tr Dactylopius coccus.
Theo cach khéc, n6 co thé, vi du, 1a céc glycosyltransferaza dugc thao ludn &
day tu cay Aloe, cay Haworthia, cay Sorghum va/hoac laa.
Tét hon 13, glycosyltransferaza 12 glycosyltransferaza polypeptit ¢6 kha ning:
(I): lién hop glucoza dugc hoat hdéa bdi nucleotit véi axit flavokermesic
(FK); va/hoac
(II): lién hop glucoza dugc hoat hda bdi nucleotit voi axit kermesic (KA).
Trinh tu polynucleotit ma héa Dactylopius coccus costa glycosyltransferaza
ma&i duge phan lap/tach dong dugc mo ta & day duoc thé hién trong SEQ ID NO: 1 &
day va trinh tu axit amin polypeptit dugc thé hién trong SEQ ID NO: 2 & day.
Enzym glycosyltransferaza theo sang ché ciia SEQ ID NO: 2 ¢6 thé duoc goi &
day 1a “DcUGT2”.
Do d6, c6 thé dugc wu tién 1a glycosyltransferaza 1a glycosyltransferaza
polypeptit c6 kha nang:
(I): lién hop glucoza dugc hoat hda bdi nucleotit véi axit flavokermesic
(FK); va/hodc
(I1): lién hop glucoza dugc hoat hda bdi nucleotit véi axit kermesic (KA);
va trong d6 glycosyltransferaza polypeptit 13 it nhdt mét polypeptit duoc chon
tir nhém bao gbém:
(a) polypeptit chira trinh tu axit amin c6 do ddng nhét it nhit 70% vé6i céc
axit amin tir 1 dén 515 ctia SEQ ID NO:2;
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(b) polypeptit chira trinh tu axit amin c¢6 do ddng nhét it nhat 70% vé6i cac
axit amin tir 1 dén 468 ctia SEQ ID NO:2;

(c) polypeptit ma dugc ma héa bédi polynucleotit lai trong cac didu kién
nghiém ngit it nhit 13 trung binh véi (i) cac nucleotit tir 1 dén 1548 ciua SEQ ID
NO:1 hoic (ii) chudi bd sung cia (i); va

(d) manh cta cac axit amin tir 1 dén 515 cta SEQ ID NO:2, c¢6 hoat tinh
glycosyltransferaza nhu dugc md ta & (I) va/hoac (II).

Phuong an duoc uu tién dé cap dén phuong an, trong d6 glycosyltransferaza
polypeptit la:

(a) polypeptit chtra trinh ty axit amin ¢6 do ddng nhat it nhat 80% vdi cac
axit amin tir 1 dén 515 cua SEQ ID NO:2; tbt hon nita 12

(a) polypeptit chira trinh tu axit amin ¢6 do dong nhét it nhit 90% véi cac
axit amin tir 1 dén 515 ctia SEQ ID NO:2; thdm chi tdt hon nita 1a

(a) polypeptit chira trinh tu axit amin c6 do ddng nhit it nhit 95% véi cac
axit amin tir 1 dén 515 ctia SEQ ID NO:2; va tbt nhit 1a

(a) polypeptit chtra trinh tu axit amin c¢6 d6 dong nhat it nhit 98% vdi cac
axit amin tir 1 dén 515 ctia SEQ ID NO:2.

C6 thé duoc uu tién 1a glycosyltransferaza polypeptit theo khia canh tht nhét 13
polypeptit chia trinh ty axit amin véi c4c axit amin tir 1 dén 515 cua SEQ ID NO:2.

Nhu d4 thao luan trong ban mo ta nay, s6 liéu/két qua da xac dinh cta vi du thu
nghi¢m 4 thé hién réng cac enzym GT theo sang ché c6 thé duoc nhén dién, vi du,
trong Sorghum va cay lta.

Trinh tu polypeptit Sorghum (s6 ID ngin hang gen: AAF17077.1) dugc thé
hién dudi dang SEQ ID NO: 4 ¢ day.

Trinh tu polypeptit ctia Itia (s6 ID ngan hang gen: CAQ77160.1) dugc thé hién
dudi dang SEQ ID NO: 5 ¢ day.

C6 thé thich hop 1a glycosyltransferaza 1a glycosyltransferaza chira trinh ty axit
amin c6 do dong nhét it nhit 70% (t6t hon 1a it nhat 80%, tot hon nira 14 it nhat 90% va
tham chi t&t hon nita 12 it nhit 98%) véi cac axit amin tir 1 dén 492 caa SEQ ID NO:4.

C6 thé thich hop 1a glycosyltransferaza 13 glycosyltransferaza chia trinh tu axit
amin c6 do dong nhat it nhat 70% (t6t hon 1a it nhat 80%, t6t hon nita 1a it nhat 90% va
tham chi tt hon nita 13 it nhat 98%) vé6i cac axit amin tir 1 dén 471 cta SEQ ID NO:5.
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Theo cach khac, céc glycosyltransferaza ciing c6 thé 1a glycosyltransferaza tir
cay Haworthia.

Phan 1ap hop chat thom cin quan tim — budc (IV)

Nhu da thdo luan ¢ trén, budc (IV) theo khia canh thur nhét 1a: “phan 1ap hop
chit aglycon thom can quan tim cta budc (IT) va/hodc phan 1ap hop chéit glycosit
thom cdn quan tdm cta buge (III) dé thu duoc ché pham, trong d6 ché pham nay chia
it hon 1% khéi lwong/khdi lwong chit kho ca vat lidu té bao chu tai td hop.

Trong ngit canh ndy, ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuét
thudng biét cach phan 1ap hop chit thom cin quan tdm dic hiéu theo sang ché lién
quan dén budce (IV), tirc 13, khong can phai thao ludn chi tiét hon vé van dé nay.

Theo phuong é4n dugc uu tién cia phuong phép nhu duoc md ta ¢ day, trong do
ché phim da phén lap & bude (IV) chtra hop chét glycosit thom cin quan tAm va trong
d6 hop chit glycosit thom can quan tdm 14 glycosit ciia axit flavokermesic (t6t hon 1a
Dcll) va/hoidc glycosit cia axit kermesic (5t hon 1a axit carminic (CA)).

C6 thé 6t hon, néu c6 ché phém tuong dbi tinh khiét, do do6 c6 thé 1a tét hon,
néu ché phidm nay chuta it nhat 10% khéi lwong/khdi lwong chit kho cta hop chét
thom can quan tAm va trong d6 ché phdm nay chia it hon 0,5% khéi lwong/khdi luong
chat kho ctia vat liéu té bao chii tai t6 hop; hodc ché pham nay chira it nhat 50% khdi
luong/khdi luong chét khé ctia hop chit thom cin quan tdm va trong d6 ché phidm nay
chira it hon 0,1% khdi lugng/khdi luong chét kho cua vt liéu té bao chi tai td hop.

Néu trong buée (IV) thu duoc ché pham chtra hop chit aglycon thom cin quan
tam da duogc phan lap (vi dy, axit flavokermesic (FK) hodc axit kermesic (KA)),
phwong phap theo khia canh thir nhat c¢6 thé bao gdm budc bd sung:

(IVa): glycosyl hoa hop chit aglycon thom can quan tim dé san xudt hop chat
glycosit thom cin quan tam.

Budc nay c6 thé duoc thue hién bang quy trinh téng hop héa hoc theo linh vuc
nay.

Theo cach khac, né c6 thé duge thuc hién béng cach st dung
glycosyltransferaza ¢6 kha ning glycosyl hoa aglycon trong cac didu kién thich hop,

trong d6 aglycon glycosit dugc san xuit ra.
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Mot phuong 4n cua sang ché dé cép 1a hop chat aglycon thom cin quan tim clia
ché phém duoc phén ldp ctia budc (IV) la axit flavokermesic (FK) va/hodc axit
kermesic (KA) va phuong phap theo khia canh thir nhat bao gdm budce bo sung la:

(IVa) cho tiép xuc:

(al): axit flavokermesic (FK) v6i glycosyltransferaza ¢6 kha nang glycosyl
héa axit flavokermesic trong cac diéu kién thich hop, trong d6 glycosit clia axit
flavokermesic duoc san Xuét ra; va/hodc

(a2): axit kermesic (KA) voi glycosyltransferaza cé kha ning glycosyl hoa
axit kermesic trong cdc diéu kién thich hop, trong d6 glycosit clia axit kermesic
duoc san xuit ra.

Theo phuong an dugc wu tién, glycosit cta axit flavokermesic 1a Dcll.

Theo phuong an dugc uu tién, glycosit cla axit kermesic 1a axit carminic (CA).

Nhu da thao ludn & day, glycosyltransferaza (GT) ciia bude nay c6 thé, vi du, 1a
GT duoc md ta & day tur Dactylopius coccus.

Theo cach khéc, no cé thé 14, vi du, glycosyltransferaza dugc thdo lun & day tr
cay Aloe, cdy Haworthia, Sorghum va/hodc cdy lua.

Céc khia canh va phuong an dugc uu tién-trong ngon ngit/dang yéu ciu bao ho

(Céc) khia canh dugc md ta & day va cac phuong an dugc uu tién cia ching c6
thé dugc trinh bay trong ngdn ngit/dang yéu cau bao hd. Viéc nay duge thuc hién dudi
day dbi voi mot sé khia canh dugc mo ta & day va cac phuwong dn dugc wu tién cla
chung.

1. Phuong phép san xudt hop chit thom thu dugc tir octaketit cdn quan tam,
trong d6 phuong phép nay bao gdm céc bude sau:

(I): trong t& bao chu tai td hop chira gen polyketit syntaza (PKS) typ III da duoc
dwa vao bang céch tai td hop ma hoa octaketit syntaza (OKS) va trong d6 OKS thudc
gidng khac véi té bao chu, cho tiép xtic in vivo:

(i): don vi khéi dong va don vi kéo dai thich hop véi OKS da duge dua vao
bang cach tai t6 hop c¢6 kha ning chuyén hoa don vi khoi dong va kéo dai thanh
octaketit khong khir trong céc diéu kién thich hop ma trong d6 octaketit khong khir

duoc san xuat ra; va
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(ID): chuyén hoa in vivo, trong té bao chi téi td hop, octaketit khong khir clia |
buéc (I) thanh hop chét aglycon thom Ci4-Css can quan tadm, trong d6 hop chat
aglycon thom can quan tim khong phai 1a SEK4 va/hoic SEK4B; va

(IID): tiy ¥, té bao chi tai to hop con chira gen glycosyltransferaza méa héa
glycosyltransferaza va hop chét aglycon thom d3 san xuit & buge (II) cin quan tim
dugc glycosyl hod in vivo bdi glycosyltransferaza dé san xudt ra hop chét glycosit
thom C14-C34 can quan tim; va

(IV): phan 14p hop chét aglycon thom can quan tAm ctia bude (II) va/hodc phan
leflb hop chét glycosit thom cin quan tAm ctia budce (I11) dé thu dugc ché pham, trong
d6 ché pham nay chia it hon 1% khéi luong/khdi lwgng chét khd cua vat ligu té bao
chu tai t6 hop.

2. Phuong phép theo diém 1, trong d6 té bao chu tai t6 hop 1a té bao thuc vat, té
bao nim soi, té bao ndm men hodc té bao tién nhan.

3. Phuong phap theo diém 2, trong d6 té bao chu tai td hop 12 té bao thuc vat.

4. Phuong phép theo diém 3, trong do té bao thuc vat 1a té bao thuc vét duoc
chon tir nhém bao gém: Nicotiana sp. (vi du, té bao Nicotiana benthamiana); cdy dai
hoang, kiéu mach, Hypericum va Aloe sp.

5. Phuong phap theo diém 4, trong d6 té bao thuc vat 1a Nicotiana sp.

6. Phuong phap theo diém 5, trong d6 t& bao thuc vat 1a Nicotiana
benthamiana.

7. Phuong phap theo diém 2, trong d6 té bao chu tai td hop 12 t& bao ndm soi.

8. Phuong phap theo diém 7, trong d6 té bao ndm soi 1a Acremonium,
Aspergillus, Fusarium, Humicola, Mucor, Myceliophthora, Neurospora, Penicillium,
Thielavia, Tolypocladium, hodc Trichoderma.

9. Phuong phap theo diém 8, trong d6 té bao ndm soi 12 té bao Aspergillus.

10. Phuong phép theo diém 9, trong d6 té bao Aspergillus 13 Aspergillus niger,
Aspergillus oryzae hodc Aspergillus nidulans.

11. Phuong phép theo diém 10, trong d6 té bao Aspergillus 13 Aspergillus
nidulans.

12. Phuong phép theo diém bit ky trong sb cac diém néu trén, trong d6 gen
polyketit syntaza (PKS) typ III cta budc (I) la gen PKS tir thyc vat, vi khuin hozc

nam.

-38-



35109

13. Phuong phap theo diém 12, trong d6 gen polyketit syntaza (PKS) typ III cta
bude (I) 1a gen PKS tr thue vat.

14. Phuong phép theo diém 13, trong d6 thyc vat nay 1a thuc vat duge chon tir
nhém bao gém: Aloe spp. (t6t hon 13 Aloe arborescens), Hypericum spp. (t6t hon 1a
Hypericum perforatum), cdy dai hoang, kiéu mach va Hawortia spp.

15. Phuong phép theo diém 14, trong d6 thuc vat nay la thuc vat duoc chon tur
nhom bao gébm: Aloe spp. va Hypericum spp.

16. Phuong phap theo diém 15, trong d6 thuc vat nay la thuc vat dugc chon tur
nhém bao gdm: Aloe arborescens va Hypericum perforatum.

17. Phuong phép theo diém 13, trong d6 octaketit syntaza (OKS) & buéc (1)
theo diém 1 1a OKS chua trinh tu axit amin c6 do ddng nhét it nhat 1a 70% (t6t hon 1a
it nhat 80%, t6t hon nita 1a it nhat 90% va tham chi t&t hon nita 13 it nhit 98%) véi cac
axit amin tr 1 dén 403 ctia SEQ ID NO:7.

18. Phuong phép theo diém 13, trong d6 octaketit syntaza (OKS) & budce (I)
theo diém 1 13 OKS chtra trinh tu axit amin c6 do déng nhét it nhat 1a 70% (tét hon la
it nhat 80%, tot hon nita 1 it nhat 90% va tham chi t&t hon nita 1a it nhat 98%) v&i cac
axit amin tir 1 dén 403 cta SEQ ID NO:9.

19. Phuong phép theo diém 13, trong d6 octaketit syntaza (OKS) & budce (I)
theo diém 1 1a OKS chira trinh tw axit amin c6 do ddng nhét it nhét 12 70% (t6t hon 1a
it nhat 80%, tot hon nita 1 it nhat 90% va tham chi tot hon nita 12 it nhat 98%) véi cac
axit amin tr 1 dén 405 ctia SEQ ID NO:11.

20. Phuong phép theo diém 13, trong d6 octaketit syntaza (OKS) & budc (I)
theo diém 1 12 OKS chtra trinh ty axit amin c6 do ddng nht it nhit 12 70% (&t hon 1a
it nhit 80%, t6t hon nita 1a it nhit 90% va thdm chi t&t hon nita 14 it nhat 98%) v&i cac
axit amin tir 1 dén 403 cta SEQ ID NO:13.

21. Phuong phap theo diém 13, trong d6 octaketit syntaza (OKS) & bude (I)
theo diém 1 1a OKS chira trinh ty axit amin ¢6 d0 dong nhét it nhét 1a 70% (t6t hon 1a
it nhat 80%, t&t hon nita 1 it nhat 90% va tham chi t&t hon nita 12 it nhat 98%) véi cac
axit amin tir 1 d&én 393 ctia SEQ ID NO:15.

22. Phuong phap theo diém bét ky trong sb cac diém néu trén, trong d6 don vi

khdi ddng thich hop 1a axetyl-CoA va/hodc malonyl-CoA.
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23. Phuong phap theo diém bét ky trong sb cac diém néu trén, trong d6 cac don
vi kéo dai thich hgp 1a malonyl-CoA.

24. Phuong phap theo diém bt ky trong sd cac diém néu trén, trong dé:

- t& bao chu tai td hop 14 té bao chu dwoc chon tir nhém bao gém: Aspergillus
(tSt hon 1a Aspergillus nidulans) va Nicotiana sp. (t6t hon 13 Nicotiana benthamiana);
va

- OKS thudc gidng khéc véi té bao chu 1a OKS duge chon tir nhém bao gdm:
OKS tir Aloe spp. (t6t hon 1a Aloe arborescens) va Hypericum spp. (t6t hon 13
Hypericum perforatum,).

25. Phuong phép theo diém bét ky trong s6 cac diém néu trén, trong d6 hop
chit aglycon thom cin quan tdm 1 hop chét aglycon thom C1s-Ciscén quan tAm.

26. Phuong phép theo diém 25, trong d6 hop chét aglycon thom cdn quan tim
1a it nhat mot hop chat dugc chon tir nhém bao gbdm: hop chét anthraquinon va hop
chit anthron.

27. Phuong phép theo diém 26, trong d6 hop chét aglycon thom can quan tim
la anthraquinon va anthraquinon 1a axit flavokermesic (FK) hodc axit kermesic (KA).

28. Phuong phap theo diém 25, trong d6 hop chat aglycon thom cin quan tim
14 hop chét aglycon thom Cis can quan tAm.

29. Phuong phép theo diém 28, trong d6 hop chét aglycon thom Cie can quan
tam 1a axit flavokermesic (FK) hodc axit kermesic (KA).

30. Phuong phap theo diém bét ky trong s6 cac diém néu trén, trong d6 su
chuyén héa in vivo trong buéc (II) theo diém 1 cta octaketit khong khir thanh hop chit
aglycon thom C1s-Cs4 cdn quan tAm dugc thuc hién nhd sy tham gia cua it nhat mot
aromataza/xyclaza.

31. Phuong phép theo diém 30, trong d6 su chuyén hoéa in vivo trong budc (1)
theo diém 1 cua octaketit khong khir thanh hop chat aglycon thom Ci4-Css can quan
tam dugc thuc hi€n nho sy tham gia cia it nhéat mot aromataza/xyclaza hoat dong in
trans (khong phu thudc enzym PKS).

32. Phuong phap theo diém 31,

trong d6 aromataza/xyclaza nay la aromataza/xyclaza chtra trinh ty axit amin ¢6

do ddng nhit it nhat 70% (t6t hon 14 it nhit 80%, t6t hon nita 13 {t nhat 90% va thgm
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chi t&t hon nita 12 it nhit 98%) véi cdc axit amin tir 1 dén 169 cia SEQ ID NO:17
(Streptomyces Zhul); va/hodc

trong d6 aromataza/xyclaza nay la aromataza/xyclaza chira trinh ty axit amin c6
d6 ddng nhat it nhat 70% (t6t hon 1a it nhat 80%, tot hon nira 1a it nhat 90% va tham
chi t6t hon nita 1a it nhit 98%) véi cac axit amin tir 1 dén 256 ciia SEQ ID NO:19
(Streptomyces Zhul).

33. Phuong phép theo diém bét ky trong s6 cac diém néu trén, trong d6 budc
(IIT) duoc thuc hién (nghia 1a, khong tuy y) — nghia la, trong d6 budc (III) la: té bao
chu tai t& hop con chira gen glycosyltransferaza ma héa glycosyltransferaza va hop
chit aglycon thom can quan tim dugc sin xuét trong bude (II) duoc duge glycosyl hoa
in vivo boi glycosyltransferaza dé san xudt hop chit glycosit thom C14-Css cin quan
tam.

34, Phuong phap theo diém 33, trong d6 hop chit glycosit thom cin quan tdm
1a hop chét glycosit thom Ci4-C1s cin quan tam.

35. Phuong phap theo diém 34, trong d6 hop chét glycosit thom can quan tdm
14 hop chét glycosit thom Ci6 cdn quan tam.

36. Phuong phéap theo diém 35, trong d6 hop chit glycosit thom Cig can quan
tam 1a glycosit cua axit flavokermesic hodc glycosit ctia axit kermesic.

37. Phuong phép theo diém 36, trong d6 hop chét glycosit thom Cie can quan
tam 1a glycosit cia axit flavokermesic va glycosit cua axit flavokermesic la DcIl.

38. Phuong phap theo diém 36, trong d6 hop chét glycosit thom Ci¢ cin quan
tam 1a glycosit cua axit kermesic va glycosit clia axit kermesic 1a axit carminic (CA).

39. Phuong phép theo diém bat ky trong céc diém tir 33 dén 38, trong d6
glycosyltransferaza (GT) cta bude (III) 1a GT tr Dactylopius coccus, GT tir cac ciy
Aloe, GT tir cac cay Haworthia, GT tu cay Sorghum hodc GT tur cay lua.

40. Phuong phap theo diém 36, trong d6 glycosyltransferaza (GT) la
glycosyltransferaza polypeptit cé kha nang:

(I): lién hop glucoza dugc hoat héa bdi nucleotit véi axit flavokermesic
(FK); va/hodc
(IT): lién hop glucoza dugc hoat hda badi nucleotit voi axit kermesic (KA).
41. Phuong phap theo diém bit ky trong cic diém tir 33 dén 40, trong d6

glycosyltransferaza 1a glycosyltransferaza polypeptit c6 kha nang:
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(I): lién hop glucoza dugc hoat héa bdi nucleotit véi axit flavokermesic
(FK); va/hoac
(II): lién hop glucoza dugc hoat hoa bdi nucleotit voi axit kermesic (KA);

va trong d6 glycosyltransferaza polypeptit 1a it nhdt mot polypeptit duge chon
tir nhém bao gom:

(a) polypeptit chtra trinh ty axit amin c6 do ddng nhit it nhat 70% véi cac
axit amin tir 1 dén 515 ctia SEQ ID NO:2;

(b) polypeptit chira trinh tu axit amin c6 do dong nhat it nhat 70% vdi cac
axit amin tr 1 dén 468 cua SEQ ID NO:2;

(¢) polypeptit ma dwoc ma hoa bodi polynucleotit lai trong cac diéu kién
nghiém ngit it nhit 12 trung binh véi (i) cac nucleotit tir 1 dén 1548 ctia SEQ ID
NO:1 hodc (ii) chudi bd sung cta (i); va

(d) manh cta céc axit amin tir 1 dén 515 cia SEQ ID NO:2, c6 hoat tinh
glycosyltransferaza nhu dugec mo ta & (I) va/hodc (II).

42. Phuong phap theo diém bat ky trong cac diém tir 33 dén 40, trong d6
glycosyltransferaza 14 glycosyltransferaza chtra trinh tu axit amin c¢6 do ddng nhét it
nhat 70% (6t hon 1a it nhit 80%, t&t hon nita 12 it nhat 90% va tham chi t6t hon nita 1a
it nhat 98%) v&i céc axit amin tir 1 dén 492 ctia SEQ ID NO:4.

43. Phuong phap theo diém bét ky trong cac diém tir 33 dén 40, trong do
glycosyltransferaza 1a glycosyltransferaza chira trinh tu axit amin c6 do dong nhét it
nhat 70% (6t hon 1a it nhat 80%, t&t hon nita 13 it nhat 90% va tham chi tot hon nita 1a
it nhit 98%) véi cac axit amin tir 1 dén 471 cia SEQ ID NO:S.

44. Phuong phap theo diém bit ky trong cac diém tir 33 dén 43, trong d6 ché
phim da phan 14p & bude (IV) chira hop chét glycosit thom cin quan tAm va trong do
hop chét glycosit thom cin quan tdm 1a glycosit cia axit flavokermesic (t6t hon 1a
DclI) va/hodc glycosit cia axit kermesic (t6t hon 12 axit carminic (CA)).

45. Phuong phép theo diém 44, trong d6 hop chét glycosit thom cin quan tim
la glycosit cua axit flavokermesic va glycosit cua axit flavokermesic 1a Dcll.

46. Phuong phép theo diém 44, trong d6 hop chét glycosit thom can quan tAm
la glycosit cia axit kermesic va glycosit cua axit kermesic 1a axit carminic (CA).

47. Phuong phép theo diém bat ky trong sd céc diém néu trén, trong do ché

pham duoc phan l4p trong bude (IV) theo diém 1 chira it nhit 10% khdi lwong/khdi
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luong chit kho cia hop chit thom can quan tAm va trong d6 ché phdm nay chua it hon
0,5% khéi lugng/khdi luong chit kho cua vat liéu té bao chu tai td hop.

48. Phuong phap theo diém bét ky trong s cac diém néu trén, trong d6 trong
buge (IV), thu duge ché phdm chira hop chat aglycon thom dugc phén 1ap can quan
tam (vi du, axit flavokermesic (FK) hodc axit kermesic (KA)) va phuong phap nay bao
gbm thém budc:

(IVa): glycosyl hoa hop chét aglycon thom cdn quan tm dé san xuit hop chét
glycosit thom cén quan tam.

49. Phuong phap theo diém 48, trong d6 budc glycosyl hoa hop chat aglycon
thom can quan tdm duoc thuc hién bang cach sir dung glycosyltransferaza c6 kha ning
glycosyl hda aglycon trong céc didu kién thich hop, trong d6 aglycon glycosit dugc
san Xudt ra.

| 50. Phuong phéap theo diém 49, trong dé hop chét aglycon thom cén quan tdm
cta ché phdm dugce phan lap ctia bude (IV) 1a axit flavokermesic (FK) va/hodc axit
kermesic (KA) va phuong phép theo khia canh thi nhét bao gbm thém budc:

(IVa): cho tiép xuc:

(al): axit flavokermesic (FK) véi glycosyltransferaza c6 kha nang glycosyl
héa axit flavokermesic trong cac didu kién thich hop, trong dé glycosit ctia axit
ﬂ%wokermesic duoc san xudt ra; va/hodc

(a2): axit kermesic (KA) voi glycosyltransferaza c¢6 kha ning glycosyl hoa
axit kermesic trong cac diéu kién thich hop, trong d6 glycosit cla axit kermesic
duoc san XUt ra.

51. Phuong phap theo diém bat ky trong cic diém tir 48 dén 50, trong do6
glyc’bsit cua axit flavokermesic 1a Dcll.

52. Phuong phép theo diém bt ky trong cac diém tir 48 dén 50, trong d6
glyc’bsit cua axit kermesic 1a axit carminic (CA).

53. Phuong phép theo diém bét ky trong cac diém truée, trong d6 t€ bao chi téi
t6 hop theo diém 1 1a té bao chu tdi td hop dang sinh truéng va budce (I) va budce (II)
theo diém 1 1a:

(I): trong té bao chu tai to hop dang sinh trudng chita gen polyketit syntaza
(PKS) typ III da dugc dua vao bang cach tai to hop ma hoa octaketit syntaza (OKS) va

trong d6 OKS thudc gidng khac véi té bao chu, cho tiép xuc in vivo:

-43-



35109

(i): don vi khéi dong va don vi kéo dai thich hop v6i OKS da dugce dua vao
bing cach tai td hop c6 kha ning chuyén héa don vi khoi dong va kéo dai thanh
octaketit khong khtr trong céc diéu kién sinh truéng thich hop, trong d6 octaketit
khong khtr dugc san xuét in vivo; va

(I1): chuyén hoa in vivo, trong té bao chu tai to hop dang sinh trudng, octaketit
khong khtr ctia bude (I) thanh hop chét aglycon thom Cis-Css can quan tim, trong d6
hop chét aglycon thom can quan tim khong phai 1a SEK4 va/hodc SEK4B.

Vi du thue hién sang ché

Thong tin vé trinh tu thich hop ¢o thé duoc tim théy trong tai licu Danh muc
trinh ty dwoc cung cip trong ban mod ta nay

Vidu 1 — Tach dong D. coccus GT va thir nghiém hoat tinh FK va KA cta né

Vit licu va phuong phéap

Tinh ché ADN va mARN

Dactylopius coccus ddong lanh tuoi (thu duoc tir Lanzarote). Porphyrophora
polonica ddong lanh tuoi thu duge tir Ba Lan. Con trung dong lanh dugc nghién thanh
bot trong nito 10ng va ADN/ARN duge tinh ché: ADN dugc tinh ché bing céch sur
dung bd kit DNeasy Blood & Tissue (Qiagen), theo phuong phap chuan cua nha cung
cép. ARN dugc tinh ché bang cach st dung bo kit mini RNeasy (Qiagen) theo phuong
phap chuin ctia nha cung cap.

mARN ctia t& bao nhan chuén duoc chuyén thanh cADN bang cach str dung bo
kit RT? Easy First Strand (Qiagen) theo phuong phép chudn cta nha cung cip bing
cach st dung k¥ thuat mdi poly-dT cta phan tng transcriptaza nguoc.

Giaéi trinh tuy ADN va ARN:

ADN va cADN duogc giri di dé giai trinh tu tai BGI (Shenzen, Trung Québc) dé
gi4i trinh ty biang cach st dung cong nghé Illumina diu cing tao cip 100 bp theo
phuong phép chudn cia Illumina & d6 quét khoang 60-100X va két qua theo dinh dang
dir liéu fastq.

Phén tich trinh tu ADN va ARN/cADN:

Trinh tu fastq thu dugc cia ADN va ARN/cADN dugc nhdp vao Genomic
Workbench phién ban 5.4 (CLC-bio, Arhus, Pan Mach) va duoc lap rap bang cach st
dung thuét toan lip rap de novo thanh cac contig. Tép két qua duoc xuit ra ¢ dinh

dang FASTA.
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Tép FASTA vé ARN/cADN sau d6 dugc nhap vao IOGMA v. 10 (Genostar,
Grenoble, Phap) va cac gen gid dinh dugc xac dinh bing céach str dung “thiét bi do gen
clia té bao tién nhan dya trén md hinh Markov-Matrix an.

Cac gen gia dinh dugc cha thich bang cach st dung BLAST (basic local
alignment sequence tool: cong cu sip xép thang hang trinh ty khu tr co ban) dwa vao
ngan hang gen (NCBI) bang cach st dung ca trinh tu nucleotit lam trinh tu protein
duoc dich ma. Cac gen gia dinh ciing duge chi thich bang cach so sdnh do twong ddng
v6i co s& dir liéu PFAM cua ho protein.

Tao cac doan protein tir D. coccus

Ba gam con trung D. coccus tuoi dugce ddng nhét hoa trong 120mL chat dém
phén 14p [sucroza 350mM, Trixin 20mM (do pH = 7,9), NaCl 10mM, DTT 5mM,
PMSF 1mM) chtta 0,3g polyvinylpolypyrolidon. Dich dong nhat dugc loc qua vai
nylon (mét ludi 22um) va duoc ly tim trong (10 phut, 10000 x g ¢ nhiét do 4°C). Phan
dich ndi trén bé mat duge ly tm (1 gid, 105000xg, & nhiét do 4°C), thu duge phin
protein hoa tan va phin protein lién két mang. Phan protein hoa tan dwgc cd thanh
ImL va dugc trao ddi chit dém vé6i Trixin 20mM (d6 pH = 7,9), DTT 5mM bang cich
st dung thiét bi Amicon ultrafugation-3K (Millipore). Pelet protein lién két mang
duoc rira 3 14n bang cach tao huyén phu lai pelet ndy trong 60mL Trixin 20mM (do pH
=7,9), DTT 5mM béng cach st dung chdi quét son 16ng chdn sau d6 1a ly tam lai.
Pelet protein lién két mang cudi ciing dugc tao huyén phu lai trong 1mL Trixin 20mM
(d0 pH =17.9), DTT SmM. Phén protein hoa tan va phan protein lién két mang dugc
phén tich vé hoat tinh glycosyl héa.

Tinh ché hoat tinh GT dic hiéu axit flavokermesic/axit kermesic tir protein
mang D. coccus

Phén protein lién két mang duoc phan 1ap tir 3g cdn trung D. coccus twoi dugce
hoa tan bing cach bd sung Triton x-100 1% (thé tich/thé tich) (dang dugc khir) va
khudy nhe trong 1,5 gi¢ trong mdi trudng lanh. Dung dich dugc xir ly Triton x-100
duge ly thm (1 gid, 105000xg, & nhiét d 4°C) va phan dich ndi trén bé mat duge phén
lap va dugc phu lén cdt dugc dong goi voi 2mL dong chdy Q-sepharose Fast
(Pharmacia). Cot dugc rra trong 4mL chat dém A [Trixin 20mM (d6 pH = 7,9), Triton
x-100 0,1% (thé tich/thé tich) (dang dugc khir), NaCl S0mM] va protein dugc rira giai
v61 Trixin 20mM (d6 pH = 7,9), Triton x-100 0,1% (thé tich/thé tich) (dang dugc khtr)
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bing cach st dung gradien NaCl ngat quing tir 100mM-500mM, (v6i s6 gia 50mM).
Céc phén 0,5ml] dugc gom, dugc khir mudi, dugc phan tich bang SDS-PAGE va duge
theo ddi v& hoat tinh glucosyl hoa bang cach st dung thir nghiém enzym glucosyl hoa
danh déu phéng xa dugc md ta. Phdn chta hoat tinh GT dic hiéu axit
flavokermesic/axit kermesic dugc 1am giau duoc dwa vao phan tich vét khdi lugng
peptit.

Thir nghiém enzym va phat hién san pham glucosit

Viéc glucosyl hoa axit flavokermesic va axit kermesic dugc thuc hién trong hdn
hop thtr nghiém gdbm 60pL chtta Trixin 20mM (46 pH = 7,9), 3,3um
UDP[14C]glucoza va 20ul dich chiét protein (protein lién két mang hoic protein hoa
tan). Hon hop phan tng dugc U trong 0,5 gid & nhiét do 30°C va dugce két thic bang
cach b6 sung 180pL metanol. Cac mau dugc ly tim & 16000xg trong 5 phit & nhiét do
4°C va phan dich ndi trén b& mit duoc chim trén dia TLC (dia silica gel 60 F254;
Merck). San phdm thir nghiém dugc tach trong diclometan:metanol:axit formic (7:2:2,
theo thé tich). San phim da dugc danh diu phong xa dugc quan sat bing mét thuong
bing cach st dung STORM 840 Phosphorlmager (Molecular Dynamics,
http://www.moleculardynamics.com).

Su bidu hién ciia DcUGT?2, DcUGT4 va DcUGTS duoc tdi wu hoa codon trong
S. cerevisiae

Dang duogc tdi vu hoa codon téng hop ctia DcUGT?2 va hai trinh tu GT gia dinh
khéc tir transcriptome (tap hop tat ca cac gen duoc biéu hién) cua Dactylopius coccus
duge goi 1a DcUGT4 va DcUGT5 dé biéu hién nAm men duge mua tir GenSeript v6i
cac vi trf attl tai t8 hop gateway bén suon. Cac doan tong hop dugc st dung lam
khudn PCR vé6i cac doan mdi dic hidu dé tao ra cic dang dugc gén duoi Strepll dau
cing C tuong tng. Sau ciu trac gen (doan c6 dudi va khong ¢6 dudi) duge tach dong
vao plasmit dich gateway pYES-DEST52 (Invitrogen) bing cach st dung hén hop
enzym LR clonasell. Sau cdu tric plasmit pYES-DESTS2 dugce bién nap riéng vao
ching ndm men Invscl (Invitrogen) va céc thé bién nap duong tinh duge xéc nhan
béng PCR. Viéc san xuét protein khac loai dugc thuc hién theo hudéng dan cta vecto
Gateway pYES-DEST52 (Invitrogen). Viéc san xuét protein dudi Strepll khac loai
duoc xdc nhan bang k¥ thuét thdm tich Western béng cach st dung khang thé khang

Strep. Phan protein lién két mang duoc tao ra tir thé bién nap ndm men di dugc xéac
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nhian nhu dugc mé ta trong (D. Pompon, B. Louerat, A. Bronine, P. Urban, Yeast
expression of animal and plant P450s in optimized redox environments, Methods
Enzymol. 272 (1996) 51-64) va duoc sang loc vé hoat tinh glucosyl hoa ddi véi axit
flavokermesic/axit kermesic. Trinh tu duoc t81 wu héa cta ndm men dugc thé hién
trong SEQ ID NO: 3 ¢ day.

LC-MS-MS

LC/MS dugc thuc hién trén Agilent Q-TOF vé1i hé théng HPLC sau:

Cot Kinetix 2,6 XB-C18 100A (100 x 4,60mm, Phenomenex). Dung moi A
(900ml nuéc khtr ion, 100ml metanol va 50ml axit formic). Dung méi B (700ml
metanol, 300ml nudc khtr ion va S0ml axit formic).

Téc do dong chay 0,8ml/phut. 35°C.

Gradien rtra giai. 0-1 phut 100% A. Gradien tuyén tinh dén 83% A 3 phit.
Gradien tuyén tinh dén 63% A 6 pht, gradien tuyén tinh dén 45% A 9 phut, gradien
tuyén tinh dén 27% A 12 phit, gradien tuyén tinh dén 10% A 15 phit, gradien tuyén
tinh dén 3% A 17 phut, gradien tuyén tinh dén 2% A 19 phit, gradien tuyén tinh dén
0% A 20 phut, 0% A 22 phut, gradien tuyén tinh dén 100% A 25 phut.

Thoi gian Iuu 13 7,6 phut dbi véi axit carminic, 7,8 phut dbi voi DC 11, 13,7
phut dbi voi axit flavokermesic va 13,9 phut d6i v6i axit kermesic.

Két qua:

Kha nang glycosyl héa axit flavokermesic/axit kermesic bang cach st dung
C14-UDP-glucoza lam co chét dugc phét hién ra & con tring D. coccus da dugce dong
nhit hoa.Hoat tinh nay duoc thé hién 13 lién két mang va hoat tinh nay dugc tinh ché
va protein da tinh ché dugc dwa vao phan tich protein & quy mo 16n. Da duge chi ra 1a
hoat tinh enzym la do polypeptit ¢ trinh tu tuong tmg véi gen ing vien DcUGT2 cua
c4c tac gia sang ché.

Nhu da thao luén & trén, enzym glycosyltransferaza theo séng ché cta SEQ ID
NO: 2 ¢6 thé duoc goi ¢ day 1a “DcUGT2”.

Trinh tu axit amin cia DcUGT?2 cho thiy d6 dong nhét it hon 45% véi glycosyl
transferaza da biét bat ky.

Biét dugc réng vigc tach dong trinh tu kiéu dai vao nAm men khong tao ra hoat
tinh enzym thich hop, cac tac gia sing ché da thiét ké lai trinh ty nucleotit cla

DcUGT?2 thanh trinh ty ma hoéa cung mdt polypeptit nhung st dung cac codon
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nucleotit dugc tdi wu hda cho S. cerevisiae, quy trinh nay dugc goi la tdi wu hoa codon
(trinh tu duoc t6i wu héa S. cerevisiae dugc thé hién 1a SEQ ID No. 3 trong ban md ta
nay). Tiép theo, trinh tur dugc t6i wu hoéa codon ctia DcUGT2 duge tach dong va biéu
hién trong ndm men. Ching ndm men khéc loai chtta hoat tinh enzym lién két mang c6
kha ndng glucosyl hda axit kermesic va axit flavokermesic.

Sau khi thu duoc dit lidu vét khdi lwong peptit tir phan protein Dactylopius
coccus dugc lam giau hoat tinh GT dbi vé6i axit flavokermesic/axit kermesic, cac tac
gia sang ché so khdp cac khéi luong peptit voi tap dit liéu transcriptome va xac dinh
ba UGT gia dinh (DcUGT2, DcUGT4 va DcUGTS).

Su biéu hién khéc loai cta ba tng vién trong nidm men cho théy réng chi mot
trong cdc UGT nady, cu thé 12 DcUGT?2 chiju trach nhiém vé hoat tinh glucosyl hoa
quan sat duge ddi véi axit flavokermesic/axit kermesic trong phén protein D. coccus.

Viéc xtr ly viscozyme cua glucosit dugc danh dau phong xa C-14 da tao ra, cho
thdy rang n6 chéng lai phan tng thity phin, ngoai ra con goi y 1a DcUGT2 la C-GT,
chiu trach nhi€ém san xuét DCII va axit carminic.

LC-MS-MS cho thy su tao thanh cac san phdm véi thoi gian luu, phd, phan tir
khéi va mé hinh thodi bién phan tir 1an luot gibng nhu Dcll va axit carminic.

Két luan

Két qua cta Vi du 1 ndy dd chiing minh rang viéc phan lap/tach dong enzym
glycosyltransferaza theo sang ché cua SEQ ID NO: 2, ma duge goi ¢ day la
“DcUGT2” hodc don gian 12 “DcUGT” khong phai 1a mot nhiém vu d& dang.

Vi du, cac trinh tu gen dd dugc xac dinh ctiia bd gen va transcriptome cua con
truing D. coccus dugc phan tich vé do tuong ddng v6i céc trinh tw C-
glycosyltransferaza da biét cong khai theo séng ché va két qua 13 4m tinh theo nghia 14
khong cé trinh tu gen dd duoc x4c dinh nao ctia bd gen/transcriptome cho thay do
tuong ddng dang ké véi cac trinh tu C-glycosyltransferaza da biét cong khai theo sang
ché.

Tuy nhién, ngay ca khi phan tich do twong ddng trinh tu tin sinh hoc c6 thé
dugc cho 1a chi ra rang bd gen cia Dactylopius coccus khong chira gen mad hoa
glycosyltransferaza theo sang ché — céc tac gia sang ché tiép tuc nghién ctru vén dé do
va céc tac gia sang ché xac dinh dugc dich chiét Dactylopius coccus (bao gdm dich

chiét cta té bao ndi cong sinh c6 mit trong D. coccus) c6 hoat tinh GT theo sang ché
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va bang cach két hop bude tinh ché va thir nghiém theo séng ché, cic tic gia sang ché
cudi cung ciing c¢6 thé c6 duoc phan/ché pham tuong dbi tinh khiét ma tir d6 c6 thé thu
dugc mot vai trinh tu axit amin mot phin cta cac Gng vién enzym GT c6 thé 6.

Céac tac gia sang ché thir nghiém hoat tinh cta glycosyltransferaza méi duoc
phan lap/tach dong dugc mo ta & day cua SEQ ID NO:2 (DcUGT?2) va phét hién ra
rang c6 thé lién hop glucoza véi cac aglycon axit flavokermesic (FK) va axit kermesic
(KA) —xem Fig.1 trong bdn mo ta nay.

Vi du 2 thtt nghiém hoat tinh KA GT cida UrdGT2 da biét truge do

Nhu da thao luan ¢ trén, UrdGT2 dugc mo ta trong tai liéu Baig et al (Angew
Chem Int Ed Engl. 2006 Nov 27;45(46):7842-6).

Nhu da thao luin & trén, tai liéu nay mé ta ring UrdGT2 c¢6 kha ning glycosyl
hoa cac phén tir aglycon khac nhau ma c¢6 thé duoc coi 13 twong tu v& mit ciu trac véi
aglycon axit kermesic (KA) va axit flavokermesic (FK) theo sang ché.

Dang téng hop dugce t8i wu codon ciia UrdGT2 dé biéu hién E. coli duoc tach
dong va duge biéu hién tai té hop trong E. coli. Dich chiét protein thd hoa tan chira
UrdGT?2 tai td hop thu duogc, tic 13, dich chiét chira UrdGT2

Hoat tinh GT ctia UrdGT2 dugc phan tich h11dﬂz>béng cach st dung UDP-
glucoza hodc TDP-glucoza 1am chét cho duong va FA/KA lam co chét aglycon.
Khong phat hién thdy hoat tinh ddi véi cac aglycon nay, trc 13, khong ¢6 hoat tinh GT
theo sang ché dugc x4c dinh lién quan dén cac aglycon nay.

Tuy nhién, dd x4dc nhén dugc 1a UrdGT2 téi td hop ¢é hoat tinh, nhu dugc
chirng minh béi sy tao thanh in vitro glucosit dugce danh dau phéng xa C14 thu duogc
tir qua trinh glucosyl hoa hop chit khong duoc xac dinh trong dich chiét E. coli tho.

Vi du 3 Hoat tinh GT & cay 4loe va cdy Haworthia

Phan 1&p va tht nghi¢m hoat tinh GT tir 4/oe

1) Céy duge rira sach hat d4t va duoc tach thanh: A) RE B) Mo la

xanh va C) vat li¢u gel tu 14

2) 5g mo6 dugc lam dong lanh ngay lap tic trong nito lédng va duoc
nghién thanh bot min trong cbi lanh béng chay.

3)  20mL chét dém chiét lanh [Trixin 20mM-HCI, NaCl 10mM, DTT
5SmM, PMSF 1mM, d6 pH = 7,9] chta chét (e ché proteaza day du khong c6
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EDTA (Roche), proteamin sulfat 0,1% (khbi luong/thé tich) va 0,5g PVPP
dugc bd sung vao bot va duge khudy.

4) Dich ddng nhat duoc khudy nhe & nhiét dd 4°C trong 10 phut va
sau d6 dugc ly tdm ¢ 12000 xg & nhiét dd 4°C trong 5 phut.

5) Phéan dich ndi trén bé mit duoc phan 1ap va 1mL proteamin sulfat
2% (khéi lwong/thé tich) trong Trixin 20mM-HCI, d6 pH = 7,9 dugc bd sung
ting giot vao trong 2 phut ¢ nhiét do 4°C trong didu kién khudy lién tuc.

0) Phén dich ndi trén bé mit duoc loc qua 2 miéng ludi nylon. Phan
dich ndi trén bé mit da duge loc sau d6 duoc ly tim & 12000 xg & nhiét do 4°C
trong 5 phut.

7)  Phéan dich ndi trén b& mit dugc phan 1ap va dugce siéu ly tdm &
110000 xg & nhiét do 4°C trong 1 gio.

8)  Phan protein hoa tan (phan dich ndi trén bé mit) dwoc phan 1ap va
dugc trao dbi chdt dém 5 1an véi Trixin 20mM-HCl, d6 pH = 7,9 chira DTT
5mM béng c4ch sir dung thiét bi loc siéu ly tim Amicon -3K (Millipore)

9) 20uL dich chiét protein hoa tan dugc 0 trong tong thé tich phan
g bang 60uL chira UDP-glucoza (ndng do cudi ciing 1,25mM) va FK (ndng
dd cudi cing 50puM), KA (ndng d6 cudi cling 50uM) hozic MeO-FK/EtO-FK
(ndng d cudi cung 50puM/50pM) trong 2 gid & nhiét do 30°C, lic & 650
vong/phut.

10)  Phan tng enzym duoc két thic bang 180pL metanol lanh va duoc
loc qua thiét bi loc 0,45 micron va dugce dua vao phan tich HPLC-MS.

Gia

m/z [M- | FK-monoglc KA-monoglc MeOFK- EtOFK-monoglc

H]

Protein
hoa tan

Aloe

tri | 475 m/z [M-H]" | 491 m/z [M-H]" | 489 m/z [M-H] | 503 m/z [M-H]

monoglc

La

3,73 3,71 5,81 6,63

Gel

Ré

3,71

Bang 1. Glucosit dugc tao thanh trong thtr nghiém glucosyl hoéa in vitro bang céch sir

dung dich chiét enzym tir Aloe.
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Dich chiét enzym tho hoa tan ciia ba md Aloe, vat li€u 14 xanh (L4), vat licu gel
tir 14 (Gel) va r& dugc thir nghiém vé hoat tinh glucosyl hoa déi véi axit flavokermesic
(FK), axit kermesic (KA), metyl este cta axit flavokermesic (MeOFK) va etyl este ctia
axit flavokermesic (EtOFK). Céc ky tu sb twong tng véi thoi gian lwu (phut) sau khi
tach bang HPLC-MS cac glucosit m&i duoc tao thanh in vitro (Bang 1).

Gi4 tri m/z 475 va 491 1an luot 14 cac gid tri m/z gidng nhu thu duoc ddi voi
Dcll va CA, duge hoa tan trong cac dung dich twong tu. Ca hai gia tri m/z déu 16n hon
162 (gia tri m/z cla glucoza trong glucosit) so voi gid tri m/z cia FK va KA chi ra
ring gbc glucoza tir UDP-glucoza trong chat dém phan tng di dugc chuyén dén
aglycon béi GT trong dich chiét. Gia tri m/z [M-H] 489 va 503 ciing lan luot 16n hon
162 so v6i céc gia tri m/z thu duoc véi MeOFK va EtOFK, chi ra rang don vi glucoza
da duogc bd sung vao ca MeOFK va EtOFK bdi GT ¢6 mat trong dich chiét.

Phan 1ap va thr nghiém hoat tinh GT tr Haworthia limifolia

Quy trinh nay 14 nhu duoc md ta dbi véi Aloe nhung md cdy dugc phan tich
nhu sau: A) M6 14 xanh, B) Vat liéu gel tir 14, C) M6 gdc (phdn mau hong giita 1& va
than) va D) Mo ré.

Dich chiét enzym thé hoa tan ctia bdn m6 Haworthia limifolia, vat liéu 14 xanh
(L4), vat licu gel tur 14 (Gel), m6 mau hdng gitra ré va than (Gbc) va 18 duoc thur
nghiém vé hoat tinh glucosyl héa ddi véi axit flavokermesic (FK), axit kermesic (KA),
metyl este cua axit flavokermesic (MeOFK) va etyl este cua axit flavokermesic
(EtOFK). Céc ky tu sé twong ing v6i thoi gian Iuu (phut) sau khi tich bang HPLC-MS

cac glucosit méi dugce tao thanh in vitro (Bang 2).

Gia trim/z | 475 m/z [M-H]" | 491 m/z [M-H]" | 489 m/z [M-H]" | 503 m/z [M-HJ

[M-H] FK-monoglc KA-monoglc MeOFK- EtOFK-monoglc
-------------- monoglc

Protein hoa

tan

Haworthia

La 3,73 3,71 5,81 6,63

Gel

Goc 3,73 3,71 5,81 6,63

Ré 3.73 3,71 5,81 6,63

Bang 2. Glucosit dugc tao thanh trong thir nghiém glucosyl hoéa in vitro bang cach si

dung dich chiét enzym tir Haworthia limifolia.
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Gi4 tri m/z 475 va 491 1an luot 1a cac gid tri m/z giéng nhu thu duge ddi véi
DcllI va CA, duoc hoa tan trong cac dung dich tuong tu. Ca hai gié tri m/z d&u 16n hon
162 (gia tri m/z cua glucoza trong glucosit) so v6i cac gid tri m/z cua FK va KA chi ra
rang gdc glucoza tir UDP-glucoza trong chdt dém phan ung da dugc chuyén dén
aglycon béi GT trong dich chiét. Gia tri m/z [M-H] 489 va 503 ciing lan luot 16n hon
162 so véi cac gia tri m/z thu dugce voi MeOFK va EtOFK, chi ra rang don vi glucoza
da duge bd sung vao cad MeOFK va EtOFK bai GT ¢6 mit trong dich chiét.

Két luan

Céc két qua cua vi du nay chi ra ring enzym glycosyltransferaza theo séng ché
(GT) ¢6 thé dugc x4c dinh trong ciy Aloe va cdy Haworthia.

No6i cach khéc, cdy Aloe va cdy Haworthia chita glycosyltransferaza c6 kha
nang glycosyl hda axit flavokermesic dé tao ra glycosit ctia axit flavokermesic;
va/hodc ¢6 kha niang glycosyl hoa axit kermesic dé tao ra glycosit ctia axit kermesic.

Vi du 4 hoat tinh GT & cay Sorghum va cay lta

Nhu da biét trong linh vwc ndy, cdy Sorghum va cdy lua chia
glycosyltransferaza.

Nhu da biét trong linh vire nay, mot sb glycosyltransferaza cia cay Sorghum va
cy lua co thé glycosyl héa hop chét aglycon phan tir lugng thap.

Glycosyltransferaza dugc mé ta trong linh vuc nay tir cdy Sorghum va céy lta
¢6 do ddng nhét it hon 70% véi céc axit amin tir 1 dén 515 cia SEQ ID NO:2 nhu
duoc bde 10 ¢ day.

Chua duoc biét trong linh vuc nay 1a cac glycosyltransferaza cta cdy Sorghum
va/hodc cdy lia c6 phai la cac glycosyltransferaza theo sang ché hay khong, tic 1a
glycosyltransferaza c6 kha nang glycosyl hoa axit flavokermesic dé tao ra glycosit ctia
axit flavokermesic; va/hodc ¢6 kha ning glycosyl hoa axit kermesic dé tao ra glycosit
cua axit kermesic.

Cac glycosyltransferaza da biét tr cdy Sorghum (Sorghum bicolor),
SbUGTS5B1, v6i S6 ID ngan hang gen AF199453.1 (nucleotit seq.) / AAF17077.1
(polypeptit seq) va cdy lda (Oryza sativa), OsCGT, voi S6 ID ngan hang gen
FM179712.1 (nucleotit seq.) / CAQ77160.1 (polypeptit seq) duoc biéu hién trong

E.coli ching Xjb va dich chiét protein E.coli thd dugc tao ra va dugc thir nghiém vé
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hoat tinh glucosyl héa dbi véi cac co chét axit kermesic va axit flavokermisic nhu
duoc mod ta boi Kannangara ef al. (2011) va Augustin et al. (2012).

Fig.2 trong PCT/EP2014/078540 (ngay ndp don PCT la 18/12/2014) thé hién
cac phan tich LC-MS cua céc san pham duoc glucosyl hoa di tao thanh trong thir
nghiém chia dich dung giai tho cua E.coli chiung Xjb biéu hién SbUGT85BI1 hoic
OsCGT, UDP-glucoza va axit flavokermesicc (FK) hodc axit kermesic (KA). Dich
chiét tho tir E.coli ching Xjb duoc sir dung lam déi chimg 4m trong thi nghiém.

Céac KA glycosit dugc xac dinh (491 m/z [M-H] — gi4 tri m/z[M-H] cua CA)
d6i voi ca hai glycosyltransferaza va FK glycosit duge xac dinh (475 m/z [M-H] - gia
tri m/z[M-H] cta Decll) d6i v6i OsCGT.

Két luan

Két qua ctia vi du nay di chitng minh rang cac enzym glycosyltransferaza theo
séngché(GT)céthéduqcxécdhﬁonngcéySbmdnmaVw%oéccéylﬁ&

Noi cach khac, cAy Sorghum va/hodc cdy lta chira glycosyltransferaza ma c6
kha ning glycosyl hoa axit flavokermesic dé tao ra glycosit clia axit flavokermesic;
va/hodc ¢ kha ndng glycosyl hda axit kermesic dé tao ra glycosit ctia axit kermesic.

Vidu 5 Str dung gen GT ndi sinh hodc hoat tinh GT ndi sinh

Nhu da biét trong linh vuc ndy, céc glycosyltransferaza co thé glycosyl hoa hop
chét phan tir lugng thip c6 mit trong nhidu sinh vat khac nhau. Phuong phép cho
glycosyltransferaza cua té bao sinh vat tiép xtc véi hop chét phan tir lwrong thap 1a dua
vao mdt hodc nhiu gen didu khién su sinh tong hop cua hop chét phan tir lugng thip
va nho d6 cho phép cac té bao nay glycosyl héa hop chét phén tir lugng thap nay. Hop
chit phan tr luong thap ndy co thé 13, vi du, axit flavokermesic hodc axit kermersic
hodc cac dang bién ddi ctia cac phan tir nay.

Mot hodc nhiéu gen diéu khién su sinh téng hop cia axit flavokermesic hoac
axit kermesic hodc dang dugc bién ddi cta céac phén t& nay duoc dua vao sinh vét
chtra glycosyltransferaza, vi du, cdy thubc 14, Nicotiana benthamiana.

Khi gen/céc gen duoc biéu hién tam thoi theo céc phuong phap duoc mo ta
trong (D'Aoust et al. (Methods Mol Biol 483 (2009): 41-50) trong vi du, md cdy, hop
chét hoic cac hop chét phan tt lugng thép dugc tao ra. Cac té bao biu hién 6n dinh
gen/cic gen dugc tao ra va dugc chon theo cac phuong phip duge mo ta trong Gelvin

(Microbiol Mol Biol Rev 67(1) (2003): 16-37)).
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Trong céc té bao chira gen/cac gen dugc biéu hién 6n dinh va/hodc duge bidu
hién tam thoi, hop chit phan tr luong thp tré thanh tiép xuc véi glycosyltransferaza
ndi sinh, dan dén tao ra mot hodc nhiéu glycosit cta axit flavokermesic, axit kermesic
hoic cac dang dugc bién ddi ctia cac phan tir nay.

Su c6 mat cua cac glycosit d@ duge chimg minh bang phuong phép chiét va
phuong phéap phén tich dugc md ta trong Vi du 3.

Céc mlu duge tao ra cho LC/MS bang phuong phép chiét duoc mb ta bai
(Rauwald and Sigler (Phytochemical Analysis 5 (1994):266-270).

Két luan

Céc két qua ctia vi du nay ching minh rang cac glycosyltransferaza ndi sinh c6
mit trong té bao cta sinh vat tai td hop c6 thé duge s dung dé chuyén hoa axit
flavokermesic, axit kermesic hodc cac dang dugc bién dbi clia cic phan tir nay thanh
glycosit khi gen/cac gen didu khién su sinh tong hop cia cac aglycon dugc dua vao
sinh vat do.

N6i céch khac, viée dwa vao gen hodc cac gen didu khién sy sinh tong hop cta
axit flavokermesic, axit kermesic, cac dang dwoc bién ddi cta cac phan tit ndy, hoic
cac hop chét phéan tr luong thap c6 lién quan 1a phuong phap cho hop chéit phan tir
lwong thép tiép xtic v6i cac glycosyltransferaza va vi thé 1a phuwong phép san xuat cac
glycosit ctia axit flavokermesic, axit kermesic hodc cac dang dugc bién dbi ctia cac
hop chat nay.

Vi du 6: Biéu hién 6n dinh PKS typ III trong Aspergillus nidulans

Vit liéu va phuong phap

Moi truong va dung dich

Tt ca cac dung dich duge didu ché bang Milli-Q H20 va dugc v6 trung ¢ nhiét
d6 121°C trong 20 phut.

Dung dich nguyén té vi lugng: P&i v6i 1 L tron 0,4 g CuSO4 5H20; 0,04 g
NayB4O7-10H20; 0,8 g FeSO4 7H20; 0,8 g MnSO4-2Hy0; 0,8 g NaxMoOs-2H,0; va
8,0 g ZnSO4 7TH>0.

Hdn hop khoang chat (50x): Pdi véi 1 L dung dich tron 26 g KCL; 26 ¢
MgSO4-7H,0; va 76 g KHoPOy; va 50mL Dung dich nguyén t6 vi luong.

Dung dich mudi nitrat 20X: P6i véi 1 L dung dich: hoa tan 120 g NaNOs, 10,4
g KCI, 10,4 g MgSO4* H20, 30,4 g KHoPO4 trong nudc Milli-Q.
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Dung dich nguyén té vi luong (1 L dung dich gbc): Pbi v6i 1 L dung dich: hoa
tan 0,4 g CuSO4+5H>0, 0,04 g NaxB4O7-10H20, 0,8 g FeSO4-7H,O, 0,8 g
MnSO4-2H0, 0,8 g NaxMoO4-2H>0, 8 g ZnSO4- 7TH20, dén 1 L nude Milli-Q.

Thiamin 1%: Nong d6 cubi ciing 0,001%.

D-glucoza 20% (khdi lwgng/thé tich): Pdi v6i 1 L dung dich 200 g D-glucoza
trong nudc Milli-Q

Chét dém tao t& bao trdn Aspergillus (APB): Nong do cubi ciing MgSO4 1,1M
va chit dém Na-phosphat 10mM. Do pH dugc diéu chinh bang NaOH 2N dén 5.8.

Chét dém bién nap Aspergillus (ATB): Nong d6 cudi cing: Sorbitol 1,2 M;
CaCly-2 H,0 50mM; Tris 20mM; va Kel 0,6 M. Do pH duge didu chinh bing HCI 2N
dén 7.2.

PCT: Nong do cubi cung: 50% khdi lugng/thé tich PEG 8000 (4000, 6000 va
PEG khéc cling c6 thé duoc st dung); CaCly 50mM; Tris 20mM; va KCI 0,6M. Do pH
duoc diéu chinh bing HC1 2N dén 7,5.

MBobi trudong ti thiéu (MM): DPéi voi 1L dung dich: 1ml nguyén t6 vi lugng;
50ml mudi nitrat (1M); 50ml glucoza 20% khéi lwong/thé tich; ImL Thiamin; 20g
thach Agar (So.Bi gel). P6i v6i MM dang 16ng thi thach Agar khong duoc bd sung
vao.

Thanh phan b sung vao mdi truong: Céc thanh phén b sung duge bd sung vao
cac moi trudng khic nhau néu can, dua vao kiéu gen cua ching Aspergillus nidulans,
véi cac luong sau: Arginin 4 mM, uraxil 10 mM va uridin 10 mM. Pé chon loc nguoc
chi thi AfpyrG, axit 5-florotic (5-FOA) dugc b sung dén ndng do bang 1,3mg/mL.

MBoi truong bién nap ran (TM): Déi véi 1L dung dich: 1ml nguyén t6 vi luong;
50ml mudi nitrat (1M); Sucroza 171,15g; 1mL Thiamin; 20g thach Agar (So.Bi gel).
Pbi vé6i MM dang 16ng thi thach Agar khong duge bd sung vao.

Bién nap Aspergillus nidulans

Céc té bao tran Aspergillus nidulans duge tao ra theo phuong phap chuén cta
cac giai phap da biét, dugc tom tit ngin gon & ddy: moi trudng 16n Aspergillus
nidulans dugc cho ndy mam qua dém, va sinh khdi thu dugc dugc thu hoach béng
cach loc qua thiét bi loc Miracloth (Merck Millipore). Thé soi dugc tao huyén phu lai
trong 10ml chat dém APB chira 40mg Glucanex/ml (Novozymes A/S). Hon hop nay
duge G trén thiét bi lic & nhiét do 37°C v6i 150 vong/phut trong 3 giv. APB dugce bd
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sung vao dé thu duoc tong thé tich 1a 40ml. Lép phi Sml ATB 50% va nude MQ 50%
dugc phu lén va céac éng duge ly tim & 3000 RCF, 16°C, trong 12 phut tao ra h¢ hai
pha c6 té bao trdn trong ky trung gian. Cac té bao trin dugc rira bang cach s dung
40mL ATB valy tam & 3000 RCF, 16°C, trong 12 phut. Pelet thu dugc dugc tao huyén
phu lai trong 1ml ATB.

Céac té bao trin tao thanh dugc st dung cho cic cic thit nghiém bién nap di
truyén & cac phin phéan uéc bang 50pl duoc tron véi 1,5-5ug ADN va 150ul PCT.
Han hop bién nap duoc G trong 10 phut. Hén hop nay sau d6 duge bd sung 250pL
ATB va duge chuyén vao dia bién nap véi céc chét bd sung cin thiét duoc chuyén
bang que tron Drigalski.

Sau khi 0 trong 4 ngay & nhiét do 37°C, thé bién nap Aspergillus nidulans tao
thanh dugc phéan 1ap va dugc nudi cdy cAp hai trén cac dia thach riéng véi ché d6 chon
loc thich hop.

Viéc tich hop hudng dich cua catxet biéu hién duoc phén tich béng PCR st
dung cac doan mdi géc dugc str dung dé khuéch dai gen can biéu hién, sau d6 1a cac
cap doan mdi v6i mot doan mdi gén mdi bén trong doan xen vao va mot doan mdi
trong bd gen xung quanh. Trong trudng hop cac ching dua trén AfpyrG, chi thi chon
loc dugc loai bo, sau khi bién nap, béng cach chon loc ngugc trén dia chira 5-FOA va
tai td hop twong dong gitta cac doan 1dp c6 hudéng ngan bao quanh gen chi thi AfpyrG
trong catxet biéu hién nay. Sau khi loai bd gen chi thi, ching nay dugc xdc nhin mot
lan nita bang PCR chén doan. Viéc loai bd gen chi thi chon loc cho phép chu ky bién
nap tiép theo véi gen dich mdi, st dung cung mot gen chi thi chon loc nhu dugc st
dung trong qué trinh bién nap thtx nhét.

Tao ciu tric ching chu Aspergillus nidulans

Chung Aspergillus nidulans dugc st dung duoc liét ké trong Bang 3 dudi day
va Bang 4 tom tit cac locus/gen da bién dbi. Viéc lam mét doan (hoic thay thé) gen
dich dat duoc béng cach tao céu trac catxet huéng dich gen, bao gém gen chi thi chon
loc tai sinh dugc duge bao quanh bdi hai trinh ty khoang 1500 bp gidng hét véi cac
trinh ty bao quanh locut ma nén dugc thay thé trong bd gen. Cau triic huéng dich dé
thay thé cac gen wA va y4 dugc tao chu trac bang phuong phép dua trén PCR chi thi
phan tach dugc md ta trong (Nielsen M.L., Albertsen L., Lettier G., Nielsen J.B.,
Mortensen ML.H., 2006. Efficient PCR-based gene targeting with a recyclable marker
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for Aspergillus nidulans. Fungal Genetics and Biology, Vol. 43:54-64). Pau tién, gen
wA dugce hudng dich dé lam khuyét va cac trinh tu huéng dich dugc yéu ciu duoc
khuéch dai tr ADN bd gen bing cach st dung cac doan mdi: ANwA-dl-Up-F (5°-
GGAAGAAGGTCGCATACCA-3’) dugc két hop v6i ANwd-dl-Up-Rad (5°-
gatccccgggaattgecatg GATCAGGAGAAGGAGAGTCAAG-3°) va ANwA-dl-Dw-Fad
(5°- aattccagetgaccaccatgGGCGAAAAGGCAAAGGAGC-3°) dugc két hop véi
ANwA-dl-Dw-R (5'- GCTAGAAAAGGCAAGGGAGG-3’). Hai doan gen chi thi nay
dugc khuéch dai biang cach két hop doan mdi M1 (5°- catggcaattcccggggate-
GCCGGCAATTCTTTTTAGGTAGC-3’) duge két hop véi doan moi M2 (5°-
CCAGAAGCAGTACACGGC-3?) va doan mdi M3 (5°-
GTTGTCTGCTTGCGCTTCTTC-3") v6i doan mdi M4 (5°-
catggtggtcagetggaat TCCTCCGCCATTTCTTATTCCC-3%). Sau khi khéch dai PCR
cac doan hudng dich gen va doan ADN chi thi, cic doan nay dugc dung hop bang
PCR, nhu duoc mo ta trong Nielsen et al. 2006, cdc doan ADN nay duoc tinh ché gel
va dugc bién nap vao ching nhin Aspergillus nidulans NID1 (dugc md ta trong
Nielsen J.B, Nielsen M.L., Mortensen U.H, 2008, Transient disruption of non-
homologous end-joining facilitates targeted genome manipulations in the filamentous
fungus Aspergillus nidulans. Fungal Genetics and Biology, Vol. 45:165-170). Gen chi
thi trong chung tao thanh dugc loai bd bang cach chon loc nguoc trén cac dia 5-FOA
dé x4c dinh céc thé bién nap, trong d6 gen chi thi AfpyrG da tao vong ngoai mot cach
tir phat. Viée lam khuyét huéng dich gen y4 dwgc thuc hién nhu dugc mo ta d6i véi
gen wA, nhung st dung hai cap doan mdi sau day dé khuéch dai cac trinh tu huéng
dich: Del-y4-5"-F (5°- GTGGGTTGAACCGCTTACTCAG-3") dugc két hop véi Del-
yA-5’-R (5°- gatcceegggaattgecatg-CCCGGAGGAATCAAAATGACGC-3”) va Del-
yA4-3’F (5°- aattccagetgaccaccatgGTTTGGGATTCTTAGGTGAGCTC-3%) dugc két
hop véi Del-y4-3°-R (5°- CCTCCCTGGCGTATACACAAAC-3’). Chung khong chira
gen chi thi AfpyrG tao thanh dugc goi la NID598 trong phén mb ta tiép theo.

Viéc lam khuyét huéng dich asperthecin PKS (apt4) dugc thuc hién trong nén
tang NIDS98, st dung chién luoc thir nghiém dugc mo ta cho viéc lam khuyét gen yA
va wA. Hai doan ADN huéng dich dugc khuéch dai PCR bang cach st dung doan moi
AnAptA-UP-F (5’- GCTCGAGCTTGCCAGCC-3") duoc két hop v6i AnAptA-UP-R
(5°- gatccccgggaattgecatg-GCTGGTGTTGGGACACACG -3°) va AnAptA-Dw-F (5°-
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aattccagctgaccaccatgGCTTGGAAATCAGTATAGCTTTCTG -3°) dugce két hop véi
AnAptA-Dw-R (5’- GCTTGTGGTCTGTCTGAATCG -3°). Chu tric hudng dich
duoc tinh ché gel sau d6 duge bién nap vao chiing NID598 khong chira gen chi thi, tao
ra ching NID930.

Cum Apt, cum mdp va cum stc lan luot dugc lam khuyét trong nén tang
NID598. Déi v6i quy trinh nay, cac ciu trac huéng dich duge yéu cdu duoc tao ciu
trac bang k¥ thut tich dong chit phin tng cit bo dic hidu uraxil dinh hudng
(directional Uracil-Specific Excision Reagent Cloning - USER) cua cac doan hudng
dich twong ung vao vecto P1 (P6), nhu dugc mo ta trong (Hansen B.G., Salomonsen
B., Nielsen M.T., Nielsen J.B., Hansen N.B., Nielsen K.F., Regueira T.B., Nielsen J.,
Patil K.R., Mortensen U.H. 2011. Versatile enzym expression and characterization
system for Aspergillus nidulans, with the Penicillium brevicompactum polyketit
synthase gene from the mycophenolic acid gene cluster as a test case. Appl Environ
Microbiol. Vol. 77(9):3044-51). P& lam khuyét cum Apt, cac doan huéng dich dugc
khuéch dai  véi cac doan mdi cum  ANAPT-DI-Up-FU  (5°-
GGGTTTAAdUGAGGAGCAGAGGATGCGG-3’) dugc két hop véi cum ANAPT-
DI-Up-RU (5-GGACTTAAdUGTAGTGGTGGTGCTGGTG-3") va cum ANAPT-
DI-Dw-FU (5°-GGCATTAAJUCGCGTGGAATTTGGAAGAGAG-3’) duoc két hop
v&i cum ANAPT-DI-Dw-RU (5°-
GGTCTTAAdUGTGCTCGGGGACGTGAAAG-3?). Mdi doan moi dugce str dung bao
gbdm 2-deoxyuridin (dU) dua vao dé cho phép tao ra doan nho 3°. Cac doan PCR tao
thanh dugce tinh ché gel va dugc tach dong dinh huéng bang k¥ thuat tach dong USER
vao vecto P1(P6) dugc cit Pacl/Nt.BbvCl. Plasmit tao thanh duoc cit Swal dé gidi
phéng doan hudng dich, bao gbm gen chi thi AfpyrG. Plasmit da cét dugc bién nap vao
chung NID598 khong chira gen chi thi. Gen chi thi AfpyrG sau d6 dugc loai bo bang
k¥ thuét chon loc ngugce 5-FOA, nhu dugc mo ta dbi v6i wA néu trén, dé tao ra ching
dé lam khuyét cum mdp. Viéc lam khuyét dugc huéng dich cum mdp va stc duge thuc
hién nhu dugc mo ta dbi v6i cum apt. Dé tao cAu trac trinh tu huéng dich cho cum
mdp duogc khuéch dai PCR bang cach sit dung doan mdi cum ANMDP-DI-Up-FU (5°-
GGGTTTAAdUGGTCGTCTGTCAAGGAGTTG-3") duge két hop v6i doan mdi cum
ANMDP-DI-Up-RU (5’-GGACTTAAdUGCAGTGCTGTATATGGGTCTTG-3") va
doan moi cum ANMDP-DI-Dw-FU (5°-
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GGCATTAAdUGAGTTTGTGAGATGTTCAGGATGG-3") két hop v6i doan mdi
cum  ANMDP-DI-Dw-RU  (5’-GGTCTTAAdUGAGGTGAAGGACACAGCG-3’).
Ngoai ra, trinh ty hudng dich cho cum stc dugc khuéch dai PCR véi cac doan moi;
cum ANSTC-DI-Up-FU (5’-GGGTTTAAdUCGCAGAGACTAGGACACAAGTG-
3%) duoc két hop v6i cum ANSTC-DI-Up-RU (5°-
GGACTTAAJUGCGGCGATCTGTGGTAGAG-3) va cum ANSTC-DI-Dw-FU (5°-
GGCATTAAJUGCCAGCATATTCAAACCCAGTC-3") duge két hop véi cum
ANSTC-DI-Dw-RU (5°-GGTCTTAAdUCACACAACCAACCTCCGATC-3”). Chung
tao thanh c6 dot bién khuyét cum apt, mdp va stc dugce goi 1a NID_SMA.

Bang 3. C4c chung Aspergillus nidulans khac nhau dugc stt dung trong nghién ctru

Tén ching Kiéu gen

NIDI1 nkudA argB2, pyrG89, veAdl

NID598 nkudA, argB2,pyrG89,vedl, wAA, yAA

NID930 nkudA, argB2,pyrG89,veAl, wAA, YAA, aptAA

NID SMA nkudA, argB2,pyrG89,vedl, wAA, yAA, aptA,
mdpA, stcA

Bang 4. Céac gen bi anh hudng

Tén gen va sb truy cép trong co s¢ dir
liéu-bd gen-Aspergillus

yA = AN6635 Sinh téng hop chat mau nang bao tu
(Laccase)

wA = AN8209 Sinh tong hop chat mau nang bao t
(PKS)

aptA = AN6000 Asperthecin PKS

apt = aptA (AN6000) dén aptC | Cum gen Asperthecin

(AN6002)

mdp = mdpL (AN10023) dén mdpA | Cum gen Monodictyphenone/emondin
(AN10021)
stc = stcW (AN7804) dén stcA | Cum gen Sterigmatocystin
(AN7825)

Biéu hién PKS typ III trong Aspergillus nidulans

Céc dang duge tdi uu héa codon tdng hop (tong hop de novo) ctia HpPKS2,
AaOKS duoc tao ra dé biéu hién ndm men, va cac trinh tu ¢ st dung codon ty nhién
dugc mua tir Genscript. Céc gen duogc tdi wu hoéa codon duwoc ky hidu véi hau td

‘ScOpt’, vi du HpPKS2-ScOpt, trong khi cdc gen ¢ sit dung codon gbe tir vat chu tu
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nhién duoc ky hiéu vé6i hau t§ ‘Orig’, vi du, HpPKS2-Orig. Cic doan ADN tong hop
duoc st dung lam khuon PCR cho cac phan tmg PCR véi cdc doan mdi ddc hiéu (IDT)
cho céc trinh tuy ma hda cia cac gen bao gém codon dung. Céc doan mdi duoc st dung
c6 doan nhd 5° phu hgp véi viée tdch dong Chét phan tng cit bo dic hiéu uraxil
(USER™) cua cac amplicon PCR tao thanh vao céc vecto biéu hién dé két hop hudng
dich cac catxet biéu hién vao mot trong bay vi tri c6 thé c6 trong bd gen Aspergillus
nidulans. Céac plasmit c6 ddc trung 1a gen chi thi chon loc cua nam (Aspergillus
fumigatus AfpyrG), vi tri tach dong USER (AsiSI va Nb.btsI) va duoc gin bén sudn
béi hai trinh tuw ADN 1-1,5 kb Aspergillus nidulans (dat tén 1a Nguoc va Xudi) dé cho
phép két hop vao bo gen Aspergillus nidulans bing céch tai té hop twong dong hudng
dich (Hansen, B. G., Salomonsen, B., Nielsen, M. T., Nielsen, J. B., Hansen, N. B,
Nielsen, K. F., ... Mortensen, U. H. (2011)). Hé dac trung va biéu hién enzym toan
dién ddi v6i Aspergillus nidulans, v&i gen polyketit syntaza cta Penicillium
brevicompactum tir cum gen axit mycophenolic lam truong hop kiém thtr. Applied and
Environmental Microbiology, 77(9), 3044-3051. http://doi.org/10.1128/AEM.01768-
10). Céc amplicon PCR dugc khuéch dai bang céach sir dung PfuX7 ADN polymeraza
va cac doan ADN tao thanh dugc tinh ché gel. Cac vecto nhan duoc tao ra dé tach
dong USER™ bing cach tiéu héa n6 voi AsiSI va Nb.btsI qua dém, sau d6 tinh ché
gel. Céc amplicon PCR dugc tach dong dinh huéng vao vecto nhéan bang céach tach
dong USER™, két hop véi bién nap vao E. coli. Cic té bao DH5a dugc rd dong trén
d4, va hdn hop USER™ duoc bd sung vao 50 pL té bao (1x10® cfu/ug pUC19). Hon
hop duogc dat trén d4 trong 10 phut, va séc nhiét trong 90 gidy & nhiét do 45°C.
Chuyén vio d4 mot 1an nita va G trong 5 phut. Céc té bao duoc dan trén dia LB véi
khéang sinh chon loc va duge U & nhiét do 37°C qua dém. Cac khuén lac dugc xac nhin
bang PCR va cac thé bién nap chinh xdc dugc nudi trong mdi trudng LB 1dng vai
khang sinh chon loc qua dém dé tinh ché plasmit (Taylor, R. G., Walker, D. C., &
McInnes, R. R. (1993). Chung vat chi E. coli 4nh huéng ding ké dén chét luong cac
ché phdm ADN plasmit & quy md nhé duge st dung dé giai trinh tu. Nucleic Acids
Research, 21(7), 1677-8. Puoc truy hdi tir
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=309390&tool=pmcentrez&
rendertype=abstract).
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Cac doan mdi dugc st dung cho quy trinh tao cdu truc, trong d6 dU la 2-
deoxyuridin:
An_HpPKS2-ScOpt-F 5’-AGAGCGAJUATGGGTTCCTTAGACAACGGTTC
An HpPKS2-ScOpt-R  5’-TCTGCGAdUTCACAAAGGAACACTTCTCAAAACC
An_AaOKS-ScOpt-F 5’- AGAGCGAJUATGAGTTCACTCTCCAACGCTTCC
An_ AaOKS-ScOpt-R 5’- TCTGCGAdUTCACATGAGAGGCAGGCTGTG
An_HpPKS2-Orig-F 5’- AGAGCGAdAUGGGTTCCCTTGACAATGGTT
An _HpPKS2-Orig-R  5>-TCTGCGAJdUTTAGAGAGGCACACTTCGGAGAAC
An AaOKS-Orig-F 5>~ AGAGCGAdUATGAGTAGTTTATCAAATGCCAGTC
An_AaOKS-Orig-R 5’- TCTGCGAdUTCACATCAATGGCAAGGAA

Céc plasmit biéu hién da dugc xac nhén duoc tiéu hoa bang Swal (véi gen chi
thi AfpyrG), dé giai phong catxet biéu hién duge gan bén sudn béi cac trinh ty hudéng
dich xudi va nguoc. Catxet nay dugc dua vao té bao tran Aspergillus nidulans nhu
dugc xac dinh ¢ trén.

Céc plasmit biéu hién sau day va duoc tao cau truc:

pIS53(pyrG)::HpPKS2 ScOpt HpPKS2 ScOpt trong locut IS53
pIS53(pyrG)::HpPKS2 Orig HpPKS2 Orig trong locut IS53
pIS53(pyrG)::AaOKS ScOpt AaOKS ScOpt trong locut IS53
pISS3(pyrG)::AaOKS_Orig AaOKS Orig trong locut IS53

Céc catxet biéu hién cia ting plasmit dugc giai phong bang cach tiéu hoa Swal
(v6i gen chi thi AfpyrG) va duge bién nap tiép vao té bao tran Aspergillus nidulans.

Sau khi tao ciu tric cua ching cu thé, gen chi thi AfpyrG da su dung duoc loai
b6 bang cach chon loc nguge 5-FOA.

Phan tich hoa hoc cac ching Aspergillus nidulans da tao céu tric

Dé danh gi4 tic dung cua cac gen da dugc dua vao d6i voi su chuyén hoa cua
chiung Aspergillus nidulans da dugc tao céu tric, ching nay dugc nudi trén MM, véi
cac chit bd sung thich hop, trong 5 dén 14 ngay & nhiét do 37°C. Cac chét chuyén hoa
duoc chiét bang quy trinh chiét vi m6 dugc md ta bdi Smedsgaard (Smedsgaard, J.
(1997). Micro-scale extraction procedure for standardized screening of fungal
metabolite production in cultures. Journal of Chromatography A, 760(2), 264-270.
Truy hoi tir http://linkinghub.elsevier.com/retrieve/pii/S0021967396008035). Tom tt:

Mudi nit tron 0,4-0,6mm dugc cit tir dia nudi cdy bang cach sit dung ‘méy khoan
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x04n’ va duoc dit trong lo thiy tinh 8ml chira 2mL dung dich chiét 1am tir metanol va
axit formic 1% (thé tich/thé tich). Céc éng dugc nghién bing song siéu am trong 60
phut trong bé nude. Phan dich ndi trén bé mit duoc chuyén vao lo méi va duoc lam
bay hoi trong dong khi nito va nhiét (30°C), va pelet tao thanh dugc hoa tan trong 100
ul metanol cdp d6 HPLC va axit formic 1% (Sigma-Aldrich) bang cach u dung dich
trong 20 phtt trong bé siéu am. Dung dich chiét thu dugc sau d6 duogc loc qua thiét bi
loc dang xi lanh PTFE 0,45um, 15mm Premium (Agilent Technologies) vao céc 1o
HPLC. Céc chit chuyén hoa da chiét dugc phan tich bing céch st dung Agilent 1200
HPLC duoc lip v6i may do phd khdi Bruker micrOTOF-Q IT dugc trang bi ngudn ion
hoa tia dién. Viéc tach sdc ky dat dugc trén cdt Luna Cis(2) (150 x 4,6mm, 3 pm, 100
A, Phenomenex) dugc duy tri ¢ nhiét d6 40°C. Dung dich nu6c rira giai (A) chira
nuéc/axetonitril (95:5, thé tich/thé tich) va dung dich rta giai hitu co (B) chira
nuéc/axetonitril (5:95, thé tich/thé tich); ca hai déu duoc axit hoa bing axit formic
0,1%. Tuy theo muc dich cua phan tich, hai mau rira giai gradien tuyén tinh khac nhau
duoc st dung:

Phuong phép 1: 0 phut, 0% B; 20 phut, 100% B; 22 phut 100% B; 24 phut, 0%
B. Téc do dong chay duogc duy tri & 0,8mL/phtt va can bang 7 phut dugc str dung.

Phuong phap 2: 0 phut, 0% B; 30 phut, 100% B; 33 phat 100% B; 35 phut, 0%
B. Téc do dong chay duge duy tri & 0,5SmL/phtt va can bang 10 phat duogc st dung.

Céc mau duge phan tich & ca ché do ion héa duong va am. Tap hop dit liéu thu
duoc duge phén tich bang cach sir dung phan mém MasHunter (Agilent technologies)
sau day.:

Céc séc ky dd dinh co s& (Base Peak Chromatograms: BPC) thu dugc dugc
kiém tra dé x4c dinh cac thay ddi & qué trinh chuyén hoa ctia ndm. Trong khi céc sdc
ky d6 ion da tach (Extracted Ion Chromatograms: EIC) cho cac khéi lwgng phit hop
v6i cac hop chét trung gian mong doi trong con dudng sinh tdng hop dugc tao ra dé dé
dang xac nhan cac dinh thich hop.

Theo cach khac, qué trinh san xuét cac chét chuyén hoa dugc phan tich trong
mdi trudng nudi cdy MM long. DPéi v6i quy trinh nay, binh vo trung Erlenmeyer
500nﬂdchﬁa100nﬂ;rnéiuubngtéiﬂﬁéuléng,u5cécchétbésungthﬂﬁ1hqp,duqc
cdy bing dung dich chira bao tir dinh 16n tir cac chiing can duge phan tich. Céc binh
duoc 0 trong 1-15 ngay & nhiét do 37°C trong thiét bi 1 lic v6i 150 vong/phit. Thé soi
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duoc rét qua Miracloth (Merck Millipore) va duge tdch khéi moi trudng nudi ciy. Thé
soi dugc 1am dong lanh nhanh bang nito 16ng. Mdi trudng dugce loc vo tring qua FPE-
214-250 JET BIOFIL®. Mai trudng vo tring ndy sau d6 dugc chuyén vao lo 40mL dé
phéan tich hoéa hoc.

Chiét

Canh thang 1én men (40mL) dugc lam bay hoi dén kho trong chan khong va
duogc chiét bang etanol + axit formic 10% (20mL) bing phuong phép séng am (2 giod)
& nhiét @6 60°C. Dung mdi dugc gan va dugce lam kho trong chan khong trude khi
duoc hoa tan trong 1,5mL etanol + axit formic 10% bang cach st dung k¥ thuat séng
am. Phan dich ndi trén bé mit duoc 1am kho trong médy c6 mau Speedvac va duge hoa
tan trong 180 pL metanol 90% + axit formic 10%, dugc ly tim va dugc phén tich bang
HPLC-MS/MS

Két qua:

Phaén tich cac cht chuyén hoa da tao thanh bing UHPLC-HRMS cta céc chiing
chita HpPKS2 hodc AaOKS khac loai cho thdy su biéu hién cta PKS typ III (HpPKS2
hotic 4aOKS) dan dén viéc tao ra cic hop chit khac nhau bao gdm hop chit SEK4,
SEK4B va FK. Su biéu hién ¢ ching khuyét cum SMA tao ra ty 1€ cao hon cua FK va
SEK4/SEK4B.

Két luan:

Su biéu hién ctia PKS typ III thuc vat (HpPKS2 hodc 4aOKS) dan dén viéc tao
ra cac hop chit khac nhau bao gé)m hop chat SEK4, SEK4B, FK anthron, Mutactin va
FK in vivo trong Aspergillus nidulans. Su biéu hién ¢ ching cé cac cum gen
asperthecin, sterigmatocystin va monodictyphenon/emodin da dugc lam khuyét c6 tac
dong tich cuc dén viée san xuét chét chuyén hoéa.

Vi trong Vi du 6 nay khong c6 cac xyclaza va/hodc aromataza khdc loai dugc
gédn xen vao chiing Aspergillus va hop chét FK dugc xac dinh — diéu d6 chi ra rang
ching Aspergillus c6 thé chtra cac xyclaza va/hodc aromataza d6ng nhit c6 kha ning
chuyén hoa in vivo octaketit khong khir thanh hop chét FK.

Vi du 7: Su biéu hién dn dinh cac PKS typ III va cac xyclaza va/hodc aromataza
trong Aspergillus nidulans

Vit liéu va phuong phép

Su biéu hién cta xyclaza va aromataza vi khuan trong Aspergillus nidulans
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Dang duoc tdi uwu hoéa codon téng hop cta Zhul, ZhuJ cho su biéu hién
Aspergillus, S. cerevisiae va E. coli dugc mua tir Genscript. Tuong tu nhu duge md ta
d6i v6i PKS typ III, cac gen mi hoa xyclaza va aromataza dugc tdch dong vao vecto
biéu hién hudng dich cac vi tri cu thé trong bd gen Aspergillus, khac véi vi tri duge sir
dung dé biéu hién cta PKS typ III (xem Vi du 6). N6i cach khéc, cac gen Zhul va
ZhuJdugc tich dong vao ching Aspergillus cua Vi du 5 ma di chtra gen PKS typ III
khac loai (HpPKS2, AaOKS).

Céc doan mdi dugc st dung cho quy trinh tao cAu tric, trong do dU la 2-
deoxyuridin:

An Zhul EcOpt-F 5’- AGATATACCAdUGCGTCATGTTGAACATACCGT
An Zhul EcOpt-R 5°- ATGGCTGCAUTTATGCGGTAACTGTACCAACACCA
An ZhuJ EcOpt-F 5°- ATATACATAdUGAGCGGTCGTAAAACCTTT

An ZhuJ EcOpt-R 5°- ATATCCAATAUTTAATCCTCTTCTTCTTGTTC

An Zhul ScOpt-F 5-AGAGCGAJUGAGACACGTTGAACACA

An Zhul ScOpt-R 5’-TCTGCGAdJUTTATGCAGTTACGGTACCA

An ZhuJ ScOpt-F 5’-AGAGCGAUGTCCGGTAGAAAGACCTT

An ZhuJ ScOpt-R 5’-TCTGCGAUTTAATCTTCTTCTTCTTGTTCG

Trinh tw ma hoa dugc khuéch dai PCR duoc tach dong vao cac vecto dé két hop
hudng dich trong bd gen Aspergillus nidulans: Zhul trong 1S80 va ZhuJ trong IS82.
Cé4c catxet biéu hién da dugce xac nhan dugc bién nap vao Aspergillus nidulans, béng
cach két hop huéng dich tudn tu tng catxet biéu hién, nhu dugc mo ta trong Vi du 6.
Gen chi thi AfpyrG duoc loai bé sau mdi chu ky bién nap dé cho phép chu ky bién nap
tiép theo dua catxet biéu hién b6 sung vao.

Phén tich hoa hoc dugce thuc hién nhu duge mo ta trong Vi du 6.

Két qua:

Phan tich céc chit chuyén hoa da tao thanh bing UHPLC-HRMS cho thdy ring
su bidu hién cua Zhul va ZhuJ khéng anh huéng dang ké dén luong chit chuyén hoa
duoc tao ra (bao gdbm hop chit SEK4, SEK4B va FK), tirc 1a luong duge tao ra boi cac
chung cia Vi du 7 nay (chtra PKS (HpPKS2 hodc AaOKS) + Zhul va Zhul) la tuong tu
nhu lugng dugce tao ra boi cic ching cta Vi du 6 (chi chita PKS (HpPKS2 hodc
AaOKS)).

Két luan:
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Két qua cho thiy rang su biéu hién ctia Zhul va ZhuJ duogc t6i wu hoa cho su
biéu hién trong E. coli khong anh huéng dang ké dén cac chét chuyén hoa duoc tao ra
trong Aspergillus nidulans.

Vi du 8: Su biéu hién khac loai cia cac PKS typ I va Dactylopius coccus C-
glycosyltransferaza trong Aspergillus nidulans:

Vit liéu va phuong phép

Viée tao cAu tric cta cac plasmit, bién nap di truyén cta Aspergillus nidulans
va phén tich héa hoc dugc thuc hién nhu duge mo ta trong Vi du 6.

Tao cu trac cac vecto cho su biéu hién cua Dactylopius coccus C-
glycosyltransferaza trong Aspergillus nidulans

Gen DcUGT?2 duoc tach dong/gin xen vao chung PKS (4aOKS) Aspergillus
nidulans cua Vi du 6.

Gen DcUGT?2 c6 chiéu dai day da tir Dactylopius coccus duge tdi wu hoa codon
cho su biéu hién trong Aspergillus nidulans va dugc mua tir GenScript dudi dang
ADN téng hop. Dé khuéch dai dwa trén PCR trinh ty ma héa DeUGT2, cac doan mdi
sau duoc su dung: DcUGT2 AnOpt-F: 5°-
AGAGCGAJUATGGAGTTTCGCTTGCTTATCCT va DcUGT2 AnOpt-R: 5°-
TCTGCGAdUTTAATTCTTCTTCAACTTTTCCGACTTAG. Amplicon PCR thu
dugc dugc tach dong vao vecto biéu hién Aspergillus nidulans nhu dugc mo ta trong
Vi du 6. Vecto biéu hién di st dung huéng dich vi tri IS52 trong bo gen cla
Aspergillus nidulans.

Két qua:

Phan tich céc chdt chuyén héa di duoc tao ra cia cac ching Aspergillus
nidulans chira AaOKS va DcUGT?2 khac loai cho thdy rang su biéu hién dan dén viéc
tao ra cac hop chit khac nhau bao gém hop chit CA, DCIL, KA. Céac hop chat FK,
SEK4 va SEK4b cling dugc nhéan ra, va su biéu hién déng thoi cua DcUGT?2 tao ra
hiéu suét cao hon cta cac hop chit dugc dé cap truge do.

Két luan

Su biéu hién ddng thoi ctia PKS (4aOKS) va glycosyltransferaza (DcUGT?2)
khac loai trong Aspergillus nidulans dan dén viéc tao ra CA, DCII, KA. Cac hop chét
FK, SEK4 va SEK4b cling dugc nhén ra, va su biéu hién déng thoi cia DcUGT?2 tao

ra hiéu suét cao hon cua cac hop chat dugc de cép trude do.
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Vi du 9: Su biéu hién cua AaOKS trong N. benthamiana va trong thir nghi€m
hoat tinh in vitro

Su biéu hién ctia AaOKS trong N. benthamiana

AaOKS (S6 truy cdp ngan hang gen AY567707) (Abe I, Oguro S, Utsumi Y,
Sano Y, Noguchi H (2005b). Engineered biosynthesis of plant polyketides: chain
length control in an octaketide-producing plant type III polyketide synthase. ] Am
Chem Soc 127: 12709-12716.; Abe I, Utsumi Y, Oguro S, Morita H, Sano Y, Noguchi
H (2005a). A plant type III polyketide synthase that produces pentaketide chromone. J
Am Chem Soc 127:1362-1363) dugc tdng hop boi Geneript va duoc khuéch dai bang
céc doan mdi chira doan nho ra USER va dudi his ddu cing C dé tach dong vao vecto
pEAQ tuong thich véi USER (Sainsbury F, Thuenemann EC, Lomonossoff GP (2009)
pEAQ: versatile expression vectors for easy and quick transient expression of
hetefologous proteins in plants. Plant Biotechnol J 7: 682-693) vo6i phuong phép
USER (Nour-Eldin HH, Hansen BG, Nerholm MH, Jensen JK, Halkier BA (2006).
Advancing uracil-excision based cloning towards an ideal technique for cloning PCR
fragments. Nucleic Acids Res 34: e122.) dé tao ra plasmit pPEAQ-AaOKS thu dugc.
Plasmit nay dwoc nhan 1én trong té bao E. coli TOP10 va duoc xac nhan bang cach
giai trinh tu. Plasmit ndy dwoc bién nap vao Agrobacterium tumefaciens bang k¥ thuét
xung dién va cac dong vo tinh duong dugc chon trén thach Luria-Bertani (LB) duoc
bd sung rifampixin (12,5 pg/mL), kanamyxin (50 pg/mL), va ampixilin (25 pg/mL)
sau d6 12 PCR d¢ xac nhén sy c6 mit ciia AaOKS.

Dé bibu hién, A. tumefaciens mang pEAQ-AaOKS hoic pEAQ dugc nudi chy
qua dém trong LB léong dugc bd sung rifampixin (12,5 pg/mL), kanamyxin (50
ng/mL) va ampixilin (25 pg/mL). Cac té bao dugc tao pelet bang cach ly tAm va tao
huyén phu lai trong mdi trudng chuyén nap (infiltration) (10 mM MES, 100 uM
acetosyringone, 10 mM MgCl») dén ODgoo cubi cung: 0,5 va dugc 0 & nhiét do phong
trong 1 gid. A. tumefaciens duge chuyén nap vao la cla cdy N. benthamiana 3-4 tuan
tudi bang xi lanh khong kim va cac cdy nay dugc tréng 5 ngay nita trong nha kinh.

Chiét protein hoa tan tir N. benthamiana

300mg vt liéu thuc vat dugce nghién trong cbi lanh bang chay va bd sung 0,5g
PVPP va 10mL chét dém chiét lanh (natri phosphat SOmM, sucroza 400mM, DTT
4mM, do pH = 7,2 chtra chét e ché proteinaza hoan chinh (Roche)). Dich d’éng nhét
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duogc loc qua lugi nylon vao éng ly tAm lanh va duge ly tim & 10.000 xg & nhiét do
4°C trong 15 phit. Phén dich ndi trén bé mit dugc phan lap va dugce ly tam & 100.000
xg & nhiét do 4°C trong 60 phut. Phin hoa tan (phan dich ndi trén bé mit) dugc phan
lap. Viéc tao ra AaOKS dudi his dugc xac nhin bang k¥ thuét thim tach Western sur
dung khang thé khang his. AaOKS dudi his dugc tinh ché tir phan hoa tan bing cach
str dung cot His Spin Trap (GE health care biosciences) theo hudng dan ctia nha san
Xuat.

Thtr nghiém polyketit syntaza

Dich chiét enzym thd hoa tan cta 14 cAy N. benthamiana va his-AaOKS dugc
tinh ché &i luc dugc thtr nghiém vé hoat tinh polyketit syntaza. Thir nghiém tiéu chuin
chtra 100l protein hoa tan hodc 20pul his-AaOKS duoc tinh ché 4i luc trong téng thé
tich phan tng 1a 250ul chtra natri phosphat 50mM, sucroza 500mM, DTT ImM,
malonyl-CoA 40pM, axetyl-coA 20uM, d6 pH = 7. Thir nghiém tiéu chuan duge bd
sung [2-'*C]-malonyl-CoA (1,8mCi/mmol) d&i v6i phan tich TLC hodc [C3]-
malonyl-CoA ddi v6i phan tich cdu tric. Cac hdn hop phan tmg duoc 4 & nhiét do
30°C trong 90 phut, duoc két thiic bing cach bd sung 25ul HC1 20% va duge chiét hai
lan bing 500pl etyl axetat, axit axetic 1% (khdi lugng/thé tich). Pha hitu co duge lam
kho trong chan khong va dugce tao huyén phu lai trong 20pl metanol, axit axetic 1%
(khdi lwong/thé tich) va duge phan tich bang TLC hodc LC-MS.

Két qua - Hoat tinh enzym in vitro cia AaOKS:

Dich chiét enzym thd tir N. benthamiana biéu hién AaOKS duoc thir nghiém vé
hoat tinh octaketit syntaza bing cach st dung malonyl-CoA lam co chat khoi dong.
Khi “C-malonyl-CoA dugc @ vé6i dich chiét enzym thd hogc AaOKS duge tinh ché 4i
luc thi co chét nay dugce chuyén héa, nhu dugc quan sat thiy béi sy xuét hién cua vach
hoat tinh phéng xa trén sic ky 16p méng, trong khi d6 khong c6 sén pham nao dugc
quan sat thay khi sir dung dich chiét enzym tho tir cdy thudc 14 duge chuyén nap mot
minh plasmit. P& 1am rd v& cu trac, *C-malonyl-coA dugc st dung lam co chit va
cac san phim da danh ddu duoc x4c dinh bing LC-MS 1a SEK4 va SEK4B. Khong c6
su khéc biét vé su tao thanh san phdm khi AaOKS dugc gin dudi v6i dudi his dau
cing C va didu nay cho thdy rang dudi HIS khong can thiép vao hoat tinh enzym. Két

qua nay cho thiy ring AaOKS duoc biéu hién khéc loai trong N. benthamiana c6 hoat
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tinh octaketit syntaza va enzym dugc tinh ché 4i luc san sinh in vitro cac san pham
song song thu dugc tr octaketit 1a SEK4 va SEK4B.

Két luan:

Két qua nay cho thay ring AaOKS duoc biéu hién khac loai trong M.
benthamiana c6 hoat tinh octaketit syntaza va enzym duogc tinh ché 4i luc san sinh in
vitro céc san phdm song song thu dugc tir octaketit [a SEK4 va SEK4B.

Vi du 10: Tach dong céc dang dugce cit cut cia DcUGT?2 trong S. cerevisiae va
thir nghiém hoat tinh in vitro cia ching d6i voi FK va KA

Vit liéu va phuong phéap

Su biéu hién cua cac cAu tric gen DcUGT2 duoc cit cut trong S. cerevisiae

Dang duogc cit cut cua DcUGT?2 dugce tao ra thiéu ca trinh tu tin hiéu va phén
neo mang (ASP_DcUGT24MD-Strep) hodc mdt minh phén neo mang (DcUGT2AMD-
Strep). Cac doan ma hoa ASP _DcUGT24AMD-Strep va DcUGT24AMD-Strep dugc
khuéch dai riéng r& tir plasmit pYES-DEST52-DcUGT2-Strep bang cach str dung cic
doan mdi PCR dic hiéu dé két hop dudi Strepll dau cing C (xem bang du6i ddy). Vi
tri tai td hop Gateway, attB1 va attB2, dugc dua vao cac doan da duoc tao ra trong
PCR sau déy bing cach str dung doan moi thudn: 5°-ggggacaagtttgtacaaaaaagcaggct-3°
va doan mdi dao: 5’—ggggaccactttgtacaagaaagcetgggt-3°. ASP_DcUGT2AMD-Strep va
DcUGT24AMD-Strep duge gan bén sudn boi céc vi tri attB dugc tach dong vao plasmit
pDONR207 (Invitrogen) va dugc chuyén vao plasmit dich, pYES-DESTS52 (Invitrogen)
bang céch str dung hé thdng cong ngh¢ Gateway. Hai chu tric plasmit pYES-DESTS2
duoc bién nap riéng ré vao ching niAm men Invscl (Invitrogen) va céc thé bién nap
duong tinh dugc xéc nhan béng PCR. Viéc san xuét protein khac loai dugce thuc hién
theo huéng dan cta plasmit gateway pYES-DEST52 (Invitrogen). Viéc san xudt
protein dudi Strepll khéc loai dugc xdc nhén bang k¥ thuét thAm tach Western st dung
khéng thé khang Strep. Phan lién két mang va phan protein hoa tan dugc tao ra tr céc
thé bién nap niAm men da duogc xac nhan nhu duoc md ta trong (Pompon, D., Louerat,
B., Bronine, A., Urban, P. (1996). Yeast expression of animal and plant P450s in
optimized redox environments. Methods Enzymol. 272:51-64) va dugc sang loc vé
hoat tinh glucosyl hoa ddi va&i axit flavokermesic/axit kermesic nhu duoc mo ta trén

day.
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Vi du 11: San xuét in planta axit carminic va Dcll bang cach biéu hién khac loai
cac gen ma héa PKS, enzym xyclaza va DcUGT c6 chiéu dai day du trong Nicotiana
benthamiana.

Su biéu hién tam thoi cia cac ciu tric gen trong Nicotiana benthamiana

DPoan ADN tbng hop ma hoa Zhul (S6 truy cap ngan hang gen: AAG30197) va
ZhuJ (S6 truy cap ngan hang gen:AAG30196) dugc tdi uu héa codon cho sw biéu hién
N. benthamiana va AaOKS (S6 truy cip ngan hang gen:AY567707) dugc mua tir
Genscript. TAt ca cac doan tong hop va plasmit pYES-DESTS2-DcUGT2-Strep dugce
mo ta & day duoc st dung lam khuon PCR véi cdc doan mdi chira deoxyuraxil(dU)
twong thich (xem Béang 5 dudi day) dé tao ra cac ciu trac duoc tach dong vao pEAQ-
HT-USER bang cong nghé USER. Dang DcUGT2 dugc cit cut, DeUGT24MD-Strep,
duoc chuyén tir plasmit pDONR207 (Invitrogen) vao plasmit dich, pEAQ-HT-DEST]
(Sainsbury, F., Saxena, P., Geisler, K., Osbourn, A., Lomonossoff, G.P. (2012). Using
a Virus-Derived System to Manipulate Plant Natural Product Biosynthetic Pathways.
Methods Enzymol. 517:185-202), sit dung hé thdng cong nghé Gateway. Tét ca cac
céu trac plasmit pEAQ-HT déu duoc bién nap vao ching Agrobacterium tumefaciens,
AGL-1 va dugc chuyén nap vao 14 cua ciy N. benthamiana nhu dugc md ta trong
(Bach, S.S., Bassard, JE., Andersen-Ranberg, J., Moldrup, ML.E., Simonsen, H.T.,
Hamberger, B. (2014). High-Throughput Testing of Terpenoid Biosynthesis Candidate
Genes Using Transient Expression in Nicotiana benthamiana. In M Rodriguez
Concepcion, ed, Plant Isoprenoids, Methods in Molecular Biology, Vol. 1153.

Humana Press, New York).

Bang 5. Céc trinh tu doan mdi dé khuéch dai céc cdu tric gen khac nhau

Céc doan | Trinh tu doan moi
gen

Thuén 5°-GGCTTAA/dU/ATGAGTTCACTCTCCAACGCTTCCCATC-3’

AaOKS bao 5’-
GGTTTAA/dU/TTACATGAGAGGCAGGCTGTGGAGAAGGATAGT-3’

Thuén 5°-GGCTTAA/dU/ATGAGGCATGTCGAGCAT-3’

Zhul Do 5°-GGTTTAA/dU/TTATGCCGTGACAGTTCCGACAC-3’
Zhul Thuan 5’-GGCTTAA/dU/ATGTCCGGACGTAAGACG-3’
Déo 5’-GGTTTAA/dU/TTAATCTTCCTCCTCCTGTTCAA-3’

DcUGT2 | Thuén 5’-GGCTTAA/dU/ATGGAATTCAGATTGTTGATATTGGCCT-3’
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-Strep bao 5’-GGTTTAA/dU/TTATTTTTCGAATTGTGGATGAGACCAAGCAGA-
3 2
g‘itlg?) 5’-ggggacaagtttgtacaaaaaagcaggct-3’
DcUGT?2 - ; ,
AMD- Do 5’-
Strep TTATTTTTCGAATTGTGGATGAGACCAAGCAGAGTGCAAAAAGG
CACCTGCAGT-3’

Chiét chit chuyén hoa va phan tich LC-MS/MS

Céc chit chuyén hoa dugc chiét tir cac dia (@=3cm) chira 14 cdy N.
benthamiana da duge chuyén nap vao té bao. Cac dia chua 14, dugc cit bing miy
khoan xo0dn, dugc lam déng lanh nhanh trong nito 16ng.0,5mL chit dém chiét
(methanol 85% (thé tich/thé tich), axit formic 0,1% (thé tich/thé tich)), dugc 1am cén
bang dén nhiét do 50°C, dugc bd sung vao tirng dia chira 14 dong lanh sau d6 0 trong 1
gid & nhiét do 50°C, khudy & 600 vong/phit. Phan dich ndi trén bé mit dugc phan 1ap
va cho di qua dia loc Multiscreennrs HV 0,45pm (Merck Milipore). Phén dich ndi trén
bé mit dd dugc loc nay duge dua vao phén tich LC-MS/MS ma duge thuc hién trén
Agilent 1200 HPLC két hop véi thiét bi do phd khéi Bruker micrOTOF-Q II duoc
trang bi ngudn ion héa tia dién. Tach sdc ky thu duge trén cot Luna Cis(2) (150 x
4,6mm, 3um, 100A, Phenomenex) dugc duy tri ¢ nhiét do 40°C. Dung dich nuéc rira
gidi (A) bao gdm nudc/axetonitril (95:5, thé tich/thé tich) va dung dich rtra gii hitu co
(B) bao gdm nudc/axetonitril (5:95, thé tich/thé tich); ca hai dung dich nay duoc axit
héa bang axit formic 0,1%. Ty theo muc dich ctia phan tich, hai mau rira gidi gradien
tuyén tinh khac nhau dugc st dung:

Phuong phap 1: 0 phut, 0% B; 30 phat, 100% B; 33 phtt 100% B; 35 phut, 0%
B. Tdc @6 dong chay dugc duy tri & 0,5SmL/phut va cén bang 10 phut duge st dung.
Thoi gian luu 12 15,5 phut d6i véi dell, 15,6 phit dbi véi axit carminic (CA), 17,1 phit
dbi véi flavokermesic-O-Gle 2 (FK-O-Gle 2), 17,2 phit dbi v6i SEK4, 17,7 phat dbi
v6i SEK4B, 22,7 phat dbi vé6i axit flavokermesic (FK) va 22,7 phut ddi voi axit
kermesic (KA).

Phuong phap 2: 0 phat, 10% B; 25 phut, 20% B; 27 phat 100% B; 35 phit,
100% B; 36 phut, 10% B. Téc dd dong chay duogc duy tri & 0,5mL/phit va can bing
10 phut dugce st dung.
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Thoi gian lvu 13 16,1 phut d6i véi flavokermesic-O-Gle 1 (FK-O-Gle 1), 17,0
phut dbi véi dell, 18,2 phit ddi véi axit carminic (CA), 24,1 phut ddi véi SEK4, 25,5
phut ddi véi flavokermesic-O-Gle 2 (FK-O-Gle 2), 26,8 phut dbi v6i SEK4B, 35,5
phut d6i véi axit flavokermesic (FK) va 36,0 phtt d6i véi axit kermesic (KA).

Céc O-glucosit dugc xé4c dinh bang k¥ thut xtt Iy viscozyme L va bang hao hut
phan t trung tinh 162 Da trong phé MS/MS.

Két qua:

AaOKS cua Aloe arborescens da duge md ta trude do 1a octaketit syntaza thudc
nhém enzym PKS typ III. D& nghién ctru kha nang st dung enzym PKS typ III nay dé
tao ra tién chit octaketit can thiét cho viéc san xuét axit carminic, gen AaOKS duogc
biéu hién tam thoi trong N. benthamiana. Gen AaOKS, khi so sanh vé&i ddi ching
plasmit rng, dan dén viéc tao ra SEK4 va SEK4B sau khi chuyén nap vao té bao 14
cia N. benthamiana. Didu nay ching minh ring AaOKS c6 thé hoat dong nhu
octaketit syntaza hoat tinh in vivo trong N. benthamiana. Ngoai ra, vi khong c6 axit
flavokermesic (FK) anthron hodc FK nao c6 thé duoc quan sat thdy khi AaOKS duoc
chuyén nap mét minh vao té bao, N. benthamiana c¢6 thé thiéu enzym ndi sinh dé
chuyén hoa thém SEK4 va SEK4B thanh cac hop chit nay. Vi vdy, cc gen xyclaza,
Zhul va ZhuJ, duoc chuyén nap dong thoi v6i 4aOKS. Zhul va Zhul c¢6 ngudn goc tir
con dudng sinh téng hop khang sinh R1128 va da duoc két hop in vivo tir trude véi
PKS tdi thiéu actinorhodin trong Streptomyces coelicolor dé tao ra FK (Tang, Y., Lee,
T.S., Khosla, C. (2004). Engineered biosynthesis of regioselectively modified aromatic
polyketides using bimodular polyketide synthases. PLOS Biol. 2(2):E31). Trong M.
benthamiana, khi ZhuJ duoc chuyén nap dong thoi vao té bao ciing véi 4aOKS, quan
sat théy su tich tu FK va axit flavokermesic-O-glucosit, FK-O-Glc 2 va day khong
phai 13 truong hop khi 4aOKS dugce chuyén nap dong thoi vao té bao cing v&i Zhul.
Viée tao ra FK-O-Glc 2 goi ¥ rdng mot hodc mdt vai (cac) UGT cta N. benthamiana
ndi sinh c6 khad ning st dung mot cadch hi€u qua FK lam co chét. Ngoai ra, viéc
chuyén nap dong thoi vao t& bao Zhul cing véi AaOKS 1am giam su san sinh ra
SEK4B bing cach thic ddy viéc tao thanh SEK4 ma phu hop véi két qua trude do 1a
Zhul diéu khién sy tao vong C7-C12 ban dau (thay vi tao vong C10-C15 ma dan dén
vi¢c tao ra SEK4B) cua octaketit mach théng (Ames, B.D., Lee, M.Y., Moody, C.,
Zhang, W., Tang, Y., Tsai, S.C. (2011). Structural and biochemical characterization of
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Zhul aromatase/xyclase from the R1128 polyketide pathway. Biochemistry. 39: 8392-
8406). Viéc tao vong C7-C12 ban dau nay ciing 1a can thiét cho su sinh tong hop mach
chinh anthraquinon ctia FK/CA va khi Zhul duoc chuyén nap dong thoi vao té bao
cing v6i AaOKS va ZhuJ, tong luong gdp ctia FK va axit flavokermesic-O-glucosit
thuc su tang 1én ro rét so voi khi n6 khdng c6 mat.

Viéc tao ra DCII va CA in planta dwgc phét hién khi DcUGT2 Strep c6 chidu
dai ddy da dugc bidu hién ddng thoi cing v6i 4aOKS, Zhul va ZhuJ trong N.
benthamiana. Viéc tao ra CA chi dugc phat hién ra & cac lugng nhd khi so v61 né)ng do
DCII. Viéc tao ra CA nay c6 thé do hoat tinh monooxygenaza ndi sinh khong dic hiéu
trong N. benthamiana ma c6 kha nang hydroxyl héa FK thanh axit kermesic (KA)
hodc DCII thanh CA. Tuy nhién, dang luu ¥ ring khong thé phat hién duoc KA trong
nghién ctru chuyén nap bét ky, chi ra ring hop chit nay dugc tao ra & cac muc thap
hon gidi han phat hién cta céc tac gid sang ché hoidc n6 ¢ thé co doc tinh cao dbi véi
N. benthamiana va do d6 duge chuyén hoa nhanh chéng thanh san phdm chua biét.

Két luan:

Céc két qua ctia vi du nay ching minh:

(i): Gen AaOKS tix Aloe arborescens dugc biéu hién tam thoi trong N.
benthamiana va diéu nay dan dén viéc tao ra SEK4 va SEK4B trén in vivo, ching
minh ring AaOKS c6 thé hoat dong nhu 13 octaketit syntaza hoat tinh in vivo trong N.
benthamiana;

(ii): Vi khong quan sat thdy axit flavokermesic (FK) anthron hoic FK khi
AaOKS duogc chuyén nap mdt minh vao té bao, N. benthamiana c6 thé thiéu enzym noi
sinh d& chuyén hoa thém SEK4 va SEK4B thanh céc hop chat nay.

(iii): Cac gen xyclaza Zhul va ZhuJ, to Streptomyces sp. R1128, duoc chuyén
nap ddng thoi vao té bao cing v6i AaOKS va khi Zhut duge chuyén nap dong thoi vao
té bao cung v6i 4aOKS, quan sat thay su tich tu cia FK va axit flavokermesic-O-
glucosit, FK-O-Glc 2. Khi Zhul dugc chuyén nap ddng thoi vao té bao cing véi
AaOKS va ZhuJ, tong lugng gop cia FK va axit flavokermesic-O-glucosit thuc su ting
1én dang ké so v6i khi né khong c6 mit. Do do, su biéu hién khac loai cia cdc gen
Streptomyces sp xyclaza dan dén viéc tao ra in vivo cac hop chét khac nhau bao gdm

FK;
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(iv): Viéc tao ra DCII va CA in vivo dugc phat hién khi DcUGT2_Strep ¢6
chidu dai diy du dugc biéu hién dong thoi cing v6i 4aOKS, Zhul va ZhuJ in N.
benthamiana.

Vi du 12: Sy biéu hién khac loai dang duoc cit cut cia DcUGT?2 va thit nghiém
hoat tinh in planta cia né trong N. benthamiana.

D& nghién ctru protein DcUGT?2 ¢6 thé dugc hoa tan va van gitt dugc hoat tinh
glucosyl hoa d6i v6i KA va FK hay khong, phan neo mang dugc lam khuyét. DcUGT2
dugc dy doan, théng qua tin sinh hoc, dugc dat trong ER ¢o dau cung C dugc neo
trong mang ER va vi tri hoat dong dau cing N d6i dién v6i lumen. Do d6 suy doan
duogc la protein nay co thé dugc N-glycosyl héa hay khong va, néu nhu vay thi bién
ddi sau dich ma nay c6 thé 14 can thiét cho hoat tinh ctia enzym DcUGT?2. Phan tich dy
do4n tin sinh hoc N-glycosyl hoa dugce thuc hién, xac dinh 3 vi tri N-glycosyl hoa gia
dinh. D& nghién ctu viée glycosyl hoa va viéc hudng dich ER c6 vai trd d6i v6i hoat
tinh ctia enzym DcUGT?2 hay khong khong, dang DcUGT?2 da dugc cit cut duoc tao
ra, trong dé peptit tin hi€u con nguyén ven nhung phin neo mang bi lam khuyét
(DcUGT2AMD-Strep). Protein DcUGT2AMD-Strep nay c6 hoat tinh in vivo va tao ra
DCII khi duogc biéu hién ddng thoi v6i AaOKS va ZhuJ trong N. benthamiana. Su san
xuat DCII & cac cdy nay la thap hon so véi cac mirc DCII & céc cdy dugce chuyén nap
ddng thoi vao té bao cling v6i DcUGT?. Diéu nay co6 thé am chi rang, mic du protein
DcUGT2AMD-Strep ¢6 hoat tinh, mtrc hoat tinh enzym c6 thé bi giam di do viéc lam
khuyét phan neo mang. Viéc DcUGT2AMD-Strep van c6 mot s6 hoat tinh glucosyl
hoa dbi véi FK va/hodc KA con chi ra rang viéc N-glycosyl hoa va (hodc) huéng dich
ER cta protein nay c6 thé 1a thiét yéu ddi v6i hoat tinh clia enzym. Ngoai ra, dugc chi
ra ring DcUGT2 ¢6 chiéu dai ddy da duong nhu canh tranh mot cach hiéu qua voi
hoat tinh FK O-glucosyl héa ctia N. benthamiana, tr d6 lam gidm dang ké luong gop
cia axit flavokermesic-O-Gle (FK-O-Gle 1 va 2) va didu nay khong duoc quan sat
thay d6i voi dang DcUGT2AMD-Strep dugc cét cut.

K&t luan

Cac két qua ctia Vi du nay da chimg minh ring DeUGT24MD-Strep (thiéu phin
neo mang - cac axit amin tur 1 dén 468 cta SEQ ID NO:2) ¢6 hoat tinh in vivo & cay N.

benthamiana.
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Hoat tinh clia DcUGT24MD-Strep (thiéu phin neo mang) 1a thdp hon so véi
enzym DcUGT2 ¢6 chidu dai ddy du — tuy nhién, viéc n6 ¢6 hoat tinh c6 thé chi ra
rang n6 cd thé dic biét hitu ich cho viéc san xuét khéc loai trong, vi du, sinh vat tién

nhan.
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YEU CAU BAO HQ
1. Phuong phap san xuat hop chit thom thu dugc tlr octaketit, trong d6 phuong phép
nay bao gém cac budc sau

G)mo%pNCMWWﬁmgéwomwmﬁhWCMagnmwmmgmwa
(PKS) typ III da duogc dua vao bang cach tai t6 hgp ma hoa octaketit syntaza (OKS),
trong d6 OKS thudc gidng khéc véi té bao chu:

(1): don vi khoi ddng va don vi kéo dai véi OKS néu trén sao cho don vi khéi
ddng va don vi kéo dai nay chuyén hoa thanh octaketit khong khir;

(I): chuyén héa in vivo trong té bao chu téi td hop octaketit khong khir ctia
budc (I) thanh hop chét aglycon thom Ci14-C34 nh it nhéit mot aromataza/xyclaza hoat
dong in trans, trong dé hop chit aglycon thom cin quan tim nay khong phai la SEK4
va’/hodc SEK4B;

(IID): t& bao chu tai td hop con chita gen glycosyltransferaza ma hoa
glycosyltransferaza c6 do ddng nhét trinh tu it nhat 1a 90% véi SEQ ID NO: 2 hoic
céc axit amin tr 1 dén 468 cua SEQ ID NO: 2, ma glycosyl héa hop chét aglycon
thom dugc san xuét & bude (I1) thanh hop chit glycosit thom Cis-Css; va

(IV): phan 14p hop chét glycosit thom ctia buéc (III) dé thu duoc ché pham,
trong d6 ché phidm nay chwra it hoﬁ 1% khéi lwong/khdi luong chat kho ctia vat lidu té
bao chi ti td hop va trong do & bao chii téi t6 hop 1a té bao thuc vat, té bao nam soi
hoactébéonénlnwn.

2. Phuong phép theo diém 1, trong d6 té bao chu tai t6 hop theo diém 1 1a té bao chu
tai t6 hop dang sinh trwong va bude (I) va bude (II) bao gom:

(I): cho tiép xtc in vivo trong té bao chu tai td hop dang sinh truéng chita gen
polyketit syntaza (PKS) typ III da dugc dua vao bang cach tai t6 hgp ma héa octaketit
syntaza (OKS), trong d6 OKS thudc gidng khac véi té bao chu:

(1): don vi khoi dong va don vi kéo dai voi OKS néu trén sao cho don vi khéi
dong va don vi kéo dai nay chuyén hoa thanh octaketit khong khir; va

(1): chuyén hoa in vivo trong té bao chu tai td hop dang sinh truéng, octaketit
khong khr cia budc (I) thanh hop chét aglycon thom Cis-C34, trong d6 hop chét
aglycon thom nay khong phai 1a SEK4 va/hodc SEK4B.
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3. Phuong phap theo diém bat ky trong cac diém néu trén, trong d6 té bao thyc vat 1a
Nicotiana sp..
4. Phuong phép theo diém bt ky trong cac diém tir 1 dén 2, trong d6 t& bao ndm soi 1a
té bao Aspergillus.
5. Phuong phép theo diém bat ky trong céc diém tir 1 dén 2, trong d6 té bao nim men
1a §. cerevisiae.
6. Phuong phép theo diém bit ky trong s6 cac diém néu trén, trong d6 gen polyketit
syntaza (PKS) Typ III cua budc (I) 1a gen PKS tir thye vét va trong d6 thuc vat nay 1a
thue vat duge chon tir nhom bao gdm: Aloe spp. va Hypericum spp..
7. Phuong phap theo diém 6, trong d6 octaketit syntaza (OKS) cua bude (I) 1a OKS
chira trinh tu axit amin, ¢é do déng nhét trinh ty it nhét 1a 70% véi cac axit amin tir 1
dén 403 cia SEQ ID NO:7 (4aOKS).
8. Phuong phép theo diém 6, trong d6 octaketit syntaza (OKS) cua buée (I) 1a OKS
chtra trinh tu axit amin, c6 do déng nhét trinh tu it nhat 13 70% véi cac axit amin tur 1
dén 393 ctia SEQ ID NO:15 (HpPKS?2).
9. Phuong phép theo diém bat ky trong s6 cac diém néu trén, trong d6 don vi khéi
dong la axetyl-CoA va/hodc malonyl-CoA.
10. Phwong phap theo diém bt ky trong s6 cac diém néu trén, trong dé:

- t& bao chu tai td hop 1a té bao cha dugc chon tir nhém bao gdm: Aspergillus
va Nicotiana sp.; va

- OKS thudc giéng khac véi t& bao chu 1a OKS duge chon tir nhém bao gdm:
OKS tir Aloe spp. va Hypericum Spp..
11. Phuong phép theo diém bat ky trong s6 cic diém néu trén, trong d6 hop chat
aglycon thom 12 hop chét aglycon thom Cie.
12. Phuong phap theo diém 11, trong d6 hop chat aglycon thom Cis 13 axit
flavokermesic (FK) hodc axit kermesic (KA).
13. Phuong phap theo diém bét k¥ trong sb cac diém néu trén,

trong d6 aromataza/xyclaza la aromataza/xyclaza chtra trinh ty axit amin c¢6 do
ddng nhét trinh tu it nhét 1a 70% v&i céc axit amin tir 1 dén 169 ctia SEQ ID NO:17

(Streptomyces Zhul); va’/hodc
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trong d6 aromataza/xyclaza la aromataza/xyclaza chta trinh tu axit amin c6 do
ddng nhét trinh tu it nhit 1a 70% vdi cc axit amin tir 1 dén 256 ctia SEQ ID NO:19
(Streptomyces Zhul).
14. Phuong phép theo diém bét ky trong sb cac diém néu trén, trong d6 hop chat
glycosit thom 1a hgp chat glycosit thom Cig va trong d6 hop chét glycosit thom Cis 12
glycosit cua axit flavokermesic hodc glycosit cia axit kermesic.
15. Phuong phap theo diém 14, trong d6 hop chét glycosit thom Cis 12 glycosit cia
axit flavokermesic va glycosit cta axit flavokermesic la Dcll.
16. Phuong phap theo diém 14, trong d6 hop chét glycosit thom Cie 12 glycosit ctia axit

kermesic va glycosit cia axit kermesic la axit carminic (CA).
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Fig.1
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Fig.3
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<110>

<120>

<130> 56189EPO1

<160> 89

<170>

<210> 1

<211> 1548

<212> ADN

<213> Trinh tu nhadn tao

<220>

<223> ADN tdéng hop

<220>

<221> CDS

<222>  (1)..(1548)

<400> 1

atg gaa ttt cgt tta

48

Met Glu Phe Arg Leu

1 5

act tca aac gga gca

96

Thr Ser Asn Gly Ala

20

agt aat tat aat gtt

144

Ser Asn Tyr Asn Val

35

ggt cat aat gtt aca

192

Gly His Asn Val Thr
50

cct aat ttg tac gaa

240

Pro Asn Leu Tyr Glu

65
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PatentIn phién ban 3.5

cta

Leu

gaa

Glu

gct

Ala

gtt

Val

att

Ile
70

atc

Ile

att

Ile

gaa

Glu

gtc

Val
55

gac

Asp

ctg

Leu

tta

Leu

gca

Ala
40

aca

Thr

gta

Val

gct

Ala

gct

Ala
25

ctg

Leu

tct

Ser

tct

Ser

ctt

Leu
10

ctt

Leu

ctg

Leu

ttt

Phe

gga

Gly
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ttt

Phe

ttc

Phe

aag

Lys

cct

Pro

gct

Ala
75

tct

Ser

cct

Pro

acc

Thr

caa

Gln
60

aaa

Lys

gta

Val

att

Ile

tta

Leu
45

aaa

Lys

ggc

Gly

ctt

Leu

cac

His
30

gct

Ala

aaa

Lys

ttg

Leu

atg

Met
15

ggt

Gly

aac

Asn

cct

Pro

gct

Ala

agt

Ser

atc

Ile

cgg

Arg

gta

Val

act

Thr
80



35109

aat tca ata cat ttt gaa aga tta caa acg att att caa gat gta aaa

288

Asn Ser Ile His Phe Glu Arg Leu Gln Thr Ile Ile Gln Asp Val Lys
85 90 95

tcg aac ttt aag aac atg gta cga ctt agc aga aca tac tgt gag att

336

Ser Asn Phe Lys Asn Met Val Arg Leu Ser Arg Thr Tyr Cys Glu Ile
100 105 110

atg ttt tct gat ccg agg gtt ttg aac att cga gac aag aaa ttc gat

384

Met Phe Ser Asp Pro Arg Val Leu Asn Ile Arg Asp Lys Lys Phe Asp
115 120 125

ctc gta ata aac gcc gta ttt ggc agt gac tgc gat gcc gga ttc gea

432

Leu Val Ile Asn Ala Val Phe Gly Ser Asp Cys Asp Ala Gly Phe Ala
130 135 140

tgg aaa agt caa gct cca ttg att tca att ctc aat gct aga cat act
480

Trp Lys Ser Gln Ala Pro Leu Ile Ser Ile Leu Asn Ala Arg His Thr
145 150 155 160

cct tgg gcc cta cac aga atg gga aat cca tca aat cca gcg tat atg

528

Pro Trp Ala Leu His Arg Met Gly Asn Pro Ser Asn Pro Ala Tyr Met
165 170 175

cct gtc att cat tct aga ttt cct gta aaa atg aat ttc ttc caa aga

576

Pro Val Ile His Ser Arg Phe Pro Val Lys Met Asn Phe Phe Gln Arg
180 185 190

atg ata aat acg ggt tgg cat ttg tat ttt ctg tac atg tac ttt tat

624

Met Ile Asn Thr Gly Trp His Leu Tyr Phe Leu Tyr Met Tyr Phe Tyr
195 200 205

tat ggt aat gga gaa gat gcc aac aaa atg gcg aga aaa ttt ttt ggc

672

Tyr Gly Asn Gly Glu Asp Ala Asn Lys Met Ala Arg Lys Phe Phe Gly
210 215 220

aac gac atg ccc gac ata aat gaa atg gtt ttt aat aca tct tta tta
720

Asn Asp Met Pro Asp Ile Asn Glu Met Val Phe Asn Thr Ser Leu Leu
225 230 235 240

ttc gta aat act cac ttt tcg gtt gat atg cca tat cct ttg gtt cca

768

Phe Val Asn Thr His Phe Ser Val Asp Met Pro Tyr Pro Leu Val Pro
245 250 255
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aac tgc att gaa ata gga gga ata cat gta aaa gag cca caa cca ctg

816

Asn Cys Ile Glu Ile Gly Gly Ile His Val Lys Glu Pro Gln Pro Leu
260 265 270

cct ttg gaa ata caa aaa ttc atg gac gaa gca gaa cat ggg gtc att

864

Pro Leu Glu Ile Gln Lys Phe Met Asp Glu Ala Glu His Gly Val Ile
275 280 285

ttc ttc acg cta gga tca atg gtg cgt act tcc acg ttt cca aat caa

912

Phe Phe Thr Leu Gly Ser Met Val Arg Thr Ser Thr Phe Pro Asn Gln
290 295 300

act att caa gca ttt aag gaa gct ttt gcc gaa tta cct caa aga gtc
960

Thr Ile Gln Ala Phe Lys Glu Ala Phe Ala Glu Leu Pro Gln Arg Val
305 310 315 320

tta tgg aag ttt gag aat gaa aat gag gat atg cca tca aat gta ctc

1008

Leu Trp Lys Phe Glu Asn Glu Asn Glu Asp Met Pro Ser Asn Val Leu
325 330 335

ata agg aaa tgg ttt cca caa aat gat ata ttc ggt cat aag aat atc

1056

Ile Arg Lys Trp Phe Pro Gln Asn Asp Ile Phe Gly His Lys Asn Ile
340 345 350

aaa gca ttc att agt cac ggt gga aat tct gga gct ctg gag gct gtt

1104

Lys Ala Phe Ile Ser His Gly Gly Asn Ser Gly Ala Leu Glu Ala Val
355 360 365

cat ttc gga gta ccg ata att gga att cct tta ttc tac gat cag tac

1152

His Phe Gly Val Pro Ile Ile Gly Ile Pro Leu Phe Tyr Asp Gln Tyr
370 375 380

agg aat att ttg agt ttc gtt aaa gaa ggt gtt gcc gtt ctt ttg gat
1200

Arg Asn Ile Leu Ser Phe Val Lys Glu Gly Val Ala Val Leu Leu Asp
385 390 395 400

gtg aat gat ctg acg aaa gat aat att tta tct tct gtc agg act gtt

1248

Val Asn Asp Leu Thr Lys Asp Asn Ile Leu Ser Ser Val Arg Thr Val
405 410 415

gtt aat gat aag agt tac tca gaa cgt atg aaa gca ttg tca caa cta

1296
Val Asn Asp Lys Ser Tyr Ser Glu Arg Met Lys Ala Leu Ser Gln Leu
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420 425 430

ttc cga gat cga cca atg agt cct ctt gac aca gct gtt tac tgg aca

1344

Phe Arg Asp Arg Pro Met Ser Pro Leu Asp Thr Ala Val Tyr Trp Thr
435 440 445

gaa tat gtc atc cgc cat aga gga gcc cat cac ctc aag acc gct ggc

1392

Glu Tyr Val Ile Arg His Arg Gly Ala His His Leu Lys Thr Ala Gly
450 455 460

gca ttt ttg cat tgg tat cag tat tta ctt ttg gac gtt att acc ttc
1440

Ala Phe Leu His Trp Tyr Gln Tyr Leu Leu Leu Asp Val Ile Thr Phe
465 470 475 480

tta tta gtc aca ttc tgc gct ttt tgt ttt att gtg aaa tat ata tgt

1488

Leu Leu Val Thr Phe Cys Ala Phe Cys Phe Ile Val Lys Tyr Ile Cys
485 490 495

aaa gct ctc att cat cat tat tgg agc agt tcg aaa tct gaa aag ttg

1536

Lys Ala Leu Ile His His Tyr Trp Ser Ser Ser Lys Ser Glu Lys Leu
500 505 510

aaa aaa aat taa

1548

Lys Lys Asn
515

<210> 2

<211> 515

<212> PRT

<213> Trinh tu nhin tao

<220>
<223> Ciu trac Téng hop

<400> 2
Met Glu Phe Arg Leu Leu Ile Leu Ala Leu Phe Ser Val Leu Met Ser

1 5 10 15

Thr Ser Asn Gly Ala Glu Ile Leu Ala Leu Phe Pro Ile His Gly Ile
20 25 30

Ser Asn Tyr Asn Val Ala Glu Ala Leu Leu Lys Thr Leu Ala Asn Arg
35 40 45
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Gly His Asn Val Thr Val Val Thr Ser Phe Pro Gln Lys Lys Pro Val
50 55 60

Pro Asn Leu Tyr Glu Ile Asp Val Ser Gly Ala Lys Gly Leu Ala Thr
65 70 75 80

Asn Ser Ile His Phe Glu Arg Leu Gln Thr Ile Ile Gln Asp Val Lys
85 90 95

Ser Asn Phe Lys Asn Met Val Arg Leu Ser Arg Thr Tyr Cys Glu Ile
100 105 110

Met Phe Ser Asp Pro Arg Val Leu Asn Ile Arg Asp Lys Lys Phe Asp
115 120 125

Leu Val Ile Asn Ala Val Phe Gly Ser Asp Cys Asp Ala Gly Phe Ala
130 135 140

Trp Lys Ser Gln Ala Pro Leu Ile Ser Ile Leu Asn Ala Arg His Thr
145 150 155 160

Pro Trp Ala Leu His Arg Met Gly Asn Pro Ser Asn Pro Ala Tyr Met
165 170 175

Pro Val Ile His Ser Arg Phe Pro Val Lys Met Asn Phe Phe Gln Arg
180 185 190

Met Ile Asn Thr Gly Trp His Leu Tyr Phe Leu Tyr Met Tyr Phe Tyr
195 200 205

Tyr Gly Asn Gly Glu Asp Ala Asn Lys Met Ala Arg Lys Phe Phe Gly
210 215 220

Asn Asp Met Pro Asp Ile Asn Glu Met Val Phe Asn Thr Ser Leu Leu
225 230 235 240

Phe Val Asn Thr His Phe Ser Val Asp Met Pro Tyr Pro Leu Val Pro
245 250 255

Asn Cys Ile Glu Ile Gly Gly Ile His Val Lys Glu Pro Gln Pro Leu
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260 265 270

Pro Leu Glu Ile Gln Lys Phe Met Asp Glu Ala Glu His Gly Val Ile
275 280 285

Phe Phe Thr Leu Gly Ser Met Val Arg Thr Ser Thr Phe Pro Asn Gln
290 295 300

Thr Ile Gln Ala Phe Lys Glu Ala Phe Ala Glu Leu Pro Gln Arg Val
305 310 315 320

Leu Trp Lys Phe Glu Asn Glu Asn Glu Asp Met Pro Ser Asn Val Leu
325 330 335

Ile Arg Lys Trp Phe Pro Gln Asn Asp Ile Phe Gly His Lys Asn Ile
340 345 350

Lys Ala Phe Ile Ser His Gly Gly Asn Ser Gly Ala Leu Glu Ala Val
355 360 365

His Phe Gly Val Pro Ile Ile Gly Ile Pro Leu Phe Tyr Asp Gln Tyr
370 375 380

Arg Asn Ile Leu Ser Phe Val Lys Glu Gly Val Ala Val Leu Leu Asp
385 390 395 400

Val Asn Asp Leu Thr Lys Asp Asn Ile Leu Ser Ser Val Arg Thr Val
405 410 415

Val Asn Asp Lys Ser Tyr Ser Glu Arg Met Lys Ala Leu Ser Gln Leu
420 425 430

Phe Arg Asp Arg Pro Met Ser Pro Leu Asp Thr Ala Val Tyr Trp Thr
435 440 445

Glu Tyr Val Ile Arg His Arg Gly Ala His His Leu Lys Thr Ala Gly
450 455 460

Ala Phe Leu His Trp Tyr Gln Tyr Leu Leu Leu Asp Val Ile Thr Phe
465 470 475 480
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TLeu Leu Val Thr Phe Cys Ala Phe Cys Phe Ile Val Lys Tyr Ile Cys

485

490

495

Lys Ala Leu Ile His His Tyr Trp Ser Ser Ser Lys Ser Glu Lys Leu

Lys Lys Asn

515
<210> 3
<211> 1548
<212> ADN
<213>
<220>
<223>
<400> 3
atggaattca
60
gccgaaatct
120
ttgttgaaga
180
aagaaaccag
240
aactccatcc
300
aacatggtta
360
aacatcagag
420
gctggttttg
480
ccatgggcectt
540
agtagattcc
600
tactttttgt
660

500

gattgttgat

tggctttatt

ctttggctaa

ttcctaattt

atttcgaaag

gattgtctag

ataaaaagtt

catggaaaag

tgcacagaat

cagtcaagat

acatgtactt

Trinh tu nhadn tao

attggccttg

ccctattcat

cagaggtcac

gtacgaaatt

attgcaaacc

aacatactgt

tgacttggtt

tcaagctcct

gggtaatcct

gaatttcttt

ctactacggt

505

Trinh tu duoc téi uu hoéa & ndm men

ttctccgtat

ggtatatcta

aacgttaccg

gatgtatcag

atcatccaag

gaaatcatgt

ataaacgccg

ttaatatcta

tccaacccag

caaagaatga

aatggtgaag
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510

tgatgtctac

actacaacgt

ttgtaacttc

gtgcaaaggg

atgtcaagag

tctcagaccc

tattcggttc

tcttgaatgce

catatatgcc

taaacaccgg

atgctaacaa

ctctaatggt

agctgaagca

atttccacaa

tttagccaca

taacttcaag

aagagttttg

agattgcgac

cagacataca

tgtaatccat

ttggcactta

aatggcaaga



aagtttttcg
720
ttcgtaaaca
780
atcggtggta
840
gatgaagcag
900
ttccctaatce
960
ttgtggaagt
1020
ttcccacaaa
1080
aattccggtg
1140
tatgatcaat
1200
gtaaacgact
1260
tcatactccg
1320
ttagacacag
1380
aaaactgcag
1440
ttgttggtta
1500
catcactact
1548

<210> 4
<211> 492
<212> PRT
<213>
<220>
<223> ADN

gtaatgatat

ctcatttcag

tccatgttaa

aacatggtgt

aaactattca

tcgaaaacga

acgacatctt

ccttggaagce

acagaaacat

taactaagga

aaagaatgaa

ctgtttattg

gtgccttttt

cattctgtgce

ggtccagttc

téng hop

gcctgacata

tgtcgatatg

ggaaccacaa

aatctttttc

agcctttaaa

aaacgaagat

cggtcataag

tgtccatttc

cttgtctttc

taacatcttg

ggcattgtct

gaccgaatac

gcactggtat

attctgcttc

taaatctgaa

Trinh ty nhdn tao

35109

aacgaaatgg
ccataccctt
cctttgccat
accttgggta
gaagccttcg
atgccttcca
aacatcaagg
ggtgttccta
gttaaagaag
tcttcagtta
caattgttta
gtaattagac
caatacttgt
atcgttaagt

aagttgaaaa
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tttttaacac

tagtcccaaa

tggaaatcca

gtatggtcag

ctgaattacc

acgttttgat

ctttcatttc

tcataggtat

gtgtagctgt

gaacagtcgt

gagatagacc

atagaggtgce

tgttggatgt

acatctgcaa

agaattaa

ctccttgttg

ctgtatcgaa

aaagtttatg

aacttctaca

acaaagagtt

cagaaagtgg

acacggtggt

cccattgttt

cttgttggat

taacgacaag

tatgtcacca

acatcactta

catcacattt

ggccttaatc
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<400> 4

Met Gly Ser Asn Ala Pro Pro Pro Pro Thr Pro His Val Val Leu Val
1 5 10 15

Pro Phe Pro Gly Gln Gly His Val Ala Pro Leu Met Gln Leu Ala Arg
20 25 30

Leu Leu His Ala Arg Gly Ala Arg Val Thr Phe Val Tyr Thr Gln Tyr
35 40 45

Asn Tyr Arg Arg Leu Leu Arg Ala Lys Gly Glu Ala Ala Val Arg Pro
50 55 60

Pro Ala Thr Ser Ser Ala Arg Phe Arg Ile Glu Val Ile Asp Asp Gly
65 70 75 80

Leu Ser Leu Ser Val Pro Gln Asn Asp Val Gly Gly Leu Val Asp Ser
85 90 95

Leu Arg Lys Asn Cys Leu His Pro Phe Arg Ala Leu Leu Arg Arg Leu
100 105 110

Gly Gln Glu Val Glu Gly Gln Asp Ala Pro Pro Val Thr Cys Val Val
115 120 125

Gly Asp Val Val Met Thr Phe Ala Ala Ala Ala Ala Arg Glu Ala Gly
130 135 140

Ile Pro Glu Val Gln Phe Phe Thr Ala Ser Ala Cys Gly Leu Leu Gly
145 150 155 160

Tyr Leu His Tyr Gly Glu Leu Val Glu Arg Gly Leu Val Pro Phe Arg
165 170 175

Asp Ala Ser Leu Leu Ala Asp Asp Asp Tyr Leu Asp Thr Pro Leu Glu
180 185 190

Trp Val Pro Gly Met Ser His Met Arg Leu Arg Asp Met Pro Thr Phe
195 200 205
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Cys Arg Thr Thr Asp Pro Asp'Asp Val Met Val Ser Ala Thr Leu Gln
210 215 220

Gln Met Glu Ser Ala Ala Gly Ser Lys Ala Leu Ile Leu Asn Thr Leu
225 230 235 240

Tyr Glu Leu Glu Lys Asp Val Val Asp Ala Leu Ala Ala Phe Phe Pro
245 250 255

Pro Ile Tyr Thr Val Gly Pro Leu Ala Glu Val Ile Ala Ser Ser Asp
260 265 270

Ser Ala Ser Ala Gly Leu Ala Ala Met Asp Ile Ser Ile Trp Gln Glu
275 280 285

Asp Thr Arg Cys Leu Ser Trp Leu Asp Gly Lys Pro Ala Gly Ser Val
290 295 300

Val Tyr Val Asn Phe Gly Ser Met Ala Val Met Thr Ala Ala Gln Ala
305 310 315 320

Arg Glu Phe Ala Leu Gly Leu Ala Ser Cys Gly Ser Pro Phe Leu Trp
325 330 335

Val Lys Arg Pro Asp Val Val Glu Gly Glu Glu Val Leu Leu Pro Glu
340 345 350

Ala Leu Leu Asp Glu Val Ala Arg Gly Arg Gly Leu Val Val Pro Trp
355 360 365

Cys Pro Gln Ala Ala Val Leu Lys His Ala Ala Val Gly Leu Phe Val
370 375 380

Ser His Cys Gly Trp Asn Ser Leu Leu Glu Ala Thr Ala Ala Gly Gln
385 390 395 400

Pro Val Leu Ala Trp Pro Cys His Gly Glu Gln Thr Thr Asn Cys Arg
405 410 415

Gln Leu Cys Glu Val Trp Gly Asn Gly Ala Gln Leu Pro Arg Glu Val
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Glu Ser Gly

435

Leu Gly Lys

450

Glu Ala Ala

465

Val Val Asn

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
4
P

71
RT

420

Ala

Glu

Ala

Asp

Trinh tu

ADN tdng

5

Met Pro Ser

1

Ile Pro

Val Ala

Leu Pro
50

Asp Ala
65

Asp Ala

Ala Met

Ser

Leu

35

Thr

Phe

Ser

Arg

Ser

Ala

20

Ser

Val

Pro

Glu

Arg

Val Ala Arg

Lys Arg Ala
455

Arg Lys Gly
470

Leu Leu Leu
485

nhan tao

Gly Asp Ala

Gly Met Gly

Ser Gly His

Ser Thr Ala
55

Ala Val Arg
70

Phe Pro Gly
85

Ser Ala Pro

Leu

440

Lys

Gly

Val

Ala

His

Gly

40

Glu

Arg

Ala

Leu
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425

Val

Ala

Ala

Gly

Gly

Leu

25

Cys

Ser

Leu

Asp

Leu

Arg

Ala

Ser

Gly
490

Arg

10

Val

Asp

Lys

Asp

Pro

90

Gly
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Glu

Glu

Trp

475

Lys

Arg

Pro

Val

His

Phe

75

Phe

Pro

Met

Trp

460

Arg

Gln

Pro

Phe

Ser

Leu

60

Glu

Phe

Leu

430

Met Val Gly

445

Lys Ala Ala

Asn Val Glu

His

Gly

Leu

45

Asp

Leu

Leu

Leu

Val

Arg

30

Val

Ala

Ala

Arg

Thr

Val

15

Leu

Thr

Leu

Pro

Phe
95

Gly

Asp

Ala

Arg
480

Leu

Ala

Val

Phe

Phe

80

Glu

Ala



35109

100 105 110

Gly Ala Ser Ala Leu Ala Thr Asp Ile Ala Leu Thr Ser Val Val Ile
115 120 125

Pro Val Ala Lys Glu Gln Gly Leu Pro Cys His Ile Leu Phe Thr Ala
130 135 140

Ser Ala Ala Met Leu Ser Leu Cys Ala Tyr Phe Pro Thr Tyr Leu Asp
145 150 155 160

Ala Asn Ala Gly Gly Gly Gly Gly Val Gly Asp Val Asp Ile Pro Gly
165 170 175

Val Tyr Arg Ile Pro Lys Ala Ser Ile Pro Gln Ala Leu His Asp Pro
180 185 190

Asn His Leu Phe Thr Arg Gln Phe Val Ala Asn Gly Arg Ser Leu Thr
195 200 205

Ser Ala Ala Gly Ile Leu Val Asn Thr Phe Asp Ala Leu Glu Pro Glu
210 215 220

Ala Val Ala Ala Leu Gln Gln Gly Lys Val Ala Ser Gly Phe Pro Pro
225 230 235 240

Val Phe Ala Val Gly Pro Leu Leu Pro Ala Ser Asn Gln Ala Lys Asp
245 250 255

Pro Gln Ala Asn Tyr Met Glu Trp Leu Asp Ala Gln Pro Ala Arg Ser
260 265 270

Val Val Tyr Val Ser Phe Gly Ser Arg Lys Ala Ile Ser Arg Glu Gln
275 280 285

Leu Arg Glu Leu Ala Ala Gly Leu Glu Gly Ser Gly His Arg Phe Leu
290 295 300

Trp Val Val Lys Ser Thr Val Val Asp Arg Asp Asp Ala Ala Glu Leu
305 310 315 320
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Gly Glu Leu Leu Asp Glu Gly Phe Leu Glu Arg Val Glu Lys Arg Gly
325 330 335

Leu Val Thr Lys Ala Trp Val Asp Gln Glu Glu Val Leu Lys His Glu
340 345 350

Ser Val Ala Leu Phe Val Ser His Cys Gly Trp Asn Ser Val Thr Glu
355 360 365

Ala Ala Ala Ser Gly Val Pro Val Leu Ala Leu Pro Arg Phe Gly Asp
370 375 380

Gln Arg Val Asn Ser Gly Val Val Ala Arg Ala Gly Leu Gly Val Trp
385 390 395 400

Ala Asp Thr Trp Ser Trp Glu Gly Glu Ala Gly Val Ile Gly Ala Glu
405 410 415

Glu Ile Ser Glu Lys Val Lys Ala Ala Met Ala Asp Glu Ala Leu Arg
420 425 430

Met Lys Ala Ala Ser Leu Ala Glu Ala Ala Ala Lys Ala Val Ala Gly
435 440 445

Gly Gly Ser Ser His Arg Cys Leu Ala Glu Phe Ala Arg Leu Cys Gln
450 455 460

Gly Gly Thr Cys Arg Thr Asn

465 470
<210> 6

<211> 1212

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> ADN tdng hop

<400> 6

atgagttcac tctccaacgc ttcccatctg atggaggatg tgcagggcat ccggaaggcc
60

-05-



cagagagccg
120

tttcctcagg
180

gagctcaaga
240

aactacgacg
300

ctcaacgacc
360

gtgaaagcca
420

acctcctgcg
480

cgcaccaatg
540

atgcggtatg
600

gcggagctca
660

ggaaattctc
720

ggtgtcgaga
780

gaagacgtta
840

agtcccgaga
900

gggatgactc
960

gccatccttg
1020

cgaaccgtgce
1080

gagatgagaa
1140

atggcacggc

acacctacgc

agaagttcga

aggagttctt

gccaggacat

tcgcggaatg

gtgtcgacat

tcaacaagta

ccaaggatct

ccataatcgg

ttttcggaga

agcccatgtt

tccatctcca

ccatctccaa

ctcccgagga

atcaagttga

tctgggattg

gaaaatccgc

caccgtcatg

tgacttctac

tcgcatctgce

gaagaaatat

ttgtgtccct

gggacgcccce

gcccagcgcec

ctgcgtctac

ggccgagaac

gcttcgaggce

tggagctgcecce

cgagatcgtg

catgagagag

taacgtagag

ctggaactct

ggccaagctg

cggtaacatg

tgatgaagga
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gccatcggaa
ttccgegeca
aaaaagacaa
cccaatatca
ggggtgccag
aagtctgaga
gacttccagt
atgcaaggat
aaccgtggtg
cctaatgagt
gcgttgatcg
tgtgccaagc
gcaggtctga
gcttgcctceg
ctcttctgga
aagcttcgtc
gtcagtgcgt

ctagagacct

-96-

cagctcaccc

ccaacagcga

tgataggcaa

cttcattcga

ccctgggagce

ttactcatct

gcgccaagct

gctatgctgg

ctcgtgtttt

cccatctcga

tcgggtcgga

aaactgtgat

tgttctacat

ttgatgtgtt

tccctcaccce

ctgagaagtt

gtgtgctcta

acggagaggg

tcctcatatc

gcacaaggtc

gcgctacttc

tgagcccagce

cgaagcagct

cgtgttctgce

ccttggcectc

tggcaccgtc

ggtggtgtgt

caacgccatc

ccccatcatc

CCcCaaacagc

gagcaaggac

caagtctgtg

cggtggtcgce

ccgtgecgact

catattggat

actagagtgg
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ggtgtcttge ttggatttgg accagggatg accgttgaaa ctatccttct ccacagcectg
1200

cctctcatgt ga

1212

<210> 7
<211> 403
<212> PRT

<213> Trinh tu nhé&n tao

<220>
<223> ADN téng hop

<400> 7

Met Ser Ser Leu Ser Asn Ala Ser His Leu Met Glu Asp Val Gln Gly
1 5 10 15

Ile Arg Lys Ala Gln Arg Ala Asp Gly Thr Ala Thr Val Met Ala Ile
20 25 30

Gly Thr Ala His Pro Pro His Ile Phe Pro Gln Asp Thr Tyr Ala Asp
35 40 45

Phe Tyr Phe Arg Ala Thr Asn Ser Glu His Lys Val Glu Leu Lys Lys
50 55 60

Lys Phe Asp Arg Ile Cys Lys Lys Thr Met Ile Gly Lys Arg Tyr Phe
65 70 75 80

Asn Tyr Asp Glu Glu Phe Leu Lys Lys Tyr Pro Asn Ile Thr Ser Phe
85 90 95

Asp Glu Pro Ser Leu Asn Asp Arg Gln Asp Ile Cys Val Pro Gly Val
100 105 110

Pro Ala Leu Gly Ala Glu Ala Ala Val Lys Ala Ile Ala Glu Trp Gly
115 120 125

Arg Pro Lys Ser Glu Ile Thr His Leu Val Phe Cys Thr Ser Cys Gly
130 135 140

Val Asp Met Pro Ser Ala Asp Phe Gln Cys Ala Lys Leu Leu Gly Leu

-97-
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145 150 155 160

Arg Thr Asn Val Asn Lys Tyr Cys Val Tyr Met Gln Gly Cys Tyr Ala
165 170 175

Gly Gly Thr Val Met Arg Tyr Ala Lys Asp Leu Ala Glu Asn Asn Arg
180 185 190

Gly Ala Arg Val Leu Val Val Cys Ala Glu Leu Thr Ile Ile Gly Leu
195 200 205

Arg Gly Pro Asn Glu Ser His Leu Asp Asn Ala Ile Gly Asn Ser Leu
210 215 220

Phe Gly Asp Gly Ala Ala Ala Leu Ile Val Gly Ser Asp Pro Ile Ile
225 230 235 240

Gly Val Glu Lys Pro Met Phe Glu Ile Val Cys Ala Lys Gln Thr Val
245 250 255

Ile Pro Asn Ser Glu Asp Val Ile His Leu His Met Arg Glu Ala Gly
260 265 270

Leu Met Phe Tyr Met Ser Lys Asp Ser Pro Glu Thr Ile Ser Asn Asn
275 280 285

Val Glu Ala Cys Leu Val Asp Val Phe Lys Ser Val Gly Met Thr Pro
290 295 300

Pro Glu Asp Trp Asn Ser Leu Phe Trp Ile Pro His Pro Gly Gly Arg
305 310 315 320

Ala Ile Leu Asp Gln Val Glu Ala Lys Leu Lys Leu Arg Pro Glu Lys
325 330 335

Phe Arg Ala Thr Arg Thr Val Leu Trp Asp Cys Gly Asn Met Val Ser
340 345 350

Ala Cys Val Leu Tyr Ile Leu Asp Glu Met Arg Arg Lys Ser Ala Asp
355 360 365

-08-
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Glu Gly Leu Glu Thr Tyr Gly Glu Gly Leu Glu Trp Gly Val Leu Leu

370

375

380

Gly Phe Gly Pro Gly Met Thr Val Glu Thr Ile Leu Leu His Ser Leu
390

385

Pro Leu Met

<210> 8
<211> 1212
<212> ADN
<213>
<220>
<223> ADN
<400> 8
atgggttcac
60
caaaaagcag
120
tttcctecagg
180
gagctcaaga
240
aattacgatg
300
ctcaacgacc
360
gtcaaagcca
420
acctcctgecg
480
cgcaccaatg
540
atgcggtacg
600
gccgagctca
660

tdéng hop

tctccaacta

atggaaccgc

acacctacgc

agaaattcga

aggagttcct

gccaggatat

tcgctgaatg

gtgtcgacat

tcaacaagta

ccaaggatct

ccatcatcgg

Trinh tyu nhan tao

ctcgccagtg

aacagtgatg

cgacttctac

tcgtatctge

caagaagtat

ttgcgtccecct

gggacgtcca

gcctagcgcec

ttgcgtctac

cgccgagaac

gcttcgcgga

395

atggaggatg

gccatcggaa

ttccgcecgcecca

aaaaadgacaa

cccaacatta

ggggtgccgg

aagtctgaga

gacttccagt

atgcagggat

aaccgtggtyg

ccaaatgagt

-99-

tgcaggccat

cagctcaccc

ccaacagcga

tgataggcaa

cctcattcga

ccctgggagce

tcactcatct

gcgccaagcet

gctatgctgg

ctcgtgttct

cccatctcga

400

ccgaaaggcc

tcctcatatc

gcacaaagtc

gcgctacttc

cgagcccagce

cgaagcagct

cgtcttctgce

cctcggectce

cggcacagtc

agtggtgtgce

caacgccatc



ggcaactccc ttttcggaga cggagctgct
720

ggtgtcgaga ggcctatgtt cgagatcgtg
780

gaagatgtta tccatctcca catgagggag
840

agccccgaga ccatctccaa caatgtagag
900

gggatgactc ctcccgagga ctggaactct
960

gctatcctcg accaggttga ggccaggett
1020

cgaactgtgc tctgggattg cggaaacatg
1080

gagatgagaa gaaaatctgt tgccgacgga
1140

ggtgtcttgc ttggtttcgg accagggatg
1200

ccccectgtgt aa

1212

<210> 9

<211> 403

<212> PRT

<213> Trinh ty nhan tao

<220>

<223> ADN tdéng hop

<400> 9

Met Gly Ser Leu

1

Ile Arg Lys Ala

Gly Thr Ala His

35

5

20

40

35109

gcgctgatcg
tgcgcaaagc
gcgggtctaa
gcatgccttg
ctcttctgga
aagcttcgtc
gtgagcgcgt
ctagcaacct

accgttgaaa

10

-100-

tcgggtcaga

agaccgtgat

tgttctacat

tcgatgtgtt

tccectcacce

ccgagaagtt

gtgttctcta

acggagaggg

ctatccttct

30

45

ccccatcatt

cccaaacagt

gagcaaggac

caagtcggtg

cggcggtcga

cggcgcgact

cattttggat

gctggagtgg

ccacagcctg

Ser Asn Tyr Ser Pro Val Met Glu Asp Val Gln Ala

15

Gln Lys Ala Asp Gly Thr Ala Thr Val Met Ala Ile
25

Pro Pro His Ile Phe Pro Gln Asp Thr Tyr Ala Asp



35109

Phe Tyr Phe Arg Ala Thr Asn Ser Glu His Lys Val Glu Leu Lys Lys
50 55 60

Lys Phe Asp Arg Ile Cys Lys Lys Thr Met Ile Gly Lys Arg Tyr Phe
65 70 75 80

Asn Tyr Asp Glu Glu Phe Leu Lys Lys Tyr Pro Asn Ile Thr Ser Phe
85 90 95

Asp Glu Pro Ser Leu Asn Asp Arg Gln Asp Ile Cys Val Pro Gly Val
100 105 110

Pro Ala Leu Gly Ala Glu Ala Ala Val Lys Ala Ile Ala Glu Trp Gly
115 120 125

Arg Pro Lys Ser Glu Ile Thr His Leu Val Phe Cys Thr Ser Cys Gly
130 135 140

Val Asp Met Pro Ser Ala Asp Phe Gln Cys Ala Lys Leu Leu Gly Leu
145 150 155 160

Arg Thr Asn Val Asn Lys Tyr Cys Val Tyr Met Gln Gly Cys Tyr Ala
165 170 175 '

Gly Gly Thr Val Met Arg Tyr Ala Lys Asp Leu Ala Glu Asn Asn Arg
180 185 190

Gly Ala Arg Val Leu Val Val Cys Ala Glu Leu Thr Ile Ile Gly Leu
195 200 205

Arg Gly Pro Asn Glu Ser His Leu Asp Asn Ala Ile Gly Asn Ser Leu
210 215 220

Phe Gly Asp Gly Ala Ala Ala Leu Ile Val Gly Ser Asp Pro Ile Ile
225 230 235 240

Gly Val Glu Arg Pro Met Phe Glu Ile Val Cys Ala Lys Gln Thr Val
245 250 255

Ile Pro Asn Ser Glu Asp Val Ile His Leu His Met Arg Glu Ala Gly
260 265 270

-101-
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Leu Met Phe Tyr Met Ser Lys Asp Ser Pro Glu Thr Ile Ser Asn Asn
275 280 285

Val Glu Ala Cys Leu Val Asp Val Phe Lys Ser Val Gly Met Thr Pro
290 295 300

Pro Glu Asp Trp Asn Ser Leu Phe Trp Ile Pro His Pro Gly Gly Arg
305 310 315 320

Ala Ile Leu Asp Gln Val Glu Ala Arg Leu Lys Leu Arg Pro Glu Lys
325 330 335

Phe Gly Ala Thr Arg Thr Val Leu Trp Asp Cys Gly Asn Met Val Ser
340 345 350

Ala Cys Val Leu Tyr Ile Leu Asp Glu Met Arg Arg Lys Ser Val Ala
355 360 365

Asp Gly Leu Ala Thr Tyr Gly Glu Gly Leu Glu Trp Gly Val Leu Leu
370 375 380

Gly Phe Gly Pro Gly Met Thr Val Glu Thr Ile Leu Leu His Ser Leu
385 390 395 400

Pro Pro Val

<210> 10
<211> 1218
<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> ADN tdng hop

<400> 10
atgggttcga tcgccgagtc ttcaccactg atgagtaggg agaatgtgga gggcatcaga
60

aaagcgcaga gagctgaggg aaccgcaact gtgatggcca tcggaactgce tcaccctccc
120

-102-



catatctttc
180

aaagttgagc
240

tacttcaact
300

cccagcectga
360

gccgctctca
420

ttctgcacct
480

ggactcaaca
540

accgtcctcce
600

gtctgcgccg
660

gccatcggga
720

attgttggca
780

gacagcgagg
840

aaggacagcc
900

tccgtcggcea
960

ggccgagcca
1020

gcaaccaggc
1080

ctggacgaga
1140

gaatggggcg
1200

ctcaggacac

tcaagaagaa

acgacgagga

acgaccgcca

aagccatcga

cctgcggegt

ccaacgtcaa

gctacgccaa

agctcaccat

actccctctt

tagagaagcc

acgtcatcca

ccgagaccat

tgaccccgcece

tcctcgacga

acgtgctctg

tgaggaacaa

tcttgctcgg

ctacgcagac

gttcgaccga

gttcctcaag

ggacatctgc

ggaatggggg

cgacatgccc

caagtactgc

ggacctcgcecc

catcggcctc

c¢ggcgacggg

catcttcgag

cctccacctc

ctccaacaac

cgccgactgg

ggtcgaggcc

ggagtacggg

gtccgcagcece

tttcggaccc

35109

ttctacttcc
atctgcaaaa
aagtacccaa
gtccccggag
caacctctgt
agcgccgatt
gtctacatgc
gagaacaacc
cgcggcccaa
gccgccgegce
atcgtctgcg
cgcgaggcecg
gtcgagggcet
aactccctcet
aggctcaagc
aacatggtca

gacggattgg

ggaatgaccg

-103-

gcgccaccaa

agacaatgat

acatcacatc

tccecegectt

ccaagatcac

tccagctcge

agggctgcta

gcggctcccg

acgagtccca

tcatcgtggg

caaagcagac

gcctcatgtt

gcctcecgtcga

tctggatccc

tccgeccgga

gcgcatgcegt

ggacctacgg

tcgagaccat

cagcgagcac

tggcaaacgc

cttcgacgag

gggtaaggag

ccatctcgtc

caagctcctc

cgccggeggce

cgtcctegte

cctcgacaac

cgccgatcct

cgtcatcccc

ctacatgagc

catcttcaag

ccaccccgge

gaagtttaga

tctctacata

agaaggactc

cctcctccac



35109

agcctgcectce ctgtctaa

1218

<210> 11
<211> " 405
<212> PRT

<213> Trinh tu nhdn tao

<220>
<223> ADN téng hop

<400> 11

Met Gly Ser Ile Ala Glu Ser Ser Pro Leu Met Ser Arg Glu Asn Val
1 5 10 15

Glu Gly Ile Arg Lys Ala Gln Arg Ala Glu Gly Thr Ala Thr Val Met
20 25 30

Ala Ile Gly Thr Ala His Pro Pro His Ile Phe Pro Gln Asp Thr Tyr
35 40 45

Ala Asp Phe Tyr Phe Arg Ala Thr Asn Ser Glu His Lys Val Glu Leu
50 55 60

Lys Lys Lys Phe Asp Arg Ile Cys Lys Lys Thr Met Ile Gly Lys Arg
65 70 75 80

Tyr Phe Asn Tyr Asp Glu Glu Phe Leu Lys Lys Tyr Pro Asn Ile Thr

Ser Phe Asp Glu Pro Ser Leu Asn Asp Arg Gln Asp Ile Cys Val Pro
100 105 110

Gly Val Pro Ala Leu Gly Lys Glu Ala Ala Leu Lys Ala Ile Glu Glu
115 120 125

Trp Gly Gln Pro Leu Ser Lys Ile Thr His Leu Val Phe Cys Thr Ser
130 135 140

Cys Gly Val Asp Met Pro Ser Ala Asp Phe Gln Leu Ala Lys Leu Leu
145 150 155 160

-104-
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Gly Leu Asn Thr Asn Val Asn Lys Tyr Cys Val Tyr Met Gln Gly Cys
165 170 175

Tyr Ala Gly Gly Thr Val Leu Arg Tyr Ala Lys Asp Leu Ala Glu Asn
180 185 190

Asn Arg Gly Ser Arg Val Leu Val Val Cys Ala Glu Leu Thr Ile TIle
195 200 205

Gly Leu Arg Gly Pro Asn Glu Ser His Leu Asp Asn Ala Ile Gly Asn
210 215 220

Ser Leu Phe Gly Asp Gly Ala Ala Ala Leu Ile Val Gly Ala Asp Pro
225 230 235 240

Ile Val Gly Ile Glu Lys Pro Ile Phe Glu Ile Val Cys Ala Lys Gln
245 250 255

Thr Val Ile Pro Asp Ser Glu Asp Val Ile His Leu His Leu Arg Glu
260 265 270

Ala Gly Leu Met Phe Tyr Met Ser Lys Asp Ser Pro Glu Thr Ile Ser
275 280 285

Asn Asn Val Glu Gly Cys Leu Val Asp Ile Phe Lys Ser Val Gly Met
290 295 300

Thr Pro Pro Ala Asp Trp Asn Ser Leu Phe Trp Ile Pro His Pro Gly
305 310 315 320

Gly Arg Ala Ile Leu Asp Glu Val Glu Ala Arg Leu Lys Leu Arg Pro
325 330 335

Glu Lys Phe Arg Ala Thr Arg His Val Leu Trp Glu Tyr Gly Asn Met
340 345 350

Val Ser Ala Cys Val Leu Tyr Ile Leu Asp Glu Met Arg Asn Lys Ser
355 360 365

Ala Ala Asp Gly Leu Gly Thr Tyr Gly Glu Gly Leu Glu Trp Gly Val
370 375 380

-105-



Leu Leu Gly Phe

385 390
Ser Leu Pro Pro Val

405
<210> 12
<211> 1212
<212> ADN
<213> Trinh ty nhé&n tao
<220>
<223> ADN téng hop
<400> 12
atgggtagtt tatctgactc cactccattg
60
caaaaagccg acggtacagc aacagttatg
120
atctctcaag attcatacgc agacttctac
180
gaattaaaaa agaaattcga tagaatctgt
240
aacttcgatg aagaattctt gaagaaatac
300
ttaaacgata gacatgacat ttgcatacca
360
gtcaaggcaa tagaagaatg gggtagacca
420
acctccggtg gtgttgatat gcctagtgcet
480
agaaccaacg tcaacaagta ctgtatctac
540
atgagatacg caaaagattt ggccgaaaat
600
gctgaattga ctatcattgg tttaagaggt
660
ggtaactcat tgtttggtga tggtgccgct
720

35109

395

atgaaggatg
gccattggta
ttcagagtta
aagaaaacca
ccaaacataa
ggtgttcctg
aagtccgaaa
gacttccaat
atgcaaggtt
aacagaggtg
ccaaatgatt

gcattaattg

-106-

tccaaggtat

ccgctcatcc

caaactcaga

tgataggcaa

catccttcga

ctttgggtgce

taacacactt

gcgcaaagtt

gctacgctgg

ccagagtatt

ctcatataga

tcggttcaga

Gly Pro Gly Met Thr Val Glu Thr Ile Leu Leu His

400

tagaaaagca
acctcacata
acataaggtc
gagatacttc
?aaacctagt
agaagctgca
ggtattttgt
gttaggtttyg
tggtactgtt

aatggtttgt

5
€

caatgccatc

cccaataatc



ggtgtagaaa
780
gaagaagtta
840
tctgccgceta
900
ggtatgacac
960
gcaattttag
1020
agaacagtat
1080
gaaatgagaa
1140
ggtgttttgt
1200
ccacctgttt
1212

<210> 13
<211> 403
<212> PRT
<213> Trin
<220>
<223> ADN
<400> 13

Met Gly Ser
1

Ile Arg Lys

Gly Thr Ala
35

Phe Tyr Phe
50

agcctatgtt

tccatttgca

caatatcaaa

cacctgaaga

atcaagttga

tatgggatta

gaaagtctgc

taggtttcgg

aa

h tu

téng hop

Ser

Leu

Ala
20

Gln
Pro

His

Arg Val

AsSp

Lys

Pro

Thr

cgaaattgtc

cttgagagaa

caacatcgaa

ctggaattca

agccaagttg

tggtaacatg

agccgaaggt

tcctggtatg

nhdn tao

Ser Thr

Ala

Asp

Ile
40

His

Asn
55

Ser

35109

tgtgctaaac
agtggtttga
gcttgcttgg
ttgttctgga
aaattaagac
atcagtgcat
ttggaaacat

accatcgaaa

Leu Met

10

Pro

Gly Thr Ala

25

Ile Ser Gln

Glu His Lys

-107-

aaactgtaat

tgttctacat

ttgatgtctt

tcccacatcce

cagaaaagtt

gtgttttgta

acggtgaagg

ctattttgtt

Lys Asp Val

Thr Val Met

30

Ser
45

Asp Tyr

Val
60

Glu Leu

acctaattcc

gactaaggat

taaatctgtt

tggtggtaga

ttccgectact

catcttggat

tttagaatgg

acactctttg

Gln
15

Gly
Ala Ile
Ala

Asp

Lys Lys



35109

Lys Phe Asp Arg Ile Cys Lys Lys Thr Met Ile Gly Lys Arg Tyr Phe
65 70 75 80

Asn Phe Asp Glu Glu Phe Leu Lys Lys Tyr Pro Asn Ile Thr Ser Phe
85 90 95

Asp Lys Pro Ser Leu Asn Asp Arg His Asp Ile Cys Ile Pro Gly Val
100 105 110

Pro Ala Leu Gly Ala Glu Ala Ala Val Lys Ala Ile Glu Glu Trp Gly
115 120 125

Arg Pro Lys Ser Glu Ile Thr His Leu Val Phe Cys Thr Ser Gly Gly
130 135 140

Val Asp Met Pro Ser Ala Asp Phe Gln Cys Ala Lys Leu Leu Gly Leu
145 150 155 160

Arg Thr Asn Val Asn Lys Tyr Cys Ile Tyr Met Gln Gly Cys Tyr Ala
165 170 175

Gly Gly Thr Val Met Arg Tyr Ala Lys Asp Leu Ala Glu Asn Asn Arg
180 185 190

Gly Ala Arg Val Leu Met Val Cys Ala Glu Leu Thr Ile Ile Gly Leu
195 200 205

Arg Gly Pro Asn Asp Ser His Ile Asp Asn Ala Ile Gly Asn Ser Leu
210 215 220

Phe Gly Asp Gly Ala Ala Ala Leu Ile Val Gly Ser Asp Pro Ile Ile
225 230 235 240

Gly Val Glu Lys Pro Met Phe Glu Ile Val Cys Ala Lys Gln Thr Val
245 250 255

Ile Pro Asn Ser Glu Glu Val Ile His Leu His Leu Arg Glu Ser Gly
260 265 270

Leu Met Phe Tyr Met Thr Lys Asp Ser Ala Ala Thr Ile Ser Asn Asn

-108-
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275 280 285

Ile Glu Ala Cys Leu Val Asp Val Phe Lys Ser Val Gly Met Thr Pro
290 295 300

Pro Glu Asp Trp Asn Ser Leu Phe Trp Ile Pro His Pro Gly Gly Arg
305 310 315 320

Ala Ile Leu Asp Gln Val Glu Ala Lys Leu Lys Leu Arg Pro Glu Lys
325 330 335

Phe Ser Ala Thr Arg Thr Val Leu Trp Asp Tyr Gly Asn Met Ile Ser
340 345 350

Ala Cys Val Leu Tyr Ile Leu Asp Glu Met Arg Arg Lys Ser Ala Ala
355 360 365

Glu Gly Leu Glu Thr Tyr Gly Glu Gly Leu Glu Trp Gly Val Leu Leu
370 375 380

Gly Phe Gly Pro Gly Met Thr Ile Glu Thr Ile Leu Leu His Ser Leu
385 390 395 400

Pro Pro Val

<210> 14
<211> 1182
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN tdéng hop

<400> 14
atgggttccc ttgacaatgg ttcagctaga attaacaacc agaaatctaa tgggttggcet
60

tcaattttgg ccattggaac tgcacttccg ccgatttgca ttaagcaaga tgactatcct
120

gattactact tccgagtcac caaaagcgac cacaagacgc aactgaaaga gaagtttcgt
180

-109-



cgcatctgtyg
240

aaggagaacg
300

ctacacaagg
360

ggccaacccg
420

cttccgagcet
480

tccatggtgt
540

attgcagaga
600

agcttccatg
660

gatggagcgg
720

gagctagtga
780

gtgatggaga
840

aacatcctcg
900

ggccttttet
960

cttgagctaa
1020

atgtggggcc
1080

aacgccacca
1140

ctcaccaccg
1182

<210>
<211>

15
393

aaaagtcagg

agaacataat

agacacccaa

tctctaagat

ccgattttca

ttcctecatgg

acaacCaaaga

caccatcgga

cctgcgcaat

agggcggaca

tgggatggat

gagccctaga

acgtgctcca

caaaggacaa

ctgcgctagt

ccactggtgg

agatcatggt

agtgacaaaa

aacctacaag

gctcgccata

cacccacctg

gatcgctaag

atgctatgcect

tgcacgcgtg

ggacgcgatc

tgtaggagca

ggtgatcgtc

ctacgatctc

tgacaccctg

cccgggtggg

gctcgagagt

gttcacgctc

cgggtccgag

tctccgaagt

35109

cgatacacag
gctccgtcac
gaagcagcct
ttcttttgcect
gcactcggcc
gccagttctg
ctggtggtgt
ggaatgctaa
gacccggggce
ccagacacgg
aacaagcgcc
aggctgacag
cgggccatca
agccgtcegtg
gacgagatga
ctcggcctga

gtgcctctct

-110-

tactaaccga

tggatgctcg

tgaagaccat

cctcctcectgg

tcgagccgac

gcctgegttt

gctgcgagtt

taggtcatgc

ctacggagcg

aagactgtct

ttcctcaage

gtaaaaggga

tcgacctgcect

tgctcagcaa

ggaggaagtc

tgatggcgtt

aa

agacatgatc

ccaagcgatc

ccaagaatgg

cggctgctat

cgtccagagg

ggccaaggac

gatggtgtcg

catcttcggce

cccaatattc

gggagggtgg

cctagccgac

tgacctcaat

tgaggagaag

ctatggcaac

aaaggaggac

tggacctggc



35109

<212> PRT
<213> Trinh ty nhé&n tao

<220>
<223> ADN tdng hop

<400> 15
Met Gly Ser Leu Asp Asn Gly Ser Ala Arg Ile Asn Asn Gln Lys Ser

1 5 10 15

Asn Gly Leu Ala Ser Ile Leu Ala Ile Gly Thr Ala Leu Pro Pro Ile
20 25 30

Cys Ile Lys Gln Asp Asp Tyr Pro Asp Tyr Tyr Phe Arg Val Thr Lys
35 40 45

Ser Asp His Lys Thr Gln Leu Lys Glu Lys Phe Arg Arg Ile Cys Glu
50 55 60

Lys Ser Gly Val Thr Lys Arg Tyr Thr Val Leu Thr Glu Asp Met Ile
65 70 75 80

Lys Glu Asn Glu Asn Ile Ile Thr Tyr Lys Ala Pro Ser Leu Asp Ala
85 90 95

Arg Gln Ala Ile Leu His Lys Glu Thr Pro Lys Leu Ala Ile Glu Ala
100 105 110

Ala Leu Lys Thr Ile Gln Glu Trp Gly Gln Pro Val Ser Lys Ile Thr
115 120 125

His Leu Phe Phe Cys Ser Ser Ser Gly Gly Cys Tyr Leu Pro Ser Ser
130 135 140

Asp Phe Gln Ile Ala Lys Ala Leu Gly Leu Glu Pro Thr Val Gln Arg
145 150 155 160

Ser Met Val Phe Pro His Gly Cys Tyr Ala Ala Ser Ser Gly Leu Arg
165 170 175

Leu Ala Lys Asp Ile Ala Glu Asn Asn Lys Asp Ala Arg Val Leu Val
180 185 190

-111-



35109

Val Cys Cys Glu Leu Met Val Ser Ser Phe His Ala Pro Ser Glu Asp
195 200 205

Ala Ile Gly Met Leu Ile Gly His Ala Ile Phe Gly Asp Gly Ala Ala
210 215 220

Cys Ala Ile Val Gly Ala Asp Pro Gly Pro Thr Glu Arg Pro Ile Phe
225 230 235 240

Glu Leu Val Lys Gly Gly Gln Val Ile Val Pro Asp Thr Glu Asp Cys
245 250 255

Leu Gly Gly Trp Val Met Glu Met Gly Trp Ile Tyr Asp Leu Asn Lys
260 265 270

Arg Leu Pro Gln Ala Leu Ala Asp Asn Ile Leu Gly Ala Leu Asp Asp
275 280 285

Thr Leu Arg Leu Thr Gly Lys Arg Asp Asp Leu Asn Gly Leu Phe Tyr
290 295 300

Val Leu His Pro Gly Gly Arg Ala Ile Ile Asp Leu Leu Glu Glu Lys
305 310 315 320

Leu Glu Leu Thr Lys Asp Lys Leu Glu Ser Ser Arg Arg Val Leu Ser
325 330 335

Asn Tyr Gly Asn Met Trp Gly Pro Ala Leu Val Phe Thr Leu Asp Glu
340 345 350

Met Arg Arg Lys Ser Lys Glu Asp Asn Ala Thr Thr Thr Gly Gly Gly
355 360 365

Ser Glu Leu Gly Leu Met Met Ala Phe Gly Pro Gly Leu Thr Thr Glu
370 375 380

Ile Met Val Leu Arg Ser Val Pro Leu
385 390

-112-



<210> 16
<211> 510
<212> ADN
<213>
<220>
<223> ADN
<400> 16
atgagacacg
60
ttagccgatg
120
gaagaaggtc
180
acttggacat
240
gaaacagcac
300
gaaagaacac
360
ttggttgctg
420
agaaattccg
480
gctggtggtg
510

<210> 17
<211> 169
<212> PRT
<213>
<220>
<223> ADN
<400> 17

téng hop

ttgaacacac

tattaggtta

aaggttacca

ctagaagaga

ctattgtagg

aattggtctt

gtaaattaac

tagcagactt

ttggtaccgt

téng hop

Trinh ty nhdn tao

agttaccgtt

cgcagatata

agttgtaaga

tttggaccca

tcatatgtct

aacccacgac

tccagatgaa

gaacgccgtc

aactgcataa

Trinh tu nhdn tao

35109

gccgctccag
ttcccaccta
ttgcatgtag
gctagaagag
ggtgaatgga
ttcgttacta
gcaagagaaa

ttaggtgaag

cagatttggt

cagaaaaggt

atgtcgccgg

ttatcgcata

gagcctttac

gagctgcagg

tgttagaagc

ctgaaagaag

ttgggaagtt

tgaaatcttg

tgaaattaat

cagacaatta

cttggatgct

tgacgacggt

cgtcgttgaa

agttagagcc

Met Arg His Val Glu His Thr Val Thr Val Ala Ala Pro Ala Asp Leu

1

5

10

15

Val Trp Glu Val Leu Ala Asp Val Leu Gly Tyr Ala Asp Ile Phe Pro

20

25

-113-

30



35109

Pro Thr Glu Lys Val Glu Ile Leu Glu Glu Gly Gln Gly Tyr Gln Val
35 40 45

Val Arg Leu His Val Asp Val Ala Gly Glu Ile Asn Thr Trp Thr Ser
50 55 60

Arg Arg Asp Leu Asp Pro Ala Arg Arg Val Ile Ala Tyr Arg Gln Leu

Glu Thr Ala Pro Ile Val Gly His Met Ser Gly Glu Trp Arg Ala Phe
85 90 95

Thr Leu Asp Ala Glu Arg Thr Gln Leu Val Leu Thr His Asp Phe Val
100 105 110

Thr Arg Ala Ala Gly Asp Asp Gly Leu Val Ala Gly Lys Leu Thr Pro
115 120 125

Asp Glu Ala Arg Glu Met Leu Glu Ala Val Val Glu Arg Asn Ser Val
130 135 140

Ala Asp Leu Asn Ala Val Leu Gly Glu Ala Glu Arg Arg Val Arg Ala
145 150 155 160

Ala Gly Gly Val Gly Thr Val Thr Ala
165

<210> 18
<211> 771
<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> ADN tdéng hop

<400> 18
atgtccggta gaaagacctt tttagatttg tcatttgcca ccagagatac accatccgaa
60

gccactccag tcgttgttga tttgttggat catgtcactg gtgccacagt tttgggttta
120

tccccagaag attttcctga cggtatggca atcagtaacg aaaccgttac tttgactaca
180

-114-



catacaggta cccacatgga tgctccatta
240

gcaaaatcaa tcgaccaagt cccattagaa
300

gttagacacg taccagctgg tgacggtatc
360

gccgctgaac acgacttgge tcctggtgac
420

ttgtggggta ctagagaata tttgtctaca
480

ttcttagttg aagcaggtgt caaggttatt
540

atggcagcca tgattgaaga atatagaaga
600

catgtttatg gtagaacaag agaatacttg
660

ttgccaggtg caactggtta cgacatatca
720

gccggttgga ccagagttgt agctgttttc
771

<210> 19

<211> 256

<212> PRT

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop

<400> 19

Met Ser Gly Arg

1

Thr Pro Ser Glu

Thr Gly Ala Thr

35

5

20

40

35109

cattatggtc
tggtgttacg
actgtagacc
attgttatgt
tttccaggtt
ggtatagacg
accggtgaca
caattggaaa
tgctttcctg

gaacaagaag

10

-115-

ctttgtctgg

gtcctggtagt

atttgaatgc

tatggacagg

tgaccggtaa

cctggggttt

aaggtgcatt

agttgaacaa

tagccgtcge

aagaagatta

30

45

tggtgtacca

tagattggat

tgcattggat

tgctgatgca

aggtactcaa

ggatagacca

atggcctgcece

cttaggtgct

tggtacaggt

Lys Thr Phe Leu Asp Leu Ser Phe Ala Thr Arg Asp

15

Ala Thr Pro Val Val Val Asp Leu Leu Asp His Val
25

Val Leu Gly Leu Ser Pro Glu Asp Phe Pro Asp Gly



35109

Met Ala Ile Ser Asn Glu Thr Val Thr Leu Thr Thr His Thr Gly Thr
50 55 60

His Met Asp Ala Pro Leu His Tyr Gly Pro Leu Ser Gly Gly Val Pro
65 70 75 80

Ala Lys Ser Ile Asp Gln Val Pro Leu Glu Trp Cys Tyr Gly Pro Gly
85 90 95

Val Arg Leu Asp Val Arg His Val Pro Ala Gly Asp Gly Ile Thr Val
100 105 110

Asp His Leu Asn Ala Ala Leu Asp Ala Ala Glu His Asp Leu Ala Pro
115 120 125

Gly Asp Ile Val Met Leu Trp Thr Gly Ala Asp Ala Leu Trp Gly Thr
130 135 140

Arg Glu Tyr Leu Ser Thr Phe Pro Gly Leu Thr Gly Lys Gly Thr Gln
145 150 155 160

Phe Leu Val Glu Ala Gly Val Lys Val Ile Gly Ile Asp Ala Trp Gly
165 170 175

Leu Asp Arg Pro Met Ala Ala Met Ile Glu Glu Tyr Arg Arg Thr Gly
180 185 190

Asp Lys Gly Ala Leu Trp Pro Ala His Val Tyr Gly Arg Thr Arg Glu
195 200 205

Tyr Leu Gln Leu Glu Lys Leu Asn Asn Leu Gly Ala Leu Pro Gly Ala
210 215 220

Thr Gly Tyr Asp Ile Ser Cys Phe Pro Val Ala Val Ala Gly Thr Gly
225 230 235 240

Ala Gly Trp Thr Arg Val Val Ala Val Phe Glu Gln Glu Glu Glu Asp
245 250 255

<210> 20
<211> 1212

-116-



<212> ADN
<213>
<220>
<223> ADN
<400> 20
atgagtagtt
60
caaagagccg
120
tttccacaaqg
180
gaattgaaaa
240
aactacgacg
300
ttgaacgata
360
gttaaggcca
420
acttcttgcg
480
agaactaacg
540
atgagatacg
600
gctgaattga
660
ggtaacagtt
720
ggtgttgaaa
780
gaagacgtta
840
tcacctgaaa
900
ggtatgactc
960

téng hop

tatcaaatgc

acggtacagc

atacatatgc

agaaattcga

aagaattctt

gacaagacat

ttgctgaatg

gtgtcgatat

taaacaagta

ccaaagattt

ctattatagg

tatttggtga

agcctatgtt

tccatttgcea

ccatttcaaa

cacctgaaga

Trinh ty nhé&n tao

cagtcactta

cacagtcatg

tgacttttac

tagaatctgt

aaagaaatac

ttgcgtccca

gggtagacca

gccttcagca

ctgtgtttac

agctgaaaat

tttaagaggt

cggtgccgcet

cgaaattgtc

catgagagaa

taacgtcgaa

ttggaattca

35109

atggaagatg
gctatcggta
ttcagagcaa
aagaaaacaa
ccaaacatca
ggtgtacctg
aaatctgaaa
gacttccaat
atgcaaggtt
aacagaggtg
ccaaatgaat
gcattgattg
tgtgctaagce
gcaggtttaa
gcttgcttgg

ttattctgga

-117-

ttcaaggtat

ccgcacatcc

ccaattccga

tgatcggcaa

cctccttcga

cattaggtgc

taacccactt

gtgccaagtt

gctatgctgg

ccagagtctt

cccatttgga

taggttctga

aaacagtaat

tgttttacat

tagacgtttt

taccacatcc

Ccagaaaagcc

acctcacatt

acataaggtt

gagatacttc

tgaacctagt

cgaagctgca

ggttttctgt

gttgggtttg

tggtacagtt

ggttgtctgt

taatgcaatc

tccaatcatt

cccaaactca

gtctaaggat

taaatctgtt

tggtggtaga



gcaatcttgg atcaagttga agccaagttg
1020

agaacagttt tatgggattg tggtaacatg
1080

gaaatgagaa gaaagagtgc cgacgaaggt
1140

ggtgttttgt taggttttgg tcctggtatg
1200

ccattgatgt ga

1212

<210> 21

<211> 1212

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> ADN tdng hop

<400> 21

atgggttcat tatcaaacta ttcacctgtt
60

caaaaagcag atggtaccgc tactgttatg
120

tttccacaag atacttatgc cgacttttac
180

gaattgaaaa agaaattcga tagaatctgt
240

aactacgacg aagaattctt aaagaaatac
300

ttgaacgata gacaagacat ctgcgtccca
360

gttaaggcca ttgctgaatg gggtagacca
420

acctcttgcg gtgtcgatat gccttcagcet
480

agaaccaacg taaacaagta ctgtgtttac
540

35109

aaattaagac
gtttccgcat
ttggaaacat

actgtagaaa

atggaagatg
gctatcggta
ttcagagcta
aagaaaacta
ccaaacatca
ggtgtacctg
aaatctgaaa
gacttccaat

atgcaaggtt

-118-

ctgaaaagtt

gcgtcttgta

acggtgaagg

ctatcttatt

ttcaagcaat

ctgcacatcc

caaactccga

tgatcggcaa

catccttcga

cattaggtgc

taacacactt

gtgcaaagtt

gctatgcagg

cagagctact

catattggat

tttagaatgg

gcattccttg

cagaaaggct

acctcacatt

acataaggtt

gagatacttc

tgaacctagt

cgaagctgca

ggttttctgt

gttgggtttg

tggtactgta



atgagatacg
600
gccgaattga
660
ggtaacagtt
720
ggtgttgaaa
780
gaagacgtta
840
tcacctgaaa
900
ggtatgaccc
960
gctatcttgg
1020
agaacagttt
1080
gaaatgagaa
1140
ggtgtcttgt
1200
ccacctgttt
1212

<210> 22
<211> 1218
<212> ADN
<213>
<220>
<223> ADN
<400> 22
atgggtagta
60
aaggcacaaa
120
cacatctttc
180

ccaaggattt

ccattatagg

tatttggtga

gacctatgtt

tccatttgca

caatctcaaa

cacctgaaga

atcaagtcga

tatgggattg

gaaagagtgt

taggtttcgg

aa

tdng hop

tcgccgaaag

gagccgaagg

cacaagatac

agctgaaaat

tttaagaggt

cggtgccgct

cgaaattgtc

catgagagaa

caacgttgaa

ttggaattca

agcaagattg

tggtaacatg

tgcagacggt

tcctggtatg

Trinh ty nhdn tao

tagtccattg

tacagccacc

ttatgcagac

35109

aacagaggtg
ccaaatgaat
gcattgattg
tgtgcaaagc
gctggtttaa
gcttgcttgg
ttattctgga
aagttaagac
gtttccgett
ttggccacat

accgtagaaa

caagagtttt

cccatttgga

taggttctga

aaacagtaat

tgttttacat

tagacgtttt

taccacatcc

cagaaaaatt

gcgtcttgta

acggtgaagg

ctattttgtt

ggttgtctagt

taatgctatc

tccaatcatt

cccaaactca

gtctaaggat

taaatctgtc

tggtggtaga

tggtgccact

catattggat

tttagaatgg

acactcttta

atgtccagag aaaacgtcga aggtataaga

gttatggcaa taggtactgc ccatccacct

ttttacttca gagccacaaa ctcagaacat

-119-



aaggttgaat
240

tacttcaact
300

cctagtttga
360

gctgcattaa
420

ttttgtacct
480

ggtttgaaca
540

actgttttga
600

gtctgtgccg
660

gctattggta
720

_atcgtaggta
780

gattctgaag
840

aaggattcac
900

tctgttggta
960

ggtagagcta
1020

gcaaccagac
1080

ttggatgaaa
1140

gaatggggtg
1200

tctttgccac
1218

taaaaaagaa

acgacgaaga

atgatagaca

aagctatcga

cttgcggtgt

ccaacgttaa

gatacgctaa

aattgactat

acagtttgtt

ttgaaaagcc

acgttattca

ctgaaacaat

tgaccccacc

tattggatga

acgttttatg

tgagaaacaa

tcttgttagg

ctgtttaa

attcgataga

attcttaaag

agacatttgc

agaatggggt

tgatatgcct

caagtactgt

agatttagca

tataggttta

tggtgacggt

tatattcgaa

tttgcacttg

ctcaaacaac

tgctgattgg

agttgaagca

ggaatatggt

aagtgccgcet

tttcggtcct

35109

atttgtaaga
aaatacccaa
gtaccaggtg
caaccattgt
tcagccgact
gtctacatgc
gaaaataaca
agaggtccaa
gccgctgceat
atcgtttgtg
agagaagcag
gtagaaggtt
aattcattat
agattgaagt
aacatggtct
gacggtttgg

ggtatgactg

-120-

aaactatgat

acatcacatc

ttcctgcecett

ccaagattac

tccaattggce

aaggttgcta

gaggttctag

atgaatccca

tgatagtcgg

CaaaacCaaac

gtttgatgtt

gcttggttga

tctggattcc

tgagaccaga

ccgcctgtgt

gtacatacgg

tagaaacaat

cggcaagaga

cttcgatgaa

gggcaaggaa

acacttagta

taagttgttg

tgcaggtggt

agtcttggtt

tttggataac

tgctgatcca

agtcatccca

ctacatgtct

catctttaaa

acatcctggt

aaagttcaga

attgtacata

tgaaggttta

attgttgcat



<210> 23
<211> 1180
<212> ADN
<213>
<220>
<223> ADN
<400> 23
gggttcctta
60
aatcttagca
120
ttactacttc
180
aatatgcgaa
240
ggaaaacgaa
300
gcataaagaa
360
tcaaccagtt
420
gcctagttet
480
aatggtattc
540
cgcagaaaac
600
ttttcatgca
660
tggtgcagcecc
720
attagtcaaa
780
tatggaaatg
840

tdéng hop

gacaacggtt

atcggtacag

agagttacaa

aaatccggtg

aacataatca

actcctaagt

tctaagatca

gatttccaaa

cctcacggtt

aacaaggacg

ccatccgaag

tgtgccattyg

ggtggtcaag

ggttggatct

Trinh ty nhén tao

ccgccagaat

ccttgccacc

agtcagacca

ttacaaagag

cctacaaggce

tagcaattga

cacacttatt

tagctaaggc

gttacgccgce

ctagagtatt

atgccattgg

ttggtgctga

taattgttcc

acgatttgaa

35109

caacaatcaa
tatatgtatc
taagacccaa
atacactgtc
cccaagttta
agctgcattg
tttctgttct
attgggttta
ttcatccggt
agttgtctgt
catgttaata
cccaggtcct
tgatactgaa

taagagattg

-121-

aagtccaacg

aagcaagatg

ttgaaggaaa

ttgacagaag

gatgcaagac

aaaacaatac

tcatccggtyg

gaaccaactg

ttgagattgg

tgcgaattga

ggtcacgcta

accCgaaagac

gactgcttgg

ccacaagcct

gtttagcatc
actacccaga
agttcagaag
atatgatcaa
aagccatttt
aagaatgggg
gttgctattt
tccaaagatc
ctaaggatat
tggtttctte
tcttcggtga
caatctttga
gtggttgggt

tggctgacaa



catcttgggat
900
tttgttttat
960
ggaattgaca
1020
gtggggtcct
1080
cgcaactaca
1140
gactaccgaa
1180

<210> 24
<211> 510
<212> ADN
<213>
<220>
<223> ADN
<400> 24
atgaggcatg
60
cttgctgatg
120
gaagaaggac
180
acatggacgt
240
gaaacagctc
300
gaacggactc
360
cttgttgccg
420
aggaactcag
480
gctgggggtyg
510

gctttagatg

gttttgcatc

aaggataagt

gctttagtat

accggtggtyg

ataatggttt

téng hop

tcgagcatac

tgctgggcta

agggttatca

ccagacgtga

caattgttgg

aacttgtttt

gtaagcttac

ttgctgattt

tcggaactgt

acaccttgag

ctggtggtag

tagaatcatc

tcactttgga

gttctgaatt

tgagaagtgt

Trinh tu nhidn tao

ggtaactgta

tgctgacatt

agtagttaga

tttggatcct

gcatatgtct

aacacatgac

cccagatgag

gaacgctgtc

cacggcatga

35109

attaactggc
agcaatcatc
cagaagagtc
tgaaatgaga
gggtttaatg

tcctttgtga

gctgcacctg
ttccctecga
ctccacgtag
gcaagaagag
ggcgagtgga
ttcgtgacta
gccagagaaa

ttgggcgaag

-122-

aagagagatg

gatttgttgg

ttgtcaaatt

agaaagagta

atggcttttg

ctgatttggt

ctgaaaaggt

atgttgcagg

tgatagctta

gagcttttac

gagcagcagg

tgctcgaggce

ccgagcgtcg

acttgaatgg

aagaaaagtt

acggtaacat

aggaagacaa

gtccaggttt

gtgggaagtt

tgaaatcctt

tgagatcaat

taggcagtta

acttgatgca

tgatgacggg

cgtagtggag

ggttcgagca



<210> 25
<211> 510
<212> ADN
<213>
<220>
<223> ADN
<400> 25
atgcgtcacg
60
ctggccgatyg
120
gaggagggtc
180
acctggacct
240
gagacggccc
300
gagcgcaccc
360
ctggtggcceg
420
cgcaacagcg
480
gccggceggceg
510

<210> 26
<211> 771
<212> ADN
<213>
<220>
<223> ADN
<400> 26

tdng hop

tcgaacacac

tgctcggcta

agggctacca

cgcgeccgcega

cgatcgtcgg

aactggtgct

gcaagctcac

tcgccgacct

tcgggacggt

tdng hop

Trinh ty nhé8n tao

cgtcaccgta

cgccgacatc

ggtcgtccge

cctggacccg

gcacatgagc

cacccacgac

ccccgacgag

gaacgcggtg

gaccgcgtga

Trinh tu nhén tao

35109

gcggcceegg

ttccecgecga
ctgcacgtgg
gcccgcecgeg
ggcgagtggce
ttcgtgacgce
gcgcgcgaga

ctcggcgagg

ccgacctggt

ccgagaaggt

acgtcgccgg

tcatcgccta

gcgccttcac

gcgceggecgg

tgctggaggce

ccgagcgtcg

ctgggaggtg

cgagatcctc

cgagatcaac

ccggcagttg

gctggacgcc

cgacgacggc

ggtcgtcgag

ggtgcgcegeg

atgtccggac gtaagacgtt tttggatttg tctttcgcaa ccagggatac accatcagaa

60

gctacacctg tggtggtcga ccttcttgat catgttactg gagcaaccgt tctaggtctc

120

-123-



tcaccagagg
180
cacactggga
240
gctaagagta
300
gtcaggcatg
360
gctgcagagc
420
ctgtggggta
480
tttcttgtgg
540
atggcagcca
600
catgtatacg
660
ctcccgggceg
720
gcaggctgga
771

<210> 27
<211> 771
<212> ADN
<213>
<220>
<223> ADN
<400> 27
gtgagcggcc
60
gccaccccgg
120
agccccgagg
180
cacaccggca
240

actttcctga

ctcatatgga

ttgatcaagt

tgcccgcagg

acgatcttgce

caagagaata

aagcaggagt

tgatcgaaga

gcagaacgcg

caaccggtta

ctcgtgtagt

tdng hop

gcaagacgtt

tcgtcgtcga

acttccccga

cgcacatgga

tggcatggcecc

cgcacctcta

tcctcttgaa

ggatggcata

accaggcgat

tttatcaact

taaagtgatt

atatcggagg

agaatatcta

cgatatatca

cgcagttttt

Trinh tu nhdn tao

cctcgacctg

cctgctcgac

cggcatggcc

cgcgccecgcetg

35109

atttctaacg
cactatggtc
tggtgttatg
actgttgatc
attgtgatgc
tttcectggte
ggaatagatg
actggtgata
caacttgaaa
tgttttccag

gaacaggagg

agcttcgcga
cacgtgaccg
atctcgaacg

cactacggcc

-124-

agaccgttac

ctctatcagg

gccctggagt

atttgaacgc

tttggactgg

tcactggtaa

cttggggttt

agggtgcact

agcttaataa

tggccgttgce

aggaagattg

cccgggacac

gcgcgacggt

agacggtcac

cgctcagcgg

attaacgact

cggggtgcect

gagacttgat

cgctttggat

ggcagatgct

ggggactcaa

ggataggcca

ctggccggca

cctcggagcet

cggaactggc

ccccagcegag

gctcgggctg

cctcaccacg

cggcgtgecg



gccaagtcga
300
gtgcggcacg
360
gccgccgagce
420
ctgtggggca
480
ttcctggtcg
540
atggccgcga
600
cacgtctacg
660
ctgcccggceg
720
gcgggctgga
771

<210> 28
<211> 1578
<212> ADN
<213>
<220>
<223> ADN
<400> 28
atggaattca
60
gccgaaatct
120
ttgttgaaga
180
aagaaaccag
240
aactccatcc
300

tcgaccaggt

tgccggeccgg

acgacctggce

cccgcgagta

aggcgggcegt

tgatcgagga

ggcgcacccg

ccaccggata

cccgggtggt

téng hop

gattgttgat

tggctttatt

ctttggctaa

ttcctaattt

atttcgaaag

cccgctggag
cgacggcatc
gcccggcgac
ccfgtccacc
gaaggtgatc
gtaccggcgt
cgaatacctc
cgacatcagt

cgccgtgtte

Trinh ty nhdn tao

attggccttg

ccctattcat

cagaggtcac

gtacgaaatt

attgcaaacc

35109

tggtgctacg
accgtcgacc
atcgtcatgt
ttccececggac
ggcatcgacg
accggcgaca
cagttggaga
tgcttccecgg

gagcaggaag

ttctcecgtat
ggtatatcta
aacgttaccg
gatgtatcag

atcatccaag
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gcccgggegt

acctcaacgc

tgtggaccgg

tgaccggcaa

cgtggggcct

agggcgcectt

agctcaacaa

tcgccgtecge

aggaggacta

tgatgtctac

actacaacgt

ttgtaacttc

gtgcaaaggg

atgtcaagag

gcgcctggac

cgcgctcgac

cgcggacgcc

gggaacgcag

ggaccggccg

gtggccggceg

cctgggcgeg

gggcaccggt

ctctaatggt

agctgaagca

atttccacaa

tttagccaca

taacttcaag



aacatggtta
360

aacatcagag
420

gctggttttg
480

ccatgggctt
540

agtagattcc
600

tactttttgt
660

aagtttttcg
720

ttcgtaaaca
780

atcggtggta
840

gatgaagcag
900

ttccctaatc
960

ttgtggaagt
1020

ttcccacaaa
1080

aattccggtg
1140

tatgatcaat
1200

gtaaacgact
1260

tcatactccg
1320

ttagacacag
1380

gattgtctag

ataaaaagtt

catggaaaag

tgcacagaat

cagtcaagat

acatgtactt

gtaatgatat

ctcatttcag

tccatgttaa

aacatggtgt

aaactattca

tcgaaaacga

acgacatctt

ccttggaagc

acagaaacat

taactaagga

aaagaatgaa

ctgtttattg

aacatactgt

tgacttggtt

tcaagctcct

gggtaatcct

gaatttcttt

ctactacggt

gcctgacata

tgtcgatatg

ggaaccacaa

aatctttttc

agcctttaaa

aaacgaagat

cggtcataag

tgtccatttc

cttgtctttc

taacatcttg

ggcattgtct

gaccgaatac
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gaaatcatagt
ataaacgccg
ttaatatcta
tccaacccag
caaagaataga
aatggtgaag
aacgaaatgg
ccataccctt
cctttgccat
accttgggta
gaagccttcg
atgccttcca
aacatcaagg
ggtgttccta
gttaaagaag
tcttcagtta
caattgttta

gtaattagac

-126-

tctcagaccc

tattcggttc

tcttgaatgce

catatatgcc

taaacaccgg

atgctaacaa

tttttaacac

tagtcccaaa

tggaaatcca

gtatggtcag

ctgaattacc

acgttttgat

ctttcatttc

tcataggtat

gtgtagctgt

gaacagtcgt

gagatagacc

atagaggtgc

aagagttttg

agattgcgac

cagacataca

tgtaatccat

ttggcactta

aatggcaaga

ctccttgttg

ctgtatcgaa

aaagtttatg

aacttctaca

acaaagagtt

cagaaagtgg

acacggtggt

cccattgttt

cttgttggat

taacgacaag

tatgtcacca

acatcactta



aaaactg
1440

35109

cag gtgccttttt gcactggtat caatacttgt tgttggatgt catcacattt

ttgttggtta cattctgtgc attctgcttc atcgttaagt acatctgcaa ggccttaatc

1500

catcact
1560

ccacaat

1578

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Glu

4
L

Thr Ser

Ser Asn

Gly His

50

Pro Asn

65

Asn Ser

Ser Asn

Met Phe

act ggtccagttc taaatctgaa aagttgaaaa agaattctgc ttggtctcat

tcg aaaaataa

29

525

PRT

Trinh ty nhé&n tao
ADN tdéng hop

29

Phe Arg Leu Leu Ile Leu Ala Leu Phe Ser Val Leu Met Ser

Asn Gly Ala Glu Ile Leu Ala Leu Phe Pro Ile His Gly Ile
20 25 30

Tyr Asn Val Ala Glu Ala Leu Leu Lys Thr Leu Ala Asn Arg
35 40 45

Asn Val Thr Val Val Thr Ser Phe Pro Gln Lys Lys Pro Val
55 60

Leu Tyr Glu Ile Asp Val Ser Gly Ala Lys Gly Leu Ala Thr
70 75 80

Ile His Phe Glu Arg Leu Gln Thr Ile Ile Gln Asp Val Lys
85 90 95

Phe Lys Asn Met Val Arg Leu Ser Arg Thr Tyr Cys Glu Ile
100 105 110

Ser Asp Pro Arg Val Leu Asn Ile Arg Asp Lys Lys Phe Asp
115 120 125

-127-



35109

Leu Val Ile Asn Ala Val Phe Gly Ser Asp Cys Asp Ala Gly Phe Ala
130 135 140

Trp Lys Ser Gln Ala Pro Leu Ile Ser Ile Leu Asn Ala Arg His Thr
145 150 155 160

Pro Trp Ala Leu His Arg Met Gly Asn Pro Ser Asn Pro Ala Tyr Met
165 170 175

Pro Val Ile His Ser Arg Phe Pro Val Lys Met Asn Phe Phe Gln Arg
180 185 190

Met Ile Asn Thr Gly Trp His Leu Tyr Phe Leu Tyr Met Tyr Phe Tyr
195 200 205

Tyr Gly Asn Gly Glu Asp Ala Asn Lys Met Ala Arg Lys Phe Phe Gly
210 215 220

Q)

Asn Asp Met Pro Asp Ile Asn Glu Met Val Phe Asn Thr Ser Leu Leu
225 230 235 240

Phe Val Asn Thr His Phe Ser Val Asp Met Pro Tyr Pro Leu Val Pro
245 250 255

Asn Cys Ile Glu Ile Gly Gly Ile His Val Lys Glu Pro Gln Pro Leu
260 265 270

Pro Leu Glu Ile Gln Lys Phe Met Asp Glu Ala Glu His Gly Val Tle
275 ) 280 285

Phe Phe Thr Leu Gly Ser Met Val Arg Thr Ser Thr Phe Pro Asn Gln
290 295 300

Thr Ile Gln Ala Phe Lys Glu Ala Phe Ala Glu Leu Pro Gln Arg Val
305 310 315 320

Leu Trp Lys Phe Glu Asn Glu Asn Glu Asp Met Pro Ser Asn Val Leu
325 330 335

Ile Arg Lys Trp Phe Pro Gln Asn Asp Ile Phe Gly His Lys Asn Ile
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340 345 350

Lys Ala Phe Tle Ser His Gly Gly Asn Ser Gly Ala Leu Glu Ala Val
355 360 365

His Phe Gly Val Pro Ile Ile Gly Ile Pro Leu Phe Tyr Asp Gln Tyr
370 375 380

Arg Asn Ile Leu Ser Phe Val Lys Glu Gly Val Ala Val Leu Leu Asp
385 390 395 400

Val Asn Asp Leu Thr Lys Asp Asn Ile Leu Ser Ser Val Arg Thr Val
405 410 415

Val Asn Asp Lys Ser Tyr Ser Glu Arg Met Lys Ala Leu Ser Gln Leu
420 425 430

Phe Arg Asp Arg Pro Met Ser Pro Leu Asp Thr Ala Val Tyr Trp Thr
435 440 445

Glu Tyr Val Ile Arg His Arg Gly Ala His His Leu Lys Thr Ala Gly
450 455 460

Ala Phe Leu His Trp Tyr Gln Tyr Leu Leu Leu Asp Val Ile Thr Phe
465 470 475 480

Leu Leu Val Thr Phe Cys Ala Phe Cys Phe Ile Val Lys Tyr Ile Cys
485 490 495

Lys Ala Leu Ile His His Tyr Trp Ser Ser Ser Lys Ser Glu Lys Leu
500 505 510

Lys Lys Asn Ser Ala Trp Ser His Pro Gln Phe Glu Lys

515 520 525
<210> 30
<211> 1437
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN tdng hop

-129-



<400> 30
atggaattca
60

gccgaaatct
120

ttgttgaaga
180

aagaaaccag
240

aactccatcc
300

aacatggtta
360

aacatcagag
420

gctggttttg
480

ccatgggctt
540

agtagattcc
600

tactttttgt
660

aagtttttcg
720

ttcgtaaaca
780

atcggtggta
840

gatgaagcag
900

ttccctaatce
960

ttgtggaagt
1020

gattgttgat

tggctttatt

ctttggctaa

ttcctaattt

atttcgaaag

gattgtctag

ataaaaagtt

catggaaaag

tgcacagaat

cagtcaagat

acatgtactt

gtaatgatat

ctcatttcag

tccatgttaa

aacatggtgt

aaactattca

tcgaaaacga

attggccttg

ccctattcat

cagaggtcac

gtacgaaatt

attgcaaacc

aacatactgt

tgacttggtt

tcaagctcct

gggtaatcct

gaatttcttt

ctactacggt

gcctgacata

tgtcgatatg

ggaaccacaa

aatctttttc

agcctttaaa

aaacgaagat
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ttctccgtat
ggtatatcta
aacgttaccg
gatgtatcag
atcatccaag
gaaatcatgt
ataaacgccg
ttaatatcta
tccaacccag
caaagaatga
aatggtgaag
aacgaaatgg
ccataccctt
cctttgccat
accttgggta
gaagccttcg

atgccttcca
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tgatgtctac

actacaacgt

ttgtaacttc

gtgcaaaggg

atgtcaagag

tctcagaccc

tattcggttc

tcttgaatgce

catatatgcc

taaacaccgg

atgctaacaa

tttttaacac

tagtcccaaa

tggaaatcca

gtatggtcag

ctgaattacc

acgttttgat

ctctaatggt

agctgaagca

atttccacaa

tttagccaca

taacttcaag

aagagttttg

agattgcgac

cagacataca

tgtaatccat

ttggcactta

aatggcaaga

ctccttgttyg

ctgtatcgaa

aaagtttatg

aacttctaca

acaaagagtt

cagaaagtgg



ttcccacaaa
1080
aattccggtg
1140
tatgatcaat
1200
gtaaacgact
1260
tcatactccg
1320
ttagacacag
1380
aaaactgcag
1437

<210> 31
<211> 478
<212> PRT
<213> Trin
<220>
<223> ADN
<400> 31

Met Glu Phe
1

Thr Ser Asn

Ser Asn Tyr

35

His Asn

50

Gly

Pro Asn Leu

65

Asn Ser Ile

acgacatctt

ccttggaagc

acagaaacat

taactaagga

aaagaatgaa

ctgtttattg

gtgccttttt

h tu

tdng hop

Arg Leu

Gly Ala Gl

20

Asn Val Al

Val Thr

Tyr Glu

70

Phe
85

His Gl

Leu

Val

Ile

cggtcataag

tgtccatttc

cttgtctttc

taacatcttg

ggcattgtct

gaccgaatac

gcactctgct

nhdn tao

Ile Leu

u Ile Leu

Ala
40

a Glu

Val
55

Thr

Asp Val

u Arg Leu

35109

aacatcaagg
ggtgttccta
gttaaagaag
tcttcagtta
caattgttta
gtaattagac

tggtctcatc

Ala Leu Phe

10

Ala
25

Leu Phe

Leu Leu Lys

Ser Phe Pro

Ala
75

Ser Gly

Gln Thr

90

Ile

-131-

ctttcatttc

tcataggtat

gtgtagctgt

gaacagtcgt

gagatagacc

atagaggtgc

cacaattcga

Ser Val Leu

Ile His

30

Pro

Thr Leu Ala

45

Gln
60

Lys Lys

Lys Gly Leu

Ile Gln Asp

acacggtggt

cccattgttt

cttgttggat

taacgacaag

tatgtcacca

acatcactta

aaaataa

Met
15

Ser

Gly Ile

Asn Arg

Pro Val

Ala Thr

80

Val
95

Lys
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Ser Asn Phe Lys Asn Met Val Arg Leu Ser Arg Thr Tyr Cys Glu Ile
100 105 110

Met Phe Ser Asp Pro Arg Val Leu Asn Ile Arg Asp Lys Lys Phe Asp
115 120 125

Leu Val Ile Asn Ala Val Phe Gly Ser Asp Cys Asp Ala Gly Phe Ala
130 135 140

Trp Lys Ser Gln Ala Pro Leu Ile Ser Ile Leu Asn Ala Arg His Thr
145 150 155 160

Pro Trp Ala Leu His Arg Met Gly Asn Pro Ser Asn Pro Ala Tyr Met
165 170 175

Pro Val Ile His Ser Arg Phe Pro Val Lys Met Asn Phe Phe Gln Arg
180 185 190

Met Ile Asn Thr Gly Trp His Leu Tyr Phe Leu Tyr Met Tyr Phe Tyr
195 200 205

Tyr Gly Asn Gly Glu Asp Ala Asn Lys Met Ala Arg Lys Phe Phe Gly
210 215 220

Asn Asp Met Pro Asp Ile Asn Glu Met Val Phe Asn Thr Ser Leu Leu
225 230 235 240

Phe Val Asn Thr His Phe Ser Val Asp Met Pro Tyr Pro Leu Val Pro
245 250 255

Asn Cys Ile Glu Ile Gly Gly Ile His Val Lys Glu Pro Gln Pro Leu
260 265 270

Pro Leu Glu Ile Gln Lys Phe Met Asp Glu Ala Glu His Gly Val Ile
275 280 285

Phe Phe Thr Leu Gly Ser Met Val Arg Thr Ser Thr Phe Pro Asn Gln
290 , 295 300
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Thr Ile Gln Ala Phe Lys Glu Ala Phe Ala Glu Leu Pro Gln Arg Val
305 310 315 320

Leu Trp Lys Phe Glu Asn Glu Asn Glu Asp Met Pro Ser Asn Val Leu
325 330 335

Ile Arg Lys Trp Phe Pro Gln Asn Asp Ile Phe Gly His Lys Asn Ile
340 345 350

Lys Ala Phe Ile Ser His Gly Gly Asn Ser Gly Ala Leu Glu Ala Val
355 360 365

His Phe Gly Val Pro Ile Ile Gly Ile Pro Leu Phe Tyr Asp Gln Tyr
370 375 380

Arg Asn Ile Leu Ser Phe Val Lys Glu Gly Val Ala Val Leu Leu Asp
385 390 395 400

Val Asn Asp Leu Thr Lys Asp Asn Ile Leu Ser Ser Val Arg Thr Val
405 410 415

Val Asn Asp Lys Ser Tyr Ser Glu Arg Met Lys Ala Leu Ser Gln Leu
420 425 430

Phe Arg Asp Arg Pro Met Ser Pro Leu Asp Thr Ala Val Tyr Trp Thr
435 440 445

Glu Tyr Val Ile Arg His Arg Gly Ala His His Leu Lys Thr Ala Gly
450 455 460

Ala Phe Leu His Ser Ala Trp Ser His Pro Gln Phe Glu Lys

465 470 475
<210> 32

<211> 1380

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ADN tdng hop

<400> 32

-133-



atggccgaaa
60

gcattgttga
120

caaaagaaac
180

acaaactcca
240

aagaacatgg
300

ttgaacatca
360

gacgctggtt
420

acaccatggg
480

catagtagat
540

ttatactttt
600

agaaagtttt
660

ttgttcgtaa
720

gaaatcggtg
780

atggatgaag
840

acattcccta
900

gttttgtgga
960

tggttcccac
1020

ggtaattccg
1080

tcttggettt

agactttggc

cagttcctaa

tccatttcga

ttagattgtc

gagataaaaa

ttgcatggaa

ctttgcacag

tcccagtcaa

tgtacatgta

tcggtaatga

acactcattt

gtatccatgt

cagaacatgg

atcaaactat

agttcgaaaa

aaaacgacat

gtgccttgga

attccctatt

taacagaggt

tttgtacgaa

aagattgcaa

tagaacatac

gtttgacttg

aagtcaagct

aatgggtaat

gatgaatttc

cttctactac

tatgcctgac

cagtgtcgat

taaggaacca

tgtaatcttt

tcaagccttt

cgaaaacgaa

cttcggtcat

agctgtccat

35109

catggtatat
cacaacgtta
attgatgtat
accatcatcc
tgtgaaatca
gttataaacg
cctttaatat
ccttccaacc
tttcaaagaa
ggtaatggtg
ataaacgaaa
atgccatacc
caacctttgce
ttcaccttgg
aaagaagcct
gatatgcctt
aagaacatca

ttcggtgttce
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ctaactacaa

ccgttgtaac

caggtgcaaa

aagatgtcaa

tgttctcaga

ccgtattcgg

ctatcttgaa

cagcatatat

tgataaacac

aagatgctaa

tggtttttaa

ctttagtccc

cattggaaat

gtagtatggt

tcgctgaatt

ccaacgtttt

aggctttcat

ctatcatagg

cgtagctgaa

ttcatttcca

gggtttagcc

gagtaacttc

cccaagagtt

ttcagattgce

tgccagacat

gcctgtaatc

cggttggcac

caaaatggca

cacctccttg

aaactgtatc

ccaaaagttt

cagaacttct

accCacaaaga

gatcagaaag

ttcacacggt

tatcccattg



ttttatgatc
1140
gatgtaaacg
1200
aagtcatact
1260
ccattagaca
1320
ttaaaaactg
1380

<210> 33
<211> 459
<212> PRT
<213> Trin
<220>
<223> ADN
<400> 33

Met Ala Glu
1

Asn Val Ala

Val Thr Val

35

Glu
50

Tyr Ile

His Phe Glu

65

Lys Asn Met

Asp Pro Arg

aatacagaaa

acttaactaa

ccgaaagaat

cagctgttta

caggtgcctt

h tu

tdng hop

Ile

Leu

Glu
20

Ala

Val Thr

Asp Val

Arg Leu

Val Arg

85

Val
100

Leu

Ala

Leu

Ser

Ser

Gln

70

Leu

Asn

catcttgtct

ggataacatc

gaaggcattg

ttggaccgaa

tttgcactct

nhan tao

Leu Phe

Leu Lys

Phe Pro

40

Gly Ala

55

Thr Ile

Ser

Arg

Ile Arg

35109

ttcgttaaag
ttgtcttcag
tctcaattgt
tacgtaatta

gcttggtctc

Ile His

10

Pro

Thr Ala

25

Leu

Gln Lys Lys

Lys Gly Leu

Ile Gln Asp

75

Thr Tyr

90

Cys

Asp Lys Lys

105

-135-

aaggtgtagc

ttagaacagt

ttagagatag

gacatagagg

atccacaatt

Gly Ile Ser

Asn Gly

30

Arg

Val
45

Pro Pro

Ala Thr

60

Asn

Val Lys Ser

Glu Ile Met

Phe Leu

110

Asp

tgtcttgttyg

cgttaacgac

acctatgtca

tgcacatcac

cgaaaaataa

Asn
15

Tyr
His Asn
Asn Leu
Ile

Ser

Phe
80

Asn

Phe
95

Ser

Val Ile
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Asn Ala Val Phe Gly Ser Asp Cys Asp Ala Gly Phe Ala Trp Lys Ser
115 120 125

Gln Ala Pro Leu Ile Ser Ile Leu Asn Ala Arg His Thr Pro Trp Ala
130 135 140

Leu His Arg Met Gly Asn Pro Ser Asn Pro Ala Tyr Met Pro Val Ile
145 150 155 160

His Ser Arg Phe Pro Val Lys Met Asn Phe Phe Gln Arg Met Ile Asn
165 170 175

Thr Gly Trp His Leu Tyr Phe Leu Tyr Met Tyr Phe Tyr Tyr Gly Asn
180 185 190

Gly Glu Asp Ala Asn Lys Met Ala Arg Lys Phe Phe Gly Asn Asp Met
195 200 205

Pro Asp Ile Asn Glu Met Val Phe Asn Thr Ser Leu Leu Phe Val Asn
210 215 220

Thr His Phe Ser Val Asp Met Pro Tyr Pro Leu Val Pro Asn Cys Ile
225 230 235 240

Glu Ile Gly Gly Ile His Val Lys Glu Pro Gln Pro Leu Pro Leu Glu
245 250 255

Ile Gln Lys Phe Met Asp Glu Ala Glu His Gly Val Ile Phe Phe Thr
260 265 270

Leu Gly Ser Met Val Arg Thr Ser Thr Phe Pro Asn Gln Thr Ile Gln
275 280 285

Ala Phe Lys Glu Ala Phe Ala Glu Leu Pro Gln Arg Val Leu Trp Lys
290 295 300

Phe Glu Asn Glu Asn Glu Asp Met Pro Ser Asn Val Leu Ile Arg Lys
305 310 315 320

Trp Phe Pro Gln Asn Asp Ile Phe Gly His Lys Asn Ile Lys Ala Phe
325 330 335
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Ile Ser His Gly Gly Asn Ser Gly Ala Leu Glu Ala Val His Phe Gly
340 345 350

Val Pro Ile Ile Gly Ile Pro Leu Phe Tyr Asp Gln Tyr Arg Asn Ile
355 360 365

Leu Ser Phe Val Lys Glu Gly Val Ala Val Leu Leu Asp Val Asn Asp
370 375 380

Leu Thr Lys Asp Asn Ile Leu Ser Ser Val Arg Thr Val Val Asn AsSp
385 390 395 400

Lys Ser Tyr Ser Glu Arg Met Lys Ala Leu Ser Gln Leu Phe Arg Asp
405 410 415

Arg Pro Met Ser Pro Leu Asp Thr Ala Val Tyr Trp Thr Glu Tyr Val
420 425 430

Ile Arg His Arg Gly Ala His His Leu Lys Thr Ala Gly Ala Phe Leu
435 440 445

His Ser Ala Trp Ser His Pro Gln Phe Glu Lys

450 455
<210> 34
<211> 19
<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> ADN téng hop

<400> 34

ggaagaaggt cgcatacca
19

<210> 35

<211> 42

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN téng hop
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<400> 35
gatccccggg aattgccatg gatcaggaga aggagagtca ag
42

<210> 36
<211> 39
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN tdéng hop

<400> 36
aattccagct gaccaccatg ggcgaaaagg caaaggagc
39

<210> 37
<211> 20
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN téng hop

<400> 37

gctagaaaag gcaagggagg
20

<210> 38

<211> 43

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 38
catggcaatt cccggggatc gccggcaatt ctttttaggt agce
43

<210> 39

<211> 18

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN téng hop

<400> 39
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ccagaagcag tacacggc

18

<210> 40
<211> 21
<212> ADN

<213> Trinh tu nhadn tao

<220>
<223> ADN téng hop

<400> 40

gttgtctgct tgcgecttctt c
21

<210> 41

<211> 41

<212> ADN

<213> Trinh ty nhadn tao

<220>
<223> ADN téng hop

<400> 41
catggtggtc agctggaatt cctccgecat ttcttattcc ¢
41

<210> 42
<211> 22
<212> ADN

<213> Trinh tuy nhén tao

<220>
<223> ADN téng hop

<400> 42

gtgggttgaa ccgcttactc ag
22

<210> 43

<211> 42

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 43

gatccccggg aattgccatg cccggaggaa tcaaaatgac gc
42
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<210> 44
<211> 43
<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> ADN téng hop

<400> 44
aattccagct gaccaccatg gtttgggatt cttaggtgag ctc
43

<210> 45
<211> 22
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> ADN tdéng hop

<400> 45

cctccctgge gtatacacaa ac
22

<210> 46

<211> 17

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> ADN tdng hop

<400> 46
gctcgagctt gccagcec
17

<210> 47

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ADN téng hop

<400> 47

gatccccggg aattgccatg gectggtgttg ggacacacg
39
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<210> 48
<211> 45
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN téng hop

<400> 48
aattccagct gaccaccatg gcttggaaat cagtatagct ttctg
45

<210> 49
<211> 21
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 49

gcttgtggtc tgtctgaatc g
21

<210> 50

<211> 27

<212> ADN

<213> Trinh tyu nh&n tao

<220>
<223> ADN téng hop

<400> 50

gggtttaatg aggagcagag gatgcgg
27

<210> 51

<211> 27

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> RADN téng hop

<400> 51

ggacttaatg tagtggtggt gctggtg
27

<210> 52

<211> 30
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<212> ADN
<213> Trinh tu nhan tao

<220>
<223> ADN téng hop

<400> 52
ggcattaatc gcgtggaatt tggaagagag
30

<210> 53
<211> 28
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tbng hop

<400> 53
ggtcttaatg tgctcgggga cgtgaaag
28

<210> 54
<211> 29
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN téng hop

<400> 54
gggtttaatg gtcgtctgtc aaggagttyg
29

<210> 55
<211> 31
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN téng hop

<400> 55
ggacttaatg cagtgctgta tatgggtctt g
31

<210> 56
<211> 33
<212> ADN

<213> Trinh tyu nhan tao
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<220>
<223>

<400>
33

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggtcttaatg aggtgaagga cacagcg

27

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ADN tdéng hop

56

57

27

ADN

Trinh ty nhan tao

ADN tdng hop

57

58

31

ADN

Trinh ty nhan tao

ADN téng hop

58

35109

ggcattaatg agtttgtgag atgttcagga tgg

gggtttaatc gcagagacta ggacacaagt g

31

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggacttaatg cggcgatctg tggtagag

28

<210>
<211>
<212>
<213>

<220>

59

28

ADN

Trinh ty nhdn tao

ADN tdéng hop

59

60

31

ADN

Trinh tuy nhan tao
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<223> ADN tdng hop

<400> 60
ggcattaatg ccagcatatt caaacccagt ¢
31

<210> 61
<211> 29
<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> ADN tdng hop

<400> 61
ggtcttaatc acacaaccaa cctccgatc
29

<210> 62
<211> 31
<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> ADN téng hop

<400> 62
agagcgatat gggttcctta gacaacggtt c
31

<210> 63
<211> 33
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN tdéng hop

<400> 63
tctgcgattc acaaaggaac acttctcaaa acc
33

<210> 64
<211> 32
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN téng hop
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<400> 64
agagcgatat gagttcactc tccaacgctt cc
32

<210> 65
<211> 29
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 65
tctgcgattc acatgagagg caggctgtg
29

<210> 66
<211> 28
<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ADN tdng hop

<400> 66
agagcgatgg gttcccttga caatggtt
28

<210> 67
<211> 32
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> ADN téng hop

<400> 67
tctgcgattt agagaggcac acttcggaga ac
32

<210> 68
<211> 33
<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ADN tdng hop

<400> 68
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agagcgatat gagtagttta tcaaatgcca gtc

33

<210> 69
<211> 27
<212> ADN

<213> Trinh tuy nhan tzo

<220>
<223> ADN téng hop

<400> 69
tctgcgattc acatcaatgg caaggaa
27

<210> 70
<211> 32
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN téng hop

<400> 70

agatatacca tgcgtcatgt tgaacatacc gt
32

<210> 71

<211> 34

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN tdng hop

<400> 71

atggctgctt tatgcggtaa ctgtaccaac acca
34

<210> 72

<211> 29

<212> ADN
<213> Trinh ty nhé&n tao

<220>
<223> ADN téng hop

<400> 72
atatacatat gagcggtcgt aaaaccttt
29
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<210> 73
<211> 31
<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> ADN téng hop

<400> 73
atatccaatt ttaatcctct tcttcttgtt c
31

<210> 74
<211> 25
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 74

agagcgatga gacacgttga acaca
25

<210> 75

<211> 27

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ADN téng hop

<400> 75

tctgcgattt atgcagttac ggtacca
27

<210> 76

<211> 26

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> ADN tdng hop

<400> 76
agagcgatgt ccggtagaaa gacctt
26
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<210> 77
<211> 30
<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> ADN tdng hop

<400> 77
tctgcgattt aatcttcttc ttcttgttcg
30

<210> 78
<211> 31
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> ADN tdng hop

<400> 78
agagcgatat ggagtttcgc ttgcttatcc t
31

<210> 79
<211> 37
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> ADN tdng hop

<400> 79
tctgcgattt aattcttctt caacttttcc gacttag
37

<210> 80
<211> 36
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> BDN tdng hop

<400> 80

ggcttaatat gagttcactc tccaacgctt cccatc
36

<210> 81
<211> 41
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<212> ADN
<213> Trinh ty nh&n tao

<220>
<223> ADN téng hop

<400> 81
ggtttaattt acatgagagg caggctgtgg agaaggatag t
41

<210> 82
<211> 26
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN téng hop

<400> 82

ggcttaatat gaggcatgtc gagcat
26

<210> 83

<211> 31

<212> ADN

<213> Trinh tuy nhén tao

<220>
<223> ADN tdng hop

<400> 83
ggtttaattt atgccgtgac agttccgaca ¢
31

<210> 84
<211> 26
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN tdng hop

<400> 84

ggcttaatat gtccggacgt aagacg
26

<210> 85

<211> 31

<212> ADN

<213> Trinh tuy nhé&n tao
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<220>
<223> ADN téng hop

<400> 85
ggtttaattt aatcttcctc ctcctgttca a
31

<210> 86
<211> 36
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ADN tdéng hop

<400> 86
ggcttaatat ggaattcaga ttgttgatat tggcct
36

<210> 87
<211> 41
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ADN téng hop

<400> 87
ggtttaattt atttttcgaa ttgtggatga gaccaagcag a
41

<210> 88
<211> 29
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> ADN tdng hop

<400> 88
ggggacaagt ttgtacaaaa aagcaggct
29

<210> 89
<211> 54
<212> ADN

<213> Trinh ty nhan tao

<220>
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<223> ADN tdng hop
<400> 89

ttatttttcg aattgtggat gagaccaagc agagtgcaaa aaggcacctg cagt
54

-151-





