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Linh vue k§ thuit dwoc dé cap

Séng ché nay dé cdp dén nam men c6 kha ndng san xuat etanol tir xyloza

va phuong phap-san xuét etanol sir dung loai ndm men nay.
Tinh trang ky thuit ciia sang ché

Gan day, viéc sir dung etanol sinh hoc lam nhién liéu vén tai di thu hat
duoc sy cht y nhd viée gidm phat thai CO,. Cu thé, phuong phap san xuat
etanol sinh hoc tir sinh khéi trén co s& xenluloza da dugc nghién ctu. Do lugng
xyloza chiém khoang 1/3 tbng luong duong thu dugc tir sinh khéi trén co sé
xenluloza, dé st dung hiéu qua cac ngudn sinh khéi, can phai tao ra loai vi

khuan ma san xuét etanol tir xyloza mét cach hitu hiéu.

Hién nay, dé san xuit etanol, cac ndm men thudc loai Saccharomyces
cerevisiae chii yéu duogc sir dung 1am ndm men bia. Saccharomyces cerevisiae
6 kha nang san xuét etanol cao tir cic hexoza nhu glucoza va manoza va ¢ kha
ning chéng chiu cao d6i véi etanol. Tuy nhién, Saccharomyces cerevisiae khong

thé str dung céc pentoza nhu xyloza.

Scheffersomyces stipitis dugc biét dén 1a nAm men c6 kha ning dong hoa
xyloza. Nhom cac gen tuong Ung véi nhom cic gen dé dbng hoa xyloza cia
Scheffersomyces stipitis tdn tai sin trong Saccharomyces cerevisiae, nhung nhan
thdy 1a nhiéu gen trong céc gen ndy trong Saccharomyces cerevisiae khong dugc
bidu hién, hodc thdm chi néu cic gen dugc bidu hién, mtc do bidu hién cua
chung 13 rét thap. Do d6, su bién ddi Saccharomyces cerevisiae bing cach dua
vao cac gen thu duogc tir nAm men ddng hoa xyloza di dugc khuyén khich.

Tuy nhién, do cac gen nay la cac gen ngoai sinh d6i véi Saccharomyces
cerevisiae, nAm men duogc tao ra theo phuwong phép néu trén thudc loai tai tb hop,
va didu nay 1a khong mong mubn béi vi cac han ché khac nhau bao gém viéc
can phai c6 phuong tién dé ngan ngira su 10 clia céac té bao ndm men ra ngoai
duogc dit ra khi st dung ching.

DPdng thoi, viéc tao ra nAm men ¢6 kha ning déng hoa xyloza bing cach

hoat hoa cac gen dong hod xyloza vdn cé trong Saccharomyces cerevisiae da
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duge nghién ciu (W0O2010/001906, Tai liéu sang ché 1). NAm men thu duoc
bing cach st dung k¥ thuat ndy cé uu diém 14 n6 khong phai 13 gen tai t6 hop

bai vi cac gen dong hod xyloza thu dugc tir chinh nam men dugc st dung.

Tuy nhién, van c6 nhu cau tao ra nam men c6 kha nang san xuat etanol

ttr xyloza dugc cai thién hon nfra.

Céc tai liéu thudc tinh trang k§ thuat da biét
Céc tai liéu sang ché

Tai liéu sang ché 1: W02010/001906

Ban chit k§ thuit clia sang ché

Vén dé can duoc giai quyét boi sang ché

Mong muén tao ra nim men c6 kha ning dong hoé xyloza ma trong d6
kha ning san xuét etanol tir xyloza duoc cai thién hon nita. Theo d6, muc dich
cta sang ché 13 nhim cai tao ndm men bang cach dua vio cic gen ddng hod
xyloza dé tao ra nAm men c6 kha ning san xuét etanol tir xyloza m§ man va nim

men ma c6 lugng san pham phu tao ra gidm.
Céach thire giai quyét van dé

Céc tac gia sang ché da bo nhidu cong stc thuc hién cac nghién ciu dé
giai quyét cac vin dé néu trén, va da phat hién ra rang nim men c6 kha ning san
xuét etanol cao thu duoc khi ba gen, 14 GRE3 (gen aldo-keto reductaza 3), SOR1
(gen sorbitol dehydrogenaza 1) va XKS1 (gen xyluloza kinaza 1) dugc dua vao
trén nhidm séc th& ndm men va it nhit mot gen trong sb cac gen GDH2 (gen
glutamat dehydrogenaza 2) va SOR1 (gen sorbitol dehydrogenaza 1) dugc biéu
hién qua muc, va trong truong hop chiung biéu hién qua mirc GDH2, luong san
pham phu tao ra nhu xylitol hodc glyxerol dugc gidm xubng. Ngoai ra, céc tac
gi4 séng ché di bo nhiéu cong stic nghién ctru dé giai quyét cac van d& néu trén,
va da phat hién ra nAm men c6 kha ning san xuét etanol cao ciing thu duoc khi
gen lién két cia GRE3 va SORI va gen lién két cia SOR1 va XKS1 duoc dua
vao trén nhidm séc thd ndm men. Hon nita, cac tac gia sang ché da phat hién ra
rang ndm men thu duoc theo cich ndy c6 kha ning st dung xyloza cao va c6 thé

duoc str dung dé san xuit etanol tir Xyloza, va nh& d6 d3 hinh thanh nén sang
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ché nay.
Cu thé 13, sang ché nay dé cap dén céc d6i tuong dudi day:

(1) NAm men bién dbi gen c6 ba gen, 13 gen mi hod xyloza reductaza, gen mé
ho4 xylitol dehydrogenaza va gen mé hod xyluloza kinaza, dugc xen vao trén
nhiém séc thé ctia nd, trong d6 ba gen duoc xen vao trén nhiém sic thé dudi
dang gen thu duoc bang cach lién két gen mé hod xyloza reductaza va gen ma
hod xylitol dehydrogenaza va gen thu duoc bing cach lién két gen ma hod

xylitol dehydrogenaza va gen mé hod xyluloza kinaza.

(2) N4m men theo diém (1), trong dé cic gen nay 1a cdc gen ndi sinh cua nim

men.

(3) Ndm men theo diém (1) hodc (2), trong d6 gen mi ho4 xyloza reductaza 1a
gen duoc chon tir nhém bao gdm GRE3, YJR096w, YPR1, GCY1, ARAI va
YDR124w.

(4) Nam men theo diém bt ky trong s6 cac diém (1) dén (3), trong d6 gen ma
ho4 xylitol dehydrogenaza la gen duoc chon tir nhém bao gbm SOR1, SOR2 va
YLRO70c.

(5) N4m men theo diém bét ky trong sd cac diém (1) dén (4), trong d6 gen ma
hod xyloza reductaza, gen mi hoa xylitol dehydrogenaza va gen mi hoa
xyluloza kinaza 1an luot 13 GRE3, SOR1 va XKSI1.

(6) Nam men theo diém bat ky trong sd cac diém (1) dén (5), trong d6 ndm men
13 ndm men thudc loai Saccharomyces.

(7) Nidm men theo diém bét ky trong sb cac diém (1) dén (6), trong d6 ndm men
la Saccharomyces cerevisiae.

(8) NAm men theo diém bét ky trong s céc diém (1) dén (7), ma c6 kha ning
san xuét etanol tlr xyloza.

(9) Phuong phép san xuét etanol, bao gdm viéc nudi cly ndm men bién ddi gen
theo diém bat ky trong sb cac diém (1) dén (8) trong mdi trudng chira xyloza dé
thu etanol tir méi truong nudi cdy tao ra.

Hon nfta, sang ché ndy con dé cép dén cac doi tuong dudi day:
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[1] N4m men bién d6i gen duoc tao ra bang cach dua vao theo chirc ning it nhét
mdt gen duoc chon tr gen mi hod glutamat dehydrogenaza va gen mi hoa
xylitol dehydrogenaza vao vat chu ndm men c6 ba gen, 1 gen m3 ho4 xyloza
reductaza, gen mi hod xylitol dehydrogenaza va gen ma hoa xyluloza kinaza,

duoc xen vao trén nhiém sac thé cua no.
[2] Nam men theo diém [1], trong d6 cac gen nay thu duoc tir vat chu nam men.

[3] Nd&m men theo diém [1] hodc [2], trong d6 it nhét mdt gen duoc chon tir gen
m4 hod glutamat dehydrogenaza va gen ma ho4 xylitol dehydrogenaza dugc xen

vao theo chirc ndng trén nhiém sac the cuia vat chu nam men.

[4] NAm men bién ddi gen theo diém bat ky trong s cac diém [1] dén [3], ma
dugc tao ra bang cach dua vao theo chic ning it nhét mét gen duoc chon tir
GDH2 va SORI1 vao vat chu ndm men co ba gen, 1a GRE3, SORI1 va XKSI,

dugc xen vao trén nhiém sac thé ctua no.

[5] NAm men theo diém bét ky trong s6 cac diém [1] dén [4], trong &6 ndm men
c6 ba gen, 1a gen ma hod xyloza reductaza, gen mé hoa xylitol dehydrogenaza va
gen mi3 hod xyluloza kinaza, dugc xen vao la ndm men thudc loai

Saccharomyces.

[6] NAm men theo diém bét ky trong s6 cac diém [1] dén [5], trong 6 ndm men
c6 ba gen, 1a gen ma hod xyloza reductaza, gen mé hoé xylitol dehydrogenaza va

gen mA hod xyluloza kinaza, dugc xen vao la Saccharomyces cerevisiae.

[7] N4m men theo diém bét ky trong s& cac diém [1] dén [6], ma c6 kha ndng
san xudt etanol tlr xyloza.

[8] Phuong phap san xuét etanol, bao gdm viéc nudi cdy nAm men bién dbi gen
theo diém bét ky trong s6 cac diém [1] dén [7] trong mdi trudong chira xyloza dé
thu etanol tir méi trudng nudi ciy tao ra.

[9] Phuong phép theo diém [8], trong d6 it nhit mot gen dugc chon tir gen ma
hoé glutamat dehydrogenaza va gen mé hoa xylitol dehydrogenaza dugc dua

vao ndm men bién d6i gen 14 gen mi hod glutamat dehydrogenaza hodc ca hai

gen mi hod glutamat dehydrogenaza va gen mé hod xylitol dehydrogenaza.

[10] Phuong phép theo diém [8], trong d6 it nhat mot gen dugc chon tir gen mé
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hod glutamat dehydrogenaza va gen mé hoa xylitol dehydrogenaza dugc dua
vao ndm men bién ddi gen 1a gen ma hoa xylitol dehydrogenaza, va trong do

buéc nudi cay dugc thyc hién vdi sy c6 mét cia NAD+.
Hiéu qua cua sang ché

Theo sdng ché nay, nam men bién doi gen c6 kha ndng san xuat etanol tir

xyloza dugc tao ra.

Theo mdt phuong an thyc hién cla sang ché ndy, su bién doi cia nam
men dugc thuc hién bang cach st dung cac gen c6 trong chinh ndm men, va do
d6 nam men bién doi gen theo sang ché nay khong thudc loai gen téi t6 hop, va

theo d6 n6 dugc vu tién nho cac ddc diém an toan va de xu ly.

Hon nita, nam men bién doi gen theo sang ché nay c6 kha nang san xuat
etanol tlr xyloza rat tot, va do d6, khi sir dung nam men bién doi gen theo sang

ché nay, etanol c¢6 thé dugc san xuat tir xyloza mt cach hiru hi¢u.

Hon nfta, nhan thay rang nhd ndm men bién doi gen theo sang ché nay
giam lugng san pham phu tao ra nhu xylitol va glyxerol, nén khi etanol dugc sén
xuat bing cach sit dung nam men bién doi gen theo sang ché nay, cé thé tranh
dugc van de tich tu cac san pham phu.

MG ta chi tiet sang che

Sau day, sdng ché nay s& dugc md ta mot cach chi tiét. Pham vi cla sang
ché nay khong chi gidi han trong phan mo ta nay. Ngoai cac vi du dudi diy, sang
ché nay c6 thé dugc cai bién thich hgp va dugc thuc hién bdi nguoi cb trinh do
trung binh trong linh vyc trong pham vi ma hiéu qua cia sing ché nay khong bi
gidm di.

Hon nita, tat ca cic cong bo dugc néu trong ban md ta nay, vi duy, cac tai
liéu k§ thuat da biét, cac cong bo don, cong bo patent va cac Tai liéu sing ché

khac duge két hop vao day bing cach vién dan.
1. Tém luoc sang ché

Sang ché nay dua trén phét hién viéc nAm men bién d6i gen, ma tao ra
bing cach biéu hién qua mirc gen sorbitol dehydrogenaza 1 (SOR1) va/hodc gen

glutamat dehydrogenaza 2 (GDH2) trong véat chu ndm men ma trong d6 hoat
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tinh cia gen ndi sinh dong hod xyloza thu dugc tir chinh nam men dugc tdng lén
dé tao ra kha ning doéng hod xyloza cho nam men, ma cé kha ndng san xuét

etanol rat tdt.

Hon nita, trong sang ché ndy, da phét hién ra rang luong san pham phu
tao ra nhu xylitol va glyxerol duogc giam xudng trong ching biéu hién qua mirc
GDH2 thu dugc bing cach dua GDH2 vao vit chu ndm men. GDH2 13 gen
glutamat dehydrogenaza ma chuyén hoda NADH ma la dang khir cia NAD+
thanh dang NAD+, va do d6, da cho thiy ring NAD+ lién quan dén su ngan
nglra viéc tao ra cac san phim phy. Vi Iy do nay, c6 thé cho rang, ciing bang
cach nudi cdy ching biéu hién qua mic SOR1 thu duge bang cach dua SORI
vao vat chii ndm men véi su c6 mit cia NAD+ hodc ddng biéu hién SORI va
GDH2 trong v4t chi ndm men, lugng san pham phu tao ra dugc gidm xubng nhu

trong truong hop ching biéu hién qua mirc GDH2.

Mot dic tinh clia nAm men bién dbi gen theo sang ché nay 1a viéc nd
duoc tao ra bang cach sir dung vat chu nim men c6 gen ddng hoa xyloza, uu tién
13 gen ddng ho4 xyloza ctia chinh nim men duge dua vao trén nhidm séc thé cla
n6. Cum tir “gen dong hod xyloza” 14 gen ma ho4 protein c6 kha néng ddng hoa
xyloza. Trong sang ché nay, gen ddéng hoa xyloza duge dua vao vét chi nim
men 13 it nhét ba gen, 13 gen ma hoa xyloza reductaza, gen ma hod xylitol

dehydrogenaza va gen ma hod xyluloza kinaza.

Hon nita, theo m6t phuong an thuc hién cua sang ché nay, mot dic tinh
ctia nAm men bién ddi gen theo sang ché nay 1a viéc n6 dugc tao ra bing cach
dua gen ma hod xylitol dehydrogenaza va/hodc gen méi hod glutamat
dehydrogenaza, uu tién 1a gen sorbitol dehydrogenaza 1 (SOR1) va/hodc gen
glutamat dehydrogenaza 2 (GDH2) vao véat chu ndm men. Theo mot phuong 4n
thue hién khac cua sang ché nay, cic gen dugc dua vao vat chi ndm men 13 cac

gen thu dugc tur vat chu ndm men.

Hon nfta, theo mdt phuong an thyc hién khac cia sdng ché nay, nim men
bién doi gen theo sdng ché nay khéc biét & lugng cac san pham phu tao ra la

thap.

Trong s6 cic nam men, ¢6 cidc ndm men khong c6 kha ning dong hoa
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pentoza nhu xyloza bdi vi nhém cac enzym dong hod xyloza khong phai 1a
nhém c6 chirc ning chinh, tic la, ching ndm & trang thai ngd. Vi du, cac nam
men thudc lodi Saccharomyces ¢6 nhom cac gen ma hoa nhdm céc enzym dong

hod xyloza, nhung khéng thé san xuét etanol tir xyloza.

Véi loai nAm men ma dugc coi 1a khong c6 kha ning san xuét etanol nay,
gen dong hoa xyloza thu dugc tir ndm men duogc dua vao, nhd d6 ning cao hoat
tinh cta gen ndi sinh ddng hoé xyloza va tao ra kha ning ddng hoa xyloza cho
né6. Theo d6, nAm men bién ddi gen theo sang ché nay c6 thé 1a ndm men c6 gen
m4 hod xyloza reductaza (XR), gen ma hod xylitol dehydrogenaza (XDH) va
gen mi hod xyluloza kinaza (XK) duoc xen vao trén nhidm sic thé cia né. Hon
nita, ngac nhién 14, trong truong hop cia nAdm men bién dbi gen tao ra bang cach
biéu hién qua murc gen sorbitol dehydrogenaza 1 (SOR1) va/hodc gen glutamat
dehydrogenaza 2 (GDH2) trong ndm men c6 gen ddng hoa xyloza thu duogc tir
ndm men duoc dua vao, kha ning san xuét etanol tir xyloza dugc cai thién so voi
chung d6i ching. Ngoai ra, luong san phim phu tao ra dugc gidm xubng & céc
diéu kién nuéi cdy dinh trude. Thc 13, theo sing ché nay, trong ndm men duoc
xem la khong cé kha nang san xudt etanol, etanol c6 thé dugc san xuat mot cach
hitu hiéu tir xyloza. Hon nita, trong truong hgp cua ndm men bién d6i gen theo
sang ché nay thu duoc bang cach dua ba loai gen néu trén vao trén nhiém sic thé
duéi dang gen lién két cia XR va XDH va gen lién két ctia XDH va XK, kha
ning san xudt etanol tlr xyloza dugc cai thién. Bing céch st dung dang céc gen
lién két, trong sb6 ba gen néu trén, s6 lwong gen ma hoa xylitol dehydrogenaza

(XDH) dugc dua vao trén nhiém sac thé ciia nam men c¢6 thé dugc nang cao.

Sang ché nay con dé cép dén phuong phép san xuét etanol, bao gdm viéc
nudi cdy ndm men bién do6i gen néu trén d8 thu etanol tir méi truong nudi cay
thu duge. Theo sang ché nay, lugng cac san phim phy tao ra c6 thé dugc giam
dang ké so v6i phuong phép thong thuong.

2. N4m men bién ddi gen theo sang ché nay

NAm men bién d6i gen theo sang ché nay 13 ndm men duoc tao ra bing
cach dua vao theo chirc ning it nhit mot gen duoc chon tir gen ma hod xylitol
dehydrogenaza va gen ma hoa glutamat dehydrogenaza, uu tién la it nhét mot
gen dugc chon tir gen sorbitol dehydrogenaza 1 (SOR1) va gen glutamat
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dehydrogenaza 2 (GDH2) vao vat chu nAm men cé gen ddng hod xyloza di duge

dua vao trén nhiém sac thé cua no.

Hon nita, nAm men bién ddi gen theo sang ché nay c6 thé la ndm men co6
gen m3 ho4 xyloza reductaza, gen ma hoa xylitol dehydrogenaza va gen mé hod

xyluloza kinaza dugc xen vao trén nhiém sic thé cta no.

(1) Vat chti nAm men c6 gen dong hoa xyloza dugc dua vao trén nhiém sdc thé

cuano

Trong séng ché ndy, ndm men 13 déi tuong dé dua gen vao hogic bién d6i
wu tién 12 ndm men khong c6 kha ning ddng hoa pentoza nhu xyloza. Lién quan
dén loai nAm men néu trén, né dugc cung cip dt khi né khdng c6 kha ning ddng
hod pentoza trude khi dua gen vao hodc sy bién d6i, va ndm men c6 kha ning
ddng hoa hexoza nhu glucoza. Cum tir “kha ning ddng hoa pentoza” dé chi kha
nang sinh trudng bang céch st dung pentoza nhu xyloza 1am ngudn cacbon. Céc
nAm men c6 kha ning dong hoé pentoza c6 thé sinh trudng trong moi trudong ma
chi pentoza duogc bd sung vao 1am ngudn cacbon, va do dé, kha ning ddng hoa
pentoza c6 thé dugc khéng dinh bing cach do d6 duc & budc séng 600 nm, 660
nm hodc tuong tu chi mc do sinh trudéng cua ndm men trong moi trudng ma chi

pentoza dugc bo sung lam nguén cacbon.

Trong séng ché nay, ndm men ma khong cé kha ning ddng hoa pentoza
khong bi gidi han cu thé, nhung cac vi du ctia né bao gbm cac nidm men thude
loai Saccharomyces. Céc vi du vé céc nAm men thudc lodi Saccharomyces bao
gdm Saccharomyces cerevisiae nhu ching CEN.PK2-1C. Hon nfta, trong sang
ché nay, ¢ dung lam ndm men 1a déi twong dé dua gen vao hoidc duge bién dbi,
khong chi 13 ndm men don boi, ma con 1a ndm men ludng bdi c6 thé dugc st
dung. Ndm men ludng boi ndy rat t&t dung 1dm nidm men tng dung, va céc vi dy
clia n6 bao gém céc ndm men ruou saké Kyokai nhu chung ndm men ruou saké
Kyokai S4 7, cic ndm men ruou shochu nhu ching nidm men ruou shochu S-2,

cdc nAm men ruou vang, ching Red Star va chung Taiken S6 396.

Hon nita, trong sang ché nay, ndm men la muyc tiéu dé dua gen vao hodc
bién doi uwu tién 13 nAm men bia chiu etanol, va cac vi du vé cdc nam men nay

bao gém, nhung khoéng bi giéi han cu thé, céc ndm men thudc lodi
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Saccharomyces (vi du, Saccharomyces cerevisiae).

Theo d6, trong sang ché nay, nim men 13 doi tugng dé dua gen vao hodc
duoc bién d6i vu tién 12 nam men thudc loai Saccharomyces, va uu tién hon nita

la Saccharomyces cerevisiae.

Trong séng ché nay, gen ddng hoé xyloza can dugc xen vao trén nhiém
séc thé ctia vt chii nAm men 13 gen ma hod xyloza reductaza, gen ma hod xylitol
dehydrogenaza va gen ma hod xyluloza kinaza, va uu tién la ba gen, 18 GRE3
(gen aldo-keto reductaza 3), SORI1 (gen sorbitol dehydrogenaza 1) va XKSI
(gen xyluloza kinaza). Trong sang ché nay, ding lam gen ddng hoa xyloza, gen
bét ky trong sd gen ngoai sinh va gen ndi sinh c6 thé duoc sit dung, nhung gen
ndi sinh dugc uvu tién. Cum tir “gen ndi sinh” dé chi gen c6 trong ndm men 13
dbi tuong dé xen gen vao, gen thu duogc tur ndm men 1a dbi tuong dé xen gen vao
va gen thu dugc tu nAm men cing loai v6i nAm men 13 d6i tugng dé xen gen vao.

Theo d6, ndm men c6 gen ndi sinh dugc dua vao khong thudc loai tai t6 hop.

Dung lam gen ma ho4 xyloza reductaza cua ndm men, GRE3, YJR096w,
YPR1, GCY1, ARA1 va YDR124w dugc biét dén. Theo do, trong sang ché nay,
dung 1am gen ma hod xyloza reductaza, GRE3, YJR096w, YPR1, GCY1, ARAI
hoic YDR124w c6 thé duoc st dung. Trong bdn mo t& ndy, gen mé hod xyloza
reductaza dugc mé ta bang cach sir dung GRE3 lam vi du cua nd, nhung phén
mé ta lién quan dén GRE3 trong bin mé ti ndy cd thé dugc st dung cho
YJR096w, YPR1, GCY1, ARA1 va YDR124w, va cdc gen nay cO thé duoc st
dung theo cung mot cach thirc trong sang ché nay.

Nguoi ¢6 trinh d§ trung binh trong linh vyc ¢6 thé thu duoc théng tin vé
trinh tu nucleotit cia GRE3, YJR096w, YPR1, GCY1, ARA1 va YDRI124w tur
co s& dir liéu phéd bién nhu Genbank. Céc s6 dang ky lién quan dén théng tin vé
trinh tu ndy cua cic gen tuwong Ung cla Saccharomyces cerevisiae duge mo ta
dudi day.

GRE3: U00059, YJR096w: 249596, YPR1: X80642, GCY1: X13228, ARAL:
M95580, va YDR124w: Z48758

Trong sang ché nay, GRE3 (gen aldo-keto reductaza 3) 1a gen bao gbm

céc trinh tu nucleotit ma hoa aldo-keto reductaza, va vi dy, n6 1a ADN bao gé)m
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trinh tuy nucleotit thé hién béi SEQ ID NO: 1 thu dugc tir Saccharomyces
cerevisiae hodc ADN mi hoé protein bao gdm trinh tu axit amin thé hién bai
SEQ ID NO: 2. D3 biét 1a protein ma hoa béi GRE3 ciing c6 chirc ning lam

xyloza reductaza & nam men.

Trong sang ché nay, GRE3 c6 thé thu duoc, vi du, tir luu trix ndm men
hodc luu trit bd gen bang k¥ thuat khuyéch dai gen, bang céch st dung doan moi
thiét ké dya trén trinh tu nucleotit thé hién boi SEQ ID NO: 1.

GRE3 can duoc st dung trong sang ché nay bao gdm gen ma ho4 thé dot
bién ca protein GRE3. Gen mé hoé thé dot bién ciia protein GRE3 bao gdm, vi
du, ADN lai véi ADN bao gém trinh tu nucleotit bd trg v6i ADN bao gém trinh
tu nucleotit thé hién béi SEQ ID NO: 1 & cac diéu kién nghiém ngit va ma hod
protein c6 hoat tinh xyloza reductaza. Hoat tinh ctia xyloza reductaza s& duoc
mo ta dudi day.

ADN m3 ho4 thé dot bién ctia Protein GRE3 c6 thé thu dugc tir luu trit
ADN bb trg va luu trit bd gen bang phuong phép lai thong thuong nhu phuong
phap lai khuén lac, phwong phép lai dia, phuong phép thAm tach ADN, béng
cach st dung ADN bao gdm trinh tu nucleotit thé hién béi SEQ ID NO: 1 hogc
doan gen ctia né lam doan do. Lién quan dén phuong phap dé tao luu tri, an
phim “Molecular Cloning, A Laboratory Manual 4th ed.” (Cold Spring Harbor
Press (2012)), v.v. co thé duge néu ra. Hon nita, luu trit ADN bd tro va luu trir

bd gen co san trén thi truong c6 the duge sur dung.

V& mit ndy, céc didu kién rira sau khi lai, cdc vi du vé cac diéu kién
nghiém ngit bao gdm “2xSSC, 0,1% SDS, 42°C” va “1xSSC, 0,1% SDS, 37°C”,
va cac vi du cua diéu kién nghiém ngat hon bao g(‘A)m “1xSSC, 0,1% SDS, 65°C”
va “0,5%xSSC, 0,1% SDS, 50°C”.

Qué trinh lai c6 thé dugc thuc hién theo phuong phap théng thuong.
Lién quan dén phuong phap lai, vi dy, céc 4n pham “Molecular Cloning, A
Laboratory Manual 4th ed.” (Cold Spring Harbor Laboratory Press (2012)),
“Current Protocols in Molecular Biology” (John Wiley & Sons (1987-1997)), v.v.

c6 thé duogc dé cap dén.

Hon nita, trong ban mé ta nay, ADN lai ¢ cac dic¢u kién nghiém ngit bao
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gdm, vi du, ADN bao gdm trinh tu nucleotit c6 it nhit 50%, wu tién 12 it nhét
70%, 80% hodc 85%, uu tién hon nita 12 it nhit 90%, 95%, 96%, 97% hoic 98%,
tham chi uu tién hon nita 1a it nhét 99%, con uu tién hon nita 1a it nhét 99,7%, va
dic bist wu tién 12 99,9% ddng nhit (twong ddng) vdi trinh tu nucleotit thé hién
béi SEQ ID NO: 1. Gia tri bidu thi tinh ddng nhét c6 thé dugc tinh toan bang
cach st dung chuong trinh thong thuong nhu BLAST.

Hon nita, cac vi du vé ADN lai v6i ADN bao gém trinh tu nucleotit bd
trg vai trinh tu nucleotit thé hién béi SEQ ID NO: 1 & céc diéu kién nghiém ngit
bao gdm ADN c6 trinh tu nucleotit thé hién béi SEQ ID NO: 1 ¢6 dang d6t bién
nhu mét doan, thay thé hoic bd sung m&t hodc mot sb axit nucleic. Céc vi du vé
céc ADN nay bao gdm: (i) ADN trong d6 mot hodic mot s6 (vi duy, 1 dén 10, wu
tién 12 1 dén 5, wu tién hon nita 1a 1 dén 3, va thdm chi vu tién hon nita 1a 1 dén
2) bazo trong trinh tur nucleotit thd hién bsi SEQ ID NO: 1 bi mét; (ii) ADN
trong d6 mot hodc mot s6 (vidy, 1 dén 10, wu tién 14 1 dén 5, vu tién hon nita 13
1 @én 3, va thAm chi wu tién hon nita 1a 1 dén 2) bazo trong trinh tu nucleotit thé
hién bdi SEQ ID NO: 1 duge thay thé bang bazo khac; (iii) ADN trong d6 mot
hogc mdt s& (vi du, 1 dén 10, vu tién 13 1 dén 5, wu tién hon nita 13 1 dén 3, va
thdm chi vu tién hon ntta [a 1 dén 2) bazo dugc bd sung vao trinh tu nucleotit
thé hién béi SEQ ID NO: 1; va (iv) ADN trong d6 céc dang dot bién néu trén két

hop, mdi ADN ma hod protein ¢4 hoat tinh xyloza reductaza.

Trong sang ché ndy, viéc xac nhén trinh ty nucleotit c6 thé duoc thuc
hién bang sy giai trinh tu theo phuong phép thuong dung. Vi du, né c6 thé duoc
thuc hién theo phuong phap két thuc chudi dideoxynucleotit (Sanger et al.
(1977) Proc. Natl. Acad. Sci. USA 74: 5463) hodc tuwong tu. Cling co thé st
dung méy giéi trinh ty ADN thich hop dé phan tich trinh tu.

Trong sang ché nay, vi du, GRE3 (gen aldo-keto reductaza 3) thu dugc tir
Saccharomyces cerevisiae bao gbm cic gen ma hod protein bao gdm trinh t axit
amin thé hién bsi SEQ ID NO: 2. Trong sing ché nay, gen mi hoa protein GRE3
thu duoc tir Saccharomyces cerevisiae hodc thé do6t bién ctia n6 ciing chira trong
GRE3 (gen aldo-keto reductaza 3).

Céc vi du v& thé dot bién cua protein GRE3 bao gbm: (i) protein trong d6
mot hoac mot s6 (viduy, 1 dén 10, vutién 13 1 dén 5, wu tién hon nita 13 1 dén 3,
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va thdm chi vu tién hon nita 13 1 dén 2) céc axit amin trong trinh ty axit amin thé
hién béi SEQ ID NO: 2 bi mét; (ii) protein trong d6 mot hodc mot sd (vidy, 1
dén 10, wu tién 13 1 dén 5, wu tién hon nita 1a 1 dén 3, va thdm chi vu tién hon
nita 13 1 dén 2) cac axit amin trong trinh tu axit amin thé hién bai SEQ ID NO: 2
duogc thay thé bang cac axit amin khéc; (iii) protein trong d6 mot hodic mot s (vi
du, 1 dén 10, vu tién 1a 1 dén 5, wu tién hon nira 13 1 dén 3, va thdm chi wu tién
hon nita 1a 1 dén 2) céc axit amin duoc bb sung vao trinh tu axit amin thé hién
boi SEQ ID NO: 2; va (iv) protein trong d6 cac dang dot bién néu trén 1 két hop,

mdi protein cé hoat tinh xyloza reductaza.

V& mit nay, cum tr “hoat tinh xyloza reductaza” dé chi hoat tinh dé
chuyén ho4 xyloza thanh xylitol véi sy c6 mat cia NAD+ (hodc NADP+). Trong
sang ché nay, mic d6 hoat tinh ctia xyloza reductaza cia thé d6t bién cta protein
GRE3 khéng bi gi6i han cu thé mién 13 thé dot bién c6 hoat tinh xyloza
reductaza, nhung vi dy, n6 1a da khi thé dot bién c6 khoang 10% hodc hon hoat
tinh cda protein bao gdm trinh tu axit amin thé hién bai SEQ ID NO: 2. Hoat
tinh cta xyloza reductaza clua protein co thé do dugc bang phuong phap thong

thuong.
P43 biét 1a nAm men c¢6 SOR1, SOR2 va YLRO70c ding 1am gen m& hoa

xylitol dehydrogenaza. Theo d6, trong sang ché nay, dudi dang gen mi hoa
xylitol dehydrogenaza, SOR1, SOR2 hodc YLR070c cé thé dugc st dung. Trong
ban mo ta nay, gen ma hoa xylitol dehydrogenaza dugc mo ta bang cach sir dung
SORI 1am vi du ctia n6, nhung phin mo ta lién quan dén SOR1 trong ban md ta
nay c6 thé dugc st dung cho SOR2 hodc YLR070c, va cac gen ndy cd thé duoc

sir dung theo cung mgt phuong thirc trong sang ché nay.

Ngudi ¢6 trinh d§ trung binh trong linh vuc ¢ thé thu duoc théng tin
trinh tu nucleotit cia SOR1, SOR2 va YLRO070c tir co s¢ dif liéu thong thuong
nhu Genbank. Céc s ding ky lién quan dén thong tin trinh ty cia cdc gen tuong

g clia Saccharomyces cerevisiae dugc md ta dudi day.
SOR1:L11039, SOR2: Z74294, va YLRO070c: 273242

Trong séng ché ndy, SOR1 (gen sorbitol dehydrogenaza 1) 1& gen bao

gdm trinh tu nucleotit ma hoa sorbitol dehydrogenaza, va vi du, n6 1a ADN bao
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gbm trinh tu nucleotit thé hién boéi SEQ ID NO: 3 thu duoc tir Saccharomyces
cerevisiae hodc ADN ma hoa protein bao gdm trinh tu axit amin thé hién boi
SEQ ID NO: 4. b3 biét 13 protein ma hoa béi SOR1 ciing c6 chirc ning lam

xylitol dehydrogenaza & nim men.

SORI1 can dugc st dung trong sang ché nay bao gdm gen m3 hoa thé dot
bién cta protein SOR1. Gen ma hoa thé dot bién cua protein SOR1 bao gom, vi
du, ADN lai véi ADN bao gdm trinh tu nucleotit b trg v6i ADN bao gdm trinh
tw nucleotit thé hién bdi SEQ ID NO: 3 thu duoc tit Saccharomyces cerevisiae &

cac diéu kién nghiém ngat va ma hoa protein c6 hoat tinh xylitol dehydrogenaza.

Hon nita, SOR1 cin duoc sir dung trong sang ché nay c6 thé 13 gen ma
ho4 thé dot bién ctia cac protein SOR1 sau: (i) protein trong d6 mot hodc mot sd
(vi dy, 1 dén 10, wu tién 14 1 dén 5, wu tién hon nita 1 1 dén 3, va tham chi uwu
tién hon nita 1a 1 dén 2) céc axit amin trong trinh tu axit amin thé hién boi SEQ
ID NO: 4 bi mit; (ii) protein trong d6 mot hodc mat s6 (viduy, 1 dén 10, vu tién
14 1 dén 5, wu tién hon nita 13 1 dén 3, va thadm chi wu tién hon nita 13 1 dén 2)
cac axit amin trong trinh ty axit amin thé hién bdi SEQ ID NO: 4 duoc thay thé
bing céc axit amin khac; (iii) protein trong d6 mot hodc mot sé).(vi dy, 1 dén 10,
yu tién 1a 1 dén 5, wu tién hon nita 12 1 dén 3, va thdm chi vu tién hon nita 1a 1
dén 2) cac axit amin dugc bd sung vao trinh ty axit amin thé hién boi SEQ ID
NO: 4; va (iv) protein trong d6 cac dang dot bién néu trén duogc két hop, mdi

protein c6 hoat tinh xylitol dehydrogenaza.

V& mit ndy, cum tir “hoat tinh xylitol dehydrogenaza” dé chi hoat tinh
xylitol dehydrogenaza dé tao ra xyluloza. Trong sang ché nay, mic d6 hoat tinh
xylitol dehydrogenaza cua thé dot bién ctia protein SOR1 khong bi giéi han cuy
thé midn 12 thé dot bién c6 hoat tinh xylitol dehydrogenaza, nhung vi dy, né la
du khi thé dot bién c6 khoang 10% ho#c hon hoat tinh ctia protein bao gdm trinh
ty axit amin thé hién béi SEQ ID NO: 4. Hoat tinh xylitol dehydrogenaza cia
protein co thé do dugc bing phuong phap thong thudng.

Lién quan dén cac ADN chira trong ADN lai néu trén, céc diéu kién lai,
v.v., ¢6 thé 4p dung cach giai thich néu trén vao d6. Hon nita, trong séng ché nay,
SORI1 ¢6 thé thu duoc hodc san xuét theo cling phuong phép v6i GRE3 md ta &
day.
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Dung 1am gen ma hod xyluloza kinaza, XKS1 (gen xyluloza kinaza 1) c6
thé dugc str dung. Nguoi ¢ trinh d6 trung binh trong linh vuc ¢ thé thu duoc
thong tin trinh ty nucleotit cia XKS1 tir co s& dit liéu thdong thuong nhu
Genbank. Vi dy, s6 ding ky ctia XKSI cta Saccharomyces cerevisiae 1a
Z772979.

Trong séang ché nay, XKS1 (gen xyluloza kinaza 1) 12 gen bao gdm trinh
tu nucleotit ma hod xyluloza kinaza, va vi du, né 1a ADN bao gdm trinh tur
nucleotit thé hién bdi SEQ ID NO: 5 thu dugc tir Saccharomyces cerevisiae hodc
ADN m4 ho4 protein bao goém trinh tur axit amin thé hién bai SEQ ID NO: 6.

XKS1 can duge str dung trong sang ché ndy bao gdm gen mé hoa thé dot
bién cua protein XKS1. Gen ma hoa thé d6t bién cia protein XKS1 bao gdm, vi
du, ADN lai véi ADN bao g(‘A)m trinh tu nucleotit bd trg v6i ADN bao gém trinh
tu nucleotit thé hién boi SEQ ID NO: 5 thu duoc tir Saccharomyces cerevisiae &

cac diéu kién nghiém ngit va ma hoa protein c6 hoat tinh xyluloza kinaza.

Hon nita, XKS1 can duoc st dung trong sang ché nay c6 thé 12 gen ma
ho4 thé dot bién cta cac protein XKS1 sau: (i) protein trong d6 mot hodc mot sd
(vi du, 1 dén 10, wu tién 13 1 dén 5, vu tién hon nita 13 1 dén 3, va tham chi wu
tién hon nita 12 1 dén 2) c4c axit amin trong trinh tu axit amin thé hién béi SEQ
ID NO: 6 bi mét; (ii) protein trong d6 mdt hoic mot s6 (vi du, 1 dén 10, wu tién
1a 1 dén 5, wu tién hon nita 1a 1 dén 3, va tham chi vu tién hon nita 13 1 dén 2)
c4c axit amin trong trinh ty axit amin thé hién boi SEQ ID NO: 6 dugc thay thé
béng c4c axit amin khdc; (iii) protein trong d6 mdt hodc mot ) (vidy, 1 dén 10,
vu tién 12 1 dén 5, wu tién hon nira 12 1 dén 3, va tham chi wu tién hon nita 14 1
dén 2) cac axit amin dugc bd sung vao trinh tur axit amin thé hién boi SEQ ID
NO: 6; va (iv) protein trong d6 cac dang dot bién néu trén dugc két hop, mdi

protein c6 hoat tinh xyluloza kinaza.

V& mit ndy, cum tr “hoat tinh xyluloza kinaza” dé chi hoat tinh
phosphorylat xyluloza. Trong sing ché ndy, mic d6 hoat tinh xyluloza kinaza
clia thé dot bién cua protein XKS1 khong bi gidi han cy thé midn 14 thé dot bién
c6 hoat tinh xyluloza kinaza, nhung vi du, né la du khi thé dot bién co khoang
10% ho#c hon hoat tinh cta protein bao gdm trinh tu axit amin thé hién bai SEQ
ID NO: 6. Hoat tinh xyluloza kinaza cua protein c6 thé do dwoc bang phuong
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phép thong thudng.

Lién quan dén céc ADN chira trong ADN lai néu trén, céc diéu kién lai,
v.v., c6 thé 4p dung céach giai thich néu trén vao d6. Hon nita, trong sang ché nay,
XKS1 ¢6 thé thu duoc hodc san xuit theo cling phwong phép nhu phuong phap
dung cho GRE3 m6 ta & day.

Trong sang ché nay, vét chi nim men theo sang ché nay c6 thé thu dugc
bang cach xen ba gen, 13 GRE3, SOR1 va XKS1, ma 1a cac gen ddng hoé xyloza,
vao trén nhidm sic thé cia ndm men. Bing c4ch xen cic gen ndi sinh dong hoa
xyloza néu trén vao trén nhi®dm sic thé cla ndm men, hoat tinh cua xyloza
reductaza, xylitol dehydrogenaza va xyluloza kinaza cta chinh ndm men duoc
céi thién so vdi trude khi dua gen vao, va nd co thé tao ra kha niang ddng hod

xyloza cho nam men.

Trong sang ché nay, nAm men khong phai thé tai tb hop wu tién duoc
ding 1am vét cht ndm men. Pé tao ra nAm men khong phai thé tai td hop, gen
ddng hoa xyloza can dugc dua vao trén nhiém sic thé ndm men phai 12 gen thu
duoc tir cing lodi v6i ndm men. Hon nita, ndm men ma trong d6 gen dugc dua

vao phai 1a nAm men cung loai tir d6 gen thu dugc.

Trong sang ché nay, ba gen, 1a gen ma hod xyloza reductaza, gen mé hoa
xylitol dehydrogenaza va gen ma hoa xyluloza kinaza, uu tién la GRE3, SORI
va XKS1 dugc xen vao trén nhidm sic thé cia ndm men, uvu tién 13 cting loai.
Céc gen ndy c6 thé dugc xen riéng biét vao trén nhiém séc thé, hoic c6 thé duoc
xen vao trén nhidm séc thé duéi dang casset biéu hién dugc tao ra béng cach lién
két cAc gen thanh doan néi tiép dudi sy kiém soét ctia gen khoi dau. Khi lién két
cac gen thanh doan ndi tiép, trat tu bd tri cua ba gen khong bi gidi han cu thé, va
c6 thé st dung kiéu két hop bét ky. Theo cach khéc, plasmit bao gbm ba gen, 13
GRE3, SOR1 va XKS1 c6 thé dugc st dung dé dua céc gen vao trén nhiém sic
thé ctia nAm men. Ba gen néu trén co thé dugc gén vao mot plasmit, hodc co thé
1an luot chira trong cac plasmit khac nhau. Hon nita, sd luong mdi gen cin dugc
xen vao khong bi gidi han, va 1a mot hodc nhiéu hon mot. Thi tu dua cac gen

vao trén nhiém sac thé khong bi giéi han cu thé.

Ba gen dong hod xyloza c6 thé dugc xen vao trén nhiém sdc thé cia nam
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men dudi dang gen thu dugc bang céach lién két gen mi hoa xyloza reductaza
(XR) va gen mi hoa xylitol dehydrogenaza (XDH) thanh doan nbi tiép va gen
thu duoc bang céch lién két gen ma hoa xylitol dehydrogenaza (XDH) va gen
ma hod xyluloza kinaza (XK) thanh doan ndi tiép. Tt 13 séng ché nay bao gdm
nidm men bién dbi gen, trong d6 ba gen dong hoa xyloza néu trén dugc xen vao
trén nhiém sic thé dudi dang gen thu duoc bang cach lién két gen ma hoa xyloza
reductaza va gen mi hod xylitol dehydrogenaza va gen thu dugc bang cach lién
két gen mé hod xylitol dehydrogenaza va gen ma hod xyluloza kinaza. Vi du,
cac gen dong hod xyloza cé thé duoc dua vao trén nhidm sic thé ciia ndm men
bang cach str dung plasmit bao gdm gen lién két cia GRE3-SOR1 va plasmit
bao gdm gen lién két cia SOR1-XKS1. Trat ty bd trf cta cac gen trong cac gen
lién két khong bi gidi han cu thé. Vi dy, gen thu duogc béng cach lién két XR va
XDH c6 thé 13 XR-XDH hoic XDH-XR. Tuong tu, gen thu dugc bang cach lién
két XDH va XK c¢6 thé 1a XDH-XK hodc XK-XDH. Khi st dyng casset gen néu
trén thu duoc béng cach lién két céc gen, muc do biéu hién ctia gen mi hoa
xylitol dehydrogenaza (SOR1) dic biét duoc ning cao. N4m men bién d6i gen
nay kha nang ddng hoa xyloza dic biét t6t va c6 thé san xuét etanol tir xyloza
mot cach hitu hiéu.

Vi trf cta nhi®m sic thé ma trén d6 cac gen duoc xen vao uu tién 13 vi trf
khéngcéch&cnéngérﬁnlmwn,Vécécviducﬁanébaogéngnhungkhéngghﬁ
han &, locus XYL2 (Genbank Accession S6 773242), locus HXT13 va locus
HXT17. Ciing c6 thé xen cac gen vao vi tri trén nhiém séc thé ma khong mé hoa
bét ky gen nao. Céc vi du vé vi trf trén nhi®m sic thé ma khong ma hoa gen bét
ky bao gdm trinh ty & ma 1a mot trong céc yéu t6 Ty. D4 biét 1a nhiéu céc trinh
tu & (khoang 100 ban sao) c6 mit trén nhidm séc thé cia ndm men. Vi tri va
théng tin trinh ty cua trinh ty o trén nhiém sic thé ndm men di duoc phé bién
(vi du, 4n phdm Science 265, 2077 (1994)). Vi du, bing céch dua plasmit thu
duogc biang cach xen gen ddng hoa xyloza vao doan gitta cta trinh ty 8 vao nim
men, mdt hodc nhiéu ban sao clia gen cé thé duogc xen vao vi tri dich trén nhiém
séc thé. Ciling co thé xen gen vao trinh tu ¢ hodc trinh ty 7, mdi trinh tu cling 12
yéu t& Ty, thay vi trinh ty 8. Hon nita, ciing c6 thé xen gen vao vi tri gen
ribosom nhu NTS2.
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Viéc tao ra casset hoac plasmit dé xen cac gen vao trén nhidm séc thé,
viéc lua chon vi tri xen vao nhiém sic thé, viéc xen vao trén nhiém séc thé (vi du,
phuong phap lithi axetat) co thé dugc thuc hién mot cach thich hop béi ngudi c6
trinh d6 trung binh trong linh vyc dua trén cac phuong phap thong thuong. Sang
ché nay bao gdm casset biéu hién hodc plasmit thu dugce bing cach lién két ba
gen, 13 GRE3, SORI va XKS1, thanh doan ndi tiép dudi su kiém soét cia gen
khéi dAu. Cac vi du vé céc plasmit nay bao gdm plasmit thu dugc béng céach lién
két GRE3 va SOR1 duéi su kiém soat ctia gen khoi dau (vi du, PGK promoter)
va plasmit thu dugc bang céch lién két SOR1 va XKS1 duéi su kiém soat ctia
gen khéi dau. Hai gen dugc lién két ciing nhau sao cho mdi gen ¢ thé duoc biéu
hién khi duoc xen vao trén nhiém sic thé. Khi lién két hai gen cling nhau dé tao
ra gen lién két, trinh tu lién két, vi tri enzym gidi han hodc tuong tur ¢ thé duoc
bd sung thich hop vao d6 khi cAn. Thao tic nay c6 thé dugc thuc hién béng céch
sir dung k¥ thuat x ly gen da biét va thudng dugc st dung trong linh vuc k§
thuat ndy. Bing cach st dung cc plasmit ndy, ba dang gen ddng hod xyloza co

thé duoc dua vao trén nhiém sac thé cia nam men.

Hon nita, plasmit can dugc st dung trong sang ché nay khong bi giéi han
cu thé mién 13 n6 c6 thé dua cic gen vao trén nhiém sac thé cia nam men. Vi dy,

vecto c6 sin trén thi trudng nhu pUC18 ¢6 thé dugc sir dung.

Kha ning str dung xyloza khong dugc tao ra cho ndm men khéng c6 kha
ning dong hoé pentoza trir phi ca ba gen, la gen mi hod xyloza reductaza, gen
ma hod xylitol dehydrogenaza va gen méi hod xyluloza kinaza dugc biéu hién.
Theo d6, bang cach nudi cdy nam men di duge dua gen vao nhu néu trén trong
moi trudng chira xyloza (khong cé etanol), nidm men bién ddi gen c6 thé dugc

tuyén chon.

Nho d6, vat chil ndm men theo sang ché nay cé thé duoc tao ra bang

cach dua ba gen, la GRE3, SOR1 va XKS1 vao trén nhidm sic thé cta nAm men.

V4t chi nAm men theo sang ché nay uu tién 13 bao gbm ba gen ndi sinh
ddng hoé xyloza, 1a GRE3, SOR1 va XKS1 ni sinh trén nhiém séc thé cta no,
va do do, su bidu hién ctia GRE3, SORI1 va XKS1 c6 thé dugc hoat hod. Vé mit
ndy, “dé hoat hod su bidu hién cta cic gen dong hod xyloza” nghia I céc gen
tdn tai trong vat chu nidm men duoc hoat hod & dang biéu hién dé tao ra tinh
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trang ma protein muyc tiéu co thé duoc biéu hién mdt cach thich hop. Hon nita,
do su bidu hién cua cdc gen dong hoé xyloza c6 thé dugc hoat ho4 trong vat chu
nAm men theo sang ché nay, nim men cé thé c6 kha nang dong hoa xyloza. Theo
d6, vat chil nAm men theo sang ché nay c6 thé 1a nAm men ma c6 kha ning dong

ho4 xyloza, va uu tién 12 ndm men bia ma c6 kha nang dong hoa xyloza.
(2) Nam men bién doi gen theo sang ché nay

NAm men bién dbi gen theo sang ché nay 13 ndm men, trong d6 it nht
mdt gen duoc chon tir gen mé hod glutamat dehydrogenaza va gen md hoa
xylitol dehydrogenaza, uu tién la it nhit mot gen duoc chon tir GDH2 (gen
glutamat dehydrogenaza 2) va SORI1 néu trén (gen sorbitol dehydrogenaza 1)

duogc dua vao theo chirc ndng vao vét chu nam men néu trén.

Trong sang ché nay, diung lam gen ma ho4 glutamat dehydrogenaza,
GDH2 (gen glutamat dehydrogenaza 2) co6 thé duoc st dung. GDH2 13 enzym

ma st dung NAD lam coenzym.

Ngudi ¢6 trinh d6 trung binh trong linh vuc c6 thé thu duogc théng tin
trinh tu nucleotit cia GDH2 tir co s& dir liéu thong thuong nhu Genbank. S6
diang ky ciia GDH2 ctia Saccharomyces cerevisiae 1a S66436.

Trong séng ché nay, GDH2 (gen glutamat dehydrogenaza 2) 14 gen bao
gdm trinh tu nucleotit ma hoa glutamat dehydrogenaza, va vi du, né 1a ADN bao
gbm trinh tu nucleotit thé hién badi SEQ ID NO: 7 thu duoc tir Saccharomyces
cerevisiae hoac ADN ma hod protein bao gdm trinh tu axit amin thé hién boi
SEQ ID NO: 8.

GDH2 can duoc st dung trong sang ché nay bao gbm gen ma hod thé dot
bién ctia Protein GDH2. Gen ma hod thé ddt bién cta Protein GDH2 bao gom,
vi duy, ADN lai véi ADN bao gém trinh tu nucleotit bd trg véi ADN bao gém
trinh tu nucleotit thé hién boi SEQ ID NO: 7 thu dugc tir Saccharomyces
cerevisiae & cac diéu kién nghiém ngit va mi hod protein c6 hoat tinh glutamat

dehydrogenaza.

Hon nita, GDH2 cén duoc st dung trong sang ché nay c6 thé gen ma hoa
thé dot bién cua cac protein GDH2 sau ddy: (i) protein trong dé6 mot hodic mot 5O

(vidy, 1 dén 10, wu tién 1a 1 dén 5, wu tién hon nita 13 1 dén 3, va thdm chi wu
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tién hon nita 14 1 dén 2) céc axit amin trong trinh tu axit amin thé hién boi SEQ
ID NO: 8 bi mét; (ii) protein trong d6 mét hodc mot s6 (vi du, 1 dén 10, vu tién
13 1 dén 5, wu tién hon nita 1a 1 dén 3, va thdm chi vu tién hon nita 14 1 dén 2)
c4c axit amin trong trinh ty axit amin thé hién boi SEQ ID NO: 8 duogc thay thé
béng céc axit amin khac; (iii) protein trong d6 mot hodc mét s6 (vidu, 1 dén 10,
wu tién 12 1 dén 5, vu tién hon nita 13 1 dén 3, va thAm chi wu tién hon nita 13 1
dén 2) cac axit amin dugc bd sung vao trinh ty axit amin thé hién béi SEQ ID
NO: 8; va (iv) protein trong d6 cac dang dot bién néu trén dugc két hop, mdi

protein c6 hoat tinh glutamat dehydrogenaza.

Vé mat nay, cum t “hoat tinh glutamat dehydrogenaza” dé chi hoat tinh
dé thyc hién chuyén hoa qua lai gitta glutamic axit va o-ketoglutaric axit. Trong
sang ché nay, muc do hoat tinh glutamat dehydrogenaza cua thé dot bién cua
protein GDH2 khéng bi gi6i han cu thé mién 13 thé dot bién cé hoat tinh
glutamat dehydrogenaza, nhung vi du, né la du khi thé dot bién c6 khoang 10%
hodc hon hoat tinh ctia protein bao gé)m trinh tu axit amin thé hién boéi SEQ ID
NO: 8. Hoat tinh glutamat dehydrogenaza cta protein c6 thé do dugc bing
phuong phép thong thuong.

Lién quan dén cdc ADN chtra trong ADN lai néu trén, cac diéu kién lai,
v.v., ¢ thé ap dung céch giai thich néu trén vao d6. Hon nita, trong sang ché nay,
GDH2 c6 thé thu dugc hodc san xuét theo cling phwong phéap véi phuong phap

néu trén.

Trong sang ché nay, thay vi SORI dugc dua vao vat chu ndm men,
SOR2 hodc YLR0O70c néu trén ¢ hoat tinh xylitol dehydrogenaza cling ¢ thé
dugce str dung. Phan mé ta lién quan dén SOR1 trong ban mé ta nay ciing c6 thé
dung cho SOR2 va YLRO070c, va céc gen nay co thé duogc st dung theo cling

cach thue trong sang ché nay.

Gen can duoc dua vao té bao chi theo sang ché nay wu tién la trinh tu

gen ndi sinh cta vét chi ndm men, nhung n6 cling c6 the 1a gen ngoai sinh.

Trong sang ché nay, SORI dugc dua vao theo chirc nang vét chi nim
men. Theo cach khéc, trong sang ché nay, GDH2 dugc dua vao theo chirc ning

vat chtt nAm men. Theo cach khac, trong sang ché nay, ca SOR1 va GDH2 duge
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dua vao vat chi ndm men theo chirc ning. Qué trinh dua gen vao ¢ thé duogc
thue hién bang cach st dung plasmit bao gdm gen dich & dang biéu hién. Khi
dua ca SOR1 va GDH2 vio vat chi nAm men, SOR1 va GDH2 c6 thé dugc gén
vao mdt plasmit, hodc co thé twong tmg chira trong cac plasmit khac nhau. Sang

ché nay bao gdm plasmit bao gdm céc gen nay.

Plasmit can duoc st dung trong sang ché nay cé thé duge tao ra béng
cach xen theo chirc nidng cac gen néu trén vao vecto dé biéu hién ndm men. Dé
xen cac gen vao vecto, phan tng ligaza, phan Umg topoisomeraza hodc tuong tu
6 thé duoc st dung. Vi du, c6 thé sur dung phuong phéap, trong d6: ADN da loc
sach dugc phan cét bang enzym gi6i han thich hgp; va doan ADN thu dugc
duoc xen vao vi tri enzym gidi han thich hop, vi tri tao dong hodc twong tu trong

vecto duoc lién két véi vecto.

Plasmit can dugc st dung trong sdng ché nay khong bi giéi han cu thé
theo ngudn gdc cua vecto lam nén cua plasmit. Vi dy, plasmit thu dugc tir
Escherichia coli, plasmit thu dugc tir Bacillus subtilis, plasmit thu dugc tir nim
men, v.v., ¢6 thé duoc st dung. Vi du, vecto c6 san trén thj trudng nhu pGADT7

va pAUR135 cling c6 thé dugc sir dung.

Plasmit theo sang ché nay c6 thé bao gdm vi tri tao dong, gen khéi dau,
gen tang cuong, gen két thuc, gen danh dau chon loc, casset, v.v., mién 13 gen
dich c6 thé duge biéu hién. Hon nita, vi tri enzym gi6i han hodc tac nhén lién
két c6 thé bd sung mot cach thich hgp vao d6 néu can khi xen ADN. Thao tic
ndy c6 thé dugc thyc hién bing cach sir dung k¥ thudt xir Iy gen da biét va

thuong dugce st dung trong linh vuc k¥ thuat nay.

Gen khéi diu c6 thé duge két hop vao phia truée gen dich. Gen khéi dau
khong bi giéi han cu thd mién 1a protein dich ¢6 thé dugc biéu hién mot cach
thich hop trong thé bién nap. Vi dy, gen khoi diu PGK, gen khéi ddu ADH, gen
khéi diu TDH, gen khoi dau ENO, v.v., ¢6 thé dugc sir dung.

Gen két thic ¢6 thé dugc két hop vao phia sau gen dich.

Trong sang ché nay, dé biéu hién hiéu qua gen dich & ndm men, wu tién
14 st dung gen khoi ddu PGK va/hozic gen két thuc PGK.

Céc vi du v& gen danh d4u chon loc bao gbém gen khang thubc nhu gen
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khang ampixilin, gen khdng kanamycin, gen khdng neomycin va gen khang
hygromycin, gen reductaza dihydrofolat, gen synthetaza loxin, va gen

synthetaza uraxil.

Trong truong hop ma casset gen tbng hop cla axit amin nhu loxin,
histidin va tryptophan hodc casset gen tdng hop uraxil dugc chira trong vecto,
nédm men bién dbi gen c6 thé dugc chon loc bing cach nudi ciy nim men trong

moi trudng ma khong chira axit amin hodc uraxil.

Nam men bién doi gen ¢ thé duoc tao ra bang cach dua plasmit theo
sang ché ndy vao vat chi nadm men theo sing ché nay ma la dich ciia qué trinh

dua gen vao.

Phuong phép dé dua plasmit theo séng ché nay vao vit chd nim men
khong bi gidi han cu thé. Cac vi du ctia nd bao gdm cac phuong phép thong
thuong nhu phuong phép lithi axetat, phwong phap mé 16 bang dién, phuong
phap canxi phosphat, phuong phap thé m& va phuong phap DEAE-dextran. Nhd

c4c phuong phap nay, nam men bién doi gen theo sdng ché nay duoc tao ra.

Hon nita, nAm men bién d6i gen thu duoc by incorporating GDH2 (gen
glutamat dehydrogenaza 2) va SORI1 (gen sorbitol dehydrogenaza 1) vao trén
nhidm sic thé cia vat chii nAm men bing t4i t6 hop dong dang ciing nim trong
trong pham vi cua sang ché nay. Khi xen cdc gen vao trén nhidm séc thé ctia vt
chi nAm men, vi tri xen vao khong bi gi6i han cu thé. Hon nita, phuong phép dé
xen theo chirc ning GDH2 va SORI vao trén nhiém sic thé cua vat chii ndm
men khong bi gidi han, va vi dy, phuong phép str dung k¥ thuét tai td hop gen

thong thudng co6 thé dugc sir dung,

Hon nita, nAm men bién d6i gen theo sing ché nay c6 thé 1a nidm men
bién ddi gen trong d6 su biéu hién ciia GDH2 hogc SOR1 cta té bao chu da
duoc hoat hoé. Cu thé 13, sang ché nay ciing bao gdém ndm men trong d6 muc do
biéu hién ctia GDH2 ma ban dAu c6 mit trén nhiém sic thé cua vat chit ndm men
duoc nang cao, va nim men trong d6 mirc dd bidu hién ciia SOR1 ma ban diu
c6 mit trén nhidm séic thé cta vat chii nAm men hodc SOR1 dugc dua vao vét
chti nAm men d3 duoc nang cao. GDH2 hodc SOR1 dugc hoat hod & dang biéu

hién, vi du, bing cach dua vao tir bén ngoai gen khéi ddu hodc bang cach thay
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thé gen khoi dAu cta chinh gen nay bang gen khéi dau hiéu luc hon, va nhd d6

protein dich c6 thé dugc biéu hién mt cach thich hop.

Phuong phap dé hoat hod su biéu hién ctia gen ndi sinh khong bi giéi han,
va céc vi du cua né bao gdm phuong phép trong d6 gen khoi dau nho d6 protein
dich ¢6 thé dugc bidu hién mot cach thich hop duge két hop vao trén nhidm sic
th8 bing thay thé gen bang cach sir dung k¥ thuat tai t5 hop gen thong thudng.
V& phuong phép thay thé gen, phuong phap ciia Akada et al. Yeast 23: 399-405
(2006) (tai liéu phi sang ché) c6 thé duoc st dung. Dung 1am gen khoi du cho
qua trinh thay thé, gen khoi dau thong thuong nhu gen khoi dau PGK, gen khoi
diu ADH, gen khéi ddu TDH va gen khéi d4u ENO c¢6 thé duoc sir dung.

3. Phuong phép san xuét etanol

NAm men bién ddi gen theo sang ché nay thu dugc bang cach dua it nhét
mot gen dugc chon tir gen mi hod glutamat dehydrogenaza va gen mé hoa
xylitol dehydrogenaza, vi dy, SOR1 va/hodc GDH2 vao vét chu ndm men ma co
kha ning ddéng hoa xyloza, va do do, nAm men bién dbi gen theo sang ché nay
c6 kha ning dong hod xyloza. Ngoai ra, ndm men bién ddi gen theo sang ché

nay c6 thé san xuat etanol tur xyloza.

Hon nfra, vat cha ndm men theo sang ché nay la ndm men ma c6 kha
ning dong hoé xyloza, va do d6 c6 thé san xuét etanol tir xyloza. Cu thé, ndm
men bién ddi gen, ma thu duoc bang cach dua ca gen thu dugce béng cach lién
két gen ma hoé xyloza reductaza va gen ma hod xylitol dehydrogenaza va gen
thu dugc bang céch lién két gen ma hoa xylitol dehydrogenaza va gen ma hod
xyluloza kinaza vao trén nhidm séc thé ndm men, 13 dic biét thich hop dé san
xuét etanol tir xyloza. Sau day, phuong phép san xuét etanol s& dugc giai thich
bang cach sir dung trudong hop nidm men bién ddi gen theo sang ché nay lam vi
du, nhung ndm men bién ddi gen theo sang ché nay c6 kha ning dong hoa
xyloza cling c6 thé dugc st dung theo cling cich thirc nhu phuong phép san xXuét

etanol.

NAm men bién ddi gen theo sang ché nay c6 thé dwoc nuoi cdy theo
phuong phép thuong dung dé nudi cdy ndm men. Ngudi cé trinh do trung binh

trong linh vuc cé thé Iva chon méi trudong thich hop tir cac méi truong da biét
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nhu méi truong SD, moi trudong SCX, mdi truong YPD va moi truong YPX dé
nudi cay ndm men & cac diéu kién nudi cay uvu tién. Trong trrong hgp ma ndm
men duoc nudi cdy trong mdi truong long, phuong phap nubi cdy lic dugc uu
tién.

Etanol c¢6 thé dugc tao ra bang cach nudi cady nam men bién doi gen theo

sang ché nay va thu etanol tr m6i trurdng nuoi cay thu duge.

Khi san xuét etanol, nAm men bién ddi gen theo sang ché nay dugc nuodi
cly v6i su c6 mit ctia 10 dén 150 g/L, uu tién 13 70 g/L xyloza. Trudc budc nudi
cdy chinh, nAm men bién dbi gen c6 thé duoc nudi cly so bd. D& nubi cy so bd,
vi du, nAm men bién dbi geﬁ theo séng ché nay duoc cdy vao lugng nhd moi
truong va duoc nudi cdy trong 12 dén 24 gid. Dich nubi ciy so bd véi lugng 0,1
dén 10%, uu tién 13 1% lugng méi trudng nudi cdy ciia budc nudi cdy chinh
duoc bd sung vao méi trudng nudi cdy chinh, va sau d6 khoi dong budc nudi
cdy chinh. Budc nudi cdy chinh duge thyc hién bing phuong phap nudi cay lic
bing céch st dung mdi trudng chita xyloza trong 0,5 dén 200 gio, vu tién 12 10
dén 150 gid, va vu tién hon niva 13 24 dén 137 gio, & nhiét 6 20 dén 40°C, va
uu tién la 30°C.

Etanol tao ra c6 thé thu dugc tir moi trudng nudi cdy ma dat dugc béang
céch nudi cdy ndm men theo sang ché nay theo céch thirc néu trén. Cym tir “nudi
ciy” d& chi dich nudi cay (dich ndi nuéi cdy), nAm men nudi cdy, san pham dang
manh nho ctia nAm men nudi ciy hodc twong tu. Etanol c6 thé duoc tinh ché tir
mdi trudng nudi cdy theo phuong phéap lam sach thong thudng, va sau dé duoc
thu gom. Trong sang ché nay, etanol dugc tiét ra tir ndm men bién ddi gen chu
yéu di vao dich ndi nudi cdy, va do d6, tét hon 1a thu etanol tir phan dich ndi
nudi cdy.

Luong tao ra cua etanol co thé dugc do bang cach phan tich etanol chira
trong moi truong béng sic ky 1éng, sic ky khi hoic kit do etanol c6 san trén thi

truong.

Hon nita, bang cach do lugng tao ra cia etanol, kha ndng sin xuat etanol

ctia nam men bién ddi gen theo sdng ché nay c6 theé duoc khang dinh.

Khi etanol dugc san xuit nho st dung ndm men bién doi gen thu duoc
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béng cach dua gen ma hoa glutamat dehydrogenaza vao vét chu nidm men theo
sang ché nay (vi du, ching biéu hién qua mic GDH2 thu dugc bing cach dua
GDH2 ho#ic ndm men bién dbi gen thu dugc bing cach dua ci gen mi hoa
glutamat dehydrogenaza va gen mé hoa xylitol dehydrogenaza vao vat chu nim
men theo sang ché nay (vi du, GDH2 va Ching biéu hién qua mic SOR1 thu
dugc bing cach dua ca hai GDH2 va SOR1) la ndm men bién dbi gen theo sang
ché nay, luong xylitol va glyxerol san xuét 13 cdc san phidm phu dugc gidm

xuong so vai chung doi chung.

Khi ndm men bién d6i gen thu dugc béng cach dua gen ma hod xylitol
dehydrogenaza vao vat chu nidm men theo sang ché nay (vi du, ching biéu hién
qua mic SOR1 thu dugc béng cach dua SOR1) duge sir dung lam nidm men bién
d6i gen theo sang ché nay, bang cach nudi cdy ndm men trong moi trudng chira
xyloza véi su ¢6 mat cia NADH, lugng xylitol va glyxerol san xuét 1 cac san
phdm phu c6 thé giam xubng so véi chung d6i chimg. NAD+ c6 thé duoc bd
sung vao moi truong chua xyloza dé ndng d6 cudi cing cta nd 13 0.01 dén
10000 pM, wu tién 14 0,1 dén 1000 pM, va uu tién hon nita 1a 1 d&én 100 pM.

NAD-+ ¢6 thé c6 mit trong hé nudi ciy trong toan bd thoi gian nudi cy
hodc chi trong khoang thoi gian nudi cdy nhét dinh. Theo d6, vi du, NAD+ c6
thd duoc bd sung vao hé nudi ciy trudce khi khéi dong qua trinh nudi cdy hoic
sau mdt khoang thoi gian troi qua dinh trude sau khi khéi dong nudi céy.

Luong xylitol va glyxerol san xuét c6 thé duge do bing cach phan tich
xylitol hodc glyxerol chtra trong moi trudng bing sic ky 1ong, sic ky khi hoic
kit do ¢ san trén thi truong.

Hon nita, bing cach do luong xylitol va glyxerol san xuét, kha ning ngin
chan su tao ra san phém phu va hiéu qua san xuét etanol ctia nAm men bién ddi
gen theo sang ché nay c6 thé dugc khang dinh.

SEQ ID NO: 1 thé hién trinh tu nucleotit cia GRE3 ctia Saccharomyces

cerevisiae.

SEQ ID NO: 2 thé hién trinh ty axit amin cua protein GRE3 cua

Saccharomyces cerevisiae.

SEQ ID NO: 3 thé hién trinh tu nucleotit cia SOR1 ctia Saccharomyces
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cerevisiae.

SEQ ID NO: 4 thé hién trinh ty axit amin cta protein SORI clia

Saccharomyces cerevisiae.

SEQ ID NO: 5 thé hién trinh tu nucleotit ctia XKS1 cta Saccharomyces

cerevisiae.

SEQ ID NO: 6 thé hién trinh ty axit amin cla protein XKS1 cla

Saccharomyces cerevisiae.

SEQ ID NO: 7 thé hién trinh tu nucleotit cia GDH2 ctia Saccharomyces

cerevisiae.

SEQ ID NO: 8 thé hién trinh ty axit amin clia protein GDH2 cua

Saccharomyces cerevisiae.
Vi du thwe hién sang che

Sau day, sang ché ndy s& dugc md ta cu thé hon bang cac vi du minh hoa,
nhung sang ché nay khong bi giéi han & cac vi du nay. Tat ca cac nam men duge
str dung trong cac Vi du la Saccharomyces cerevisiae.

Do hoat tinh enzym

Hoat tinh cua xyloza reductaza cuia GRE3 (aldo-keto reductaza 3), hoat
tinh xylitol dehydrogenaza cua SOR1 (sorbitol dehydrogenaza 1) va hoat tinh
xyluloza kinaza cua XKS1 (xyluloza kinaza 1) dugc do trong cac diéu kién mo
ta dudi day.

Chét chiét thd duoc diéu ché tir té bao ndm men nudi cdy bang cach st
dung Chét chiét tach protein Y-PER (Pierce).

Dung dich phan tng c6 thanh phan dugc thé hién dudi day duoc diéu
ché va sau d6 duoc giit & 30°C trong 5 phut, va mirc hép thu dugc do. Lién quan
dén GRE3 va XKS1, sy gidm mirc hép thy ¢ 340 nm dya trén sy oxy hod cua
NADH duogc do, va lién quan dén SORI1, sy ting mitc hép thu & 340 nm dya
trén sy khtr cia NAD+ duoc do. Nho d6 do dugce hoat tinh.

Thanh phén cta dung dich phan tng la nhu sau:

Aldo-keto reductaza (GRE3):
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50 mM dung dich dém natri phosphat (d6 pH 6,8)
0,2 mM NADPH
100 mM D-xyloza
Chét chiét tho
Sorbitol dehydrogenaza (SOR1):
50 mM Tris-HCI (pH 8,5)
1 mM NAD+
5 mM MgCl,
100 mM xylitol
Chét chiét tho
Xyluloza kinaza (XKS1):
20 mM dung dich dém natri phosphat (d6 pH 6,8)
100 mM KCl
5 mM MgCl,
5 mM ATP
0,2 mM NADH
1 mM phosphoenolpyruvic axit
5U/ml kinaza pyruvat
7U/ml lactatdehydrogenaza
5 mM xyluloza
Chat chiét tho
Vidul
1. Su tao ra ndm men ma co6 kha ning dong hoa xyloza

Céc gen ndi sinh dong hod xyloza 1a GRE3 (gen aldo-keto reductaza: st
dung thay cho gen xyloza reductaza), SOR1 (gen sorbitol dehydrogenaza: su
dung thay cho gen xylitol dehydrogenaza) va XKS1 (gen xyluloza kinaza) cua

-27-



30157

nam men bia duoc lién két ciing nhau thanh doan noi tiép dudi su kiém soat cua
gen khoi dau PGK1 dé tao ra casset biéu hién. Bang cach sit dung casset biéu
hién tao ra, cac gen néu trén dugc dua vao locus XYL2 trén nhiém sic thé, nho

do6 thu duoc nAm men bia ma c6 kha néng dong hoa xyloza.
2. Su tao ra ching bi€u hién qua mirc

SOR1 ho#c GDH2 (gen glutamat dehydrogenaza) dudi su kiém soét clia
gen khoi dau PGK1 dugc két hop vao vecto biéu hién pAUR135 c6 san trén thi
trudng (Takara Bio Inc.). Bang cach st dung vecto téi t6 hop thu duge, SOR1
hodc GDH2 duoc dua vao locus AURI trén nhidm séc thé cia nAm men bia ¢6
kha ning dong hoa xyloza tao ra trong phén 1 néu trén. Cac ching thu dugc lan
luot 14 ching biéu hién qua mirc SOR1 va chiing biéu hién qua mirc GDH2. Hon
nita, ching trong d6 chi vecto dugc két hop vao tao ra theo cing cach thuc, va

né duoc st dung 1am ching dbi ching trong thir nghiém mo ta dudi day.
3. Panh gia kha nang 1én men

Cac chung tao ra trong phan 2 néu trén dugc nudi cay so bd véi YPD
(chira 2% glucoza) va sau d6 duoc nudi cdy xoay tron trong binh nén 50 ml
chtra 15 ml mdi truong bién ddi CBS chira 5% xyloza (Tai li¢u phi sang ché: H.
B. Klinke et al., Biotechnol. Bioeng., 81, 738 (2003), d6 pH 5.0) (luong ciy ban
dau ODge=20, 30°C, 140 vong/phut), va viéc 14y mAu duoc thuc hién theo thoi
gian dé dénh gia kha ning 1én men. San phim chuyén hod ctia qua trinh 1én men
dugc dinh luong bang HPLC bang cach st dung cot Shodex SUGAR SP0810.
Ndng d6 té bao duge do bing quang phd ké (A=600 nm).

4. K&t qua danh gia kha ning 1én men

Céc két qua duoc thé hién trong Bang 1. Muc d tiéu thu xyloza cla
ching biéu hién qué mirc SOR1 1a gibng vdi chung dbi chimg, lugng etanol san
xut cia ching biéu hién qua mic SOR1 duge cai thién so véi ching d6i ching,
va luong xylitol va glyxerol san xudt 12 cac san phdm phuy ctia ching biéu hién
qua mtrc SOR1 dugc gidm nhe so véi ching ddi chimg. Trong trudng hgp chiing
biéu hién qua miac GDH2, lugng xylitol va glyxerol san xut 13 cac san pham

phu dugc gidm xudng, va luong etanol san xuat duge cai thién.
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Bang 1
Murc do Cén bang cacbon %
tiéu thu Etanol | Cacbon | Xylitol | Glyxerol | Sinh Chi
Xyloza dioxit* trudng | sd
(g/L-h) té bio | khic
Ching 1,1 35,8 17,9 14,4 53 10,2 16,5
dbi
ching
Chuing 1,1 36,8 18,4 13,3 5,0 11,8 14,9
biéu hién
qua muc
SOR1
Ching 0,9 36,5 18,2 11,5 0,7 12,6 20,5
biéu hién
qua muc
GDH2

*Luong Cacbon dioxit gan lién véi viée tao ra etanol dugc thé hién.
Vidu?2
1. Su tao vecto dé dua vao trén nhiem sac thé

Vecto pUC18 c¢6 sin trén thi trudng duge phan c4t bang EcoRI va Kpnl,
va phan nira trudc cta trinh tu 8 (1 dén 240 bp) nhén 1én tir nhiém sdc thé cia
ndm men (N4m men rugu saké s§ 7) dugc dua vao d6. Vecto thu dugc duge
phan cét bang Pstl va Sphl, va va phén ntra sau cta trinh ty 5(241 dén 334 bp)
cling dugc nhan 1én tu ndm men (N4m men rugu saké s6 7) duoc dua vao do,
nhod do6 thu duge vecto pUC-8. pUC-8 dugc phan cit bing Smal, va cic doan
gen GRE3-SOR1 va XKS1-SORI thu duge bang cach lién két hai gen thanh
doan ndi tiép dudi su kiém soat cia gen khoi dau PGK1 duoc dua vao d6, nho
d6 14n luot thu dugc vecto pUC-8-GRE3-SORI1 va vecto pUC-3-XKS1-SORI.
Céc gen tuwong ung, 1a GRE3, SOR1 va XKS1 thu dugc tur ndm men ruou saké

sO 7.
2. Su tao ra nAm men ma c6 kha nang dong hod xyloza

Céc vecto pUC-6-GRE3-SORI1 va pUC-6-XKS1-SORI thu dugc trong
phan 1 néu trén duge phan cit bang Stul dé tao ra cac doan thing. Sau d6, cac

vecto ndy duoc tron 1an véi lugng bang nhau va duge dua vao chung ndm men
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shochu S-2 theo phuwong phép lithi axetat. Dich nu6i cdy ctia nAm men ma trong
d6 cac doan gen d dugc dua vao dugc ap dung cho dia méi truong thach xyloza
SD chtra axit amin (xyloza 5%), va i & 30°C trong 7 dén 10 ngay d thu duoc
cac chiing duoc bién nap nhidm sic thé (cac ching A dén G). Céc céc ching
bién ddi gen duoc nudi cdy trong mdi trudng 1éng chira SC-X (xyloza 5%) (6ng
nudi cdy 2 ml/15 ml, 140 vong/phut, 30°C), va cac ching sinh trudng t6t duogc
dua di danh gia bing nudi cdy.

Hon nita, GRE3-SOR1-XKS1 lién két thanh doan ndi tiép duéi su kiém
soat ciia gen khéi dau PGK1 duge dua vao locus XYL2 dé tao ra ndm men c6
kha ning dong hoa xyloza (ching XYL2) lam ching dbi chimg. Ching nim
men ndy (ching XYL2) cling dugc dua di danh gia bang nudi cAy.

3. Banh gia kha ndng 1én men

Cac chung tao ra trong phén 2 néu trén dugc nudi cly so bo bang YPD
(chtta 2% glucoza) va sau d6 duoc nudi cly xoay tron trong binh nén 50 ml
chira 15 ml méi trudng c6 thanh phan dugc thé hién trong Bang 3

(lugng cAy ban dau ODg=20, 30°C, 140 vong/phiit), va viéc lay mau dugc
thuc hién theo thdi gian dé dénh gid kha ning 1én men. San pham chuyén hoa
cia qua trinh 1én men duoc dinh luong bang HPLC bing cach sir dung cot

Shodex SUGAR SP0810. Nong do té bao dugc do bing quang phd ké.

Béang 2: Thanh phan méi truong (g/L)

Glucoza 80
Xyloza 50
Amoni sulfat 7,5
Mononatri hydrogen phosphate | 3,5
Kali hydro phtalat 10,2
Magié sulfat heptahydrat 0,8

4. Céc két qua danh gia kha ning 1én men

Cac két qua duoc thé hién trong Bang 3. Céc chiing bién doi gen gen A
dén G tao ra biang k¥ thuat néu trén ching to hiéu suét tao etanol cao. Luong
etanol san xuét ciia mdi céc ching bién d6i gen A dén G duoc cai thién so véi

ndm men c6 kha ning ddng hoé xyloza ndy (ching XYL2) tao ra béng cach dua

-30-



30157

GRE3-SOR1-XKS1 vao locus XYL2 & dang doan ndi tiép dudi sy kiém soét
ctia gen khoi dau PGK 1.

Bang 3: So sanh hiéu suit tao etanol (%)

Chung | Céc Céc Céc Céc Céc Céc Céc
d6i ching |ching |chung |[ching |ching |ching |ching
chimg | bién dbi | bién dbi | bién ddi | bién dbi | bién dbi | bién ddi | bién dbi

gen A gen B gen C genD | genE gen F gen G

74,2 77,5 77,1 77,6 77,7 79,7 78,7 79,4

Vidu3

Thir nghiém duoc thuc hién bang cach st dung nam men ruou saké s6 7

theo cach tuong ty nhu trong Vi du 2.

Bing cach sit dung GRE3, SOR1 va XKS1 thu duge tix ndm men ruou
saké sb 7, vecto pUC-8-GRE3-SOR1 va vecto pUC-8-XKS1-SOR1 thu duge
theo cach tuong tu nhu trong phan 1 ctia Vi du 2. Bing cach sir dung céc vecto
pUC-8-GRE3-SORI1 va pUC-3-XKS1-SOR1 thu dugc va ndm men (N4m men
ruou saké sb 7), ndm men c6 kha niang déng hod xyloza dugc tao ra theo cach
twong tw nhu trong phan 2 ctia Vi du 2 (c4c céc ching bién dbi gen gen H dén
M).

Céc chung bién dbi gen H dén M duoc dua di ddnh gid kha ning 1én men
theo cach tuong tu nhu trong phan 3 ctia Vi du 2. Ching biéu hién qua mic
SOR1 (ndm men ruou saké s6 7) tao ra theo cach tuong ty nhu trong Vi du 1 va
ching XYL2 (ndm men rugu saké s6 7) tao ra bang cach dua
GRE3-SOR1-XKS1 lién két thanh doan ndi tiép dudi sy kiém soat ctia gen khéi
dau PGK 1 vao locus XYL2 lam ching ddi ching duge dua di ddnh gia kha ning
1én men.

Céac két qua dugc thé hién trong Bang 4. Chuing biéu hién qua murc
SOR1 va cac chung bién doi gen H dén M chimg to hiéu suit tao etanol cao so
véi ching dbi chimg. Cu thé, cc ching bién dbi gen H dén M chimg 6 sy cai

thién t6t hon ve luong etanol tao ra.
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Bang 4: So sanh hiéu suét tao etanol (%)

Chung | Chung Ching |Ching |Ching |Chung |Ching |Chung
d6i | biéuhién | bién ddi | bién dbi | bién dbi | bién d6i | bién d6i | bién doi
ching |quamuiac |genH |genl gen J |genK |gen L |genM
SORI1

67,3 68,9 67,7 68,9 69,3 69,3 69,3 68,3

Kha nang tng dung trong cong nghiép

Theo sang ché nay, nam men bién doi gen c6 kha nang san xuat etanol tir

xyloza duogc tao ra.

Theo mot phuong an thuc hién ctia sang ché nay, su bién doi cia nam
men dugc thuc hién bang cach sir dung cac gen c6 trong chinh nam men, va do
doé nam men bién doi gen theo sang ché nay khong thudc loai gen tai t6 hop, va

theo d6 n6 dugc uu tién nho cac dac diém an toan va deé xur ly.

Hon nita, nAm men bién d6i gen theo sang ché nay c6 kha nang san xut
etanol tir xyloza rét tot, va do do, khi st dung nAm men bién d6i gen theo sang
ché nay, etanol co thé duoc san xuét tur xyloza mot cach hitru hiéu.

Hon nita, do nhan thdy ndm men bién ddi gen theo sang ché nay giam
luong san phim phu tao ra nhu xylitol va glyxerol, nén khi etanol dugc san xuét
bang cach sir dung ndm men bién ddi gen theo sang ché nay, c6 thé tranh duoc

van deé tich tu cac san pham phu.
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YEU CAU BAO HOQ
1. NAm men bién ddi gen c6 ba gen 1a gen ma hod xyloza reductaza, gen ma ho
xylitol dehydrogenaza va gen mé hod xyluloza kinaza, dugc xen vao theo chirc
ning trén nhiém sic thé ctia no, trong d6 ndm men ndy cé kha ning san xuét
etanol tir xyloza, trong d6 ba gen nay dugc xen vao trén nhidm sic thé & dang
gen thu duoc bang cach lién két gen ma hoa xyloza reductaza va gen ma hoa
xylitol dehydrogenaza va ¢ dang gen thu dugc bang céach lién két gen ma hod
xylitol dehydrogenaza va gen ma hod xyluloza kinaza, va trong d6 gen ma hoa

xylitol dehydrogenaza la gen dugc chon tir nhém bao gém SOR1 va SOR2.
2. N4m men theo diém 1, trong d6 cac gen ndy 1a c4c gen ndi sinh cla nim men.

3. NAdm men theo diém 1 hodc 2, trong d6 gen ma hod xyloza reductaza 1a gen
dugc chon tr nhom bao gém GRE3, YJR096w, YPR1, GCY1, ARA1 va
YDR124w.

4. NAm men theo diém bt ky trong sd cac diém tir 1 dén 3, trong d6 gen ma hoa
xyloza reductaza, gen ma hoa xylitol dehydrogenaza va gen ma hoda xyluloza
kinaza 1an lugt la GRE3, SOR1 va XKS].

5. NAm men bién ddi gen dugc tao ra bang cach dua vao theo chirc ning it nhét
mdt gen dugc chon tir gen mi hod glutamat dehydrogenaza va gen mé hoa
xylitol dehydrogenaza vao vat chu ndm men c6 ba gen 13 gen ma hoa xyloza
reductaza, gen ma hod xylitol dehydrogenaza va gen ma hod xyluloza kinaza,
duoc xen vao theo chiic nang trén nhiém séc thé cta no, trong d6 gen ma hod
xylitol dehydrogenaza 1a gen dugc chon tir nhom bao gdbm SOR1 va SOR2, va

trong d6 nAm men nay c6 kha nang san xuat etanol tir xyloza.
6. Nam men theo diém 5, trong dé cac gen nay thu duoc tlr vat chi nAm men.

7. NAm men theo diém 5 hoic 6, trong d6 it nhat mot gen duogc chon tir gen ma
hoé glutamat dehydrogenaza va gen mé hoa xylitol dehydrogenaza dugc xen vao

theo chirc ndng trén nhiém séc thé cla vat chu nam men.

8. NAm men bién ddi gen theo diém bt ky trong s6 cac diém tir 5 dén 7, ma
dugc tao ra bang cach dua vao theo chic ning it nhét mot gen dugc chon tir
GDH2 va SORI1 vao vat chu nidm men c6 ba gen 13 GRE3, SOR1 va XKS1,
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dugc xen vao trén nhiém sac thé cia no.

9. Nam men theo diém bat ky trong s6 cac diém tir 1 dén 8, trong d6 ndm men
c6 ba gen 12 gen ma hod xyloza reductaza, gen ma hoa xylitol dehydrogenaza va
gen mi hod xyluloza kinaza, dugc xen vao 1a nam men thudc loai

Saccharomyces.

10. Nidm men theo diém bét ky trong sb cac diém tir 1 dén 9, trong d6 ndm men
¢ ba gen 12 gen ma hod xyloza reductaza, gen ma hoa xylitol dehydrogenaza va

gen mi hod xyluloza kinaza, dugc xen vao la Saccharomyces cerevisiae.

11. Phuong phap san xuat etanol, phuong phap nay bao gdm budc nudi cdy nidm
men bién ddi gen theo diém bét ky trong sd céc diém tir 1 dén 10 trong mdi

- truong chua xyloza dé thu etanol tir moi trudng nudi cay thu duoc.

12. Phuong phap theo diém 11, trong d6 it nhét mot gen duge chon tir gen ma
hoa glutamat dehydrogenaza va gen méi hoa xylitol dehydrogenaza dugc dua
vao niAm men bién ddi gen theo diém bat ky trong sd céc diém tir 5 dén 10 13 gen
ma ho4 glutamat dehydrogenaza hodc ca gen ma hoa glutamat dehydrogenaza va

gen ma hoa xylitol dehydrogenaza.

13. Phuong phap theo didm 11, trong d6 it nhit mot gen dugc chon tlr gen mé
hoa glutamat dehydrogenaza va gen mé hoa xylitol dehydrogenaza dugc dua
vao niAm men bién ddi gen theo diém bat ky trong sd céc diém tir 5 dn 10 14 gen
m3 ho4 xylitol dehydrogenaza, va trong d6 budc nudi cly dugc thuc hién véi su

c6 mit cua NAD+.
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Saccharomyces cerevisiae

atgtcttcac tggttactct taataacggt

tggaaaattg
cgtttatteg
aaagccatet
aacaatttte
ggacttgatt
tttgaagaga
atcaccgaag
gaaggcttga
ttacgtggtt
caagaacacc
tteggtectc
ttcgagaatg
gtattgctta
gaaaggttac
aaggatattt
ggtaaattcce
<210> 2

211> 321

<212> PRT
Q213

acaaaaaagt
atggtgetteg
ccgaaggtet
accatcctga
atttagacct
aataccctce
cacatgtacc
ttaagtctat
gtagaatcaa
tagttgagtt
aatcattcat
atgtaatcaa
gatgggcaac
ttggcaacct
ctgcactaaa

ccacttttgc

ctgtgcgaat
cgactacggc
tgtttctaga
tcatgtaaaa
gtattatatt
aggattotat
aatcatagat
tggtgtttce
gecogtgget
ttgtaaatta
tgagatggac
gaaggtctca
tcagagaggc
agaaatcgaa
tgccaacatc

ctga

Saccharomyces cerevisiae

JX NIPPON OIL & ENERGY CORPORATION

ctgaaaatgc
caaatttatg
aacgaaaagg
aaggatatat
ttagctttaa
cacttcccaa
acgggcgeag
acgtaccggg
aactttcagg
ttgcaaattg
cacgatatcc
ttacagtteg
caaaaccatc
attgccgtca
aaaaagttca

agatttaatg
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ccctagtegg
aagctatcaa
aagttggtea
ttgttgttte
agaagacctt
tcgectteaa
atgacgagaa
ctctggaaga
gaagcttgat
aacaccatce
aagtagttgc
caaaaaccac
caggcagtac
ttccaaaatc
ctttaacgga

atccatggac

cttagggtec
attaggctac
aggtatcagg
aaagttatgg
aagcgatatg
atatgttcca
gaaaggtcac
atgtgttgat
tcaagattta
ttatttgact
ttactcctee
geccaactctg
cacttcccaa
ttccaagaag
gcaagaattg

ctggttggat

Nam men bién ddi gen c6 kha ning san xuat etanol tir xyloza va phuong phép san xuét

60
120
180
240
300
360
420
480
540
600
660
720
180
840
900
960
984



<400> 2

Met Ser Ser Leu Val Thr Leu

1

Gly Leu

Tyr Glu

Tyr Gly
50

Glu Gly
65

Asn Asn

Leu Ser

Pro Ile

Phe Tyr
130

His Val
145

Glu Gly

Ile GIn

Ile Glu

Lys Leu

210

Ser Phe
225

Gly

Ala

35

Asn

Leu

Phe

Asp

Thr

Pro

Leu

Asp

His

195

His

Ile

Cys

20

Ile

Glu

Val

His

Met

100

Phe

Gly

[le

Ile

Leu

180

His

Asp

Glu

5

Trp

Lys

Lys

Ser

His

85

Gly

Lys

Ala

Ile

Lys

165

Leu

Pro

Ile

Met

Phe Glu Asn Asp Val

245

Lys Ile

Leu Gly

Glu Val
55

Arg Lys
70

Pro Asp

Leu Asp

Tyr Val

Asp Asp
135

Asp Thr
150

Ser Ile

Arg Gly

Tyr Leu

Gln Val
215

Asp Leu
230

[le Lys

Asn

Asp

40

Gly

Asp

His

Tyr

Pro

120

Glu

Tyr

Gly

Cys

Thr

200

Val

Gln
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Asn Gly
10

Lys Lys
25

Arg Leu

Glu Gly

Ile Phe

Val Lys
90

Leu Asp
105

Phe Glu

Lys Lys

Arg Ala

Val Ser
170

Arg Ile
185
Gln Glu

Ala Tyr

Leu Ala

Leu

Val

Phe

Ile

Val

15

Leu

Leu

Glu

Gly

Leu

155

Asn

Lys

His

Ser

Lys
235

Lys Val Ser Gln

250
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Lys

Cys

Asp

Arg

60

Val

Ala

Tyr

Lys

His

140

Glu

Phe

Pro

Leu

Ser

220

Thr

Asn

Met

Ala

Gly

45

Lys

Ser

Leu

Tyr

Tyr

125

[le

Glu

GlIn

Val

Val

205

Phe

Thr

His

Pro Leu Val
15

Asn Gin Ile
30

Ala Cys Asp
Ala Ile Ser

Lys Leu Trp
80

Lys Lys Thr
95

Pro Pro Gly
Thr Glu Ala

Cys Val Asp
160

Gly Ser Leu
175

Ala Leu GlIn
190

Glu Phe Cys
Gly Pro Gln

Pro Thr Leu
240

Pro Gly Ser
255



Thr Thr Ser

Val Ile Pro
275

[le Glu Lys
290

Ala Leu Asn
305

Gly Lys Phe

<210> 3

<211> 1074
<212> ADN
Q213

<400> 3

Gln Val Leu Leu

260

Lys Ser Ser Lys

Lys Phe Thr Leu

Ala Asn Ile Arg
31

Arg

Lys
280

Thr
295

Phe
0

Pro Thr Phe Ala

325

Saccharomyces cerevisiae

atgtctcaaa atagtaaccc tgcagtagtt

caaagaccaa
ggtatctgeg
aaggcgecaa
gtcacaaggg
tctgatgaga
cctecaattg
ttgccagaag
cactctaata
cotgtegege
gtcgatgtat
aattettcce
ttgggoggaa
gecgetgtea
tacactaatt
cgttattecat
gtcaagccat

aacattgcce

<210> 4

tccctaccat
gctctgatat
tggttttagg
tcaaagttgg
ccaaagaagg
atggtactet
gegtcagtta
aattggetgg
ttttaactgg
tcgacaacaa
agttttccac
atcacgcaga
aaacaactaa
ttccaattge
tcggtgatta
tgataaccca

atggtggaga

taaggaccce
tcattattat
tcatgaatca
tgaccgtgtt
gaggtataac
tgtgaagtac
tgaagagggce
ggtcogettt
cgcagtegee
gctacagaga
cgataaagcc
tgtggtgttt
ggttggaget
tgaagttagt
tegtgacget
caaatttaaa

ggtagtcaag

30157

Trp Ala Thr
265

Glu Arg Leu

Glu GIn Glu

Asn Asp Pro
315

ctagagaaag
cattatgtca
agaagcggte
agcggacagg
gctattgaac
ctttgcccac
tatttatcte
gettgtgteg
ggtaccaaag
cgegetttte
gcaaaagatt
caagacttgg
gagtgttcag
accatggtgc
ggaaaggaaa
gtgaacttgg
tttgaagatg
actattatct
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Gin Arg Gly Ile Ala
270

Leu Gly Asn Leu Glu

285

Leu Lys Asp Ile Ser

300

Trp Thr Trp Leu Asp

tcggcegatat
agttagctat
gtattggtaa
ttgtggaagt
ctggtgttec
atatggeatt
cagaagattt
aacccttatce
ttgttgtatt
gtgccaccga
tcggagecac
ccgatggget
gtgctgatgt
aagtcggtat
tgaaattgat
ttgccacagg
cagccaaggce

ttggtectga

320

tgccatcgag
taaagccact
gtacatattg
tggtgatgce
tagcogttac
tgctgeaact
ccttgtgaaa
agtcggtgta
tggtgcaggt
cgtcatttte
aaacactttc
ccaaaagett
ttgeattgat
gggtaaaaac
tggatgttte
aaaagtcaat
ttacgactac

atga

60
120
180
240
300
360
420
480
540
600
660
120
180
840
900
960

1020
1074



Q211> 357
<212> PRT
Q13>  Saccharomyces cerevisiae

<400> 4
Met Ser Gln Asn Ser Asn Pro Ala
1 5

Ile Ala Ile Glu GIn Arg Pro Ile
20

Val Lys Leu Ala Ile Lys Ala Thr
35 40

Tyr Tyr Arg Ser Gly Gly Ile Gly
50 55

Val Leu Gly His Glu Ser Ser Gly
65 70

Val Thr Arg Val Lys Val Gly Asp
85

Prb Ser Arg Tyr Ser Asp Glu Thr
100

Pro His Met Ala Phe Ala Ala Thr
115 120

Lys Tyr Tyr Leu Ser Pro Glu Asp
130 135

Val Ser Tyr Glu Glu Gly Ala Cys
145 150

His Ser Asn Lys %gu Ala Gly Val
5

Phe Gly Ala Gly Pro Val Gly Leu
180

Phe Gly Ala Thr Asp Val Ile Phe
195 200

GIn Arg Ala Lys Asp Phe Gly Ala
210 215

Phe Ser Thr Asp Lys Ala GIn Asp
225 230

30157

Val Val
10

Pro Thr
25

Gly Ile

Lys Tyr

Gln Val

Arg Val
90

Lys Glu
105

Pro Pro

Phe Leu

Val Glu

Arg Phe

170

Leu Thr
185
Val Asp

Thr Asn

Leu Ala

Leu Glu Lys Val Gly
15

Ile Lys Asp Pro His
30

Cys Gly Ser Asp Ile
45

[le Leu Lys Ala Pro
60

Val Glu Val Gly Asp
75

Ala Ile Glu Pro Gly
95

Gly Arg Tyr Asn Leu
110

[le Asp Gly Thr Leu
125

Val Lys Leu Pro Glu
140

Pro Leu Ser Val Gly
155

Gly Thr Lys Val Val
175

Gly Ala Val Ala Arg
190

Val Phe Asp Asn Lys
205

Thr Phe Asn Ser Ser
220

Asp Gly Val GIn Lys
235

-38-

Asp

Tyr

His

Met

Ala

80

Val

Cys

Val

Gly

Val

160

Val

Ala

Leu

Gln

Leu
240



Leu Gly Gly

Val Cys Ile

Val Gin Val
275

Val Ser Gly
290

Gly Asp Tyr
305

Val Lys Pro

Ala Tyr Asp

Ile Phe Gly
355

210> 5

211> 1803
<212> ADN
213>

<400> 5
atgttgtgtt

tcatactatc
gacctaaaaa
acaaagaagg
gaggctotag
atggecgtet
tetetgttag
gtagcatttg
caagagtttg
geccatttta
tacgaaaaaa
catcttgtteg

agaaaattca

Asn
245

Asp

260

Gly

Lys

Arg

His Ala Asp Val

Ala Ala Val Lys

Met Gly Lys Asn

280

Glu Met Lys Leu

295

Asp Ala Val Asn

310

Leu
325

Tyr
340

Pro Glu

cagtaattca
ttgggtttga
ttgtecatte
gtgtctatat
atctggttet
cagggtectg
agcaattgaa
caaggcaaac
aagagtgeat
gatttactgg
caaagaccat
aattagagga

gtgatgaget

Ile Thr His Lys

Asn Ile Ala His

Saccharomyces cerevisiae

gagacagaca
tctttegace
agaaacagtg
acacggegac
ctcgaaatat
ccagcageac
taagaaaccg
cgcccccaat
aggtgggoct
tcctcaaatt
ttetttagtg
ggcagatgec

actacatcta

30157

Val Phe Glu

250

Thr
265

Thr Lys

Tyr Thr Asn

Gly Cys

I[le

Val Ala
315

Leu

Phe Lys Phe

330

Gly
345

Gly Glu

agagaggttt
caacaactga
gaatttgaaa
actatcgaat
cgegaggcta
gggtotgtcet
gaaaaagatt
tggcaagacc
gaaaaaatgg
ctgaaaattg
tetaattttt
tgtggtatga
attgatagtt

-30-

Cys Ser Gly

Val Gly Gly
270

Phe Pro Ile
285

Phe Arg Tyr
300

Thr Gly Lys

Glu Asp Ala

Val Val Lys
350

ccaacacaat
aatgtctege
aggatcttcc
gtcccogtage
aatttccatt
actggteccte
tattgcacta
acagtactge
ctcaattaac
cacaattaga
tgacttotat
acctttatga

cttctaagga

Ala Asp
255

Thr Met

Ala Glu

Ser Phe

Val Asn
320

Ala Lys
335

Thr 1le

gtctttagac
cattaaccag
gcattatcac
catgtggtta
gaacaaagtt
ccaagccgaa
cgtgagetet
aaagcaatgt
agggtccaga
accagaagct
cttagtgggc
tatacgtgaa

taaaactatc

60
120
180
240
300
360
420
480
540
600
660
720
780



agacaaaaat
tttattgaga
ttagccacta
agtactacag
attcatccaa
gcaagggaga
aacgattgga
ttaggtgtat
gttatcttca
aggcacgatg
cccotgettt
aagtttgatt
ttttttgtag
ggtgctacaa
tataaggcca
tttctgaatg
aattgggatc
taa

<210> 6
<211> 600
<212> PRT
<213
<400> 6

1

Met Ser Leu Asp Ser Tyr Tyr Leu Gly Phe
25
Leu Lys gys Leu Ala Ile Asn GIn Asp Leu
5

Thr Val Glu Phe Glu Lys Asp Leu Pro His

50

65

Glu Ala Leu Asp Leu Val Leu Ser Lys Tyr

taatgagagc
agtacggttt
tatgttottt
ttettetget
ctctgccaaa
ggataagaga
ctctttttaa
attttectet
atccaaaaac
ccaaaaatat
cggattcaaa
acgatgaatc
gtgeggecttc
agggtaattt
tgtggteatt
acaattttcc

gcetataatte

5

20

acccatgaaa
caatacaaac
acccctgegg
caccgataag
ccattatatg
cgagttaaac
tcaagetgte
gegggagate
gggtatgatt
tgtagaatca
cgcaagctca
tcegetgegg
taaaaacgat
taggctagaa
gttatatgac
atggcatgta

caagattgte

Saccharomyces cerevisiae

Met Leu Cys Ser Val Ile GIn Arg Gln ¥hr
0

40

55

Val Tyr Ile His Gly Asp Thr Ile Glu Cys
70

30157

aatttgatag
tgcaaggtet
aagaatgacg
tatcacccet
ggtatgattt
aaagaacggg
ctagatgact
gttcctageg
gaaagagagg
caggctttaa
caacagagac
gactacctaa
gctattgtga
acaccaaact
tctaataaaa
atggaaagca

cccttaageg

Arg

Asp

Lys

Tyr

Pro

15

Arg

-40-

cgggtaccat
ctcceatgac
ttctegttte
ctccgaacta
gttattgtaa
aaaataatta
cagaaagtag
taaaagccat
tggccaagtt
gttgoagget
tgaacgaaga
ataaaaggcc
agaagtttge
catgtgecct
ttgeagttce
tatccgatgt

aactggaaaa

ctgtaaatat
tggggataat
cctaggaaca
tcatctttte
tggttettte
tgagaagact
tgaaaatgaa
aaacaaaagg
caaagacaag
aagaatatct
tacaatcgtg
agaaaggact
tcaagtcatt
tggtggtteat
ttttgataaa
ggataatgaa

gactctcate

Glu Val Ser Asn Thr

15

Leu Ser Thr GIn GIn

30

[le Val His Ser Glu

45

His Thr Lys Lys Gly

60

Val Ala Met Trp Leu
80

Glu Ala Lys Phe Pro

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1803



Leu

Val

Lys

Arg

145

Gln

Thr

I[le

Leu

Leu

225

Arg

Asp

I[le

Thr

Cys

305

Ser

Tyr

Asn

Tyr

Pro

130

Gln

Glu

Gly

Ala

Val

210

Glu

Lys

Lys

Ala

Asn

290

Ser

Thr

His

Lys

115

Glu

Thr

Phe

Ser

Ser

Glu

Phe

Thr

Gly

275

Cys

Leu

Thr

Leu

Val

100

Ser

Lys

Ala

Glu

Arg

180

Leu

Asn

Ala

Ser

Ile

260

Thr

Lys

Pro

Val

Phe
340

85

Met

Ser

Asp

Pro

Glu

Phe

Asp

Asp

245

Arg

Ile

Val

Leu

Leu

325

[le

Ala Val

Gln Ala

Leu Leu
135

Asn Trp
150

Cys Ile

His Phe

Pro Glu

Leu Thr
215

Ala Cys
230

Glu Leu

GIn Lys

Cys Lys

Ser Pro

295

Arg Lys
310

Leu Val

His Pro

Ser

Glu

120

His

Gln

Gly

Arg

Ala

200

Ser

Gly

Leu

Leu

Tyr

280

Met

Asn

Thr

Thr

30157

90

Gly Ser
105

Ser Leu

Tyr Val

Asp His

Gly Pro

170

Phe Thr
185

Tyr Glu

[le Leu

Met Asn

His Leu

250

Met Arg

265

Phe Ile

Thr Gly

Asp Val

Asp Lys
330

Cys GlIn

Leu Glu

Ser Ser
140

Ser Thr
155

Glu Lys

Gly Pro

Lys Thr

Val Gly
220

Leu Tyr
235

[le Asp

Ala Pro

Glu Lys

Asp Asn
300

Leu Val
315

Tyr His

95

GIn His Gly Ser

110

GIn Leu Asn Lys

125

Val

Ala

Met

Gln

Lys

205

His

Asp

Ser

Met

Tyr

285

Leu

Ser

Pro

Leu Pro Asn His Tyr

345

-41-

Ala

Lys

Ala

[le

190

Thr

Leu

Ile

Ser

Lys

270

Gly

Ala

Leu

Ser

Met
350

Phe Ala

Leu Lys

[le Ser

Val Glu

Arg Glu
240

Ser Lys
255

Asn Leu

Phe Asn

Thr Ile

Gly Thr
320

Pro Asn
335

Gly Met



Ile Cys Tyr

355

Leu Asn Lys

370

Leu Phe Asn

385

Leu Gly Val

[le Asn Lys

Glu Val Ala

435

Ser Gln
450

Glu

Asp Ser Asn

465

Lys Phe Asp

Pro Glu Arg

Val Lys Lys

515

Glu Thr
530

Leu

Trp Ser Leu

545

Phe Leu Asn

Val Asp Asn

Ser Glu Leu
595

30157

Cys Asn Gly Ser Leu Ala Arg Glu Arg

Glu Arg

Gln Ala

Tyr Phe
405

Arg Val
420

Lys Phe

Ala Leu

Ala Ser

Tyr Asp
485

Thr Phe
500

Phe Ala

Pro Asn

Leu Tyr

Asp Asn
565

Glu Asn
580

Glu Lys

360

Glu Asn Asn
375

Val Leu Asp
390

Pro Leu Gly
Ile Phe Asn
Lys Asp Lys

440
Ser Cys Arg

455

Ser GIn
470

Gln
Glu Ser Pro
Phe Val Gly

Ile
520

GIn Val

Ser Cys Ala

535

Asp Ser Asn

550

Phe Pro Trp

Trp Asp Arg

Thr Leu Ile
600

Tyr

Asp

Glu

Pro

425

Arg

Val

Arg

Leu

Gly

505

Gly

Leu

Glu Lys

Glu
395

Ser

Ile Val

410

Lys Thr

His Asp
I[le

Arg

Asn
475

Leu

Arg Asp

490

Ala Ser

Ala Thr

Gly Gly

Thr

380

Ser

Pro

Gly

Ala

Ser

460

Glu

Tyr

Lys

Lys

Cys
540

Lys Ile Ala Val

His

Tyr
585

555

Val
570

Met

Asn

-42-

Glu

Lys

[le Arg
365

Asn Asp

Ser Glu

Ser Val

Met Ile
430

Lys Asn
445

Pro Leu

Asp Thr

Leu Asn

Asn Asp
510

Gly Asn
525

Tyr Lys

Pro Phe

Ser Ile

[le Val
590

Asp Glu

Trp Thr

Asn Glu
400

Lys Ala
415

Glu Arg

[le Val

Leu Ser

[le Val
480

Lys Arg
495

Ala Tle

Phe Arg

Ala Met

Asp Lys
560

Ser Asp
575

Pro Leu



210> 7

211> 3279
<212> ADN
213>

<400> 7
atgetttttg

tctttatcaa
cagagagagg
gaacaagaag
gaatctccce
tttgegaagt
ataactaatg
tctcageaaa
ggtaaggata
ttagattccg
gtttettttt
cctaatgateg
gaatcgatta
ggtctottac
gtagaaaata
tattactctg
ttagagtecgt
aaccagcaat
agagaagcett
cgtcaattct
tttgttaatc
aatgatacta
ttaactcage
tataaaaatt
ttatctttte
tacttgaata
atcttcaaca
ttcagattag
atatttttte

Saccharomyces cerevisiae

30157

ataacaaaaa tcgeggtget ttaaactcac

tatcatccat
aagtgataga
tagattggtt
aattaatctc
ccaaattcaa
ataatcatgc
aaaactttaa
ccatcaaaaa
aaattgatga
gggctccaga
atccagecgg
gtgataagac
ttaagttggt
aggatgaaat
ctttgaactc
ttaatgttaa
tggaagatgt
cattgctata
cgcccaaaga
gtttaggcte
ctottttgga
aaactattat
ttgctcaaat
aaagactgga
aattcattcc
agtctatttt
atccttecct

tcgttggtaa

gtcggactat
tttgetagat
ttataactca
gaatatcata
cggaattcag
catctttatg
atttgectagt
aaataggatt
ccttttectg
aagcgaatta
cgtagatatt
catgtacaaa
taaagaaaga
taggttatta
tttgttecac
ggatgatgac
tctacttcac
cgctatccca
agctatatat
tgattatcaa
gattgtagaa
caacatcatg
tcactattat
aaaagtggag
aaatgattca
gaagacaaat
ggtgatgaca

tactttcaaa

cacgtgtttg
cagcaagggt
ttgggtattg
cattetttgt
ccaaggctat
gaatctaata
gacgceogtecg
gaaatggatg
gataacaagt
aagctaactt
tcctetcagg
gtttegtega
gaaggtcctg
gtcgettaca
tattacaagt
atcattatct
gatgtggagg
aacaattett
gctcatattg
aaccttttat
aacctaaaaa
tcgaageatt
cataatagta
ccttttaaga
cctgatttet
ttctttatta
aaattcgaat

gggttccata

-43-

tgaacacacc
attttcccgg
ttattcccga
acgatttgtt
atgcttcaaa
tcagcattaa
ctggtgtcag
gaaacgatac
attettgtce
ctcaaaaaaa
ttgtttatga
atttgotgaa
acgaaaataa
tcattaagac
agcgattcac
tgaaaccttc
tttecgttta
cagcattgaa
tccatgaggt
gtgotatatt
ctcaaatcac
gaaagttaag
acactataat
ctaaagatat
atgaccaaga
tgatcctgaa
caagaaaagt
atccagagac

tcaggttcag

agatattget
taaggacctg
cgatttgatc
cttctogaga
gctagattte
aaacaaaatt
cataagcgat
tttggageat
accttatgaa
ctgcagatta
gagtgtttac
aggtgatatt
aaaactatac
tactcgetce
cactaagegt
taagttctat
tttgaacgag
acaggttgaa
ttaccagaga
cattaaccat
cattaagegt
aaatgaaacc
ttccaagttg
ggagaagaca
gttcgaaget
aacactgaac
agcaatatca
accctatggt

agatatcgca

60
120
180
240
300
360
420
480
540
600
660
120
180
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



agggecggta
aacgttattg
ccagagggte
acatttgteg
ttaaaggaaa
gaaggaactg
tggtggaaat
tatggtatga
ttgacaaatt
aatgaaattc
gtectgtgte
aaaatgattt
gatgcaatgg
aacaccttte
ggtggtagac
gggaaatgta
aaaaatgett
ggtgtcacat
gtgcacaaat
gtagaagtgce
ttgaatcaac
aacaaattga
agaaactacc
cagtccgtat
tcaagcactt
attggtgeet
<210> 8

211> 1092
<212> PRT
Q213
<400> 8

1

ttcgtatagt
atgagaacta
gctctaaagg
ccttttecca
actatgtcaa
ctggtttegt
catttttgac
cttctotgeg
ctactgttta
ttttatette
atcctaaagg
ccgatttecga
atatcatget
atactcaaat
caaactcaat
aaattccata
tggaggaaca
cttcatcaat
ttattggaga
agtcaagaat
taaatggaac
acgacgatect
tattgttgga
tggaaaacat
ttgtttacca

taaaaagaga

ctgttccagg
tcaattggce
tgtcatctta
atatgtggat
ccttttacca
ggattgggca
tggaaaatce
tgttegtgot
caaattccaa
gccaaacgaa
tttagataaa
cacttccaaa
accaaatggt
tttcaaattt
tactctaaat
tattgtggag
tggotgtatt
ggaagtgtte
tgttagtggt
tcagaaaaat
ccacatttca
agttgettot
taaaataatt
tccagagage
gaacggtatc

agcggaggea

Saccharomyces cerevisiae

30157

aatcaggata
tctactcage
ttgaacccag
gcaatgattg
aaggaggaaa
actaaccatg
ccatctttgg
tatgttaata
actggtggte
tgttattteg
gatgaattat
ttatcaaaca
acaattgtag
gtggatcatg
aatctacatt
ggtgocaatce
ctgttcaaag
gcctcactag
gagaggtote
gctgaattag
gaaatttcaa
caagagttgt
ccaaaaattc
tatttgaaag
gatgttaaca

agtgcttga

10

tttatgattt
aacgtaaaaa
gattggtaga
acattctaat
tattattttt
ctcgtgtgag
gtggtattcc
aaatttacga
cggatggtea
caattctgga
geogeottgge
acggattttt
ctaacggcac
tcgacatttt
attttgttga
tatttataac
atgecttectge
cgettaacga
cgttgtacaa
agtttggtca
accaattgte
ggctcaatga
tgattgatgt
ttottotete

ttggaaaatt

gaattccaag
taaggatatt
acatgaccag
caacgatcca
tggcccagat
gaactgccca
ccatgacgaa
aactttaaac
tttgggatce
cggttcaggt
acatgaaagg
tgtttetgte
aaccttcaga
tgttccatgc
cgaaaagact
gcaacctget
aaacaaaggt
taacgacttc
gtcgtacgtt
gttatggaat
cttcactata
tctaaaatta
tgotgggect
gagttactta
cttggaattt

Met Leu Phe Asp Asn Lys Asn Arg Gly Ala Leu Asn Ser Leu Asn Thr
5

15

Pro Asp Ile Ala Ser Leu Ser Ile Ser Ser Met Ser Asp Tyr His Val

-44-

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3279



Phe Asp Phe

35

Leu Asp GIn
50

Asp Trp Phe

65

Glu Ser Pro

Lys Leu Asp

Phe Ser
115

Leu

Phe Met Glu

130

Asn Phe Lys

145

Gly Lys Asp

Pro Pro Tyr

Lys Ser

Glu Leu Lys

210

Pro Ala Gly

225

Glu Ser Ile

Lys Lys Leu

Pro Val Ile

275

20

Pro Gly Lys
Gln Gly Phe

Ser
70

Tyr Asn

Gln Leu Ile

85

Phe
100

Phe Ala

Ile Lys Asn

Ser Asn Thr

Ser
150

Phe Ala

Thr ITle Lys

165

Glu
180

Leu Asp

Lys Asn Cys

Leu Thr Phe

Val Asp Ile

230

Asp Lys
245

Ser

Tyr Gly Leu
260

Lys Thr Thr

Asp

Ile

55

Leu

Ser

Lys

Lys

Gly

135

Asp

Lys

Ser

Arg

Val

215

Ser

Thr

Leu

Leu

40

Pro

Gly

Asn

Ser

Ile

120

Val

Ala

Asn

Glu
1

Leu

200

Tyr

Ser

Met

Leu

25

Gln

Asp

Ile

Ile

Lys

105

I[le

Ser

Val

Arg

Val

Glu

Gin

Tyr

Lys
265

Arg Ser Val

280

30157

Arg Glu
Leu

Asp

Asp
75

Asp

Ile
90

His

Phe Asn

Thr Asn

[le Ser

Gly Asn

195

[le
170

Glu

Asp Asp

Phe

Ser

Ser Val

Leu
235

Asp
Lys Val
250

Leu Val

Glu Asn

-45-

Glu

Ile

60

Leu

Ser

Gly

Asp

Asp

140

Asp

Met

Leu

Trp

Tyr

220

Leu

Ser

Lys

Val

45

Glu

Phe

Leu

Ile

Asn

125

Ser

Thr

Asp

Phe

Ala

205

Pro

Lys

Ser

Glu

30

Ile Asp Leu
Gln Glu Val

Phe Ser Arg
80

Tyr Ala Ser
95

Gln Pro Arg
110

His Ala Ile

Gln GIn Lys

Leu Glu His
160

Asp Ser Cys
175

Leu Asp Asn
190

Pro Glu Ser
Asn Asp Asp

Gly Asp Ile
240

Asn Glu Asn
255

Arg Glu Gly
270

Lys Asp Glu Ile Arg

285



Leu Leu Val

Leu

305

Leu

Tyr

Glu

I[le

Pro

385

Phe

Thr

Lys

[le

Ala

465

Leu

Glu

Leu

Thr

290

Asn

Glu

Leu

Ala

Pro

370

Lys

Val

Ile

Arg

Met

450

GIn

Ser

Phe

Leu

Asn
530

Ser

Ser

Asn

Ala

355

Asn

Glu

Asn

Lys

Lys

435

Ser

Ile

Phe

Glu

Phe

Ala Tyr

Leu Phe

Phe Asn
325

Glu Asn
340

Leu Lys

Asn Ser

Ala Tle

Arg Leu
405

Arg Asn
420

Leu Arg

Lys His

His Tyr

Gln Arg
485

Ala Tyr
500

Leu Lys

Phe Ile

Lys Arg
295

His Tyr
310

Val Lys

Gln GIn

Gln Val

Phe His

375

Tyr Ala
390

Gly Ser

Asp Thr

Asn Glu

Tyr Thr

455

Tyr His
470
Leu Glu

Leu Asn

Thr Leu

Phe

Tyr

Asp

Leu

Glu

360

Glu

His

Asp

Thr

Thr

440

Ile

Asn

Lys

Lys

Asn
520

30157

Thr Thr Lys Arg Tyr Tyr Ser Ala
300

Lys Leu Lys Pro Ser Lys Phe Tyr
315 320

Asp Asp Ile Ile Ile Phe Ser Val
330 335

Glu Asp Val Leu Leu His Asp Val
345 350

Arg Glu Afa Ser Leu Leu Tyr Ala
365

Val Tyr Gln Arg Arg GIn Phe Ser
380

Ile Gly Ala Ile Phe Ile Asn His
395 400

Tyr GIn Asn Leu Leu Ser GIn Ile
410 415

Leu Leu Glu Ile Val Glu Asn Leu
425 430

Leu Thr GIn GIn Thr Ile Ile Asn
445

Ile Ser Lys Leu Tyr Lys Asn Phe
460

Ser Thr Lys Asp Met Glu Lys Thr
475 480

Val Glu Pro Phe Lys Asn Asp Gln
490 495

Phe Ile Pro Asn Asp Ser Pro Asp
505 510

Ile Phe Asn Lys Ser Ile Leu Lys
525

Thr Arg Lys Val Ala Ile Ser Phe Arg Leu Asp

535

540

-46-



Pro

545

Ile

Arg

Asp

Leu

Ser

625

Thr

[le

Glu

Trp

Phe

705

Tyr

Glu

Gly

Asn

Pro
785

Ser Leu Val
Phe Phe Val

Ile Ala
580

Asp

Ile Tyr Asp

995

Ala
610

Ser Thr

Lys Gly Val

Phe Val Ala

Pro
660

Asn Asp

[le Leu Phe

675

Ala
690

Thr Asn

Leu Thr Gly

Gly Met Thr

Asn
740

Thr Leu

Asp Gly

155

Pro

Glu
770

Lys Gly Leu

Met

Val

565

Arg

Leu

GIn

[le

Phe

645

Leu

Phe

His

Lys

Ser

125

Leu

Asp

Asp

Thr Lys Phe
550

Gly Asn Thr

Gly Gly Ile

Asn Ser Lys
600

Gln Arg Lys
615

Leu Leu Asn
630

Ser GIn Tyr

Lys Glu Asn

Gly Pro Asp
680

Ala Arg Val
695

Ser Pro Ser
710

Leu Gly Val

Thr Asn Ser

Leu Gly Ser
760

Cys Tyr Leu Ala Ile Leu

175

Lys Asp Glu
790

Glu

Phe

Arg

585

Asn

Asn

Pro

Val

Tyr

665

Glu

Arg

Leu

Arg

Thr

145

Asn

Asp

Leu

30157

Tyr

Lys

570

Ile

Val

Lys

Gly

Asp

650

Val

Gly

Asn

Gly

Ala

130

Val

Glu

Gly

Cys

Pro

555

Gly

Val

Ile

Asp

Leu

635

Ala

Asn

Thr

Cys

Tyr

[le

Ser

Arg
795

-47-

Glu

Phe

Cys

Asp

[le

620

Val

Met

Leu

Ala

Pro

100

I[le

Val

Lys

Leu

Gly

180

Leu

Thr Pro Tyr

His Ile Arg

575

Ser Arg Asn

590

Glu
605

Asn Tyr

Pro Glu Gly

Glu His Asp

Asp Ile
655

Pro Lys
670

Leu

Gly Phe Val

685

Trp Trp Lys

Pro His Asp

Asn Lys Ile
735

Phe GIn Thr
750

Leu Ser Ser
765

Val Leu Cys

Ala His Glu

Gly

960

Phe

Gln

Gln

Gly

Gln

640

Leu

Glu

Asp

Ser

Glu

120

Tyr

Gly

Pro

Asp

Arg
800



Lys Met Ile

Phe Val Ser

Val Ala Asn
835

Lys Phe Val
850

Asn Ser lle
865

Gly Lys Cys

Thr Gln Pro

Lys Asp Ala
915

Val Leu Ala
930

Ile Gly Asp
945

Val Glu Val

GIn Leu Trp

Ser Asn GIn
995

Ala Ser
1010

Asp
805

Ser

Val
820

Asp

Gly Thr

Asp His

Thr Leu

[le
885

Lys

Ala
900

Lys

Ser Ala

Ser Leu

Val Ser

GIn Ser

965

Asn Leu
980

Leu Ser

Phe

Ala

Thr

Val

Asn

870

Pro

Asn

Asn

Ala

Gly

950

Arg

Asp Thr Ser

Met Asp Ile
825

Phe Arg Asn
840

Asp Ile Phe
855

Asn Leu His

Tyr Ile Val

Ala Leu Glu
905

Lys Gly Gly
920

Leu Asn Asp
935

Glu Arg Ser

[le GIn Lys

30157

Lys Leu Ser
810

Met Leu Pro

Thr Phe His

Val Pro Cys

860

Phe Val
875

Tyr

Glu
890

Gly Ala
Glu His Gly
Val Thr Ser

Asp Phe
940

Asn

Ala Leu Tyr

955

Asn Ala Glu
970

Asn GIn Leu Asn Gly Thr His

985

Asn Asn

Asn Gly
830

Thr Gln
845

Gly Gly

Asp Glu

Asn Leu

Cys Ile
910

Ser Ser
925

Val His

Lys Ser

Leu Glu

[le Ser
990

Gly Phe
815

Thr Ile

Ile Phe

Arg Pro

Lys Thr

880

Phe
895

Ile

Leu Phe

Met Glu

Phe

Lys

Val
960

Tyr

Phe
975

Gly

Glu Ile

Phe Thr Ile Asn Lys Leu Ash Asp Asp Leu Val

1000

1015

1005

1020

GIn Glu Leu Trp Leu Asn Asp Leu Lys Leu Arg Asn Tyr

Leu Leu Leu Asp Lys Ile Ile Pro Lys Ile Leu IIe5 Asp Val Ala
1 103

1025

Gly Pro Glin Ser Val Leu Glu Asn Ile Pro Glu Ser

1040

Val Leu Leu Ser Ser Tyr Leu Ser Ser Thr Phe Val

030

1045

1050
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Tyr Leu Lys

Tyr GlIn Asn



30157

1055 1060 1065

Gly Ile Asp Val Asn Ile Gly Lys Phe Leu Glu Phe Ile Gly Gly
1070 1075 1080

Leu Lys Arg Glu Ala Glu Ala Ser Ala
1085 1090
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