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Linh vue ki thuit dwoe d cip

Séang ché dé cap dén bién thé glutamat—xystein ligaza méi va phuong phap sén
xuat glutathion st dung bién thé nay. Ngoai ra, sang ché con dé cap dén polynucleotit
ma hoa bién thé glutamat—xystein ligaza, vecto chira polynucleotit, va vi sinh vat san

sinh glutathion.
Tinh trang ki thuit cia sang ché

Do hep chat lyu huynh hitu co thudng c6 mat trong hau hét cac té bao, glutathion

(GSH) la tripeptit bao gom ba axit amin: glyxin, glutamat, va xystein.

Glutathion ¢6 mit trong co thé sdng & dang khir clia glutathion (GSH) va & dang
oxy hoéa cua glutathion (GSSG). Dang khtr cua glutathion (GSH) ¢6 mit voi ty 1€ tuong
dbi cao trong cac trudng hop binh thuong, phan bd chii yéu trong gan va céc té bao da
cua co thé con ngudi va c6 vai trd quan trong 12 chitc ning chbng oxy héa trong viéc
phan huy va loai bo oxy phan {mg, chirc ning giai doc trong viée loai bé cic hop chat
xenobiotic ching han nhu cac chit doc, va chirc ning 1am tring trong viée tic ché san

sinh melanin.

Do viée san xuét glutathion giam dan khi qua trinh lao hoa tién trién, va su giam
sat trong san xuit glutathion ¢6 vai tro quan trong trong cic chiic nang chéng oxy héa
va chtic nang giai doc, thiic diy su tich tu cua oxy phan tng, 13 nguyén nhan chinh giy
gia hoa, nén can phai cung c¢ip glutathion tir bén ngoai (Sipes IG ef al., “vai trd cla
glutathion trong ddc tinh clia c4c hop chét xenobiotic: hoat hoa chuyén hoa cia 1,2-

dibromoetan béi glutathion™, 4dv Exp Med Biol. 1986; 197:457-67).

Glutathion c¢6 céac chie nang khac nhau nhu mo ta bén trén, da thu hat sy chi y
nhu chat nén trong cac linh vue khac nhau chang han nhu duge pham, thuc pham chire
nang stre khoe, va my phim, va con duoe sir dung dé san xuét cac thanh phan huong vi
va thuc phdm va phu gia thire dn chan nudi. DA biét rang glutathion ¢6 hiéu qua Ién
trong viéc 1am phong pht huong vi ciia nguyén liu tho va duy tri huong vi t6t va co thé

duoe sir dung riéng 18 hodc theo cdch két hgp voi cdce chat khae, nhu chat tang cudng
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huong vi kokwmi. Thong thuong, cac chat kokumi da duge biét dén c6 huong vi phong
pht hon so voi cac chat umami, ching han nhu céc axit nucleic di biét va mononatri

glutamat (MSG), va duge tao ra boi sy phan hity protein trong qué trinh thuan thyc.

Mie di ¢6 nhu cdu ngdy cang tang d6i voi glutathion cho cac linh vue Ung dung
khac nhau, thi truomg ndy van chua duoc kich hoat boi vi chi phi cao dé san xuat cong
nghiép glutathion do cac quy trinh téng hop cc enzym tir d6 chwra duoe thuong mai hoa
vi chi phi sdn xuét cao, va nang sudt cia cac phuong phép nudi cay cac vi sinh vét va

chiét xuét glutathion tir 6 1a thap.
Bin chét k§ thudt ciia sdng ché

D¢ giai quyét cac van dé con ton tai néu trén, tr ket qua cac cdc nghién clru chuyén
sAu, cé4c tac gid sdng ché di phat trién bién thé glutamat-xystein ligaza mai va thiy rang
su gia tang dang ké trong kha nang san sinh glutathion cua cac chung céd glutamat—

xystein ligaza moi duge dua vao trong do, nho do hoan thién sang che.

Sang ché dé xudt bién thé glutamat—xystein ligaza trong d6 axit amin twong ung
v&i vi trf thir 86 tir dau N cua trinh tu axit amin ¢ ma nhan biét SEQ ID NO: 1 duoc

thay thé bing axit amin khac.
Séng ché dé xuat polynucleotit mi hoéa bién thé va vecto chita polynucleotit.

Séng ché dé xuit vi sinh vat san sinh glutathion bang cach chta it nhat mot: bién

thé: polynucleotit ma hoéa bicn the; va vecto chira polynucleotit.
Sang ché & xuit phuong phap san xuit glutathion bao gom nudi cay vi sinh VAt
g p g phap g Y :
Hiéu qua dat dugc cua sang ché

Bién thé glutamat—xystein ligaza mdi cua sang ché gia tang dang k& san sinh

glutathion va do d6 ¢6 thé dwoc st dung trong san xuat glutathion véi ning suat cao. Do

r
~

cac nAm men san sinh glutathion v6i nang suét cao, cac san pham sdy kho, cac chiét
xuét, cac dich nubi céy, va dich ly giai cta ching, va glutathion dugc san XUAt co cac
tac dung chéng oxy hoa, giai doc va tang cuong mién dich, chung ¢6 thé duoc su dung
hidu qué trong cac ché phim my pham, cac ché pham thuc pham, cac ché pham thtc an

chan nudi, va cac ché pham dugce pham va céc che pham cua ching.

M3 t4 chi tiét sang ché
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Séng ché s& duge mo ta chi tiét. Trong khi do, mdi phan mé ta va phuong an dugce
bde 16 trong sang ché 6 thé duoc ap dung trong phin mé ta nay cho cac phan mé ta va
céc phuong an khic. Noi cich khac, tat ca cic su két hop ciia cdc thanh phan khac nhau
trong sang ché nam trong pham vi bao ho cia sang ché. Ngoai ra, pham vi cha sang ché
khéng bi gioi han béi cac phan mo ta bén dudi.

Ngudi ¢6 hiéu biét trung binh trong cuing linh vue k¥ thudt sé xac nhan va co thé
x4c dinh chic chin nhiéu phuong an twong duong véi cac phwong an cy thé cua sang
ché ma khong cin st dung nhiéu thtr nghiém thong thuong. Cac phuong an twong tuong

nam trong pham vi bao hd cta cic yéu clu bao hd kém theo.

Khia canh ctia sang ché d¢ xuat bién thé glutamat—xystein ligaza trong d6 axit amin
twong Gng v6i vi tri thir 86 tr dau N cla trinh ty axit amin c6 ma nh4n biét SEQ ID

NO: 1 dwoc thay thé bang axit amin khéc.

Bién thé c6 thé 12 bién thé glutamat—xystein ligaza bao gbm it nhit mdt su thay thé
axit amin trong trinh tu axit amin ¢é ma nhén biét SEQ ID NO: 1, trong d6 su thay thé
bao gbm su thay thé axit amin twong Gmg véi vi tri thi 86 tir dau N cua trinh tw axit amin
¢6 mi nhan biét SEQ ID NO: 1 bing axit amin khac.

Cu thé, bién thé ¢6 thé 14 bién thé protein trong dé axit amin thir 86 tir dau N cua

trinh tw axit amin ¢4 mi nhan biét SEQ ID NO: 1 dwoc thay thé b;fmg axit amin khac.

“Glutamat—xystein ligaza (GCL)" cua sang ché 1a enzym con dugce tham chiéu dén
y
nhu “enzym lién két glutamat—xystein” hodc “gamma-glutamyl xystein synthetaza

(GCS)”. Glutamat—xystein ligaza duoc biét 1a chét xic tac cho phan tmg sau:
L-glutamat + L-xystein + ATP < gamma-glutamyl xystein + ADP + P;

Ngoai ra, phan g dugce xic tac bdi glutamat—xystein ligaza dugc biét dén 1a budce

thir nhét coa tong hop glutathion.

Glutamat—xystein ligaza 1a trinh tw ¢6 ngudn gbc tr ndm men, c6 thé 13 protein
chira trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 1, tuy nhién sang ché khéng gisi
han & do.

Theo sang ché, trinh tr axit amin ¢6 ma nhan biét SEQ ID NO: 1 1a trinh ty axit

amin dugc ma hoa boi gen gshl va ¢ thé con dwoc tham chidu dén nhu “protein GSH1”

hodc “glutamat—xystein ligaza”. Trinh ty axit amin cau thanh glutamat-xystein ligaza
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ctia sang ché c6 thé thu duge tir co s& dir lidu da biét cia Ngan hang gen ctia Trung tim
Thong tin Coéng nghé Sinh hoc Qudc gia (National Center for Biotechnology
Information: NCBT). Vi du, trinh tw axit amin c¢é thé ¢6 ngudn gbc tir Saccharomyces
cerevisiae, nhung sing ché khong gidi han & dé, va c6 thé bao gdm bét ky trinh tur ¢o

cung hoat tinh nhu trinh tur axit amin ma khong bi giéi han,

Ngoai ra, mac du glutamat—xystein ligaza duge x4c dinh 13 protein chtra trinh ty
axit amin c6 ma nhdn biét SEQ ID NO: | theo sdng ché, khong loai trur dot bién c6 thé
xuét hién ty nhién hodc bz"mg céch bd sung trinh ty v6 nghia & phia trudc hodc phia sau
cua trinh ty axit amin ¢6 mi nhan biét SEQ ID NO: 1 hodc dat bién xay ra tu nhién hodc
dot bién cam cua nd, va hién nhién doi voi nguoi c6 hicu biét trung binh trong cung linh
vue k¥ thuit ring bat ky protein ndo cd hoat tinh gibng hodc twong duong vai protein
chia trinh tu axit amin ¢6 ma nhén bibt SEQ ID NO: I thudc vao glutamat—xystein

ligaza ctia sang ché.

Vi du, glutamat—xystein ligaza ctia sang ché cé thé 14 protein bao gom trinh ty axit
amin ¢6 ma nhin biét SEQ 1D NO: | hodc trinh tu axit amin ¢ it nhit 80%, 85%, 90%,
95%, 96%, 97%, 98%, hoac 99% su tuong ddng hodc déng nhit vdi né. Hon nita, hién
nhién 1’5ng bét ky protein ¢6 trinh ty axit amin bao gém xda, stra ddi, su thay thé, hoic
b6 sung v&i mot hodc mét vai axit amin nim trong pham vi bao ho cua sang ché mién
14 trinh ty axit amin giit nguyén su twong dong hodc dong nhat dugc mo ta bén trén va

hoat tinh twong duong véi hoat tinh cua protein.

Noi cach khae, méc du cac khai niém “protein hodc polypeptit c6 trinh ty axit amin
¢6 ma nhan biét SEQ ID NO dinh trude™ va “protein hodc polypeptit bao gom trinh ty
axit amin ¢6 ma nhan biét SEQ ID NO dinh trude” duoc st dung trong sang ché, hién
nhién rang bit ky protein ¢6 trinh ty axit amin bao gdm x0a, sta ddi, su thay thé, hoic
b6 sung véi mot hodc mot vai axit amin cling ¢ thé duoc sit dung trong sang ché, mién
1& protein ¢6 hoat tinh tuong tu hodc twong duong véi hoat tinh cupolypeptit chira trinh
tu axit amin dinh trude. Vi dy, hién nhién ring “polypeptit chita trinh ty axit amin co
ma nhan biét SEQ ID NO: 17 thudc vao “polypeptit bao gdm trinh ty axit amin c6 ma
nhén biét SEQ ID NO: 1” mién la polypeptit trude ¢é c6 hoat tinh tuong tu hodc twong

duong vai hoat tinh ctia polypeptit sau.

Nhu st dung ¢ day, thudt nghr “bién thé” tham chiéu dén protein thu dirgc bang
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cach thay thé bao thu va hodc sira doi it nhat mét axit amin khac v&i axit amin ctia trinh
tu trong khi gilt cac chiic ning hodc cac dac tinh cua cdc protein, va co thé 1a bién thé
cta glutamat—xystein ligaza trong d6 axit amin twong Gmg v6i vi tri thir 86 tir dau N cia
trinh ty axit amin c6 ma nhin biét SEQ ID NO: 1 duogc thay thé bﬁmg géc axit amin khdc
vdi xystein theo cac muc dich cua sang ché. Bién thé khac voi trinh tu duoc xac dinh
bing cach thay thé, xoa, hodc bb sung mot vai axit amin. Cac bién thé nay c6 thé thudng
dugc xac dinh béng cach stra doi mot trong cac trinh ty axit amin bén trén cua protein
va danh gi4 cac dic tinh cta protein da sira doi. Tire 13, kha ning cia bién thé c¢6 thé
twong 1én tuong d6i so voi protein ty nhién. Ngoai ra, mét s6 bién thé ¢ thé bao gdm
céc bién thé tir do it nhat mot phén chéng han nhu trinh ty dan dau dau N- hoac mién
xuyén mang di bi loai bo. Céc bién thé khac c6 thé bao gdm cac bién thé trong d6 mot
phan duoc loai bé tir cac dau N- va/hodc dau C- clia protein truong thanh. Thuat ngit
“bién thé” c6 thé duoc st dung thay thé bang cac thuat ngit khic chang han nhu sira doi,
protein sira dbi, polypeptit sira ddi, dot bién, thé dot bién, va phan ky, va bat ky thuat
ngd ndao duoe sir dung dé xac dinh su bién doi ciing ¢ thé dugc st dung ma khong gibi
han. Theo cac muc dich cua sang ché, bién thé c6 thé ting cuong hoat tinh so v&i cac

protein khéng stra d6i hodc kidu dai, tuy nhién séng ché khéng gidi han & do.

Nhu str dung & ddy, thuit ngi “thay thé bao thu” tham chiéu dén su thay thé cia
mot axit amin béng axit amin khac ¢6 cdu tric va/hodc céc tinh chat héa hoc tuong tu.
Bién thé ¢6 thé ¢6 it nhil mot thay thé bao (hu trong khi vin giit it nhit mdt hoat tinh
sinh hoc. Su thay thé axit amin nhu vay c6 thé thudng xudt hién dua trén sy giéng nhau
v& tinh phén cuc, dién tich, kha ning hoa tan, tinh ky nude, tinh wa nude, va/hoic tinh

ludng tinh cua goc.

Céc bién thé ciing co thé bao gdm x6a hodc thém céc axit amin ma c6 sy anh huéng
t6i thidu dén céc tinh chit va clu trac thir cAp cua polypeptit. Vi dy, polypeptit c6 thé
duge két hop véi trinh ty (hodc dan dﬁu) tin hi¢u tai diu N coa protein ma déng dich ma
hodc sau dich ma din hudng dich chuyén cta protein. Polypeptit co thé dugc két hop

v&i trinh ty khac hodc doan ndi dé x4c dinh, tinh ché hoac Lfmg hop polypeptit polypeptit.

Theo sang ché, “duogc thay thé béng axit amin khac” khong bi gi61 han cu thé mién
13 axit amin sau khi thay thé 12 khac véi axit amin trude khi thay thé. Téc 13, sy thay thé
cua xystein {3 axit amin thr 86 tu dau N cta trinh ty axit amin c6 ma nhan biét SEQ ID

NO: 1 bang axit amin khac cling c6 thé dugc biéu hién 14 “su thay thé cua axit amin thi
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86 bang axit amin khac véi xystein”. Trong khi d6, theo sang ché, hién nhién rang cum
tur “duoc thay thé bang axit amin dinh trudce” ¢d nghia la axit amin sau thay thé la khac
vGi axit amin trude khi thay thé trir khi cum to “dugc thay thé bang axit amin khac”

dugce dua ra.

“Bién thé glutamat—xystein ligaza” cua sang ché ciing c6 thé tham chiéu dén nhu
“(bién thé) polypeptit c6 hoat tinh glutamat—xystein ligaza” hodc “GSHI bién thé” co
thé ting san sinh glutathion so v6i protein trude khi sira doi, polypeptit kiéu dai, hodc

polypeptit khong sua doi, sang ché khong gidi han ¢ do.

Trong bién thé, it nhat mdt axit amin coa trinh tu axit amin ¢6 ma nhan biét SEQ
ID NO: 1 ¢6 thé dwoc thay thé béng axit amin khac. Cu thé, bién thé ¢6 thé bao g6111 sy
thay thé axit amin tuong Gmg v6i vi tri thir 86 cta trinh ty axit amin c6 mi nhén biét
SEQ ID NO: 1 béng axit amin khac v&i xystein. Axit amin khac co thé duoc lua chon
tir glyxin, alanin, valin, leuxin, isoleuxin, methionin, phenylalanin, tryptophan, prolin,
serin, threonin, tyrosin, asparagin, glutamat, glutamin, aspartat, lysin, arginin, va
histidin.

Theo sang ché, hién nhién ring “bién thé trong d6 axit amin thi 86 tr dAu N cta
trinh ty axit amin c6 ma nhan biét SEQ ID NO: I duoc thay thé bang axit amin khac”
bao gém bién thé trong d6 axit amin twong Gng véi vi tri thir 86 cua trinh ty axit amin
¢6 mi nhan biét SEQ ID NO: 1 dugce thay thé bing axit amin khac, mic di axit amin la
o vi tri khac voi vi tri thir 86 do x6a/thém/chen hoac tuong tu cua axit amin tai dau N-

hodc dau C- hoic ¢ gilra ctia trinh ty axit amin ¢6 ma nhén biét SEQ ID NO: 1.

Hon nita, mic du bién thé, trong do axit amin thi 86 tir ddu N cua trinh ty axit
amin ¢6 ma nhén biét SEQ ID NO: 1 dugc thay thé bﬁng axit amin khac, duoc boc 10
nhu vi du cua bién thé glutamat—xystein ligaza theo sang ché, bién thé glutamat—xystein
ligaza cua sang ché khéng bi gi6¢i han & bién thé ctia trinh ty axit amin ¢ ma nhén biét
SEQ ID NO: 1, va hién nhién rang bién thé trong d6 “axit amin twong tmg véi vi tri thir
86 clia trinh tu axit amin cd ma nhén biét SEQ 1D NO: 1” duge thay thé bang axit amin
khac trong bat ky trinh fr axit amin c6 hoat tinh glutamat—xystein ligaza cling nam trong

pham vi cua bién thé glutamat—xystein ligaza cta sang che.

Trong bat ky trinh ty axit amin, “axit amin twong tmg voi vi trf thir 86 cua trinh oy

axit amin c6 ma nhan biét SEQ 1D NO: 17 ¢c6 thé duoe xac dinh bang cac phuong phap
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cin chinh trinh ty khac nhau da dugc biét dén trong linh vuc ky thuat nay.

Bién thé glutamat—xystein ligaza cta sang ché trong d6 axit amin twong tmg véi
vi trf thtr 86 tir ddu N cia trinh ty axit amin ¢o ma nhén biét SEQ ID NO: 1 duoc thay
'thé bang axit amin khac ¢o thé 13 protein chia trinh ty axit amin c6 ma nhén biét SEQ
ID NO: 1 hoiic trinh ty axit amin ¢ it nht 80%, 85%. 90%, 95%, 96%, 97%, 98%, hoic
99% sy twong ddng hodc dong nhét cfia né trong dé axit amin twong Gng voi vi tri thir

86 c6 ma nhan biét SEQ ID NO: 1 dugc thay thé bang axit amin khac.

Bién thé glutamat—xystein ligaza trong d6 axit amin thir 86 tir dau N cia trinh ty
axit amin ¢6 ma nhén biét SEQ ID NO: 1 duoe thay thé bang axit amin khic voi xystein
theo sang ché ¢6 thé bao gdm mét trong céc trinh ty axit amin ¢6 mi nhan biét SEQ ID
NO: 3 dén SEQ ID NO: 21. Cu thé, bién thé vé co ban cb thé bao gdm mot trong cic
trinh ty axit amin c6 ma nhan biét SEQ ID NO: 3 dén SEQ ID NO: 21, va cy thé hon,
c6 thé chi bao gdm mot trong céc trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 3 dén

SEQ ID NO: 21, nhung séng ché khdng giéi han ¢ d6.

" Hon nita, bién thé ¢6 thé bao g&m mot trong cac trinh tu axit amin ¢6 ma nhan biét
SEQ ID NO: 3 dén SEQ ID NO: 21 hoic trinh tu axit amin bao gdm axit amin thir 86
cb dinh (tirc 13, trong trinh ti axit amin cua bién thé, axit amin tuwong Gng véi vi tri thit
86 cla trinh ty axit amin c6 ma nhan biét SEQ ID NO: 3 dén SEQ ID NO: 21 gibng véi
axit amin tai vi tri thir 86 cha trinh i axit amin c¢6 ma nhan biét SEQID NO: 3 dén SEQ
ID NO: 21) va ¢6 it nhit 80% sy tuong dong hodc dong nhét véi nd, nhung sang ché

khong gidi han o do.

Cu thé, bién thé cta séng ché ¢6 thé bao gém polypeptit c6 mot trong cac trinh ty
axit amin ¢6 ma nhan biét SEQ 1D NO: 3 dén SEQ 1D NO: 21 va polypeptit ¢é it nhat
80%, 90%, 95%, 96%, 97%, 98%, hodc 99% su twong dong hodc ddng nht voi mot
trong céc trinh tu axit amin c6 mi nhan biét SEQ ID NO: 3 dén SEQ ID NO: 21. Hon
nita, hién nhién rang bét ky protein ¢6 trinh tir axit amin bao gom xoba, stra doi, thay thé,
hodc bd sung voi mot hode mot vai axit amin tai vi tri khac voi vi tri thir 86 nim trong
pham vi bao hé cta sang ché mién 14 protein giit lai sy twong dong hodc dong nhét duge

mo ta bén trén va hiéu qué twong duong va1 hi€u qua cia bién the.

Nhu sir dung & déy, thudt nglt “tuong dong” hoac “twong ty” tham chicu dén mic

do lién quan giira hai trinh ty axit amin da cho hodc céc trinh tu bazo va c6 thé dugc

~

7175



47975

bidu dién dudi dang phan trim. Céc thuat ngit twong dong va dong nhét thudng c6 thé

duge st dung thay thé cho nhau.

Sy twong dong hodc ddng nhét trinh ty cta cdc polynucleotit hodic cac polypeptit
bad ton ¢6 thé duoc xac dinh bang thuat toan can chinh tiéu chuan, va cac ham phat
khodng tréng dich chuyén tidu chudn duge thiét 1ap béi cac chuong trinh c6 thé duoc s
dung ciing v&i n6. Ngoai ta, cac trinh tu tuong dong hodc dong nhat ¢ thé duoc lai hoa
v6i nhau véi it nhat khoang 50%, 60%, 70%, 80%, hodc 90% ctia toan bd trinh tu hodc
toan bo chidu dai dudi cac didu kién nghiém ngit cao hoic vira phai. Trong cic
polynucleotit da lai héa, cic polynucleotit bao gdm don vi mi héa (codon) thodi bién

thay vi codon cling ¢6 thé dugc xem xét.

Su twong dong, tuong ty hodc dong nhit trinh ty gitra hai polypeptit. hodc
polynucleotit nhat dinh c6 thé duge xac dinh bang cach sir dung bat ky thuét todn may
tinh d biét chang han nhu chuong trinh “FASTA” bang cach sir dung cac tham s6 ham
phat nhu dwgc gidi thi¢u bai, vi du, Pearson er al. (1988) Proc. Natl. Acad. Sci. USA
85:2444. Ngoai ra, thudt toan Needleman—Wunsch (1970, J. Mol. Biol. 48:443-453)
duogc thyc hién trong chuong trinh Needleman cua géi B phin mém mé sinh hoc phin
tir chau Au (The European Molecular Biology Open Software Suite: EMBOSS) (Rice
et al., 2000, Trends Genet. 16:276-277) (phién ban 5.0.0 hodc cao hon) co thé duge su
dung dé x4c dinh su tuong ddn g, twong ty hodc déng nhat trinh tu (bao gdm géi chuong
trinh GCG (Devereux, J. et al., Nucleic Acids Research 12:387 (1984)), BLASTP,
BLASTN, FASTA (Atschul, S. F. et al., J MOLEC BIOL 215:403 (1990); Guide to
Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego, 1994; va
CARILLO et al. (1988) SIAM J Applied Math 48:1073). Vi du, sy tuong dé)ﬂg, tuong tu
hodc dong nhét c6 thé duoc xac dinh bang cach st dung BLAST, tir co s& dit lidu cua

Trung tAm Thong tin Cong nghg Sinh hoc Québc gia, hodc ClustalW.

Sy twong dong, tuong ty hodc ddng nhat giita cac polynucleotit hodc cac polypeptit
¢6 thé dugce xac dinh bang céch so sanh théng tin trinh ty sit dung chuong trinh may tinh
GAP, chéng han nhu chuong trinh dwge gidi thiéu boi Needleman et al. (1970), J Mol
Biol. 48:443 da duoc boe 10 trong Smith va Waterman, Adv. Appl. Math (1981) 2:482.
Tom lai, chuong trinh GAP xac dinh sy twong ty nhu sO lugng cac ky hiéu duge cin
chinh (trc 13, c4c nucleotit hodc axit amin) gidng nhau chia cho tong s6 ky hiéu trong

mot doan ngén hon cua hai trinh ty. Cac tham s6 mic dinh cho chuong trinh GAP ¢6

8
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thé bao gdm: (1) ma trin so sanh nhj phan (chiza gi4 tri 1 cho dong nhit va 0 cho khong
dong nhit) va ma trdn so sanh trong s0 cua Gribskov ez al. (1986), Nucl. Acids Res.
14:6745, nhu dugc dua ra boi Schwartz va Dayhoff, eds., Atlas of Protein Sequence and
Structure, National Biomedical Research Foundation, cac trang t 353 dén 358 (1979)
(hodic ma tran thay thé EADNFULL (phién ban EMBOSS cia NCBI NUC4.4)); (2) ham
phat 3,0 cho mdi khoang tréng dich chuyén va ham phat bd sung 0,10 cho mdi ky hidu
trong moi khoang tréng dich chuyén (hodc ham phat mé khoang tréng dich chuyén 10
va ham phat mé rong khoang tréng dich chuyén 0,5); va (3) khong ¢6 ham phat cho cac

khodng trong dich chuyén cudi cing.

Hon nita, sy tuong dong, tuong tw hodc dong nhit trinh ty gitra hai polynucleotit
hodc polypeptit nhit dinh c6 thé dwoc xdc dinh bang cach so sanh cac trinh tw cta chiing
bing céc lai Nam duéi cac didu kién nghiém ngat da xac dinh, va céc didu kién lai héa
nghiém ngat da xac dinh nim trong pham vi k¥ thudt va co the duge xac dinh bﬁng
phurong phap da biét d6i vdi ngudi co hiéu biét trung binh trong ciing linh vuc ky thuat
(Vi dy, J. Sambrook et al., Molecular Cloning, A Laboratory Manual, An phan thir 2,
Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M.
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New

Y ork).
Khia canh khac cua sang ché dé xuat polynucleotit mi hoa bién thé.

Nhu st dung & day, thudt nglt “polynucleotit” tham chiéu dén polyme cua céc
nucleotit trong dé cac don phan nucleotit dugc lién két véi nhau theo hinh dang chuoi
dai bang lién két cOng hoa tri va thuong ¢6 nghia 1a sgi ADN hodc ARN c6 chiéu dai

t6i thiéu nhat dinh, cu thé hon 1a doan polynucleotit ma héa bién thé.

Polynucleotit ma hoa bién thé protein theo sang ché co thé bao gém bat ky trinh tur
nucleotit md hoa bién thé glutamat—xystein ligaza c6 hoat tinh dugc ting cudng ma

khong bi giéi han.

Gen ma hoa g;lutamat«xystein ligaza cua sang ché co thé 1a gen gsh/. Gen c6 thé
¢6 nguodn géc tir ndm men. Cu thé, gen ¢o6 thé co ngué‘m géc tur vi sinh vat thudc chi
Succharomyces, cu thé hon 13 Saccharomyces cerevisiae. Cy thé, gen co thé 1a gen ma
hoa trinh ty axit amin c6 ma nhan biét SEQ ID NO: 1, cy thé hon la trinh ty bao gém

trinh tu bazo ¢6 ma nhan biét SEQ ID NO: 2, nhung sang ché khong gidi han & do.

975
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Polynucleotit cua sang ché ¢6 thé bao g@)xn céc sira d6i khéac nhau duoc thuc hién
trong ving mi héa voi didu kién khéng lam thay doi trinh tw axit amin cia polypeptit
dugc biéu hién tir vung ma hoa boi sy thoai bién codon hodc xem xét cac codon duoge
uu tién béi cac vi sinh vat séng trong dé polypeptit duoc biéu hién. Cu thé, bt ky trinh
tu polynucleotit ma hoa bién thé protein trong do céc axit amin tai vi tri tuong Ung v&i
vi tri thtr 86 ¢6 ma nhén biét SEQ ID NO: 1 dwoc thay thé b'fmg axit amin khac ¢6 thé
bao gdm trong d6 ma khong bi gidi han. Vi du, polynucleotit ciia sang ché c6 thé c6
trinh tw polynucleotit ma héa bién thé protein cua sang ché, cu thé protein bao gdm mot
trong céc trinh ty axit amin c6 ma nhan biét SEQ ID NO: 3 dén SEQ ID NO: 21 hoic
polypeptit c6 su twong déng hodc dong nhat voi ching, tuy nhién sang ché khong gidi

han ¢ d6. Su twong dong hodc dong nhat dd dugc mé ta bén trén.

Ngoai ra, polynucleotit ¢6 thé bao gom trinh tu nueleotit duoc lai hoa véi dau do
duoc diéu ché bﬁng cdc su dung trinh ty gen da biét, vi du, trinh tw nucleotit bb sung
mdt phan hodc toan bd vai trinh ty nucleotit dudi cie didu kién nghiém ngit dé ma héa
bién thé protein, trong d6 axit amin twong Gng vai vi tri thir 86 cta trinh ty axit amin ¢

mé nhén biét SEQ ID NO: 1 dugc thay thé bing axit amin khdc, ma khong bi gidi han.

Thuat ngiy “cac didu kién nghidm ngit” tham chiéu dén cac diéu kién dé cho phép
lai dac hidu giira céc polynucleotit. Céc diéu kién ndy da duwoc mo ta chi tiét trong céc
tai liéu da biét (vi du, J. Sambrook et al.). Vi du, cac didu kién ¢ thé bao gom thyc hién
lai hoa gitra cde gen cb sy twong ddng cao, vi du, su twong dong it nhit 80%, cu thé it
nhit 90%, cu thé hon la it nhit 95%, cu thé hon nita la it nhit 97%, va cu thé nhat 1a it
nhét 99%, ma khéng thuc hién lai hoa gitta cic gen c6 sy tuong dong thap hon su tuong
d6ng néu trén, hodc thyc hién lai héa mot 1An, cu thé hai hodc ba lan, duédi cac diéu kién
rua thong thuong cua phép lai Nam ¢ néng d6 mubi va nhiét d6 13 60°C, 1xSSC, va 0,1%
SDS, cu thé 60°C, 0,1xSSC, 0,1% SDS, va cu thé hon 1a 68°C, 0,1xSSC, va 0,1% SDS.
Tuy nhién, cac diéu kién nghiém ngit khéng bi giéi han & d6 va cé thé duge didu chinh
thich hop béi nguoi ¢6 hiéu biét trung binh trong cung linh vuc k¥ thuat theo cac muc
dich da dinh.

Phép lai yéu cau hai polynucleotit co cac trinh tu bo sung, mic du ¢o thé c6 su
khéng pht hop cua céc bazo theo muc dg nghiém ngit ciia phép lai. Thuat ngii “bo sung”
dugc s dung dé mé ta mdi quan hé gira cac bazo nucleotit ¢6 kha ning lai héa v6i

nhau. Vi du, d6i véi ADN, adenosin dugc bo sung cho thymin, va xytosin duge bo sung

10
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cho guanin. Do dé, sang ché co thé bao gdm khong chi trinh ty axit nucleic vé€ co ban

twong tu ma con doan axit nucleic da phan lap bo sung cho toan bo trinh tu.

Cu thé, céc polynucleotit c6 sy tuong dong hoic dong nhét c6 thé duge phat hién
béang cach sir dung cac diéu kién lai dwoc mé ta bén trén bao gbm quy trinh lai hoa ¢ gia
tr1 Tm 12 55°C. Hon nira, gid tri Tw cO thé 12 nhung khong gidi han ¢ 60°C, 63°C hoac
65°C, va 6 thé dugce diéu chinh thich hop béi ngudi ¢é hiéu biét trung binh trong cliing

linh vyc ky thuat theo cdc muc dich da dinh.

Mitrc 6 nghiém ngdt thich hgp cua phép lai cua cac polynucleotit cé thé phu thudc
vao cac chiéu dai cua cac polynucleotit, va mic do bo sung va cac tham s6 cua ching

d3 duoc biét trong cing linh vuce k¥ thuat.

Khia canh khac ntta cua sang ché dé xuat vecto chua polynucleotit md hoéa bién

thé protein.

Nhu sit dung & dy, thudt nglt “vecto” tham chiéu dén céu tric ADN bao gém trinh
tw bazo clia polynucleotit ma héa protein dich, duoc lidn két chirc nang véi trinh ty diéu
hoa thich hop dé biéu hién protein dich trong té bao chu thich hop. Trinh ty didu hoa ¢
thé bao gdm promoto (ving gen khoi dong) cho phép bit ddu phién m3, trinh tv didu
hoa dé dicu hoa phién m4, trinh tw mé héa vi trf lién két ribosom mARN thich hop, va
trinh tu diéu hoa két thic phién ma va dich ma. Sau khi vecto dugce dua vao trong 1€ bao
chu thich hop, ¢6 thé sao chép hodc hodc hoat dong doc 1ap véi bd gen vat chu, hodc ¢

thé tich hop vao bg gen cua chung.

Vecto dugce str dung trong sang ché khong bi gidi han cu thé, va bét ky vecto da
biét trong cung linh vuc k¥ thuat co thé duogc sir dung. Do vecto dugc biéu hién boi nAm
men. c& cac plasmit ndm men tich hop (YIp) va céc vecto plasmit ngoai nhiém sic thé
¢6 thé duogce st dung. Vecto plasmit ngoai nhiém sic thé cé thé bao gom céc plasmit
nAm men thé két hop (episomal) (YEp). cic plasmit nim men sao chép (YRp), va cac
plasmit doan trung tam nam men (YCp). Hon nira, cac nhiém séc thé ndm men nhan tao
(YACs) con ¢6 thé duogce sir dung 1am vecto clia sang ché. Trong vi du cu thé, céc vecto
¢6 san c6 thé bao gdm pESCHIS, pESC-LEU, pESC-TRP, pESC-URA, Gateway pYES-
DESTS52, pAO815, pGAPZ A, pGAPZ B, pGAPZ C, pGAPa A, pGAPu B, pGAPa C,
pPIC3.5K, pPIC6 A, pPIC6 B, pPIC6 C, pPIC6a A, pPIC6a B, pPIC6a C, pPICIK,
pYC2/CT, vecto hién thi ndm men pYDI, pYES2, pYES2/CT, pYES2/NT A,

11/75
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pYES2/NT B, pYES2/NT C, pYES2/CT, pYES2.1, pYES-DESTS52, pTEF1/Zeo,
pFLD1, PichiaPinkTM, p427-TEF, p417-CYC, pGAL-MF, p427-TEF, p417-CYC,
PTEF-MF, pBYO011, pSGP47, pSGP46, pSGP36, pSGP40, ZM552, pAG303GATL-ccdB,
pAG414GAL-ccdB, pAS404, pBridge, pGAD-GH, pGAD T7, pGBK T7. pHIS-2,
pOBD2, pRS408, pRS410, pRS418, pRS420, pRS428, dang A micromet nim men,
pRS403, pRS404, pRS405, pRS406, pYJ403, pYI404, pYJ405, va pYJ406, sang ché
khong gi6i han o do.

Vi dy, polynucleotit ma hoéa protein dich trong nhidm sic thé co thé duoc thay thé
bang polynucleotit ddt bién bing cich sir dung vecto dé chén nhidm sic thé vao trong
cac té bao. Viée chén polynucleotit vao trong nhidm sic thé co thé dwoc thyc hién bang
bét ky phuong phap da biét trong cung linh vuc k¥ thuat, vi du, tai t6 hop tuong dong,
séng ché khong gidi han & do. Chi ddu chon loc ¢6 thé cé dé xac nhan chén nhiém sic
thé. Chi ddu chon loc dugc sir dung dé lya chon céc té bao duoc bién nap vdi vecto, tc
la, dé x4c nhan viéc chén cta polynucleotit mong mubn, va cac vi du cua chi diu chon
loc ¢6 thé bao gém cac chi dau cung cip cac kiéu hinh c6 thé chon loc, ché“ing han nhu
khéng thude, nhu ciu dinh dudng, khang cac chit gay doc té bao, hodc bifu hién bé mat
ctia bién thé polypeptit. Trong méi trudng duge xi 1y bing chit chon loc, chi cc té bio
biéu hién chi ddu chon loc ¢o thé tdn tai hodc biéu hién cac kiéu hinh khac nhau, sao

cho cac t¢ bao da bicn nap c6 th¢ duoc lya chon.

Nhu st dung 6 day, thudt ngit “bién nap” tham chiéu dén qua trinh dé dua vecto
chira polynucleotit ma hoa bién thé glutamat-xystein ligaza vao trong té bao chu theo
céch dé protein duoc méd héa boi polynucleotit duge bidu hidn trong t& bao chu
Polynucleotit da bién nap cé thé & dang chén vio trong nhidm sic thé cia té bao chu
hodc ¢ dang ndm bén ngoai nhidm sac thé midn la protein dugce biéu hién trong té bao
chi. Ngoai ra, polynucleotit bao gobm ADN va ARN mi héa bién thé glutamat—xystein
ligaza. Polynucleotit ¢4 thé duge dua vao trong té bao chii & dang bat ky mién la
polynucleotit dugc dua vao trong (& bao chu va protein dugc biéu hién trong do6. Vi dy,
polynucleotit ¢6 thé dugce dura vao trong t& bao chii & dang catxet bidu hign 1a cau tric
gen bao gdm tit ca céc yéu to can thiét cho qua trinh ty sao chép. Catxet biéu hién co
thé thudng bao gém promoto lién két chite ning véi polynucleotit, tin hiéu két thic
phién mai, vi tri lién két ribosom, va tin hiéu két thic dich ma. Catxet biéu hién c6 thé &

dang vecto biéu hién tu sao chép. Ngoai ra, polynucleotit ¢c6 thé duoc dua vio trong té
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bao chu ¢ dang gbc cua nd va lién két chirc nang véi trinh ty duge yéu cau dé biéu hién
trong té bao chu, sang ché khong gi61 han o do.

Ngoai ra, nhu st dung & day, thuat nglr “lién két chliic nang™ c6 nghia 1a lién két
churc nang gitra trinh tu polynucleotit ma hoa polypeptit cua sang che va trinh tu promoto

khoi ddu va lam trung gian phirn ma cia trinh tu polynucleotit. Cac phuong phap dé

phién mi theo sang ché bao gom bit ky phuong phap cho phép dua vecto vao trong té
bao chu, va ¢6 thé dwoe thuc hién bang cc k¥ thudt tiéu chuan pho hop di biét trong
cung linh vuc k¥ thuit dugce lua chon theo té bao chi. Vi dy, dién bién nap, chét l‘cét tha -
canxi phosphat (CaPOs), chit két tia canxi clorua (CaCl), vi tiém, phuong pﬁzip :
polyetylen glycol (PEG), phuong phap dextran DEAE, phuong phdp cation kiposo'm,.vé '
phuong phép liti axetat-DMSO ¢6 thé duoc st dung, nhung sang ché khong gidi hz_n% o

do.

Sang ché c6 thé de xuat vi sinh vat san sinh glutathion bang cach chia it nhat mot:
bién thé; polynucleotit ma hoa bién thé; va vecto chira polynucleotit. .
Vi sinh vat ¢6 thé 13 vi sinh vat biéu hién bién thé hodc vi sinh vt ¢b bién thé duge - -

dua vao.

Nhu st dung ¢ day, thuit ngit “vi sinh vat bao gom bién thé”, “vi sinh vat duoc

v v k1 b
dua bién thé vao trong d6”, hodic “vi sinh vat bieu hién bién thé” c¢6 the dé cap.dén vi *
[ B

n,e"gf:

vat ty nhién c¢6 kha ndng san sinh glutathion thip hodc bang cich tao ra kha nang san. .,

sinh vat dugc didu ché bing cach ting cudng kha ning san sinh glutathion cho vi sinh o]

sinh glutathion cho chung b me khong c6 kha ning dé san sinh glutathion. Cu thé, Vi ’
sinh vat c6 thé [a vi sinh vat biéu hién bién thé glutamat—xystein ligaza bao gdm it nhétu 5
mot d6t bién axit amin trong trinh tw axit amin ¢6 ma nhan biét SEQ ID NO: 1, va dét
bién axit amin cé thé bao gdm su thay thé axit amin twong (mg véi vi tri thir 86 tit rbdéu} ‘
N bé.ng axit amin khac. Ngoai ra, vi sinh vat c6 thé 12 vi sinh vAt biéu hién bién"th’é
glutamat—xystein ligaza trong do6 axit amin twong Gng voi vi tri thir 86 cua trinh tu axi.f '
amin ¢6 ma nhén biét SEQ ID NO: 1 dugc thay thé bang axit amin khac, tuy nhién séng
ché khong gidi han & do.
Glutamat—xystein ligaza va cac bién thé ctia nd di duge mo ta bén trén.

i
i

Nhu st dyng & day, protein “can biéu hién/dang dugc biéu hién” c6 nghia Ia trang

thai trong d6 protcin dich duoc dua vao trong hodac dugc bicu hién trong vi sinh vét.
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Trong truong hop khi protein c6 mat trong vi sinh vét, hoat tinh cua protein dwgc tang

cudng so v6i hoat tinh clia protein ndi sinh cta né hodc hoat tinh cua protein trege khi .

stra d6i. Theo muc dich caa sang ché, “protein dich” c6 thé 13 bién thé glutamat—xystein -

ligaza dugc mo td bén trén.

Cu thé, thudt ngit “dua protein” tham chiéu dén vidc cung cdp hoat tinh ciia protein

cu thé cho vi sinh vat khéng cé protein hoac tdng cudong hoat tinh cua protein so voi -

hoat tinh ndi tai cua protein hodc hoat tinh triwde khi sua doi. Vi duy, viéc dua protein co
thé d@é cap dén viée dua polynucleotit md hoa protein cu thé vao trong nhiém sic the
hodc dua doan hodc vecto chira polynucleotit mé hoa protein cu thé vao trong vi sinh
vat, nhd d6 biéu hién hoat tinh cua protein, Ngoai ra, “tang cudng hoat tinh” co thé c6
nghia hoat tinh cua protein cu thé ctia vi sinh vat dugce ting cudng khi so vii hoat tinh
ndi tai hoac hoat tinh trudc khi stra doi. Thudt ngit “hoat tinh ndi tai” tham chibu dén
hoat tinh protein cu thé duoc so hitu boi chung b me trude khi bién nap khi vi sinh vt

dugce bién nap boi bién di di truyén ty nhién hodc nhén tao.

Cu thé. ting cuong hoat tinh theo sdng ché c¢6 thé duge thuc hién bang it nhit mot
trong c4c phuong phap bao gém (Ang 56 luong ban sao ctia gen ma héa bién thé protein,
dua dét bién vao trong trinh ty didu hoa biéu hién ciia gen mi héa bién thé protein, thay
thé trinh ty didu hoa biéu hién caa gen ma hoa bién thé protein bang trinh tu ¢6 hoat tinh
manh hon, thay thé gen nhidm sic thé ma hoa protein kiéu dai bing gen ma hoa bién thé
protein. dua b sung dot bién vao trong gen ma hoa bién thé protein dé ting hoat tinh
cua bién thé protein, va dua bién thé protein vao trong vi sinh vat, tuy nhién sang ché
khong gidi han ¢ do.

Maéc du khong ¢6 gidi han cu thé, tang s6 lugng ban sao cia gen duge thyc hién ¢
dang lién két chirc nang véi vecto hodc & dang tich hop vao trong nhiém sac thé cua é
bao chit. Cy thé, phuong phap nay co6 thé dugce thyc hién bing dua vao trong € bao chu
vecto dé sao chép va hoat dong bat ké vat chi va duoc lién két chuc nang véi
polynucleotit ma héa protein cua sang ché. Ngoai ra, s6 lugng ban sao cua gen co thé
duoc tang 18n bang cich dua vecto vao trong té bao chii dé chén polynucleotit vao trong
nhidm sdc thé cua té bao chu va duoc lién két chic ndng voi polynucleotit. Viée chén
polynucleotit vao trong nhidm sic thé ¢6 thé dugc thyuc hién bang bat ky phuong phép

da biét trong cung linh vire ky thuat, vi du, tai t6 hop twong dong.
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Tiép theo, stra ddi cha trinh tr diéu hoa biéu hién dé ting biéu hién cua
polynucleotit c6 thé duoc thuc hién béng tao ra bién thé trong trinh tu axit nucleotit bﬁng
cach xda, chén, thay thé khong bao thu, thay thé bao tha, hodc bét ky su két hop cla
ching dé tang cudng hon nira hoat tinh cia trinh tur diéu hoa biéu hién, hoic bang cach
thay thé trinh ty nucleotit bang trinh ty nucleotit ¢6 hoat tinh manh hon, tuy nhién sang
ché khoéng gidi han & d6. Trinh ty didu hoa biéu hién c6 thé bao gdbm promoto, trinh f
didu hoa, ma hoa trinh tu vi tri lién két ribosom, va trinh tu dé diéu hoa phién ma va

dich ma. tuy nhién sang ch¢ khong giéi han ¢ do.

Promoto manh hon promoto ndi tai ¢6 thé duoc lidn két phia trude cia don vi biéu
hién polynucleotit, tuy nhién sang ché khong gioi han o do. Vi dy, khi t& bao chi [a ndm
men, promoto san c6 c6 thé bao gdm promoto TEF1, promoto TEF2, promoto GAL10,
promoto GAL1, promoto ADH1, promoto ADH2, promote PHOS, promoto GALI-10,
promoto TDH3 (promoto GPD), promoto TDH2, promoto TDHI1, promoto PGKI1,
promoto PYK2, promoto ENO1, promoto ENO2, va promoto TPT1, séng ché khong gidi
han & d6. Ngoai ra, sira doi cua trinh tw polynucleotit trén nhiém sic thé di mo ta c6 thé
duge thuc hién bing tao ra bién thé trong trinh tu diéu hoa biéu hién bang cich xoa,
chén, thay thé khéng bao tha, thay thé bao thi, hodic bat ky sy két hop clia ching dé tang
cuong hon ntra hoat tinh cua trinh ty polynucleotit, hodc bang cach thay thé trinh
nucleotit bﬁng trinh tu nucleotit da bién ddi dé c6 hoat tinh manh hon, tuy nhién sang

ché khong gi61 han ¢ d6.

Thong thuong, tao ra va ting cuong cua hoat tinh protein ¢ thé tang hoat tinh hodc

ndng do cua protein twong Gng bing 10/(";_, 10%, 25%, 50%, 75%, 100%, 150%, 200%,

300%, 400%, hodc 500%, dén (31 da 1000% hodc 2000%, tir hoat tinh hodc néng do cta -

chung vi sinh vt kiéu dai hodc khong bién do1, sang ché khong giéi han ¢ do.

Nhu sit dung & day, thudt ngit “vi sinh vat khong bién déi” khong loai trir céc
chiing ¢6 dot bién ma c6 thé xuat hién ty nhién trong cac vi sinh vat va c6 thé 1a ching
kiéu dai, vi sinh vat khong chta bién thé protein, hoac vi sinh vat khong dugc bién nap
v6i vecto chlra polynucleotit mé hoa bién thé protein.

Theo sing ché, vi sinh vat bao gom bién thé glutamat—xystein ligaza hodc
polynucleotit mi hoa bién thé ¢é thé 13, vi du, vi sinh vt tai t6 hop duoc diéu ché bf?mg

céach bién nap vi sinh vét véi vecto chira polynucleotit, nhung sang ché khong gidi han
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¢ do. Vi sinh vt tai to hop ¢o6 thé 1a ndm men, vi du, vi sinh vat thudc chi Saccharomyces,
cu thé Saccharomvees cerevisiae. Vi du, vi sinh vat c6 thé 1a chung Saccharomyces

cerevisiae v6i s6 luu chiing KCCM12659P, nhung sang ché khong gidi han ¢ do.

Nhu sir dung & day, thuat ngl “glutathion” ¢o thé duge str dung thay thé v6i “GSH”
va tham chiéu dén hop chét tripeptit bao gom ba axit amin: glutamat, xystein, va glyxin.
Glutathion ¢6 thé duoc sir dung 1am nguyén liéu thd trong cic duge pham, cdc thuc
pham chirc nang sic khoe, cac thanh phan hwong vi, cac phu gia thue pham va thire an

chan nuoi, cac my pham, va tuong tu, nhung sang ché khoéng gidi han ¢ do.

Nhu str dung & ddy, thudt ng “vi sinh vt san sinh glutathion” bao gdm céc vi sinh
vat duoc bién ddi bﬁng cach bién doi gen tu nhién hodc nhan tao va ¢6 thé dé cap dén vi
sinh vat c6 co ché cu thé duoc suy yéu hodc dugc tang cuong thong qua viée dua gen
ngoai sinh hodc ting cudng hodc bat hoat ciia gen ndi sinh bang cach bién déi gen dé
san sinh glutathion. Theo muc dich cta sang ché, vi sinh vat san sinh glutathion c6 thé
de cap dén vi sinh vat chira glutamat—xystein ligaza va c6 kha nawg san sinh l[uwgng 1én
glutathion dich so v&i céc vi sinh vét kidu dai hodc khong bién d6i. “Vi sinh vat san sinh
glutathion” ¢6 thé duoc st dung thay thé v6i “vi sinh vat san xuét glutathion”, “vi sinh

vat ¢6 kha nang san sinh glutathion”, “‘chung san sinh glutathion”, “chiing ¢6 kha ning

san sinh glutathion”, hodc twong tu.

Vi sinh vit san sinh glutathion ¢6 thé 13 vi sinh vat tai t6 hop. Vi sinh vat tai to hop
da duge mo ta bén trén.

Loai vi sinh vat san sinh glutathion khong bi giéi han cu thé mién 14 glutathion

duge san sinh tr nd, nhung cé thé 1a vi sinh vat thudc chi Saccharomyces, cu thé

Saccharomyces cerevisiae, sang ché khong giét han ¢ do.

Ching bd me cua vi sinh vat san sinh glutathion bao gbm bién thé khong bi giéi
han cu thé mién 13 chung c6 kha nang san sinh glutathion. Vi sinh vat ¢o thé bao gom
stra d6i dé tang cuong con dudng sinh tong hop dé ting kha ning san xuat glutathion,
giai phong te ché phan hdi, va bt hoat cta cac gen 1am suy yéu con dudng thodi bién
hodc con dudng sinh tong hop, va sira ddi nhu vay khong loai trir bién ddi xut hién tu

nhién. Tuy nhién, sang che khong bi gidi han & do.

Khia canh khac cta sang ché dé xuat phuong phap san xuat glutathion bao goém

nudi cay vi sinh vat. Vi sinh vat va glutathion dugc mé ta bén trén. Glutathion co the
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duge tich lity trong chiing bing cach nudi cdy cac ching.

Débi v6i moi trudng nudi cdy hodc cac diéu kién nudi ciy khac dé nudi ciy ching
clia sang ché, bat ky moi truong nudi cdy thudng st dung dé nudi cdy céc vi sinh vit
thudc chi Saccharomyvees co thé duge st dung ma khong bt gi61 han. Cy the, chung cua
séng ché ¢ thé dugc nudi ciy trong mdi truong ban dau chira cac ngudn cacbon, cac
ngudn nito, cae ngudn phospho, cac hop chit vo co, cac axit amin, va/hodc cac vitamin
thich hop dudi cac diéu kién hiéu khi hodc ky khi trong khi diéu chinh nhiét dg, do pH,

va tuong tu.

Theo sang ché, 1am cac ngudn cacbon, cac carbohydrat chang han nhu glucoza,
fructoza, sucroza, va maltoza; cac rugu duong ché’ng han nhu mannitol va sorbitol; cac
axit hitu co ching han nhu axit pyruvic, axit lactic, va axit xitric; va cic axit amin chang
han nhu glutamat, methionin, va lysin ¢6 thé duoc st dung, sdng ché khong gigt han ¢
d6. Ngoai ra, céc chét dinh dudng hitu co ty nhién ching han nhu cac dich thiy phin
tinh bdt, mat duong, mat duong den, cam gao, sén, bi mia, va dich chiét ngo co thé duoc
s dung, va cac carbohydrat ching han nhu glucoza va mat duong xur 1y v6 trung (tirc
13, mat dudng chuyén héa thanh duong khir) ¢6 thé duoc st dung, va cac lugng phi hop
clia bt ky cac nguon cacbon khac ciing ¢6 thé duoc sir dung ma khong bi giéi han. Cac
ngudn cacbon ndy ¢6 thé duoc sur dung riéng 1é hode & dang két hop cua it nhat hai

nguon.

Bbi voi cde ngudn nito, cac ngudn nito vo co chang han nhu amoniac, amoni sulfat,
amoni clorua, amoni axetat, amoni phosphat, amoni cacbonat, v amoni nitrat; va cac
ngudn nito hitu co ching han nhu cic axit amin, pepton, NZ-amin, chiét xuat thit, chiét
xudt nAm men, chiét xuat mach nha, dich chiét ngd, dich thuy phan casein, ca hodc san
pham phan hiy ctia ching, va banh dau nanh khu chit béo hojc san phdm phéan huy cua
16 ¢6 thé duge st dung. Cac .nguén nito nay co thé duogce sir dung riéng 1é hoic & dang

két hop cua it nhat hai nguon.

Doi v6i cac nguodn phospho, monokali phosphat, dikali phosphat, hodc cac muoi
chira natri tuong ting ctia nd ¢d thé duge st dung. Doi véi cac cac hop chat vo co, natri
clorua, canxi clorua, sat clorua, magie sulfat, sat sulfat, mangan sulfat, canxi cacbonat,

va tuong tu co the duge st dung.

Dung dich nudi cay cé thé con bao gdm céc axit amin, cac vitamin, va/hodc cac
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17/75



47975

tién chét thich hop. Cu thé, cac L-axit amin hodc twong tu ¢6 thé duoc bd sung cho dung
dich nuéi cdy cho ching. Cu thé, glyxin, glutamat, va/hodc xystein co thé duoc bo sung
cho dung dich nudi cdy, va cac L-axit amin ching han nhu lysin c6 thé con duoc bo

sung vao do, néu yéu cau, nhung sang ché khong gidi han & do.

Dung dich nudi cdy va cac tién chat ¢6 thé dugc bo sung cho dich nuédi cay trong

quy trinh theo mé hodc lién tuc, tuy nhién sang ché khong giéi han ¢ do.

Theo sang ché, trong qua trinh nubi cay chiung, cac hop chit chang han nhu amoni
hydroxit, kali hydroxit, amoniac, axit phosphoric, va axit sulfuric c6 thé duge bo sung
phu hop vao dich nuoi cay dé dieu chinh d§ pH cua dich nudi cdy. Ngoai ra, chat khir

bot ching han nhu este polyglycol axit béo ¢6 thé duogc b6 sung dé tic ché su hinh thanh

18/75

bot trong qua trinh nuoi cdy. Ngoai ra, oxy hodc khi chira oxy cé thé duge bom vao

trong dich nudi cay dé duy tri dich nuéi cay ¢ dicu kién hi¢u khi, va nito, hydro, hoac
cac khi carbon dioxit c6 thé duge bom vao dich nudi cay dé duy tri cac diéu kién vi hiéu

khi va ky khi ma khong bom bat ky khi ndo khac vao dé.

Nhiét @ cua dich nudi cdy ¢6 thé duoc duy tri ¢ 25°C dén 40°C, cu thé hon la &
28°C dén 37°C, tuy nhién sang ché khéng gidi han & do. Viéc nuéi ciy co thé lién tuc
cho dén khi thu duoc luong mong mudn cua chat quan tam, cu thé trong 1 gid 100 gio,
tuy nhién sang ché khéng gidi han & do.

Phurong phap san xuét glutathion c6 th¢ con bao gom quy trinh 55 sung sau budce
nudi céy. Quy trinh bd sung co thé dwoc lua chon thich hop theo muc dich sir dung cta

glutathion.

Cu thé, phuong phép san xudt glutathion ¢ thé bao gom thu hoi glutathion tr it
nhit mét lua chon tr chung, san phﬁm séy kho, chiét xuat, san pham nudi cay, va dich

ly giai clia chiing sau khi nu6i cdy vi sinh vat.

Phuong phap co thé con bao gom ly giai chung trude hodic dong thoi véi bude thu
hoi. Qué trinh ly giai chiing ¢o thé dugc thyc hién bang bat ky phuong phép da biét trong
cung linh vue k¥ thuat ma sang ché dé cap dén, vi du, bang xir ly nhiét hodc bang cach
str dung cac dung dich dém dé ly giai, may pha séng sicu am, va ép kiéu Phap. Ngoai
ra, bude ly giai ¢6 thé bao gdm phan (ng enzym bing enzym phan hily thanh té bao,

nucleaza, transnucleotidaza, proteaza, hodc tuong ty, sang che khong gidi han ¢ do.
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Theo céc muc dich cua sang ché, nAm men sély kho, chiét xuit nAm men, bot hdn
hop chiét xuit ndm men, va glutathion tinh khiét. mdi san phfim ¢6 ham lugng glutathion
cao c6 thé duoc didu ché biang phuong phép san xuit glutathion. Tuy nhién, sdng ché
khéng gidi han & do, va cac san pham nay c6 thé dugc didu ché thich hop theo cic 4n

pham mong muon.

Theo séng ché, nAm men sdy kho c6 thé duge st dung thay thé cho “san phim say
khé cta chung”. Nam men say kho ¢o6 thé dugce di€u ché bang cach sy kho chung nam
men trong d6 glutathion dugc tich Iy, va cu thé, ¢6 thé co trong ché pham thiic an chin

nudi, ché pham thyc phim, va twong tu, sang ché khong gidi han ¢ do.

Theo sédng ché, chiét xudt ndm men c6 thé duge sit dung thay thé cho cac thuat ngi
ching han nhu “chiét xuét ctia chiing™. Chiét xuét ctia ching 6 thé tham chidu dén cac
chit con lai sau khi phan tach cac thanh té bao khoi cac ching. Cu thé, chiét xuét ching
c6 thé d& cap dén cac thanh phin con lai ngoai trir cac thanh té bao, trong so cac thanh
phan thu duoc bing cach ly gidi cac té bao. Chiét xuat ciia chiing bao gdm glutathion va
mét hodc nhiéu cac thanh phin khac duwoe Iwa chon tir cac protein, cac carbohydrat, cic

axit nucleic, va cac sgi ngoai glutathion, sang ché khong gidi han ¢ do.

Budc thu hoi ¢6 thé duoc thue hién bang cach sit dung bét ki phuong phap phu

hop d4 biét trong cung linh vuc k¥ thudt, va glutathion 12 chét dich c6 thé dwoc thu hoi.

Budc thu hdi ¢6 thé bao gdm qua trinh tinh sach. Qua trinh tinh sach c6 thé duge
thue hién bang chi phan 1ap glutathion khoi chung. Théng qua qué trinh tinh sach,

glutathion tinh khiét c6 thé dugc diéu ché.

Néu yéu cau, phuong phip diéu ché glutathion c6 thé con bao gom tron ta dugce
vGi mot trong cac lua chon tir chung, san pham say kho, chiét xuat, dich nudi cay, va
chét Iy giai cha chung, va glutathion duoc thu hdi tr d6. Bang budc tron, bot hdn hop

chiét xuat nam men c6 thé duogc diéu cheé.

T4 duge c6 thé duoc hea chon va sit dung phu hgp theo hinh thitc hoac muc dich
su dyng va cé thé 14, vi du, dugc lua chon tir tinh bot, glucoza, xenluloza, lactoza,
glycogen, D-mannitol, sorbitol, lactitol, maltodextrin. canxi cacbonat, nhom silic téng
hop, canxi monohydro phosphat, canxi sulfat, natri clorua, natri hydro cacbonat, lanolin
da tinh sach, dextrin, natri alginat, methyl xenluloza, keo silic colloidal, hydroxypropyl

tinh bot, hydroxypropylmectyl xenluloza, propylen glycol, cascin, canxi lactat, primojel,
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va gdm Arabia, va cu thé, it ¢ thé bao gom it nhat mot thanh phan duoc lya chon tir
tinh bdt, glucoza, xenluloza, lactoza, dextrin, glycogen, D-mannitol, va maltodextrin,
sang ché khong gidi han & do.

Ta duogc c6 thé bao gom, vi du, chat bao quan, chat gitr am, chat phan tan, chat tao

huyén ph, chit dém, chét én dinh hodc chit ding truong, sang ché khong gidi han & do.

Khia canh khac ctia sang ché¢ dé xuat st dung bicn thé glutamat—xystein ligaza dé
san xuat glutathion, Khia canh khéc nira ctia sang ch¢ dé xuat sir dung vi sinh vat d¢ san
xuat glutathion. Bién thé glutamat—xystein ligaza, vi sinh vit, va glutathion da dugc mo
td bén trén.

Vi du thwe hién sang ché

Sau day, sang ché s& dugc mo ta chi tiet dya trén cac phuwong 4an vi du. Tuy nhién,
cac phuwong an vi du nay dugce dua ra dé minh hoa cu thé cho sang ché, va pham vi ctia

sang ché khong gidi han & cac phuong an vi du nay.

Vi du 1. Lva chon chiing san sinh glutathion va x4c nhén kha nang san sinh

glutathion

- Céc ching thu duge tor cac khoi nam men chira cac chung khac nhau, va cac dac

tinh cta chung duoc cai thién dé lya chon ra cac chimg c6 kha ning san sinh glutathion.

Cu thé, cac méu ngu cbe chéng han nhu gao, 1ta mach, dau xanh va yén mach dugc
thu thap tir 20 khu vuc, ching han nhw, Hwascong, Pycongtack, Yongin, va tuong ty
ctia Gyeonggi-do, Republic of Korea, duge nghién thanh bot, nhao, boc trong mot tAm
vai, ép chat dé tao hinh, boc rom dé i men trong 10 ngay, sdy kho tir tir dé diéu ché cac

kho1 nam men.

Céc thir nghiém sau ddy duoc thuc hién dé phan 1ap cac ching tr cdc khéi nim
men da diéu ché. 45 mL dung dich nudec mudi duoc thém vio 5 g cac khdi ndm men va
dugc nghién thanh bot bang cach st dung may tron. Dbi v6i cac ching ndm men di
phan [4p sach, chat thu dugce dwoc pha loang bfmg k¥ thuat pha loang dan dan, cay trai
trén thach YPD (10 g/L chiét xuat ndm men, 20 g/L bacto pepton, va 20 g/L glucoza
trén 1 L nude cht), va duoc nudi ciy & 30°C trong 48 gid. Sau dé, dua trén hinh thai cia
céc khudn lac va xac minh béng kinh hién vi, cac khuén lac ciia nAm men duoc danh dau

thanh vét trén thach YPD. 25 mL canh truong YPD duogc cly giéng trong binh cu
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250 mL, va chung da phan lap sach dugc ciy chuyén trén dé va duge nuéi cdy trong tu
0 lac trong 48 gidy & 30°C va 200 vong/phut. Cac ching da duoc sang loc bang cach xéac

dinh san sinh glutathion.

D& cai thién cac chung da phan lap so cip, dot bién ngiu nhién duoc tao ra trong
céc ching da phan 13p. Cu thé, ching dugc xac nhan cé kha ning san sinh glutathion
duge phan 1ap tir cac khéi ndm men va duge dit tén 1a chimg CJ-37. Ching CJ-37 duge
nudi ciy moi trudng ran va duoc cdy chuyén vao trong canh truong dé thu duoc dung
dich nuéi ciy cua no, va dung dich nudi ciy duoc tiép xac v6i anh sang UV bang cach
str dung dén UV. Sau khi dung dich nuéi cdy tiép xic véi cac tia UV duge cy trai trén
moi truomg dia, chi chung dot bién c6 tao thanh cac khuan lac dugc phan lap, va xéic

dinh sy san sinh glutathion cua nb.

Két qua 13, trong s6 cac ching dot bién, ching biéu hién san sinh glutathion nhicu
nhét duoc lua chon 1am ching san sinh glutathion, dugc dat tén 1a chung CJ-5, duoc ndp
lru ching qubc té & Trung tdm bao thit Vi sinh vat Han Quéc (Korean Culture Center
of Microorganisms: KCCM), co quan lvu chung theo Hi§p wdc Budapest, vao ngay

31/07/2019, va dugc xac nhén s6 luu ching KCCM12568P.
Vi du 2: Thit nghi¢m dé cai thién hon nita kha ndng san sinh glutathion

Dot bien duoc tao ra theo cich sau day dé cai thién hon nira kha nang san sinh

glutathion cua chung CJ-5.

Chung CJ-5 duoc nudi cAy trong moi truong ran vi duge cly chuyén vao trong
canh truong dé thu dugc dung dich nudi ciy, va dung dich nudi cay duge tiép xic véi
anh sang UV bang céch st dung dén UV. Sau khi dung dich nu6i cay tiép xac véi anh
sang UV duoc cAy trai trén méi truong dia, chi chiing dot bién tao thanh cic khuén lac
dwge phan 1ap. Ching biéu hién sin sinh glutathion nhiéu nhit duwoc phéan 1ap, duoc dat
tén la ching CC02-2490, duoc ndp luu chung quoc té & Trung tim bao thi Vi sinh vat
Han Quéc (Korean Culture Center of Microorganisms: KCCM), co quan luu ching theo

Hiép uéc Budapest, vao ngay 17/01/2020, va dugc xdac nhéan s6 luu ching

KCCM12659P. Két qua phan tich trinh tu bazo cua gsh/, la gen sinh tong hop glutathion,
lién quan dén ting cuong kha nang san sinh glutathion ctia chung, xac nhan rang xystein,
la axit amin thi 86 cua protein GSH1 duge mé hoéa bdi gen gshl, da dugce thay thé bing

arginin.
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Vi du 3: Thir nghiém dot bién cua gbe GSH1 C86

Xem xét axit amin tai vi tri thi 86 cua protein GSHI1 1a quan trong trong sén xudt
glutathion dya trén cic két qua cia Vi du 2, céc chung dot bién ciia Saccharomyces
cerevisiae (S. cerevisiane) CEN.PK2-1D va Saccharomyces cerevisiae (S. cerevisiac)
CJ-5 duoc diéu ché sao cho cac bién thé protein dugc biéu hién trong do xystein tai vi
tri thit 86 cua protein GSHI dwgc thay thé bang axit amin khac, va ting san sinh

glutathion duogc xac minh.

Dé didu ché cic ching trong d6 xystein tai vi tri th 86 cua protein GSHI ctia
Saccharomyces cerevisiae duge thay thé bang arginin, cic plasmit pWAL100 va
pWBRI100 duoc st dung ¢6 tham chiéu dén ludn an ctia Lee TH et al. (J. Microbiol.
Biotechnol. (2006), 16(6), 979-982). Cu thé, phan {mg chudi polyxﬁeraza (PCR) dugce
thuc hién béng cach st dung ADN bg gen cua chung CJ-5 lam mach khuon nhu sau.
Mét ph?in trinh tu cta dau N- cia protein GSHI bao g6n1 trinh tu bén BamHI dhu N-,
codon khai ddu GSH1 ORF, va trinh tu ma hoa dot bién C86R thu duoc bzfmg cach thye
hién PCR st dung cap moi ¢6 ma nhin biét SEQ ID NO: 22 va SEQ ID NO: 23, va mét
phin trinh tu cia dau C- cda protein GSHI bao gdm trinh tw bén Xhol dau C-, condon
két thac GSH1 ORF, va trinh tu m3 hoa dot bién C86R thu duoc bang cach thyc hién
PCR str dung cip moi ¢6 mi nhan biét SEQ ID NO: 24 va SEQ ID NO: 25. Sau d6, két
qua cia viéc thyc hién PCR chong lap sir dyng hai trinh tu lam cac mach khudn voi cip
mdi c6 ma nhén biét SEQ ID NO: 22 va SEQ ID NO: 25, doan GSHI ORF bao gom
trinh ty ma hoa protein sira d6i GSH1 thu duoc trong do xystein tai vi tri thir 86 dugc
thay thé bing arginin va céc trinh tu enzym gii han BamHI d4u N- va Xhol dau C-.
Doan ORF duoc xur Iy véi BamHI va Xhol va sau d6 dugc nhan dong vao vecto

pWAL100 duoc xir Iy véi cung cac enzym dé diéu ché vecto pWAL100-GSH1(C86R).

Ngoai ra, 500 bp phia sau tit codon két thic GSH1 ORF bao gém c4c trinh ty
enzym gidi han Spel dau N- va Neol dau C- thu duoc béng céch thuc hién PCR sir dung
ADN b6 gen cta chang CJ-5 [am mach khuén va cip modi c6 ma nhan biét SEQ ID
NO: 26 va SEQ ID NO: 27 va dugce xtr Iy v&i cac enzym giéi han Spel va Ncol. Sau do,
san pham thu dugc duoc nhan dong vao trong pWBR 100 dugce xur Iy v6i cling cac enzym
dé diéu ché vecto pWBR100-GSHI.

D& diéu ché doan ADN cuoi cting can dua vao trong nam men, cic san pham PCR
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bao gdm trinh tw ma héa arginin dot bién va mot phan ciia KIURA3 thu duge bang cach
sit dung vecto pWAL100-GSHI(C86R) duoc didu ché nhu md ta bén trén lam mach
khuon va ciip mdi coé mi nhan biét SEQ TD NO: 22 va SEQ ID NO: 28, va cic san pham

PCR bao gdm mét phan ctia KIURA3 va 500 bp phia sau tir codon két thac GSH1 thu

duoc bang cach sir dung vecto pWBR100-GSH1 lam mach khudn va cap mdi ¢6 mi
nhan biét SEQ ID NO:29 va SEQ ID NO:27. S cerevisisce CENPK2-1D va
S. cerevisiae CJ-5 duoc bién nap véi cac san pham PCR theo cling ty 18 mol. PCR duge

thue hién thong qua bién tinh ¢ 95°C trong 5 phit, ¢ dé gin mdi & 53°C trong 1 pht,

va trimg hop trong 1 phat trén mdi kb & 72°C, va bién nap cia nAm men dugc thuc hién
theo phuong phap liti axetat duoc sia doi tir phuong phap da boc 16 trong luan 4n cua
Geitz (Nucleic Acid Research, 20(6), 1425). Cu thé, cic té bdo nAm men c6 OD 1a 0,7

dén 1,2 dugc rira hai lan béng dung dich dém liti axetat/TE va dugc tron vol cac san
phdm PCR va AND s¢i don (Sigma D-7656). Céc té bao duoc nudi ciy dudi didu kién
nuéi cay tinh trong dung dich dém liti axetat/TE/40% PEG ¢ 30°C trong 30 phit va &
42°C trong 15 phut. Sau d6, cic té bao duge nudi ciy trong dia thach SC (2% glucoza)
khéng chira uracil cho dén khi quan sat thiy cac khuan lac dé thu duoc chung trong d6
trinh tyr ma hoa d6t bién GSH1 C86R va gen KIURA3 dugc dua vao. Tiép theo, dé loai
b6 KIURA3, cic ching dugc nudi ciy qua dém trong 2 mL YPD, pha lodng & ty 1¢ 1/100,
cﬁy trai trén dia thach SC (2% glucoza) chita 0,1% 5-FOA dé dicu ché chiing dot bién
S. cerevisiue CEN.PK2-1D GSH1 C86R va ching d6t bién S. cerevisiae CJ-5 GSHI

C86R tir d6 chi dau uracil da duoc loai bo. Cac chung c6 kha ning biéu hién cac protein
stra 361 GSH1 trong d6 xystein dwoc thay thé bang 18 loai axit amin khac véi arginin
ciing dugc diéu ché theo cach twong tu, ngoai trir cip mdi ¢6 ma nhan biét SEQ ID
NO: 23 va SEQ ID NO: 24 dugc st dung trong d6 trinh tw ma héa arginin thr 86 duge

thay thé bang trinh ty m3 hoa axit amin khac.

Bang 1

Poan mdi Trinh ty 5'—3’
F BamHI_GSHI1
(SEQ ID NO: 22)
R_GSHI _CB6R
(SEQ ID NO: 23)
F GSH1 _C86R
(SEQ ID NO: 24)

GGTAGGATCCATGGGACTCTTAGCTTTGGGCAC

TTAGCCTCCCTAAGGGACGAATCCT

CGTCCCTTAGGGAGGCTAACGATGT

[29)
(VS
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R_Xhol GSHI
(SEQ ID NO: 25)

ATGACTCGAGTTAACATTTGCTTTCTATTGAAGGC

F Spel GSH1 DW
(SEQ ID NO: 26)

TAGAACTAGTACTCCTTTTATTTCGGTTGTGAA

R Necol GSHI D
W
(SEQ ID NO: 27)

GCTGCCATGGGAATAGTGTGAACCGATAACTGTGT

R_AL killer
(SEQ ID NO: 28)

GAGCAATGAACCCAATAACGAAATCTT

F BR killer
(SEQ ID NO: 29)

CTTGACGTTCGTTCGACTGATGAG

Sau khi nudi cay cac chiing duge dicu ché nhu moé ta bén trén trong 26 gid, cac

ndng dd glutathion d3 san xuit (GSH) duge do va list ké trong cac bang 2 va bang 3.

Bang 2
S.cerevisiae CEN.PK2-1D
Nong 46 GOH
Dot bin (mg/L) Tang (gdp)
26 gidy
W 86,0 1,00
F 1095 1,27
H 1032 1,20
K 1007 1,17
E E L LLE 1,16
G 995 1,16
o L YR 1,13
N 963 1,12
R . 952 1,11
¥ . 946 1,10
i 93,0 1,08
L 92,2 1,07
p 92,0 1,07
W 20,8 1,06
Q 90,3 1,05
5 90,0 1.05
M 89,9 1,05
T 86,6 1,061
A B6 4 1,00
\ 86,2 1,60
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Bang 3

S.cerevisiae CI1-5
Ning dd GSH

Pt hign {mg/L} Tang (gip}
26 gitr

2RI a0

3300 1,22
L3319 1,19

- 31e4 1,17
: 1,16
1,12
1,11
1,09
1,06
1,05
1,04
1,02
1,02
1,01
1,0¢
1,0%
1,00
1,00

mz:-1wﬁ-<-n<:ﬁbxnmt:12m2§:

Dua trén cac két qua thir nghiém, x4c nhén ring kha ning san sinh glutathion thu
duoc bang cach thay thé xystein tai vi tri thir 86 cua protein GSI1 bang axit amin khac
ting 18n dén 27% so vai kha ning sdn sinh glutathion thu duge bai protein GSH1 kiéu
dai.

Dua trén d6, x4c nhan ring bién thé GSHI duge didu ché bing cach thay thé
xystein tai vi tri thir 86 cuia protein GSIII bang axit amin khdc kha ning san sinh

glutathion dwoc cai thién dang ké.
Vi du 4: Xdc nhan dnh hudng ciia gdc Cys khac dén san sinh glutathion

Do1 v6i vi du so sanh, gdc Cys khéc cua protein GSH1 duoc stra doi, va kha nang
san sinh glutathion thu dugc bang cach stra d6i duoc xac dinh. Cac két qua duge thé

hién trong bang 4 bén dudi.
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Bang 4
S.cerevisiae €J-5
Nong 4o GSH
Bothién {mg/L} Tang (gip)
26 givv

wWT | 2677 1,00
CTOA 2887 0,86
Ci6484 0 2082 0,78
C213A 2282 0,85
c264A 2389 0,89
CZE6A 174,2 0,65
CST1A 2345 0,88
C642A 2546 0,95
CETBA 2504 0,94

Tham chi¢u dén cac két qua cia thlr nghiém, goc xystein khic v&i xystein & vi tr
thir 86 khong anh hudng dén viée ting san sinh glutathion, ma thay vao do lam gjam

san-sinh glutathion.

Dua trén d6, xac nhan rang khong phai tat cd cdc gdc xystein ¢6 mdt trong protein
c6 anh huong dén viée tang san sinh glutathion. Hon ntra, xdc nhan rang bién thé GSH1

mé&i dugc phat trién theo sang ché ting san sinh glutathion.

Do nam men san xuit glutathion c6 ning sut cao, san pham sdy kho, chiét xuit,
dich nudi cdy, va chét ly giai cta ching, va glutathion dugc san xuét ¢é tac dung chong
oxy hoa, giai ddc, va ting cuong midn dich, ching co thé dugce st dung hidu qua dé diéu
ché céc ché pham my pham, ché phim thyc pham, ché pham thic dn chan nuéi, vi ché

pham duoc.

Phin mé ta bén trén cua sang ché duoc dua ra nhim muc dich minh hoa, va nguoi
¢6 hiéu biét trung binh trong cung linh vuc k§ thuat s& hiéu ring cac thay dbi va sira doi
khac nhau c6 thé duge thue hién ma khong thay déi nguyén 1y k¥ thuft va cac dic diém
co ban cta sang ché. Do do, 16 rang rang céc phuong an duge mé ta bén trén la minh
hoa t4t ca cac khia canh va khong gigi han sang ché. Cac phuong 4n khéc nhau duogc
boc 10 ¢ day khong nham muyc dich gi6i han, véi pham vi bao ho va nguyén 1y k¥ thuft
duge xac dinh boi cac diém véu cau bao ho dudi day. Sang ché chi bi gi6i han bdi cac
diéu khoan cua cac diém yeu cau bao hd, cim ¢ vOi toan bg pham vi tuong duong ma cac

diém yéu cqu bdo hd dé célp.
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<110>

<120>

<130> OPA20226
<150>
<151> 2020-03-25
<160> 29

<170>

<210> 1

<211> 678
<212> PRT
<213>

<400> 1
Met Gly Leu Leu Ala
1 5
Thr Tyr Asn Glu His
20
Ile

Phe Gln Ala Ala

35

Asp Glu Leu Glu Tyr

50

Ser Met Leu Asp Val
65 70

Glu Asp Ser Ser Leu
85

Tyr Gly Arg Tyr Met
100

Tyr Val Gly Ser Tyr
115

Ala Glu Tyr Lys Leu
130

Leu His Val Gly Ser
145

Arg Met Gly Cys Pro
165

Lys Asn Ala Ala Ser
180

Arg His Val Arg Phe
195

Gly Glu Lys Val Cys
210

Pro Glu Thr Asp Asp

BIEN THE GLUTAMAT-XYSTEIN LIGAZA,

KR 10-2020-0036456

KoPatentIn 3.0

Leu Gly

Ile Arg

Gly Lys

40

Met Val
55

Cys His

Cys Glu
Glu

Leu

Glu
120

Val

Ser Glu
135

Arg Ser

150

Asp Phe

Arg Ser

Pro Asn
200

Met Asn
215

Ser Ile

47975

DANH MUC TRINH TU

CJ CheilJedang Corporation

Saccharomyces cerevisiae

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu-
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60
Asp Lys Ile Leu Thr
75
Ala Asn Asp Val Ser
90
Ala Thr Pro Ala
105

Ser
110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140
Val Pro Leu Thr Leu
155
Ile Asn Ile
170

Lys Asp

Leu Phe Leu
185

Pro Asp
190

Leu Thr Ala Ser Ile

205

Val Pro Met Tyr Lys
220

Tyr Asp Arg Asp Trp

27

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro

175

Glu

Arg

Asp

Phe

Glu

Leu

Phe

Glu

Leu

80

His

Tyr

Arg

Lys

Val

160

Trp

Val

Thr

Ile

Leu

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

POLYNUCLEOTIT, VECTO, VI SINH VAT
SAN SINH GLUTATHION VA PHUONG PHAP SAN XUAT GLUTATHION SU DUNG BIEN THE NAY

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

27175



225 230
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235

Asp Lys Glu Ala Lys Leu Ala Ser Lys Pro Gly Phe Ile

245

Ser Met Gly Phe Gly Met
260

Ala Pro Asn Ile Asn Lys
275

Phe Ala Pro Ile Met Leu

290 295

Gly Trp Leu Ala Asp Gln
305 310

Val Asp Asp Arg Thr Pro
325

Lys Tyr Asn Lys Asn Gly
340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe

370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His. Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

250

Gly Cys Ser Cys Leu Gln
265 270

Ala Arg Tyr Leu Tyr Asp
280 285

Ala Phe Ser Ala Ala Ala
300

Asp Val Arg Trp Asn Val
315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

Leu Gly Arg Leu Leu Glu
395

Ala Lys His Phe Ala His
410

Glu Glu Leu Leu Asn Gln
425 430

Asn Ile Gln Ser Thr Asn
440 445

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val
475

Ser Val Leu Ile Tyr Leu
490

Asn Ile Asn Ala Tyr Ile
505 510

Ile Ala His His Arg Asp
520 525

Lys Ser Phe Arg Asn Asp
540

Ser Glu Ile Phe His Asn
555

Thr Pro Ile Leu Cys Gln
570

28

255

Val

Ala

Pro

Ile

Pro

335

Asp

Val

Asp

Asn

Leu

415

Asp

Trp

Lys

Gln

Ile

495

His

Ala

Thr

Pro

Lys
575

240

Tyr

Thr

Leu

Ala

Ser

320

Leu

Val

Asp

Thr

Asp

400

Tyr

Asn

Gln

Lys

Leu

480

Val

Met

Ile

Asp

Glu

560

Gly

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val
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Thr Lys Asp Trp Lys Glu Leu Lys
580

Tyr Tyr Tyr Leu Lys Leu Ile

595

Thr Thr Ala Lys Phe Phe Arg

610

Lys
625

Thr

Ser

Ser
675

<210> 2
<211>
<212>
<213>

<400> 2
atgggactct

cacataaggg
gacaatgacc
aaggagagaa
gaggattcgt
atgttagagg
aacatgcaaa
agtaaaaata
aggatgggat
tccaggtctce
acagcatcca
gatatagcta
gacaaagagg
ggcatgggct
tacctgtacg
cctgctttta
gtggacgacc

aacggatttg

47975

585

Ser
600

Asn

615

His Asp Ser Lys Ile Ser

630

Cys Asp Arg Leu Thr His

645

Phe Leu Gly Ala Glu

660

2037
ADN
Saccharomyces

tagctttggg
atgaaggtat
ctcttttttg
attctatgct
ccctttgtga
caacaccagc
aaagacgtgc
acttgcatgt
gccccgactt
tgtttttacc
tcaggaccag
ctccagaaac
cgaaactggc
gttcgtgctt
atgcattagt
aaggttggct
gtactccgaa

gaggcattgc

Lys

His Ser Ser Lys

Asp Arg Ala Ser

605

Phe Val Leu Gln

620

Ser Ile Asn Tyr

635

Leu Asp Asp Ser Lys

650

665

Ile Glu Ser Lys Cys

cerevisiae

cacgcctttg
cgagcagttg
gggagacgag
cgacgtttgce
ggctaacgat
ttctccatat
cattgcagaa
gggctccagg
tattaacatt
cgatgaagtc
gcgtggtgaa
ggatgactcc
ttccaaaccg
acaagtgacc
gaattttgca
agccgaccaa
ggaaagaggt

caaagacgta

Ile Ala Glu Tyr Val Lys

cagtggtttg
ttgtatattt
cttgagtaca
catgacaaga
gtgagttttc
ttgaattacg
tataagctat
tctgtccctt
aaggatccgt
attaacagac
aaagtttgca
atctacgatc
ggtttcattt
tttcaggcac
cctataatgce
gatgttcgtt
gttgcgccat

Caagataaag

29

His Glu
590

Gly Glu

His Pro

Asp Leu

640

Gly Glu
655

Lys Asn
670

agtctaggac
tccaagctgce
tggttgtaga
tactcactga
accctgagta
tgggtagtta
ctgaatatgc
tgacgctgac
ggaatcataa
atgtcaggtt
tgaatgttcc
gagattggtt
atatggattc
ccaatatcaa
tagccttcecte
ggaatgtgat
tactacccaa

tccttgaaat

Arg Leu

Leu Pro

Asp Tyr

Leu Ser

Leu Thr

Lys Pro

gtacaatgaa
tggtaaaaga
ttttgatgat
gcttaatatg
tggccggtat
cgttgaggtt
gagacaagat
tgtcttccceg
aaatgccgcet
tcctaacttg
catgtataaa
tttaccagaa
catgggtttt
caaggcacgt
tgccgcectgeg
atctggtgcg
atacaacaag

accaaagtca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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agatatagtt
gacacaaatg
ccactggact
acattcgaag
caaagtacaa
aaaaaggatt
tttgagaacg
tccgataata
catcacagag
accgatgtgg
atatttcctc
aaagaattaa
gatagagcaa
catccagatt
acgtgtgata
gctgaaattg
<210> 3
<211>
<212>
<213>
<220>

<223>

<400> 3

Met Gly Leu Leu Ala

1
Thr
Ile

35

Asp
50

Ser
65

Glu

Tyr

Tyr Asn Glu
20
Phe Gln Ala

Glu Leu Glu

Met Leu Asp

cggttgatct
tacctattaa
atgatcttgc
aactgttgaa
attggcagac
ctcctggttg
ctgcgtattc
ttaacgcata
atgctatcct
aaactgaaga
aatttgttac
agcattcttc
gcggtgaatt
acaaacatga
gacttaccca

cagaatatgt

678
PRT
Trinh tu nhén

5

His

Ala

Tyr

70

Asp Ser Ser Leu Ala

85

Gly Arg Tyr Met Leu
100

Leu

Ile

Gly

Met

Val Cys

47975

tttcttgggt
tgaaaaagta
taaacatttt
tcaggacaac
attacgtttt
gagagtggaa
cgtgctcata
tattcatatg
atttgaaaaa
ttattctata
gccaatccta
caaacacgag
gccaacaaca
ttcaaaaatt
tttagacgat

aaaaaaaaat

tao

S.cerevisiae GSH1 C86A

Gly

gggtcgaaat
ttaggacgac
gcgcatctcect
aaaacgtctt
aaacccccceca
ttcagaccat
tacttgattg
tccaaagtat
tttcattgga
agcgagattt
tgccaaaaag
agactatact
gcaaaattct
tcaaagtcga
tcaaaaggtg

aagccttcaa

Thr Pro Leu Gln Trp

10

Arg
25

Lys
40

Val
55

His

Glu

105

Asp Glu Gly Ile Glu

Arg Asp Asn Asp Pro

45

Val Asp Phe Asp

60

Asp Lys Ile Leu

75

Ala Asn Asp Val
90

Glu Ala Thr Pro Ala

30

Asp

ttttcaatag
tactagagaa
acataagaga
caaatcactt
cacaacaagc
ttgaagtgca
tcgatagcat
gggaaaatat
aaaaatcatt
tccataatcc
ggtttgtaac
attatttaaa
ttagaaattt
tcaattatga
aattgacatc

tagaaagcaa

Phe
15

Glu

Gln Leu

30

Leu Phe

Lys Glu

Thr Glu Leu

80

Phe
95

Ser His

Ser Pro

110

Tyr

gacttataac
tgataaggcg
tccagtatct
tgaaaacatc
aaccccggac
actattagat
tttgaccttt
gaagatagcc
tcgcaacgac
agagaatggt
caaagattgg
gctaatttct
tgtactacaa
tttgctttct
ctttttagga

atgttaa

Ser Arg

Leu Tyr
Trp Gly
Arg Asn
Asn Met
Glu

Pro

Leu Asn

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2037
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Tyr Val Gly Ser Tyr Val Glu Val Asn Met Gln Lys

115

Ala Glu Tyr Lys Leu
130

120

125

Ser Glu Tyr Ala Arg Gln

135 140

Leu His Val Gly Ser Arg Ser Val Pro Leu Thr

145 150

155

Arg Met Gly Cys Pro Asp Phe Ile Asn Ile Lys

165

170

Lys Asn Ala Ala Ser Arg Ser Leu Phe Leu Pro

180

Arg His Val Arg Phe
195

185

Asp

Leu

Asp

Asp
190

Pro Asn Leu Thr Ala Ser Ile

200

205

Gly Glu Lys Val Cys Met Asn Val Pro Met Tyr

210

Pro Glu Thr Asp Asp
225 230

Asp Lys Glu Ala Lys
245

Ser Met Gly Phe Gly
260

Ala Pro Asn Ile Asn
275

Phe Ala Pro Ile Met
290

Gly Trp Leu Ala Asp
305 310

Val Asp Asp Arg Thr
325

Lys Tyr Asn Lys Asn
340

Lys Val Leu Glu Ile
355

Leu Gly Gly Ser Lys
370

Pro Ile Asn Glu Lys Val Leu

385 390

Pro Leu Asp Tyr Asp Leu Ala

405

215 220

Ser Ile Tyr Asp Arg Asp

235

Leu Ala Ser Lys Pro Gly

250

Met Gly Cys Ser Cys Leu

265

Lys

Trp

Phe

Gln
270

Lys Ala Arg Tyr Leu Tyr Asp

280

Leu Ala
295 300

Gln Asp
315

285

Phe Ser Ala Ala Ala

Val Arg Trp Asn Val

Pro Lys Glu Arg Gly Val Ala

330

Gly Phe Gly Gly Ile Ala Lys

345

350

Pro Lys Ser Arg Tyr Ser Ser

360

Phe Phe

375 380

395

410

365

Asn Arg Thr Tyr

Gly Arg Leu Leu

Lys His Phe Ala

Asp Pro Val Ser Thr Phe Glu Glu Leu Leu Asn

420

425

Asn

Glu

His

Gln
430

Ser Ser Asn His Phe Glu Asn Ile Gln Ser Thr Asn

435

440

31

445

Arg Arg

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp

400

Leu Tyr
415

Asp Asn

Trp Gln

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu
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Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

Thr Lys Asp Trp Lys Glu
580

Tyr Tyr Tyr Leu Lys Leu
595

Thr Thr Ala Lys Phe Phe
610 615

Lys His Asp Ser Lys Ile
625 630

Thr Cys Asp Arg Leu Thr
645

Ser Phe Leu Gly Ala Glu
660

Ser Ile Glu Ser Lys Cys
675

<210> 4
<211> 678
<212> PRT

47975

Gln Gln Ala Thr Pro Asp Lys Lys
460

Phe Arg Pro Phe Glu Val Gln Leu
475 480

Ser Val Leu Ile Tyr Leu Ile Val
490 495

Asn Ile Asn Ala Tyr Ile His Met
505 510

Ile Ala His His Arg Asp Ala Ile
520 525

Lys Ser Phe Arg Asn Asp Thr Asp
540

Ser Glu Ile Phe His Asn Pro Glu
555 560

Thr Pro Ile Leu Cys Gln Lys Gly
570 575

Leu Lys His Ser Ser Lys His Glu
585 590

Ile Ser Asp Arg Ala Ser Gly Glu
600 605

Arg Asn Phe Val Leu Gln His Pro
620

Ser Lys Ser Ile Asn Tyr Asp Leu
635 640

His Leu Asp Asp Ser Lys Gly Glu
650 655

Ile Ala Glu Tyr Val Lys Lys Asn
665 670

<213> Trinh tu nhédn tao

<220>

<223> S.cerevisiae GSH1 C86D

<400> 4
Met Gly Leu Leu Ala Leu
1 5

Thr Tyr Asn Glu His Ile
20

Ile Phe Gln Ala Ala Gly
35

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Gly Thr Pro Leu Gln Trp Phe Glu Ser Arg

10 15

Arg Asp Glu Gly Ile Glu Gln Leu Leu Tyr

25 30

Lys Arg Asp Asn Asp Pro Leu Phe Trp Gly

40 45

32
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Asp

Ser

65

Glu

Tyr

Tyr

Ala

Leu

145

Arg

Lys

Arg

Gly

Ser

Ala

Phe

Gly

305

Val

130

210

290

Glu Leu Glu Tyr Met
50 55

Met Leu Asp Val Cys
70

Asp Ser Ser Leu Asp
85

Gly Arg Tyr Met Leu
100

Val Gly Ser Tyr Val
115

Glu Tyr Lys Leu Ser
135

His Val Gly Ser Arg
150

Met Gly Cys Pro
165

Asp

Asn Ala Ala Ser Arg
180
Phe

His Val Arg Pro

195

Met
215

Glu Lys Val Cys

Glu Thr Asp Asp Ser

230

Glu Ala Lys Leu
245

Met Gly Phe Gly Met

260

Pro Asn Ile Asn Lys
275

Ala Pro Ile Met Leu
295

Trp Leu Ala Asp Gln
310

Asp Asp Arg Thr Pro

47975

Val Val Asp Phe Asp
60

His Asp Lys Ile Leu
75

Glu Ala Asn Asp Val
90

Glu Ala Thr Pro Ala
105

Glu Val Asn Met Gln
120 125

Glu Tyr Ala Arg Gln

140
Ser Val Pro Leu Thr
155

Phe Ile Asn
170

Ile Lys

Ser Leu Phe
185

Leu Pro

Ala Ser

205

Asn Leu Thr

200
Val Pro Met Tyr
220
Ile Tyr Asp Arg Asp
235
Ala Ser Lys Pro Gly
250

Gly Cys Ser Cys Leu
265

Ala Arg Tyr Leu Tyr
280 285

Asp

Thr

Ser

Ser

110

Lys

Asp

Leu

Asp

Asp

190

Ile

Lys

Trp

Phe

Gln

270

Asp

Ala

Asp

Lys

Phe Ser Ala Ala Ala
300

Val Arg Trp Asn Val
315

Glu Arg Gly Val Ala

325

Lys Tyr Asn Lys Asn Gly

340

Lys Val Leu Glu Ile Pro

355

Leu Gly Gly Ser Lys Phe

370

375

330

Phe Gly Gly Ile Ala
345

Lys Ser Arg Tyr Ser
360 365

Phe Asn Arg Thr Tyr
380

33

Lys
350

Ser

Asn

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro

175

Glu

Arg

Asp

Phe

Ile

255

Val

Ala

Pro

Ile

Pro

335

Asp

Val

Asp

Glu

Leu

80

His

Tyr

Arg

Lys

Val

160

Trp

Val

Thr

Ile

Leu

240

Tyr

Thr

Leu

Ala

Ser

320

Leu

Val

Asp

Thr

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val
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Pro
385
Pro

Asp

Ser

Ile Asn Glu Lys Val
390

Leu Asp Tyr Asp Leu
405

Pro Val Ser Thr Phe
420

Ser Asn His Phe Glu
435

47975

Leu Gly Arg Leu Leu
395

Ala Lys His Phe Ala
410

Glu Glu Leu Leu Asn
425

Ile Gln Ser Thr
445

Asn
440

Arg Phe Lys Pro Pro Thr Gln Gln Ala Thr Pro

Pro

465

Phe

Ile

Val

Glu

Thr

545

Ile

Thr

Tyr

Thr

Lys

625

Thr

Ser

Ser

450 455
Gly Trp Arg Val Glu
470

Glu Asn Ala Ala Tyr
485

Leu Thr Phe Ser Asp
500

Trp Glu Asn Met Lys
515

Lys Phe His Trp Lys
530 535

Glu Asp Tyr Ser Ile
550

Phe Pro Gln Phe Val
565
Lys Asp Trp Lys Glu
580
Tyr Tyr Leu Lys Leu
595

Thr Ala Lys Phe
610

Phe
615

His Asp Ser Lys Ile
630

Cys Asp Arg Leu Thr
645

Phe Leu Gly Ala Glu
660

Ile Glu Ser Lys Cys
675

<210> 5

<211>
<212>
<213>

678
PRT

<220>

460

Phe Arg Pro Phe Glu
475

Ser Val Leu
490

Ile Tyrx

Asn Ile Asn Ala Tyr
505

Ile Ala His His Arg

520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala
600 605

Arg Asn Phe Val Leu
620

Ser Lys Ser Ile Asn
635

His Leu Asp Asp Ser
650

Ile Ala Glu Tyr Val
665

Trinh ty nhén tao

34

Glu

His

Gln

430

Asn

Asp

Val

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Gln

Tyr

Lys

Lys
670

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu
480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu

560

Lys Gly

575

His Glu

Gly Glu

His Pro

Asp Leu
640

Gly Glu
655

Lys Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

34/75



<223>

<400> 5
Met Gly Leu Leu Ala
1 5
Thr Tyr Asn Glu His
20

Ile Phe Gln Ala Ala
35

Asp Glu Leu Glu Tyr

50

Ser Met Leu Asp Val
65 70
Glu Asp Ser Ser Leu
85
Met

Tyr Gly Arg Tyr

100
Tyr Val Gly Ser
115

Ala Glu Tyr Lys
130

Leu

Leu His Val Gly
145

Ser
150

Arg Met Gly Cys Pro
165

Lys Asn Ala Ala Ser
180

Arg His Val Arg Phe
195

Gly Glu Lys Val Cys
210

Pro
225

Glu Thr Asp Asp
230
Asp Lys Glu Ala Lys
245
Ser Met Gly Phe
260

Gly

Ala Pro Asn Ile

275

Asn

Phe Ala Pro Ile
290

Met

Gly Trp Leu Ala

305 310

Leu

Ile

Gly

Met

55

Cys

Glu

Leu

Tyr Val

Ser

135

Arg

Asp

Arg

Pro

Met

215

Ser

Leu

Met

Lys

Leu Ala Phe Ser

295

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu

120

Glu

Ser

Phe

Ser

Asn

200

Asn

Ile

Ala

Gly

Ala
280

47975

S.cerevisiae GSH1 C86E

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp
60

Asp

Asp Lys Ile Leu Thr

75
Ala Asn Asp Val Ser
90

Ala Thr Pro Ala
105

Ser
110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln
140

Asp

Val Pro Leu Thr

155

Leu

Ile Asn Ile
170

Lys Asp

Leu Phe Leu
185

Pro Asp

190

Ser Ile
205

Leu Thr Ala

Val Pro Met Tyr Lys
220

Tyr Asp Arg
235

Asp Trp

Ser Lys Pro

250

Gly Phe

Leu Gln
270

Cys Ser
265

Cys

Arg Tyr Leu Tyr Asp

285

Ala Ala Ala
300

Asp Gln Asp Val Arg Trp Asn Val

315

35

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro

175

Glu

Arg

Asp

Phe

Ile

255

Val

Ala

Pro

Ile

Glu

Leu

Phe

Glu

Leu

80

His

Tyr

Arg

Lys

Val

160

Trp

Val

Thr

Ile

Leu

240

Tyr

Thr

Leu

Ala

Ser
320

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala
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47975

Val Asp Asp Arg Thr Pro Lys Glu Arg Gly Val Ala Pro Leu

325

330

Lys Tyr Asn Lys Asn Gly Phe Gly Gly Ile Ala Lys

340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe

370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

Thr Lys Asp Trp Lys Glu
580

Tyr Tyr Tyr Leu Lys Leu
595

Thr Thr Ala Lys Phe Phe
610 615

Lys His Asp Ser Lys Ile
625 630

Thr Cys Asp Arg Leu Thr
645

Ser Phe Leu Gly Ala Glu

345

Lys Ser Arg Tyr Ser
360 365

Phe Asn Arg Thr Tyr
380

Leu Gly Arg Leu Leu
395

Ala Lys His Phe Ala
410

Glu Glu Leu Leu Asn
425

Asn Ile Gln Ser Thr
440 445

Gln Gln Ala Thr Pro
460

Phe Arg Pro Phe Glu
475

Ser Val Leu Ile Tyr
490

Asn Ile Asn Ala Tyr -
505

Ile Ala His His Arg
520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala
600 605

Arg Asn Phe Val Leu
620

Ser Lys Ser Ile Asn
635

His Leu Asp Asp Ser
650

Ile Ala Glu Tyr Val

36

350

Ser

Asn

Glu

His

Gln

430

Asn

Asp

vVal

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Gln

Tyr

Lys

Lys

335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

His Pro

Asp Leu
640

Gly Glu
655

Lys Asn

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Pro

Asp

Phe

val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro
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Ser Ile

660

Glu Ser Lys Cys

675

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

<220>
<223>

<400>
Met Gly
1

Thr Tyr

Ile Phe

Glu
50

Asp

Ser Met

65

Glu

Tyr Gly

Tyr Val

6
678
PRT

Trinh tyu nhén tao

47975

665

S.cerevisiae GSH1 C86F

6
Leu Leu Ala Leu
5

Asn Glu His Ile
20

Gln Ala Ala Gly
35

Leu Glu Tyr Met
55

Leu Asp. Val Cys
70

Ser Ser Leu Phe
85

Arg Tyr Met Leu
100

Gly Ser Tyr Val

115

Ala Glu
130

Leu His
145
Arg Met

Lys Asn

Arg His

Tyr Lys Leu Ser

135

Val Gly Ser Arg
150

Gly Cys Pro
165

Asp

Ala Ala Ser
180

Arg

Val Arg Phe Pro

195

Gly Glu
210

Pro Glu
225

Asp Lys

Lys Val Cys
Thr Asp Asp Ser
230

Glu Ala Lys lLeu
245

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu

120

Glu

Ser

Phe

Ser

Asn
200

- Asn

Ile

Thr Pro Leu Gln
10

Asp Glu Gly Ile
25

Arg Asp Asn Asp
45

Val Asp Phe Asp
60

Asp Lys Ile Leu
75

Ala Asn
90

Asp Val

Ala Thr Pro Ala

105

Met Gln
125

Val Asn

Tyr Ala Arg Gln

140

Val Pro Leu Thr
155

Ile Asn
170

Ile Lys

Leu Phe Leu Pro

185

Ala Ser
205

Leu Thr

Val Pro Met Tyr

220

Tyr Asp Arg Asp
235

Ser Lys Pro Gly
250

37

670

Trp

Glu

3C

Pro

Asp

Thr

Ser

Ser

110

Lys

Asp

Leu

Asp

Asp

190

Ile

Lys

Trp

Phe

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Arg

Ser

Pro
175
Glu

Arg

Phe

Ile
255

Glu

Leu

Phe

Glu

Leu

80

His

Tyr

Arg

Lys

Val

160

Trp

Val

Thr

Ile

Leu

240

Tyr

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp
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Ser Met Gly Phe Gly Met Gly Cys

260

47975

Ser Cys Leu
265

Ala Pro Asn Ile Asn Lys Ala Arg Tyr Leu Tyr

275

280 285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala

Gly

305

Val

Lys

Lys

Leu

Pro

385

Pro

Asp

Ser

290

370

Trp Leu Ala Asp Gln
310

Asp Asp Arg Thr Pro
325

Tyr Asn Lys Asn Gly
340

Val Leu Glu Ile Pro
355

Gly Gly Ser Lys Phe
Ile Asn Glu Lys Val
390

Leu Asp Tyr Asp Leu
405

Pro Val Ser Thr Phe
420

Ser Asn His Phe Glu
435

295

375

300

Asp Val Arg Trp Asn
315

Lys Glu Arg Gly Val
330

Phe Gly Gly Ile Ala
345

Lys Ser Arg Tyr Ser
360 365

Phe Asn Arg Thr Tyr
380

Leu Gly Arg Leu Leu
395

Ala Lys His Phe Ala
410

Glu Glu Leu Leu Asn
425

Asn Ile Gln Ser Thr
440 445

Arg Phe Lys Pro Pro Thr Gln Gln Ala Thr Pro

Pro

465

Phe

Ile

Val

Glu

Thr

545

Ile

Thr

Tyr

450

530

Gly Trp Arg Val Glu
470

Glu Asn Ala Ala Tyr
485

Leu Thr Phe Ser Asp
500

Trp Glu Asn Met Lys
515

Lys Phe His Trp Lys
Glu Asp Tyr Ser Ile
550

Phe Pro Gln Phe Val
565

Lys Asp Trp Lys Glu
580

Tyr Tyr Leu Lys Leu

455

535

460

Phe Arg Pro Phe Glu
475

Ser Val Leu
490

Ile Tyr
Asn Ile Asn Ala Tyr
505

Ile Ala His His Arg
520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala

38

Gln

270

Asp

Ala

Val

Ala

Lys

350

Ser

Asn

Glu

His

Gln

430

Asn

Asp

Val

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu
480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

vVal

Asn

Phe

Arg

Leu

Gln

Asn

Lys

Ala

Pro

Asp

Phe

vVal

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro
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595

600

47975

605

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val Leu Gln His Pro

Lys
625
Thr

Ser

Ser

610

615

620

His Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr Asp Leu

630

635

640

Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys Gly Glu

645

650

Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys

660

Ile Glu Ser Lys Cys
675

<210> 7

<211>
<212>
<213>

678
PRT

<220>

<223>

<400> 7

Met

1

Thr

Ile

Asp

Ser

65

Glu

Tyr

Tyr

Ala

Leu

145

Arg

130

Gly Leu Leu Ala Leu

5
Tyr Asn Glu His Ile
20

Phe Gln Ala Ala Gly
35

Glu Leu Glu Tyr Met
50 55

Met Leu Asp Val Cys
70

Asp Ser Ser Leu Gly
85

Gly Arg Tyr Met Leu
100

Val Gly Ser Tyr Val
115

Leu Ser
135

Glu Tyr Lys
His Val Gly Ser Arg
150

Met Gly Cys Pro Asp
165

Trinh ty nhédn tao

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu

120

Glu

Ser

Phe

665 670

S.cerevisiae GSH1 C86G

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60

Asp Lys Ile Leu Thr
75

Ala Asn Asp Val Ser

90

Ser
110

Ala Thr Pro Ala
105

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu
155

Ile Asn Ile
170

Lys Asp

Lys Asn Ala Ala Ser Arg Ser Leu Phe Leu Pro Asp

180

185 190

39

655

Lys Asn

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Glu Leu
80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr vVal
160

Pro Trp
175

Glu Val

Asp

Leu

Leu

Lys

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

39/75



Arg His Val Arg Phe Pro Asn
195 200

Gly Glu Lys Val Cys Met Asn
210 215

Pro Glu Thr Asp Asp Ser Ile
225 230

Asp Lys Glu Ala Lys Leu Ala
245

Ser Met Gly Phe Gly Met Gly
260

Ala Pro Asn Ile Asn Lys Ala
275 280

Phe Ala Pro Ile Met Leu Ala
290 295

Gly Trp Leu Ala Asp Gln Asp
305 310

Val Asp Asp Arg Thr Pro Lys
325

Lys Tyr Asn Lys Asn Gly Phe
340

Lys Val Leu Glu Ile Pro Lys
355 360

Leu Gly Gly Ser Lys Phe Phe
370 375

Pro Ile Asn Glu Lys Val Leu
385 390

Pro Leu Asp Tyr Asp Leu Ala
405

Asp Pro Val Ser Thr Phe Glu
420

Ser Ser Asn His Phe Glu Asn
435 440

Arg Phe Lys Pro Pro Thr Gln
450 455

Pro Gly Trp Arg Val Glu Phe
465 470

Phe Glu Asn Ala Ala Tyr Ser
485

Ile Leu Thr Phe Ser Asp Asn
500

Val Trp Glu Asn Met Lys Ile
515 520

Glu Lys Phe His Trp Lys Lys

47975

Leu Thr Ala Ser Ile
205

Val Pro Met Tyr Lys
220

Tyr Asp Arg Asp Trp
235

Ser Lys Pro Gly Phe
250

Cys Ser Cys Leu Gln
265 270

Arg Tyr Leu Tyr Asp
285

Phe Ser Ala Ala Ala
300

Val Arg Trp Asn Val
315

Glu Arg Gly Val Ala
330

Gly Gly Ile Ala Lys
345 350

Ser Arg Tyr Ser Ser
365

Asn Arg Thr Tyr Asn
380

Gly Arg Leu Leu Glu
395

Lys His Phe Ala His
410

Glu Leu Leu Asn Gln
425 430

Ile Gln Ser Thr Asn
445

Gln Ala Thr Pro Asp
460

Arg Pro Phe Glu Val
475

Val Leu Ile Tyr Leu
490

Ile Asn Ala Tyr Ile
505 510

Ala His His Arg Asp
525

Ser Phe Arg Asn Asp

40

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp

400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480
Ile Val
495
His Met

Ala Ile

Thr Asp

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu
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Thr
545
Ile

Thr

Tyr

530

Glu

Phe

Lys

Tyr

47975

535 540

Asp Tyr Ser Ile Ser Glu Ile Phe His Asn Pro Glu
550 555 560

Pro Gln Phe Val Thr Pro Ile Leu Cys Gln Lys Gly
565 570 575

Asp Trp Lys Glu Leu Lys His Ser Ser Lys His Glu
580 585 590

Tyr Leu Lys Leu Ile Ser Asp Arg Ala Ser Gly Glu

595 600 605

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val Leu Gln His Pro

Lys
625
Thr

Ser

Ser

610

His

Cys

Phe

Ile

615 620

Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr Asp Leu
630 635 640

Asp Arg Leu Thr His Leu Asp Asp Ser Lys Gly Glu
645 650 655

Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys Lys Asn
660 665 670

Glu Ser Lys Cys

675

<210>
<z11>
<212>
<213>

<220>
<223>

<400>

Met
1

Thr

Tyr

Gly

Tyr

Phe

Glu
50

Val

8

678

PRT

Trinh tyu nhédn tao

S.cerevisiae GSH1 C86H

8
Leu Leu Ala Leu Gly Thr Pro Leu Gln Trp Phe Glu
5 10 15

Asn Glu His Ile Arg Asp Glu Gly Ile Glu Gln Leu
20 25 30

Gln Ala Ala Gly Lys Arg Asp Asn Asp Pro Leu Phe
35 40 45

Leu Glu Tyr Met Val Val Asp Phe Asp Asp Lys Glu
55 60

Leu Asp Val Cys His Asp Lys Ile Leu Thr Glu Leu
70 75 80

Ser Ser Leu His Glu Ala Asn Asp Val Ser Phe His
85 90 95

Arg Tyr Met Leu Glu Ala Thr Pro Ala Ser Pro Tyr
100 105 110

Gly Ser Tyr Val Glu Val Asn Met Gln Lys Arg Arg

115 120 125

41

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Leu

Trp

Arg

Pro

Leu

Ala

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

41/75



Ala Glu

130

Leu His

145

Tyr Lys Leu Ser

135

Val Gly Ser Arg

150

Arg Met Gly Cys Pro

Lys Asn

165

180

Asp

Ala Ala Ser Arg

Arg His Val Arg Phe Pro

195

Gly Glu Lys Val Cys Met

210

Pro
225

Asp

215

Glu Thr Asp Asp Ser

230

245

Lys Glu Ala Lys Leu

Ser Met Gly Phe Gly Met

Ala

Phe Ala Pro Ile Met Leu Ala

290

260

275

Pro Asn Ile Asn Lys

295

47975

Glu Tyr Ala

Ser Val Pro

Arg Gln Asp
140

Leu Thr Leu

155

Phe Ile Asn
170

Ser Leu Phe
185

Asn Leu Thr
200

Asn Val Pro

Ile Tyr Asp

Ile Lys Asp
Leu Pro Asp
190

Ala Ser Ile
205

Met Tyr Lys
220

Arg Asp Trp

235

Ala Ser Lys
250

Gly Cys Ser
265

Ala Arg Tyr
280

Phe Ser

Gly Trp Leu Ala Asp Gln Asp Val Arg
310

305

Val Asp Asp Arg Thr Pro

325

Lys Tyr Asn Lys Asn Gly

340

Lys Val Leu Glu Ile Pro

355

Leu Gly Gly Ser Lys Phe

370
Pro
385
Pro

Asp

Ser

375

Ile Asn Glu Lys Val

390

405

Pro Val Ser Thr

420

Ser Asn His Phe

435

Arg Phe Lys Pro Pro

450

Pro Gly Trp Arg Val

Leu Asp Tyr Asp Leu

Phe

Glu

Thr

455

Glu

Pro Gly Phe
Cys Leu Gln
270

Leu Tyr Asp
285

Ala Ala Ala
300

Trp Asn Val

315

Lys Glu Arg

330

Phe Gly Gly
345

Lys
360

Ser Arg

Phe Asn Arg

Leu Gly Arg

Gly Val Ala
Ile Ala Lys
350

Tyr Ser Ser
365

Thr Tyr Asn
380

Leu Leu Glu

395

Ala Lys His

410

Glu Glu Leu
425

Asn Ile Gln
440

Gln Gln Ala

Phe Arg Pro

Phe Ala His
Leu Asn Gln
430

Ser Thr Asn
445

Thr Pro Asp
460

Phe Glu Val

42

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu

240

Ile
255

Tyr

Val Thr

Ala Leu

Pro Ala

Ile Ser

320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp

400

Leu Tyr
415

Asp Asn
Trp Gln
Lys

Lys

Gln Leu

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

42/75



465 470

47975

475

Phe Glu Asn Ala Ala Tyr Ser Val Leu

485

490

Ile Leu Thr Phe Ser Asp Asn Ile Asn

500

505

Val Trp Glu Asn Met Lys Ile Ala His

515

520

Glu Lys Phe His Trp Lys Lys Ser Phe

530

Thr Glu Asp Tyr Ser
545 550

535

Ile

Ile Phe Pro Gln Phe Val

565

Thr Lys Asp Trp Lys
580

Tyr Tyr Tyr Leu Lys
595

Thr Thr Ala Lys Phe
610

Lys His Asp Ser Lys
625 630

Thr Cys Asp Arg Leu
645

Ser Phe Leu Gly Ala
660

Ser Ile Glu Ser Lys
675

<210> 9
<211> 678
<212> PRT

Glu

Leu

Phe

615

Ile

Thr

Glu

Cys

Ile Tyr Leu Ile

Ala Tyr Ile

510

His Arg Asp

525

Arg Asn

540

Ser Glu Ile Phe His
555

Thr Pro Ile
570

Leu Lys His
585

Ile Ser Asp
600

Arg Asn Phe

Leu Cys

Ser Ser

Asp

Asn

Gln

Lys
590

Arg Ala Ser

605

Val Leu Gln

620

Ser Lys Ser Ile Asn Tyr
635

His Leu Asp Asp Ser Lys

650

Ile Ala Glu Tyr Val Lys

665

<213> Trinh tuy nhan tao

<220>

<223> S.cerevisiae GSH1 C86I

<400> 9
Met Gly Leu Leu Ala
1 5

Thr Tyr Asn Glu His
20

Ile Phe Gln Ala Ala
35

Asp Glu Leu Glu Tyr
50

670

Leu Gly Thr Pro Leu Gln Trp

10

Ile Arg Asp Glu Gly Ile Glu

25

30

Gly Lys Arg Asp Asn Asp Pro

40

45

Met Val Val Asp Phe Asp Asp

55

60

43

495

His
Ala
Thr
Pro
Lys
575

His
Gly
His
Asp
Gly

655

Lys

Phe
15

Gln
Leu

Lys

480

Val

Met

Ile

Asp

Glu

560

Gly

Glu

Glu

Pro

Leu

640

Glu

Asn

Glu

Leu

Phe

Glu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Leu

Trp

Arg

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn
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Ser Met Leu Asp Val Cys His Asp Lys Ile Leu
65 70 75

Glu Asp Ser Ser Leu Ile Glu Ala Asn Asp Val
85 90

Tyr Gly Arg Tyr Met Leu Glu Ala Thr Pro Ala
100 105

Tyr Val Gly Ser Tyr Val Glu Val Asn Met Gln
115 120 125

Ala Glu Tyr Lys Leu Ser Glu Tyr Ala Arg Gln
130 135 140

Leu His Val Gly Ser Arg Ser Val Pro Leu Thr
145 150 155

Arg Met Gly Cys Pro Asp Phe Ile Asn Ile Lys
165 170

Lys Asn Ala Ala Ser Arg Ser Leu Phe Leu Pro
180 185

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

Gly Glu Lys Val Cys Met Asn Val Pro Met Tyr
210 215 220

Pro Glu Thr Asp Asp Ser Ile Tyr Asp Arg Asp
225 230 235

Asp Lys Glu Ala Lys Leu Ala Ser Lys Pro Gly
245 250

Ser Met Gly Phe Gly Met Gly Cys Ser Cys Leu
260 265

Ala Pro Asn Ile Asn Lys Ala Arg Tyr Leu Tyr
275 280 285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala
290 295 300

Gly Trp Leu Ala Asp Gln Asp Val Arg Trp Asn
305 310 315

Val Asp Asp Arg Thr Pro Lys Glu Arg Gly Val
325 330

Lys Tyr Asn Lys Asn Gly Phe Gly Gly Ile Ala
340 345

Lys Val Leu Glu Ile Pro Lys Ser Arg Tyr Ser
355 360 365

Leu Gly Gly Ser Lys Phe Phe Asn Arg Thr Tyr
370 375 380

Pro Ile Asn Glu Lys Val Leu Gly Arg Leu Leu
385 390 395

Pro Leu Asp Tyr Asp Leu Ala Lys His Phe Ala

44

Thr

Ser

Ser

110

Lys

Asp

Leu

Asp

Asp

190

Ile

Lys

Trp

Phe

Gln

270

Asp

Ala

Val

Ala

Lys

350

Ser

Asn

Glu

His

Glu Leu
80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser

320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp

400

Leu Tyr

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

vVal

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg
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405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

Thr Lys Asp Trp Lys Glu
580

Tvr Tyr Tyr Leu Lys Leu
595

Thr Thr Ala Lys Phe Phe
610 615

Lys His Asp Ser Lys Ile
625 630

Thr Cys Asp Arg Leu Thr
645

Ser Phe Leu Gly Ala Glu
660

Ser Ile Glu Ser Lys Cys

47975

410

Glu Glu Leu Leu Asn
425

Asn Ile Gln Ser Thr

440 445

Gln Gln Ala Thr Pro
460

Phe Arg Pro Phe Glu
475

Ser Val Leu Ile Tyr
490

Asn Ile Asn Ala Tyr
505

Ile Ala His His Arg
520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala

600 605

Arg Asn Phe Val Leu
620

Ser Lys Ser Ile Asn
635

His Leu Asp Asp Ser
650

Ile Ala Glu Tyr Val
665

575
<Z210> 10
<211> 678
<212> PRT
<213> Trinh ty nhdn tao
<220>
<223> S.cerevisiae GSH1 C86K

<400> 10

45

Gln

430

Asn

Asp

Val

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Gln

Tyr

Lys

Lys
670

415

Asp

Trp

Lys

Ile

495

His

Ala

Thr

Pro

Lys
575

Gly
655

Lys

Asn

Gln

Lys

Leu

480

Val

Met

Ile

Asp

Glu

560

Gly

Glu

Glu

Pro !

Leu
640

Glu

Asn

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Phe

Arqg

Leu

Leu

Leu

Lys

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Ser

Thr

Pro
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Met Gly Leu Leu Ala Leu Gly
1 5

Thr Tyr Asn Glu His Ile Arg
20

Ile Phe Gln Ala Ala Gly Lys
35 40

Asp Glu Leu Glu Tyr Met Val
50 55

Ser Met Leu Asp Val Cys His
65 70

Glu Asp Ser Ser Leu Lys Glu
85

Tyr Gly Arg Tyr Met Leu Glu
100

Tyr Val Gly Ser Tyr Val Glu
115 120

Ala Glu Tyr Lys Leu Ser Glu
130 135

Leu His Val Gly Ser Arg Ser
145 150

Arg Met Gly Cys Pro Asp Phe
165

Lys Asn Ala Ala Ser Arg Ser
180

Arg His Val Arg Phe Pro Asn
195 200

Gly Glu Lys Val Cys Met Asn
210 215

Pro Glu Thr Asp Asp Ser Ile
225 230

Asp Lys Glu Ala Lys Leu Ala
245

Ser Met Gly Phe Gly Met Gly
260

Ala Pro Asn Ile Asn Lys Ala
275 280

Phe Ala Pro Ile Met Leu Ala
290 295

Gly Trp Leu Ala Asp Gln Asp
305 310

Val Asp Asp Arg Thr Pro Lys
325

Lys Tyr Asn Lys Asn Gly Phe

47975

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60

Asp Lys Ile Leu Thr
75

Ala Asn Asp Val Ser
90

Ala Thr Pro Ala Ser
105 110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu
155

Ile Asn Ile Lys Asp
170

Leu Phe Leu Pro Asp
185 190

Leu Thr Ala Ser Ile
205

Val Pro Met Tyr Lys
220

Tyr Asp Arg Asp Trp
235

Ser Lys Pro Gly Phe
250

Cys Ser Cys Leu Gln
265 270

Arg Tyr Leu Tyr Asp
285

Phe Ser Ala Ala Ala
300

Val Arg Trp Asn Val
315

Glu Arg Gly Val Ala
330

Gly Gly Ile Ala Lys

46

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Glu Leu
80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Ser
Leu
Trp
Arg
Asn
Pro
Leu
Ala
Asn
Ehe
Asn
Ile
Arg
Ala
Pro
Met
Phe
Val
Phe
Gly
Leu

Gln

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp
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340 345 350

Lys Val Leu Glu Ile Pro Lys Ser Arg Tyr Ser Ser
355 360 365

Leu Gly Gly Ser Lys Phe Phe Asn Arg Thr Tyr Asn
370 375 380

Pro Ile Asn Glu Lys Val Leu Gly Arg Leu Leu Glu
385 390 395

Pro Leu Asp Tyr Asp Leu Ala Lys His Phe Ala His
405 410

Asp Pro Val Ser Thr Phe Glu Glu Leu Leu Asn Gln
420 425 430

Ser Ser Asn His Phe Glu Asn Ile Gln Ser Thr Asn
435 440 445

Arg Phe Lys Pro Pro Thr Gln Gln Ala Thr Pro Asp
450 455 460

Pro Gly Trp Arg Val Glu Phe Arg Pro Phe Glu Val
465 470 475

Phe Glu Asn Ala Ala Tyr Ser Val Leu Ile Tyr Leu
485 490

Ile Leu Thr Phe Ser Asp Asn Ile Asn Ala Tyr Ile
500 505 510

Val Trp Glu Asn Met Lys Ile Ala His His Arg Asp
515 520 525

Glu Lys Phe His Trp Lys Lys Ser Phe Arg Asn Asp
530 535 540

Thr Glu Asp Tyr Ser Ile Ser Glu Ile Phe His Asn
545 550 555

Ile Phe Pro Gln Phe Val Thr Pro Ile Leu Cys Gln
565 570

Thr Lys Asp Trp Lys Glu Leu Lys His Ser Ser Lys
580 585 590

Tyr Tyr Tyr Leu Lys Leu Ile Ser Asp Arg Ala Ser
595 600 605

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val Leu Gln
610 615 620

Lys His Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr
625 630 635

Thr Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys
645 650

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys
660 665 670

Ser Ile Glu Ser Lys Cys
675

47

Val

Asp

Asn

Leu

415

Asp

Trp

Lys

Gln

Ile

495

His

Ala

Thr

Pro

Lys

575

His

Gly

His

Asp

Gly
655

Asp

Thr

Asp

400

Tyr

Asn

Gln

Lys

Leu

480

Val

Met

Ile

Asp

Glu

560

Gly

Glu

Glu

Pro

Leu

640

Glu

Lys Asn

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

47175



47975

Gly Thr Pro Leu
10

Arg Asp Glu Gly
25

Gln Trp

Ile Glu
30

Lys Arg Asp Asn Asp Pro

40

<210> 11

<211> 678

<212> PRT

<213> Trinh ty nhén tao

<220>

<223> S.cerevisiae GSH1 C86L

<400> 11

Met Gly Leu Leu Ala Leu

1 5
Thr Tyr Asn Glu His Ile
20

Ile Phe Gln Ala Ala Gly
35

Asp Glu Leu Glu Tyr Met

50

55

Ser Met Leu Asp Val Cys

65

70

Glu Asp Ser Ser Leu Leu

Tyr

85

Gly Arg Tyr Met Leu

100

Tyr Val Gly Ser Tyr Val

115

Ala Glu Tyr Lys Leu Ser

130

Leu
145

135

His Val Gly Ser Arg

150

Arg Met Gly Cys Pro Asp

Lys

Arg His Val Arg

Gly Glu Lys Val

210

Asp

Asn Ala Ala

165

Ser Arg
180

Phe Pro
195

Cys Met
215

Glu Thr Asp Asp Ser

230

Lys Glu Ala Lys Leu

245

Ser Met Gly Phe Gly Met

Ala

260

Pro Asn Ile Asn Lys

45

Val Val Asp Phe Asp Asp

60

His Asp Lys Ile
75

Leu Thr

Glu Ala Asn Asp Val Ser

90

Glu Ala Thr
105

Pro

Glu Val Asn Met
120

Glu Tyr Ala Arg

Ala Ser
110

Gln Lys
125

Gln Asp

140

Ser Val Pro Leu
155

Phe Ile Asn
170

Ile

Ser Leu Phe Leu

185

Asn Leu Thr Ala
200

Asn Val Pro Met

Thr Leu

Lys Asp

Pro Asp

190

Ser Ile
205

Tyr Lys

220

Ile Tyr Asp Arg Asp Trp

235

Ala Ser Lys Pro
250

Gly Cys Ser Cys
265

Ala Arg Tyr Leu

48

Gly Phe

Leu Gln
270

Tyr Asp

Phe
15

Glu

Gln Leu

Leu Phe

Lys Glu

Glu Leu

80

His

Pro Tyr

Arg Arg

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu

240

Ile
255

Tyr
Val Thr

Ala Leu

Ser

Leu

Trp

Arg

Asn

Pro

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn
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275

47975

280 285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala Ala

- 290

295

300

Gly Trp Leu Ala Asp Gln Asp Val Arg Trp Asn Val
305 310

Val Asp Asp Arg Thr
325

Lys Tyr Asn Lys Asn
340

Lys Val Leu Glu Ile
355

Leu Gly Gly Ser Lys
370

Prc Tle Asn Glu Lys

Pro

Gly

Pro

Phe

375

Val

385 390

Pro Leu Asp Tyr Asp
405

Asp Pro Val Ser Thr
42C

3er Ser Asn His Phe
435

Arg Phe Lys Pro Pro
450

Pro Gly Trp Arg Val

Leu

Phe

Glu

Thr

455

Glu

465 470

Phe Glu Asn Ala Ala
485

Ile Leu Thr Phe Ser
500

Val Trp Glu Asn Met
515

Glu Lys Phe His Trp
530

Thr Glu Asp Tyr Ser

Tyr

Asp

Lys

Lys

535

Ile

545 550

Ile Phe Pro Gln Phe
565

Thr Lys Asp Trp Lys
580

Tyr Tyr Tyr Leu Lys
595

Thr Thr Ala Lys Phe
610

Val

Glu

Leu

Phe
615

315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

Leu Gly Arg Leu Leu Glu
395

Ala Lys His Phe Ala His
410

Glu Glu Leu Leu Asn Gln
425 430

Asn Ile Gln Ser Thr Asn
440 445

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val
475

Ser Val Leu Ile Tyr Leu
490

Asn Ile Asn Ala Tyr Ile
505 510

Ile Ala His His Arg Asp
52 525

Lys Ser Phe Arg Asn Asp
540

Ser Glu Ile Phe His Asn
555

Thr Pro Ile Leu Cys Gln
570

Leu Lys His Ser Ser Lys
585 590

Ile Ser Asp Arg Ala Ser
600 605

Arg Asn Phe Val Leu Gln
620

49

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val
Val Asp
Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn
Trp Gln
Lys Lys
Gln Leu

480

Ile Val
495

His Met
Ala Ile
Thr Asp
Pro Glu

560
Lys Gly
575
His Glu

Gly Glu

His Pro

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

vVal

Asn

Phe

Arg

Leu

Asp

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Val

Leu

Pro

Tyr
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Lys
625
Thr

Ser

Ser

47975

His Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr Asp Leu Leu Ser

630

635

640

Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys Gly Glu Leu Thr

645

650

655

Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys Lys Asn Lys Pro

660

Ile Glu Ser Lys Cys
675

<210> 12

<211>
<212>
<213>

678
PRT

<220>

<223>

<400> 12

Met

1

Thr

Ile

Asp

Ser

65

Tyr

Tyr

Gly Leu Leu Ala Leu
5

Tyr Asn Glu His Ile
20

Phe Gln Ala Ala Gly
35

Glu Leu Glu Tyr Met
50 55

Met Leu Asp Val Cys
70

Asp Ser Ser Leu Met
85

Gly Arg Tyr Met Leu
100

Val Gly Ser Tyr Val
115

Trinh tuy nhé&n tao

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu
120

Ala Glu Tyr Lys Leu Ser Glu

Leu

145

Arg

Lys

Arg

Gly

130

His Val Gly Ser Arg
150

Met Gly Cys Pro Asp
165

Asn Ala Ala Ser Arg
180

His Val Arg Phe Pro
195

Glu Lys Val Cys Met

135

Ser

Phe

Ser

Asn

200

Asn

665 670

S.cerevisiae GSH1 C86M

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60
Thr

Asp Lys Ile Leu

75
Ala Asn Asp Val Ser
90
Ala Thr Pro Ala
105

Ser
110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu

155

Ile Asn
170

Ile Lys Asp

Leu Phe
185

Leu Pro Asp

190

Leu Thr Ala Ser Ile

205

Val Pro Met Tyr Lys

50

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro

175

Glu

Arg

Asp

Glu

Leu

Phe

Glu

Leu

80

His

Tyr

Arg

Lys

val

160

Trp

Val

Thr

Ile

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr
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210 215

Pro Glu Thr Asp Asp Ser
225 230

Asp Lys Glu Ala Lys Leu
245

Ser Met Gly Phe Gly Met
260

Ala Pro Asn Ile Asn Lys
275

Phe Ala Pro Ile Met Leu
290 295

Gly Trp Leu Ala Asp Gln
305 310

Val Asp Asp Arg Thr Pro
325

Lys Tyr Asn Lys Asn Gly
340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe
370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

47975

220

Ile Tyr Asp Arg Asp Trp
235

Ala Ser Lys Pro Gly Phe
250

Gly Cys Ser Cys Leu Gln
265 270

Ala Arg Tyr Leu Tyr Asp
280 285

Ala Phe Ser Ala Ala Ala
300

Asp Val Arg Trp Asn Val
315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

Leu Gly Arg Leu Leu Glu
395

Ala Lys His Phe Ala His
410

Glu Glu Leu Leu Asn Gln
425 430

Asn Ile Gln Ser Thr Asn
440 445

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val
475

Ser Val Leu Ile Tyr Leu
490

Asn Ile Asn Ala Tyr Ile
505 510

Ile Ala His His Arg Asp
520 525

Lys Ser Phe Arg Asn Asp
540

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp

400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480
Ile Val
495
His Met

Ala Ile

Thr Asp

Thr Glu Asp Tyr Ser Ile Ser Glu Ile Phe His Asn Pro Glu

545 550

555

51

560

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Glu

Gly
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Ile Phe Pro Gln Phe Val Thr Pro Ile Leu Cys Gln

565

570

Thr Lys Asp Trp Lys Glu Leu Lys His Ser Ser Lys

580

585

590

Tyr Tyr Tyr Leu Lys Leu Ile Ser Asp Arg Ala Ser

595

600

605

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val Leu Gln

610 615

620

Lys His Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr
635

625 630

Thr Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys

645

650

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys

660

Ser Ile Glu Ser Lys Cys
675

<210> 13
<211> 678
<212> PRT

<213> Trinh tu nhan tao

<220>

665

<223> S.cerevisiae GSH1 C86N

<400> 13
Met Gly Leu Leu Ala Leu
1 S

Thr Tyr Asn Glu His Ile
20

Ile Phe Gln Ala Ala Gly
35

Asp Glu Leu Glu Tyr Met
50 55

Ser Met Leu Asp Val Cys
65 70

Glu Asp Ser Ser Leu Asn
85

Tyr Gly Arg Tyr Met Leu
100

Tyr Val Gly Ser Tyr Val
115

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu
120

Thr Pro
10

Asp Glu
25

Arg Asp

Val Asp

Asp Lys

Ala Asn
90

Ala Thr
105

Val Asn

Ala Glu Tyr Lys Leu Ser Glu Tyr Ala

130 135

Leu His Val Gly Ser Arg Ser Val Pro

670

Leu Gln Trp
Gly Ile Glu
30

Asn Asp Pro
45

Phe Asp Asp
60

Ile Leu Thr

75

Asp Val Ser
Pro Ala Ser
110

Met Gln Lys
125

Arg Gln Asp
140

Leu Thr Leu

52

Lys

575

His

Gly

His

Asp

Gly

655

Lys

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Pro

Thr

Gly

Glu

Glu

Pro

Leu

640

Glu

Asn

Glu

Leu

Glu

Leu

80

His

Tyr

Arg

Lys

Val

Phe

Arg

Leu

Asp

Leu

Lys

Ser

Leu

Trp

Arg

Pro

Leu

Ala

Asn

Phe

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Asn

Pro

52/75



145

Arg Met Gly

Lys Asn Ala

150

Cys Pro Asp
165

Ala Ser Arg

180

Arg His Val
195

Gly Glu Lys
210

Pro Glu Thr
225

Asp Lys Glu

Ser Met Gly

Arg Phe Pro
Val Cys Met
215

Asp Asp Ser
230

Ala Lys Leu
245

Phe Gly Met

260

Ala Pro Asn
275

Ile Asn Lys

47975

155

Phe Ile Asn
170

Ser Leu Phe
185

Asn Leu Thr
200

Asn Val Pro

Ile Tyr Asp

Ile Lys Asp
Leu Pro Asp
190

Ala Ser Ile
205

Met Tyr Lys
220

Arg Asp Trp

235

Ala Ser Lys
250

Gly Cys Ser
265

Ala Arg Tyr
280

Phe Ala Pro Ile Met Leu Ala Phe Ser

290

295

Pro Gly Phe
Cys Leu Gln
270

Leu Tyr Asp
285

Ala Ala Ala
300

Gly Trp Leu Ala Asp Gln Asp Val Arg Trp Asn Val
315

205

Val Asp Asp

Lys Tvr Asn

310

Arg Thr Pro
325

Lys Asn Gly

340

Lys Val Leu
355

Leu Gly Gly
370

Pro Ile Asn
385

Pro Leu Asp

Asp Pro Val

42

Ser Ser Asn
435

Phe Lys
450

Pro Gly Trp

Phe Glu Asn

Glu Ile Pro

Phe
375

Ser Lys
Glu Lys Val
390

Tvr Asp Leu
405

Ser Thr Phe
0]

His Phe Glu
Pro Pro Thr

455

Arg Val Glu
470

Ala Ala Tyr
485

Lys Glu Arg
330

Phe Gly Gly
345

Lys Ser Arg
360

Phe Asn Arg

Leu Gly Arg

Gly Vval Ala

Ile Ala Lys
350

Tyr Ser Ser
365

Thr Tyr Asn
380

Leu Leu Glu

395

Ala Lys His
410

Glu Glu Leu
425

Asn Tle Gln
440

Gln Gln Ala

Phe Arg Pro

Phe Ala His
Leu Asn Gln
430

Ser Thr Asn
445

Thr Pro Asp
460

Phe Glu Val

475

Ser Val Leu
490

Ile Tyr Leu

160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu
480

Ile Val
495

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Lys

Ile

Lys

Thr

Asp ¢

Leu

Asp

His

Asn

Arg

Thr

Glu

Asp

Gln

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Asp

Ser
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Ile Leu Thr Phe Ser Asp Asn Ile Asn Ala Tyr Ile

500

505 510

Val Trp Glu Asn Met Lys Ile Ala His His Arg Asp

515

520

525

Glu Lys Phe His Trp Lys Lys Ser Phe Arg Asn Asp

530 535

540

Thr Glu Asp Tyr Ser Ile Ser Glu Ile Phe His Asn

545 550

555

Ile Phe Pro Gln Phe Val Thr Pro Ile Leu Cys Gln

565

570

Thr Lys Asp Trp Lys Glu Leu Lys His Ser Ser Lys

580

585 590

Tyr Tyr Tyr Leu Lys Leu Ile Ser Asp Arg Ala Ser

595

600

605

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val Leu Gln

610 615

620

Lys His Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr

625 630

635

Thr Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys

645

650

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys

660

Ser Ile Glu Ser Lys Cys
675

<210> 14
<211> 678
<212> PRT

<213> Trinh ty nhén tao

<220>

665 670

<223> S.cerevisiae GSH1 C86P

<400> 14
Met Gly Leu Leu Ala Leu
1 5

Thr Tyr Asn Glu His Ile
20

Ile Phe Gln Ala Ala Gly
35

Asp Glu Leu Glu Tyr Met
50 55

Ser Met Leu Asp Val Cys
65 70

Glu Asp Ser Ser Leu Pro

Gly

Arg

Lys

40

Val

His

Glu

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60

Asp Lys Ile Leu Thr
75

Ala Asn Asp Val Ser

54

His Met

Ala

Ile

Thr Asp

Pro

Lys

575

His

Gly

His

Asp

Gly

655

Lys

Phe

15

Gln

Leu

Lys

Glu

Phe

Glu

560

Gly

Glu

Glu

Pro

Leu

640

Glu

Asn

Glu

Leu

Phe

Glu

Leu

80

His

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Leu

Trp

Arg

Asn

Pro

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn

Met
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85 90

Tyr Gly Arg Tyr Met Leu Glu Ala Thr Pro Ala

100

105

Tyr Val Gly Ser Tyr Val Glu Val Asn Met Gln

115

120 125

Ala Glu Tyr Lys Leu Ser Glu Tyr Ala Arg Gln

Leu
145
Arg

Lys

Arg

130

135 140

His Val Gly Ser Arg Ser Val Pro Leu Thr

150 155

Met Gly Cys Pro Asp Phe Ile Asn Ile Lys

165 170

Asn Ala Ala Ser Arg Ser Leu Phe Leu Pro

180

185

His Val Arg Phe Pro Asn Leu Thr Ala Ser

195

200 205

Gly Glu Lys Val Cys Met Asn Val Pro Met Tyr

Ser

Ala

210

215 220

Glu Thr Asp Asp Ser Ile Tyr Asp Arg Asp

230 235

Lys Glu Ala Lys Leu Ala Ser Lys Pro Gly

245 250

Met Gly Phe Gly Met Gly Cys Ser Cys Leu

260

265

Pro Asn Ile Asn Lys Ala Arg Tyr Leu Tyr

275

280 285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala

290

295 300

Gly Trp Leu Ala Asp Gln Asp Val Arg Trp Asn

305

310 315

Val Asp Asp Arg Thr Pro Lys Glu Arg Gly Val

325 330

Lys Tyr Asn Lys Asn Gly Phe Gly Gly Ile Ala

340

345

Lys Val Leu Glu Ile Pro Lys Ser Arg Tyr Ser

355

360 365

Leu Gly Gly Ser Lys Phe Phe Asn Arg Thr Tyr

Pro
385

Pro

Asp

370

375 380

Ile Asn Glu Lys Val Leu Gly Arg Leu Leu

390 395

Leu Asp Tyr Asp Leu Ala Lys His Phe Ala

405 410

Pro Val Ser Thr Phe Glu Glu Leu Leu Asn

420

425

55

Ser

110

Lys

Asp

Leu

Asp

Asp

190

Ile

Lys

Trp

Phe

Gln

270

Asp

Ala

Val

Ala

Lys

350

Ser

Asn

Glu

His

Gln
430

95

Pro Tyr

Arg Arg

Ser Lys

Thr Val
160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr
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Ser Ser

Asn His Phe Glu

435

Arg Phe
450

Pro Gly
465
Phe Glu

Ile Leu

Val Trp

Lys Pro Pro Thr
455

Trp Arg Val Glu
470

Asn Ala Ala Tyr
485

Thr Phe Ser Asp
500

Glu Asn Met Lys

515

Glu Lys
530

Thr Glu
545
Ile Phe

Thr Lys

Tyr Tyr

Phe His Trp Lys
535

Asp Tyr Ser Ile
550

Pro Gln Phe Val
565

Asp Trp Lys Glu
580

Tyr Leu Lys Leu

595

Thr Thr
610

Lys His
625

Thr Cys

er Phe

m

Ser Ile

Ala Lys Phe Phe
615

Asp Ser Lys Ile
630

Asp Arg Leu Thr
645

Leu Gly Ala Glu
660

Glu Ser Lys Cys

675

<400>

15
678
PRT

47975

Asn Ile Gln Ser Thr Asn
440 445

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val
475

Ser Val Leu Ile Tyr Leu
490

Asn Ile Asn Ala Tyr Ile
505 510

Ile Ala His His Arg Asp
520 525

Lys Ser Phe Arg Asn Asp
540

Ser Glu Ile Phe His Asn
555

Thr Pro Ile Leu Cys Gln
570

Leu Lys His Ser Ser Lys
585 590

Ile Ser Asp Arg Ala Ser
600 605

Arg Asn Phe Val Leu Gln
620

Ser Lys Ser Ile Asn Tyr
635

His Leu Asp Asp Ser Lys
650

Ile Ala Glu Tyr Val Lys
665 670

Trinh tu nhédn tao

S.cerevisiae GSH1 C86Q

15

Trp Gln

Lys Lys

Gln Leu

480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

His Pro

Asp Leu
640

Gly Glu
655

Lys Asn

Thr

Asp

Leu

Asp

Ser

Leu

vVal

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Leu

Ser

Asp

Ser

Phe

Glu

Gly

Val

Pro

Tyr

Ser

Thr

Pro

Met Gly Leu Leu Ala Leu Gly Thr Pro Leu Gln Trp Phe Glu Ser Arg

1

5

10

15

Thr Tyr Asn Glu His Ile Arg Asp Glu Gly Ile Glu Gln Leu Leu Tyr

56
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Ile Phe Gln
35

Asp Glu Leu
50

Ser Met Leu

Glu Asp Ser

Tyr Gly Arg

1

Tyr Val Gly
115

Ala Glu Tyr
1230

Leu His Val
145

Arg Met Gly
Lys Asn Ala
1

Arg His Val
195

Gly Glu Lys
210

Pro Glu Thr
225

Asp Lys Glu
Ser Met Gly
2

Ala Pro Asn
275

Phe Ala Pro
290

Gly Trp Leu
305

Val Asp Asp
Lys Tyr Asn
3

Lys Val Leu

20
o

20
Ala Ala Gly
Glu Tyr Met
55

Asp Val Cys
70

Ser Leu Gln
85

Tyr Met Leu
00

Ser Tyr Val

Lys Leu Ser

135

Gly Ser Arg
150

Cys Pro Asp
165

Ala Ser Arg
80

Arg Phe Pro

Val Cys Met

215

Asp Asp Ser
230

Ala Lys Leu
245

Phe Gly Met
60

Ile Asn Lys

Ile Met Leu

295

Ala Asp Gln
310

Arg Thr Pro
325

Lys Asn Gly
40

Glu Ile Pro

47975

25

Lys Arg Asp Asn Asp
40 45

Val Val Asp Phe Asp
60

His Asp Lys Ile Leu
75

Glu Ala Asn Asp Val
90

Glu Ala Thr Pro Ala
105

Glu Val Asn Met Gln
120 125

Glu Tyr Ala Arg Gln
140

Ser Val Pro Leu Thr
155

Phe Ile Asn Ile Lys
170

Ser Leu Phe Leu Pro
185

Asn Leu Thr Ala Ser
200 205

Asn Val Pro Met Tyr
220

Ile Tyr Asp Arg Asp
235

Ala Ser Lys Pro Gly
250

Gly Cys Ser Cys Leu
265

Ala Arg Tyr Leu Tyr
280 285

Ala Phe Ser Ala Ala
300

Asp Val Arg Trp Asn
315

Lys Glu Arg Gly Val
330

Phe Gly Gly Ile Ala
345

Lys Ser Arg Tyr Ser
360 365

57

30

Pro Leu Phe

Asp Lys Glu

Thr Glu Leu
80

Ser Phe His
95

Ser
110

Pro Tyr

Lys Arg Arg

Asp Ser Lys

Leu Thr Val

160

Asp Pro Trp
175

Asp Glu Val
190

Ile Arg Thr

Lys Asp Ile

Trp Phe Leu

240

Phe Ile Tyr
255

Gln Val Thr

270

Asp Ala Leu

Ala Pro RAla

Ile Ser
320

Val
Ala Pro Leu
335

Lys Asp Val
350

Ser Val Asp

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Gly

Asn

Met

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asn

Lys

Ala

Pro

Asp

Phe
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Leu Gly Gly Ser Lys Phe
370 © 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

Thr Lys Asp Trp Lys Glu
580

Tyr Tyr Tyr Leu Lys Leu
595

Thr Thr Ala Lys Phe Phe
610 615

Lys His Asp Ser Lys Ile
625 630

Thr Cys Asp Arg Leu Thr
645

Ser Phe Leu Gly Ala Glu
660

Ser Ile Glu Ser Lys Cys
675

<210> 16
<211> 678

47975

Phe Asn Arg Thr Tyr
380

Leu Gly Arg Leu Leu
395

Ala Lys His Phe Ala
410

Glu Glu Leu Leu Asn
425

Asn Ile Gln Ser Thr
440 445

Gln Gln Ala Thr Pro
460

Phe Arg Pro Phe Glu
475

Ser Val Leu Ile Tyr
490

Asn Ile Asn Ala Tyr
505

Ile Ala His His Arg
520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala
600 605

Arg Asn Phe Val Leu
620

Ser Lys Ser Ile Asn
635

His Leu Asp Asp Ser
650

Asn

Glu

His

Gln

430

Asn

Asp

Val

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Gln

Tyr

Lys

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

His Pro

Asp Leu

640

Gly Glu
655

Ile Ala Glu Tyr Val Lys Lys Asn

665

58

670

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

neu

Leu

Lys

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro
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<212> PRT

47975

<213> Trinh ty nhén tao
<220>

<223> S.cerevisiae GSH1 C86R
<400> 16

Met Gly Leu Leu Ala Leu

1

Thr

Ile

Asp

Ser

65

Glu

Tyr

Tyr

5

Tyr Asn Glu His Ile
20

Phe Gln Ala Ala Gly
35

Glu Leu Glu Tyr Met
50 55

Met Leu Asp Val Cys
70

Asp Ser Ser Leu Arg
85

Gly Arg Tyr Met Leu
100

Val Gly Ser Tyr Val
115

Gly Thr Pro Leu Gln Trp

10

Arg Asp Glu Gly Ile Glu

25

30

Lys Arg Asp Asn Asp Pro

40

45

Val Val Asp Phe Asp Asp

60

His Asp Lys Ile Leu Thr

Glu Ala Asn
90

Glu Ala Thr
105

Glu Val Asn
120

Ala Glu Tyr Lys Leu Ser Glu Tyr Ala

Leu
145
Arg

Lys

Arg

130 135

His Val Gly Ser Arg
150

Met Gly Cys Pro Asp
165

Asn Ala Ala Ser Arg
180

His Val Arg Phe Pro
195

75

Asp Val Ser

Pro Ala Ser

110

Met Gln Lys

125

Arg Gln Asp

140

Ser Val Pro Leu Thr Leu
155

Phe Ile Asn
170

Ser Leu Phe
185

Asn Leu Thr
200

Gly Glu Lys Val Cys Met Asn Val Pro

Pro
225

Asp

Ala

210 215

Glu Thr Asp Asp Ser
230

Lys Glu Ala Lys Leu
245

Ile Lys Asp

Leu Pro Asp

190

Ala Ser Ile

205

Met Tyr

220

Ile Tyr Asp Arg Asp
235

Ala Ser Lys Pro Gly

250

Met Gly Phe Gly Met Gly Cys Ser Cys Leu

260

265

Lys

Trp

Phe

Gln
270

Pro Asn Ile Asn Lys Ala Arg Tyr Leu Tyr Asp

275

280

285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala Ala

290 295

300

59

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Glu Leu
80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr Val

160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu

240
Ile Tyr
255
Val Thr

Ala Leu

Pro Ala

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys
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Gly
305
vVal

Lys

Lys

Trp Leu Ala

Asp Asp Arg

Asp Gln
310

Thr Pro

325

Tyr Asn Lys
340

Val Leu Glu
355

Asn Gly

Ile Pro

Leu Gly Gly Ser Lys Phe

Pro
385
Pro

Asp

Ser

370

Ile Asn Glu

Leu Asp Tyr

375

Lys Val
390

Asp Leu

405

Pro Val Ser
420

Ser Asn His
435

Thr Phe

Phe Glu

Arg Phe Lys Pro Pro Thr

Pro

465

Phe

Ile

Val

Glu

Thr

545

Ile

Thr

Tyr

Thr

450

Gly Trp Arg

Glu Asn Ala

455

Val Glu
470

Ala Tyr

485

Leu Thr Phe
500

Trp Glu Asn
515

Lys Phe His
530

Glu Asp Tyr

Phe Pro Gln

Ser Asp

Met Lys

Trp Lys

535

Ser Ile
550

Phe Val

565

Lys Asp Trp
580

Tyr Tyr Leu
595

Thr Ala Lys
610

His Asp Ser

Lys Glu

Lys Leu

Phe Phe

615

Lys Ile
630

47975

Asp Val Arg

Trp Asn Val

315

Lys Glu Arg
330

Phe Gly Gly
345

Lys Ser Arg
360

Phe Asn Arg

Leu Gly Arg

Gly Val Ala

Ile Ala Lys
350

Tyr Ser Ser
365

Thr Tyr Asn
380
Glu

Leu Leu

395

Ala Lys His
410

Glu Glu Leu
425

Asn Ile Gln
440

Gln Gln Ala

Phe Arg Pro

Phe Ala His

Gln
430

Leu Asn

Thr Asn
445

Ser

Thr Pro Asp
460

Phe Glu Val

475

Ser Val Leu
490

Asn Ile Asn
505

Ile Ala His
520

Lys Ser Phe

Ser Glu Ile

Ile Tyr Leu
Ala Tyr Ile
510

His Arg Asp
525

Arg Asn Asp
540

Phe His Asn

555

Thr Pro Ile

570

Leu Lys His
585

Ile Ser Asp
600

Arg Asn Phe

Ser Lys Ser

Leu Cys Gln
Ser Ser Lys
590

Arg Ala Ser
605

Val Leu Gln
620

Ile Asn Tyr

635

60

Ile Ser
320

Pro Leu

335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu
415

Tyr

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480

Ile
495

Val
His Met
Ala Ile

Thr Asp

Glu
560

Pro

Lys
575

Gly
His Glu
Gly Glu
Pro

His

Leu
640

Asp

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro
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Thr Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys Gly Glu Leu Thr

645

650

655

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys Lys Asn Lys Pro

660

Ser Ile Glu Ser Lys Cys
675

<210> 17
<211> 678
<212> PRT

665 670

<213> Trinh ty nhén tao

<220>

<223> S.cerevisiae GSH1 C86S

<400> 17
Met Gly Leu Leu Ala Leu
1 5

Thr Tyr Asn Glu His Ile
20

Ile Phe Gln Ala Ala Gly

35

Asp Glu Leu Glu Tyr Met
50 55

Ser Met Leu Asp Val Cys
55 70

Glu Asp Ser Ser Leu Ser
85

Tyr Gly Arg Tyr Met Leu
100

Tyr Val Gly Ser Tyr Val
115

Ala Glu Tyr Lys Leu Ser
130 135

Leu His Val Gly Sevr Arg
145 150

Arg Met Gly Cys Pro Asp
165

Lys Asn Ala Ala Ser Arg
1890

Arg His Val Arg Phe Pro
195

Gly Glu Lys Val Cys Met
210 215

Pro Glu Thr Asp Asp Ser
225 230

Gly Thr Pro Leu Gln Trp
10

Arg Asp Glu Gly Ile Glu
25 30

Lys Arg Asp Asn Asp Pro
40 45

Val Val Asp Phe Asp Asp
60

His Asp Lys Ile Leu Thr
75

Glu Ala Asn Asp Val Ser
90

Glu Ala Thr Pro Ala Ser
105 110

Glu Val Asn Met Gln Lys
120 125

Glu Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu
155

4]
0}
[a}

Phe Ile Asn Ile Lys Asp
170

Ser Leu Phe Leu Pro Asp
185 190

Asn Leu Thr Ala Ser Ile
200 205

Asn Val Pro Met Tyr Lys
220

Ile Tyr Asp Arg Asp Trp
235

61

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Glu Leu

80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr Vval

160

Pro Trp

175

Glu Vval

Arg Thr

Asp Ile

Phe Leu
240

Ser

Leu

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Arg

Tyr

Gly

Asn

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr
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Asp Lys Glu Ala Lys Leu
245

Ser Met Gly Phe Gly Met
260

Ala Pro Asn Ile Asn Lys
275

Phe Ala Pro Ile Met Leu

290 295

Gly Trp Leu Ala Asp Gln
305 310

Val Asp Asp Arg Thr Pro
325

Lys Tyr Asn Lys Asn Gly
340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe
370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

47975

Ala Ser Lys Pro Gly Phe
250

Gly Cys Ser Cys Leu Gln
265 270

Ala Arg Tyr Leu Tyr Asp
280 285

Ala Phe Ser Ala Ala Ala
300

Asp Val Arg Trp Asn Val
315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

Leu Gly Arg Leu Leu Glu
395

Ala Lys His Phe Ala His
410

Glu Glu Leu Leu Asn Gln
425 430

Asn Ile Gln Ser Thr Asn
440 445

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val
475

Ser Val Leu Ile Tyr Leu
490

Asn Ile Asn Ala Tyr Ile
505 510

Ile Ala His His Arg Asp
520 525

Lys Ser Phe Arg Asn Asp
540

Ser Glu Ile Phe His Asn
555

Thr Pro Ile Leu Cys Gln
570

62

Ile

255

Val

Ala

Pro

Ile

Pro

335

Asp

Val

Asp

Asn

Leu

415

Asp

Trp

Lys

Gln

Ile

495

His

Ala

Thr

Pro

Lys
575

Tyr

Thr

Leu

Ala

Ser

320

Leu

Val

Asp

Thr

Asp

400

Tyr

Asn

Gln

Lys

Leu

480

Val

Met

Ile

Asp

Glu

560

Gly

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val
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Thr Lys

Tyr Tyr

Thr Thr
610

Lys His
625

47975

Asp Trp Lys Glu Leu Lys His Ser Ser Lys

580

585 590

Tyr Leu Lys Leu Ile Ser Asp Arg Ala Ser
595

600

605

Ala Lys Phe Phe Arg Asn Phe Val Leu Gln

615

620

Asp Ser Lys Ile Ser Lys Ser Ile Asn Tyr

630

635

Thr Cys Asp Arg Leu Thr His Leu Asp Asp Ser Lys

645

650

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys

Ser Ile

660

Glu Ser Lys Cys

675

<210>
<211>
<212>
<213>
<220>
<223>

<400>
Met Gly
1

Thr Tyr

Ile Phe

Asp Glu

50
Ser Met
65
Glu Asp

Tyr Gly

Tyr Val

18
678
PRT

Trinh ty nhédn tao

665 670

S.cerevisiae GSH1 C86T

18
Leu Leu Ala Leu
5

Asn Glu His Ile
20

Gln Ala Ala Gly
35

Leu Glu Tyr Met
55

Leu Asp Val Cys
70

Ser Ser Leu Thr
85

Arg Tyr Met Leu
100

Gly Ser Tyr Val

115

Ala Glu
130

Leu His
145

Arg Met

Tyr Lys Leu Ser

135

Val Gly Ser Arg
150

Gly Cys Pro Asp
165

Gly

Arg

Lys

40

Val

His

Glu

Glu

Glu

120

Glu

Ser

Phe

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60

Asp Lys Ile Leu Thr
75

Ala Asn Asp Val Ser
90

Ala Thr Pro Ala Ser
105 110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu
155

Ile Asn Ile Lys Asp
170

63

His

Gly

His

Asp

Gly

655

Lys

Phe

15

Gln

Leu

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro
175

Glu

Glu

Pro

Leu

640

Glu

Asn

Glu

Leu

Phe

Glu

Leu

80

His

Lys

Val
160

Trp

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Leu

Pro

Tyr

Ser

Thr

Pro

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His
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Lys Asn Ala Ala Ser Arg
180

Arg His Val Arg Phe Pro
195

Gly Glu Lys Val Cys Met
210 215

Pro Glu Thr Asp Asp Ser

225 230

Asp Lys Glu Ala Lys Leu
245

Ser Met Gly Phe Gly Met
260

Ala Pro Asn Ile Asn Lys
275

Phe Ala Pro Ile Met Leu
290 295

Gly Trp Leu Ala Asp Gln
305 310

Val Asp Asp Arg Thr Pro
325

Lys Tyr Asn Lys Asn Gly
340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe
370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

47975

Ser Leu Phe Leu Pro
185

Asn Leu Thr Ala Ser
200 205

Asn Val Pro Met Tyr
220

Ile Tyr Asp Arg Asp
235

Ala Ser Lys Pro Gly
250

Gly Cys Ser Cys Leu
265

Asp

190

Ile

Lys

Trp

Phe

Gln
270

Ala Arg Tyr Leu Tyr Asp

280 285

Ala Phe Ser Ala Ala Ala

300

Asp Val Arg Trp Asn
315

Val

Lys Glu Arg Gly Val Ala

330

Phe Gly Gly Ile Ala
345

Lys Ser Arg Tyr Ser
360 365

Lys
350

Ser

Phe Asn Arg Thr Tyr Asn

380

Leu Gly Arg Leu Leu
395

Ala Lys His Phe Ala
410

Glu Glu Leu Leu Asn
425

Glu

His

Gln
430

Asn Ile Gln Ser Thr Asn

440 445

Gln Gln Ala Thr Pro Asp

460

Phe Arg Pro Phe Glu Val

475

Ser Val Leu Ile Tyr
490

Asn Ile Asn Ala Tyr
505

64

Leu

Ile
510

Glu Val

Arg Thr

Asp Ile

Phe Leu
240

Ile Tyr
255

Val Thr

Ala Leu

Pro Ala

Ile Ser
320

Pro Leu
335

Asp Val

Val Asp

Asp Thr

Asn Asp
400

Leu Tyr
415

Asp Asn

Trp Gln

Lys Lys

Gln Leu
480

Ile Val
495

His Met

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

64/75



Val Trp Glu Asn Met Lys Ile
515 520

Glu Lys Phe His Trp Lys Lys

Thr
545

Ile

Thr

530

Glu

Phe

Lys

Tyr

535

Asp Tyr Ser Ile Ser
550

Pro Gln Phe Val Thr
565

47975

Ala His His Arg Asp

525

Ser Phe Arg Asn Asp
540

Glu Ile Phe His Asn

555

Pro Ile Leu Cys Gln

570

Asp Trp Lys Glu Leu Lys His Ser Ser Lys

580

Tyr Leu Lys Leu Ile

595 600

585

590

Ser Asp Arg Ala Ser

Thr Thr Ala Lys Phe Phe Arg Asn Phe Val
620

Lys
625

Thre

610

His

- Tle

615

Asp Ser Lys Ile Serx
630

Lys Ser Ile
635

605

Leu

Asn

Asp Arg Leu Thr His Leu Asp Asp Ser

645

650

Leu Gly Ala Glu Ile Ala Glu Tyr Val

660

Glu Ser Lys Cys

675

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

<220>
<223>

<400>

Met

Ile

Gly

Tyr

Phe

Glu

50

Asp

s Gly

19

678

PRT -

Trinh ty nhén tao

66°%

S.cerevisiae GSH1 C86V

19
Leu Leu Ala Leu Gly
-5

Asn Glu His Ile Arg
20

Gln Ala Ala Gly Lys
35 40

Leu Glu Tyr Me

L Leu Asp Val Cys His

70

Ser Ser Leu Val Glu
85

Arg Tyr Met Leu Glu
100

Thr Pro Leu
10

Asp Glu Gly
25

rg Asp Asn

Val Asp Phe

Gln T

Asp
45

Asp

50

Lsp Lys Ile
75

Ala Asn Asp
90

Ala Thr Pro
105

Leu

Val

Ala

Gln

Tyr

Lys

Lys
670

Glu
30
Pro

Asp

Thr

Ser
110

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

His Pro

Asp Leu
640

Gly Glu
655

Lys Asn

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Phe His
95

Pro Tyr

Leu

Val

Asn

Phe

Arg

Leu

Leu

Leu

Lys

Pro

Phe

Glu

Gly

Val

Leu

Pro

Thr

Pro

Arg

Tyr

Gly

Asn

Glu

65/75



Tyr Val Gly Ser Tyr Val
115

Ala Glu Tyr Lys Leu Ser
130 135

Leu His Val Gly Ser Arg
145 150

Arg Met Gly Cys Pro Asp
165

Lys Asn Ala Ala Ser Arg
180

Arg His Val Arg Phe Pro
195

Gly Glu Lys Val Cys Met
210 215

Pro Glu Thr Asp Asp Ser
225 230

Asp Lys Glu Ala Lys Leu
245

Ser Met Gly Phe Gly Met
260

Ala Pro Asn Ile Asn Lys
275

Phe Ala Pro Ile Met Leu
290 295

Gly Trp Leu Ala Asp Gln
305 310

Val Asp Asp Arg Thr Pro
325

Lys Tyr Asn Lys Asn Gly
340

Lys Val Leu Glu Ile Pro
355

Leu Gly Gly Ser Lys Phe
370 375

Pro Ile Asn Glu Lys Val
385 390

Pro Leu Asp Tyr Asp Leu
405

Asp Pro Val Ser Thr Phe
420

Ser Ser Asn His Phe Glu
435

47975

Glu Val Asn Met Gln Lys
120 125

Glu Tyr Ala Arg Gln Asp
140

Ser Val Pro Leu Thr Leu
155

Phe Ile Asn Ile Lys Asp
170

Ser Leu Phe Leu Pro Asp
185 190

Asn Leu Thr Ala Ser Ile
200 205

Asn Val Pro Met Tyr Lys
220

Ile Tyr Asp Arg Asp Trp
235

Ala Ser Lys Pro Gly Phe
250

Gly Cys Ser Cys Leu Gln
265 270

Ala Arg Tyr Leu Tyr Asp
280 285

Ala Phe Ser Ala Ala Ala
300

Asp Val Arg Trp Asn Val
315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

Leu Gly Arg Leu Leu Glu
395

Ala Lys His Phe Ala His
410

Glu Glu Leu Leu Asn Gln
425 430

Asn Ile Gln Ser Thr Asn
440 445

66

Arg
Ser
Thr
Pro
175

Glu
Arg
Asp
Phe
Ile
255

Val
Ala
Pro
Ile
Pro
335

Asp
Val
Asp
Asn
Leu
415

Asp

Trp

Arg

Lys

Val

160

Trp

vVal

Thr

Ile

Leu

240

Tyr

Thr

Leu

Ala

Ser

320

Leu

Val

Asp

Thr

Asp

400

Tyr

Asn

Gln

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala

Pro

Asp

Phe

vVal

Ala

Arg

Thr

Leu

66/75



Arg Phe Lys Pro Pro Thr
450 455

Pro Gly Trp Arg Val Glu
465 470

Phe Glu Asn Ala Ala Tyr
485

Ile Leu Thr Phe Ser Asp
500

Val Trp Glu Asn Met Lys
515

Glu Lys Phe His Trp Lys
530 535

Thr Glu Asp Tyr Ser Ile
545 550

Ile Phe Pro Gln Phe Val
565

Thr Lys Asp Trp Lys Glu
580

Tyr Tyr Tyr Leu Lys Leu
595

Thr Thr Ala Lys Phe Phe
610 615

Lys His Asp Ser Lys Ile
625 630

Thr Cys Asp Arg Leu Thr
645

47975

Gln Gln Ala Thr Pro
460

Phe Arg Pro Phe Glu
475

Ser Val Leu Ile Tyr
490

Asn Ile Asn Ala Tyr
505

Ile Ala His His Arg
520 525

Lys Ser Phe Arg Asn
540

Ser Glu Ile Phe His
555

Thr Pro Ile Leu Cys
570

Leu Lys His Ser Ser
585

Ile Ser Asp Arg Ala
600 605

Arg Asn Phe Val Leu
620

Ser Lys Ser Ile Asn
635

His Leu Asp Asp Ser
650

Asp

Val

Leu

Ile

510

Asp

Asp

Asn

Gln

Lys

590

Ser

Gln

Tyr

Lys

Ser Phe Leu Gly Ala Glu Ile Ala Glu Tyr Val Lys

660

Ser Ile Glu Ser Lys Cys
675

<210> 20
<211> 678
<212> PRT

665

<213> Trinh tyu nhadn tao

<220>

<223> S.cerevisiae GSH1 C86W

<400> 20

670

Met Gly Leu Leu Ala Leu Gly Thr Pro Leu Gln Trp

1 5

10

Thr Tyr Asn Glu His Ile Arg Asp Glu Gly Ile Glu

20

25

30

Ile Phe Gln Ala Ala Gly Lys Arg Asp Asn Asp Pro

35

40 45

67

Lys Lys
Gln Leu
480

Ile Val
495

His Met

Ala Ile

Thr Asp

Pro Glu
560

Lys Gly
575

His Glu

Gly Glu

His Pro

Asp Leu
640

Gly Glu
655

Lys Asn

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thr

Pro

Phe Glu Ser Arg

15

Gln Leu Leu Tyr

Leu Phe Trp Gly
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Asp Glu Leu Glu Tyr Met

50

55

Ser Met Leu Asp Val Cys

65

70

Glu Asp Ser Ser Leu Trp

85

Tyr Gly Arg Tyr Met Leu

100

Tyr Val Gly Ser Tyr Val

115

Ala Glu Tyr Lys Leu Ser

130

135

Leu His Val Gly Ser Arg

145

150

Arg Met Gly Cys Pro Asp

165

Lys Asn Ala Ala Ser Arg

180

Arg His Val Arg Phe Pro

195

Gly Glu Lys Val Cys Met

210

215

Pro Glu Thr Asp Asp Ser

225

230

Asp Lys Glu Ala Lys Leu

245

Ser Met Gly Phe Gly Met

260

Ala Pro Asn Ile Asn Lys

275

Phe Ala Pro Ile Met Leu

290

310

295

Trp Leu Ala Asp Gln

Val Asp Asp Arg Thr Pro

325

Lys Tyr Asn Lys Asn Gly

340

Lys Val Leu Glu Ile Pro

355

Leu Gly Gly Ser Lys Phe

370

375

47975

Val Val Asp Phe Asp Asp
60

His Asp Lys Ile Leu Thr
75

Glu Ala Asn Asp Val Ser
90

Glu Ala Thr Pro Ala Ser
105 110

Glu Val Asn Met Gln Lys
120 125

Glu Tyr Ala Arg Gln Asp
140

Ser Val Pro Leu Thr Leu
155

Phe Ile Asn Ile Lys Asp
170

Ser Leu Phe Leu Pro Asp
185 190

Asn Leu Thr Ala Ser Ile
200 205

Asn Val Pro Met Tyr Lys
220

Ile Tyr Asp Arg Asp Trp
235

Ala Ser Lys Pro Gly Phe
250

Gly Cys Ser Cys Leu Gln
265 270

Ala Arg Tyr Leu Tyr Asp
280 285

Ala Phe Ser Ala Ala Ala
300

Asp Val Arg Trp Asn Val
315

Lys Glu Arg Gly Val Ala
330

Phe Gly Gly Ile Ala Lys
345 350

Lys Ser Arg Tyr Ser Ser
360 365

Phe Asn Arg Thr Tyr Asn
380

68

Lys

Glu

Phe

95

Pro

Arg

Ser

Thr

Pro

175

Glu

Arg

Asp

Phe

Ile

255

Val

Ala

Pro

Ile

Pro

335

Asp

Vel

Asp

Glu

Leu

80

His

Tyr

Arg

Lys

vVal

160

Trp

Val

Thr

Ile

Leu

240

Tyr

Thr

Leu

Ala

Ser

320

Leu

Val

Asp

Thr

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Leu

Gln

Leu

Asn

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Asp

Gln

Lys

Ala

Asp

Phe

Val
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Pro
385

Pro

405

Asp
420

Ser
435

390

Ile Asn Glu Lys Val

Leu Asp Tyr Asp Leu

Pro Val Ser Thr Phe

Ser Asn His Phe Glu

Arg Phe Lys Pro Pro Thr

450

Pro
465

Phe

485

Ile Leu Thr Phe

500

Trp Glu Asn
515

Glu Lys Phe His
530

Thr
545

Glu Asp Tyr

Ile

470

455

Gly Trp Arg Val Glu

Glu Asn Ala Ala Tyr

Ser Asp

565

Thr
580

Tyr
595

Th

a}

610

]

Thr

645

Ser
660

Ser
675

<210> 21

<211> 678
<212> PRT
<213>

<220>

Phe Pro Gln Phe
Lys Asp Trp Lys
Tyr Tyr Leu Lys

Thr Ala Lys Phe

630

Glu

Leu

Phe
615

His Asp Ser Lys Ile

Cys Asp Arg Leu Thr

Phe Leu Glvy Ala Glu

Ile Glu Ser Lys Cys

s Lys

47975

Leu Gly Arg Leu
395

Ala Lys His Phe
410

Glu Glu Leu Leu
425

Asn Ile Gln Ser
440

Leu

Ala

Asn

Thr
445

Glu

His

Gln

430

Asn

Gln Gln Ala Thr Pro Asp
460

Phe Arg Pro Phe Glu Val

475

Ser Val Leu Ile Tyr Leu

490

Asn Ile Asn Ala Tyr Ile

505

Ile
520

525

540

555

Thr Pro Ile

570

Leu Lys His
585

Ile
600

Ser Asp

Arg Asn Phe Val

605

Leu

620

Ser Lys Ser Ile

635
His Leu Asp Asp
650

Ile Ala Glu Tyr
665

Trinh ty nhén tao

69

Asn

Ser

vVal

510

Ala His His Arg Asp

Ser Phe Arg Asn Asp

Glu Ile Phe His Asn

Leu Cys Gln

Ser Ser Lys

590

Arg Ala Ser

Gln

Asn Asp
400

Leu
415

Tyr

Asp Asn

Trp Gln

Lys Lys

Gln Leu

480

Tle
495

Val
His Met
Ala Ile
Thr Asp

Glu
560

Pro

L N
575

Gly
His Glu
Gly Glu
His Pro
Leu

640

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

vVal

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Ala

Arg

Thr

Leu

Ser

Asp

Ser

Lys

Phe

Glu

Gly

Val

Leu

Pro

Tyr

Ser

Thx

Pro

69/75



<223>

<400>

Met

1

Thr

Ile

Asp

Ser

65

Glu

Tyr

Tyr

Ala

Leu

145

Arg

Lys

Arg

21

Gly Leu Leu Ala Leu Gly

5

Tyr Asn Glu His Ile Arg

20

Phe Gln Ala Ala Gly Lys

35

40

Glu Leu Glu Tyr Met Val

50

55

Met Leu Asp Val Cys His

70

Asp Ser Ser Leu Tyr Glu

85

Gly Arg Tyr Met Leu Glu

100

Val Gly Ser Tyr Val Glu

115

120

Glu Tyr Lys Leu Ser Glu

130

135

His Val Gly Ser Arg Ser

150

Met Gly Cys Pro Asp Phe

165

47975

S.cerevisiae GSH1 C86Y

Thr Pro Leu Gln Trp
10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Pro
45

Val Asp Phe Asp Asp
60

Asp Lys Ile Leu Thr
75

Ala Asn Asp Val Ser
90

Ala Thr Pro Ala Ser
105 110

Val Asn Met Gln Lys
125

Tyr Ala Arg Gln Asp
140

Val Pro Leu Thr Leu
155

Ile Asn Ile Lys Asp
170

Asn Ala Ala Ser Arg Ser Leu Phe Leu Pro Asp

180

His Val Arg Phe Pro Asn

195

200

Gly Glu Lys Val Cys Met Asn

Pro

225

Asp

Ser

Ala

210

215

Glu Thr Asp Asp Ser Ile

230

Lys Glu Ala Lys Leu Ala

245

185 190

Leu Thr Ala Ser Ile
205

Val Pro Met Tyr Lys
220

Tyr Asp Arg Asp Trp
235

Ser Lys Pro Gly Phe
250

Met Gly Phe Gly Met Gly Cys Ser Cys Leu Gln

260

265 270

Pro Asn Ile Asn Lys Ala Arg Tyr Leu Tyr Asp

275

280

285

Phe Ala Pro Ile Met Leu Ala Phe Ser Ala Ala Ala

290

295

300

Gly Trp Leu Ala Asp Gln Asp Val Arg Trp Asn Val

305

310

315

70

Phe Glu
15

Gln Leu

Leu Phe

Lys Glu

Glu Leu
80

Phe His
95

Pro Tyr

Arg Arg

Ser Lys

Thr Val

160

Pro Trp
175

Glu Val

Arg Thr

Asp Ile

Phe Leu

240

Ile Tyr

255

Val Thr

Ala Leu

Pro Ala

Tle Ser
320

Ser

Leu

Trp

Arg

Asn

Pro

Leu

Ala

Asn

Phe

Asn

Ile

Arg

Ala

Pro

Met

Phe

Val

Phe

Gly

Arg

Tyr

Gly

Asn

Met

Glu

Asn

Ile

Asn

Pro

His

Asn

Arg

Thr

Glu

Asp

Gln

Asn

Lys

Ala
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Val

Lys

Lys

Leu

Pro

385

Pro

Asp

Ser

Arg

Pro

465

Phe

Ile

Val

Glu

Thr

545

Ile

Thr

Tyr

Thr

Lys

625

Thr

Ser

370

450

530

610

Asp Asp Arg Thr Pro
325

Tyr Asn Lys Asn Gly
340

Val Leu Glu Ile Pro
355

Gly Gly Ser Lys Phe
Ile Asn Glu Lys Val
390

Leu Asp Tyr Asp Leu
405

Pro Val Ser Thr Phe
420

Ser Asn His Phe Glu
435

Phe Lys Pro Pro Thr
Gly Trp Arg Val Glu
470

Glu Asn Ala Ala Tyr
485

Leu Thr Phe Ser Asp
500

Trp Glu Asn Met Lys
515

Lys Phe His Trp Lys
Glu Asp Tyr Ser Ile
550

Phe Pro Gln Phe Val
565

Lys Asp Trp Lys Glu
580

Tyr Tyr Leu Lys Leu
595

Thr Ala Lys Phe Phe
His Asp Ser Lys Ile
630

Cys Asp Arg Leu Thr
645

Phe Leu Gly Ala Glu

375

455

535

615

47975

Lys Glu Arg Gly
330

Phe Gly Gly Ile
345

Lys Ser Arg Tyr
360

Phe Asn Arg Thr

Val Ala

Ala Lys
350

Ser Ser
365

Tyr Asn

380

Leu Gly Arg Leu
395

Ala Lys His Phe
410

Glu Glu Leu Leu
425

Asn Ile Gln Ser
440

Gln Gln Ala Thr

Leu Glu

Ala His

Asn Gln
430

Thr Asn
445

Pro Asp

460

Phe Arg Pro Phe
475

Ser Val Leu Ile
490

Asn Ile Asn Ala
505

Ile Ala His His
520

Lys Ser Phe Arg

Glu Val

Tyr Leu

Tyr Ile
510

Arg Asp
525

Asn Asp

540

Ser Glu Ile Phe
555

Thr Pro Ile Leu
570

Leu Lys His Ser
585

Ile Ser Asp Arg
600

Arg Asn Phe Val

His Asn

Cys Gln

Ser Lys
590

Ala Ser
605

Leu Gln

620

Ser Lys Ser Ile
635

His Leu Asp Asp
650

Ile Ala Glu Tyr

71

Asn Tyr

Ser Lys

Val Lys

Pro

335

Asp

Val

Asp

Asn

Leu

415

Asp

Trp

Lys

Gln

Ile

495

His

Ala

Thr

Pro

Lys

575

His

Gly

His

Asp

Gly
655

Leu

Val

Asp

Thr

Asp

400

Tyr

Asn

Gln

Lys

Leu

480

Val

Met

Ile

Asp

Glu

560

Gly

Glu

Glu

Pro

Leu

640

Glu

Asn

Leu

Gln

Leu

Asn

Lys

Ile

Lys

Thr

Asp

Leu

Asp

Ser

Leu

Val

Asn

Phe

Arg

Leu

Asp

Leu

Leu

Lys

Pro

Asp

Phe

Val

Ala

Arg

Thr

Leu

Ser

Lys

Phe

Glu

Gly

vVal

Leu

Pro

Tyr

Ser

Thr

Pro

7175



47975

660 665

Ser Ile Glu Ser Lys Cys

675
<210> 22
<211> 33

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> F_BamHI_ GSHI

<400> 22
ggtaggatcc atgggactct tagctttggg cac

<210C> 23

<211> 25

<212> ADN

<213> Trinh tyu nhan tao
<220>

<223> R_GSH1_C86R

<400> 23
ttagcctcece taagggacga atcct

<210> 24

<211> 25

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> F_GSH1_C86R

<400> 24
cgtccecttag ggaggctaac gatgt

<210> 25

<211> 35

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> R _XhoI GSH1

<400> 25
atgactcgag ttaacatttg ctttctattg aaggc

<210> 26

<211> 33

<212> ADN

<213> Trinh ty nhdn tao
<220>
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<223>

<400>
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F Spel GSH1 DW

26

tagaactagt actcctttta tttcggttgt gaa

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

<220>
<223>

<400>

27

35

ADN

Trinh ty nhén tao

R NcoI GSH1 DW

27

gctgccatgg gaatagtgtg aaccgataac tgtgt

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

<220>
<223>

<400>

28

27

ADN

Trinh tyu nhédn tao

R AL killer

28

gagcaatgaa cccaataacg aaatctt

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

<400>

29

24

ADN

Trinh ty nhén tao

F BR killer

29

cttgacgttc gttcgactga tgag
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YEU CAU BAO HO
1. Bién thé glutamat—xystein ligaza trong d6 axit amin twong Ung voi vi tri thir 86 tur dau
N ctia trinh tu axit amin ¢6 mé nhan biét SEQ ID NO: 1 dugc thay thé bang axit amin
khéac.
2. Bién thé glutamat—xystein ligaza theo diém 1, trong d6 axit amin twong fing vdi vi tri
thir 86 dugc thay thé bﬁng glyxin, alanin, valin, leuxin, isoleuxin, methionin,
phenylalanin, tryptophan, prolin, serin, threonin, tyrosin, asparagin, glutamat, glutamin,

aspartat, lysin, arginin, hodc histidin.

3. Bién thé glutamat xystein ligaza theo diém 1, trong d6 bién thé co sy tuong dong
trinh tu béng hodc 1én hon 80% va nhé hon 100% vé1 trinh tu axit amin ¢6 ma nhan biét
SEQ ID NO: 1.

4. Bién thé glutamat—xystein ligaza theo diém 1, trong d6 bién thé chi chira mt trinh tu
axit amin duoc hua chon tir trinh tu axit amin ¢6 méa nhén biét SEQ ID NO: 3 dén SEQ
ID NO: 21. |

5. Polynucleotit ma hoa bién thé glutamat—xystein ligaza theo diém bat ky tir 1 dén 4.
6. Vecto chira polynucleotit theo diém 5.

7. Vi sinh vat san sinh glutathion chira it nhit mot trong sb bién thé glhitamat—xystein
ligaza theo diém bat ky tr 1 dén 4; polynucleotit m3 hoa bién thé; va vecto chira
polynucleotit.

8. Vi sinh vét theo diém 7, trong d6 vi sinh vit [a vi sinh vat thudc chi Saccharomyces.
9. Vi sinh vt theo diém 7, trong do6 vi sinh vat 1a Saccharomyces cerevisiae.

10. Vi sinh vét theo diém 7, trong dé vi sinh vat 13 ching Saccharomyces cerevisiae
duoc luu ching véi s6 luu chung KCCM12659P.

11. Phuong phap san xuét glutathion, trong d6 phwong phap nay bao gom nudi cay vi
sinh vat chira it nhit mot trong s6 bién thé glutamat—xystein ligaza theo diém bat ky tr
| dén 4: polynucleotit ma héa bién thé; va vecto chira polynucleotit, trong méi trudng
nudi cly.

12. Phuong phap theo diém 11, trong do phuong phap nay con bao gbm thu hoi

glutathion tir it nhat mot trong 86 dugc lya chon tu vi sinh vét nudi cdy, san pham sy
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kho ciia vi sinh vat, chiét xudt cia vi sinh vat, dich nudi cdy cua vi sinh vat, va dich ly

giai vi sinh vat.
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