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Linh vue ki thuat dwoc dé cap

Sang ché @& cap dén polypeptit co hoat tinh san sinh O-phosphoserin (OPS),
polynucleotit ma hoa polypeptit, vi sinh vat san sinh O-phosphoserin, va cadc phuong

phap san xuit O-phosphoserin, xystein va cac dan xuat xystein str dung O-phosphoserin.
Tinh trang ki thuit ciia sing ché

L-Xystein 13 axit amin c6 vai trd quan trong trong qué trinh chuyén héa luu huynh
trong tAt ca cac co thé séng, khong chi duge sir dung trong qua trinh tong hop céc protein
sinh hoc nhu keratin téc (chit sing toc), glutathion, biotin, methionin, va cic chét

chuyén hoa chira Iuu huynh khac, ma con 13 tién chat dé sinh tong hop coenzym A.

Cac phuong phép san xuit L-xystein sit dung cac vi sinh vat d biét trong cing
linh vuc k¥ thuat bao gdm: 1) phuong phép chuyén d6i sinh hoc D,L-2-aminthiazolin-
4-carboxylic axit (D,L-ATC) thanh L-xystein st dung cac vi sinh vat, 2) phuong phap
san xuit L-xystein bang cach 1én men truc tiép st dung E. coli (US 5972663 A; Wada
M va Takagi H, Appl. Microbiol. Biochem., 73:48-54, 2006), va 3) phuong phap sin
xuat O-phosphoserin (sau diy dugc goi 1a “OPS”) bang cach 1én men st dung cac vi
sinh vét, va sau d6 chuyén dbi O-phosphoserin thanh L-xystein bang cach cho phan tmg
O-phosphoserin véi sulfua dudi sy xuc tac ciia O-phosphoserin sulfhydrylaza (sau day

duoc goi 1a “OPSS™) (patent Hoa Ky sb US 8557549).

Cu thé, dé san xuét xystein bang phuong phap 3) v6i san luong cao, OPS 1 tién

chat can dugc san xuat véi so luong du thura.
Béan chat ky thuat cfia sang che

Cac tac gia da hoan thién sang ché bang cach xac dinh bién thé véi hoat tinh duge
tang cuong cua yéu to san sinh c6 kha nang san sinh déu dan OPS duoc san sinh trong
chung san sinh OPS tir t€ bao, va xac nhan rang sy san sinh OPS duoc cai thién nhd bién
thé nay.

Muc dich cua sang ché 1a dé xut polypeptit c6 hoat tinh san sinh O-phosphoserin
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(OPS).

Muc dich khac cua sang ché 13 d& xult polynucleotit ma hoéa polypeptit ciia sang

Ie
A

ché.
Muc dich khac ciia sang ché 13 dé xudt vecto chira polynucleotit ctia séng ché.

Muc dich khéac cua sang ché 1a dé xuat vi sinh vat san sinh O-phosphoserin chtra

bat ky mot hodc nhiéu polypeptit, polynucleotit, va vecto cua sang ché.

Muc dich khac cua sang ché 1a dé xuat phuong phap san xuat O-phosphoserin bao
gom nudi cay vi sinh vat san sinh O-phosphoserin cta sang ché trong mo1 trrong nudi

cay.

Muc dich khéc cta sang ché 1a d& xut phwong phap san xuét xystein hoic din

xudt clia xystein, trong d6 phuong phap niy bao gom:

a) san xuit O-phosphoserin (OPS) hozc méi trudng chira OPS bang cach nudi ciy
vi sinh VAt san sinh O-phosphoserin trong méi trudng nudi cy, trong d6 vi sinh vat chira
bat ky mot hodc nhiéu polypeptit, polynucleotit ma héa polypeptit ctia sang ché, va vecto

chira polynucleotit cua sadng ché; va

b) cho phan trng O-phosphoserin hodc moi truong chira OPS duoc san xuét & bude
a) vGi sulfua trong su ¢6 mat cua O-phosphoserin sulfhydrylaza (OPSS) hoac vi sinh vt
bicu hién OPS.
Hiéu qua dat duoc cua sang ché

Khi vi sinh vt ¢6 kha nang san sinh O-phosphoserin dugc nuoi cay sit dung
polypeptit ¢6 hoat tinh san sinh O-phosphoserin cua sang ché, c6 thé dan dén san xuét
OPS ning suét cao so véi viée sit dung protein bién thé hoic khong bién d6i hién co.
MO ta chi tiét sang ché

Séng ché s& dwoc mo ta chi tiét dudi day. Trong khi d6, mdi phan md ta va phuong
an duoc mé ta trong sang ché co thé dugc ap dung twong tng cho cac phin mé ta va
phuong 4n khac. Tuc 13, tit ca su két hop cua cac thanh phén khac nhau duge mo ta
trong sang ché déu thudc pham vi bao ho cia sang ché. Hon nira, pham vi bao ho ctia
sang ché khong bi gi6i han béi cac phan mé ta dusi day.

Dé dat duoc cac muc dich néu trén, khia canh cua sang ché dé xuat polypeptit ¢6
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hoat tinh san sinh O-phosphoserin (OPS) bao gdm: a) su thay thé isoleuxin (I) & vj tri
twong Gmg vi tri thit 241 trong trinh ty axit amin c6 ma nhan biét SEQ ID NO: 11 bang
threonin (T), sy thay thé aspartic axit (D) & vi tri twong ng vi tri thir 246 trong trinh t
axit amin ¢6 mé nhan biét SEQ ID NO: 11 béng valin (V), va sy thay thé valin (V) & vi
tri twong Gng vi tri thir 330 trong trinh tu axit amin c6 ma nhan biét SEQ ID NO: 11
bang isoleuxin (I), va c6 trinh tu axit amin, trong d6 b) axit amin & vi tri twong tng vi

tri thir 88 1a phenylalanin va c) axit amin & vi tri twong Ung vi tri thr 207 1a lysin (K).

Nhu duoc sir dung ¢ day, thuat ngit “O-phosphoserin” (sau day dugc goi la “OPS”)
d& cap dén axit phosphoric este cia serin c6 chirc ning 1am thanh phan céu tao ctia nhidu
loai protein. Cu thé, OPS 14 tién chét cua L-xystein va c6 thé duoc chuyén ddi thanh
xystein bang cach cho phan tng v6i sulfua dudi sy xtc tic ciia OPS sulfhydrylaza (sau
day dugc goi 1a “OPSS”), tuy nhién sang ché khéng bi giéi han & day (patent Hoa Ky
s6 US 8557549 B2).

Nhu dugce sir dung & day, thuat ngit “polypeptit ¢6 hoat tinh san sinh OPS” dé cap
dén mang protein c6 hoat tinh san sinh OPS ra bén ngoai ciia té bao, va mang protein co
thé co ngudn gde tir E. coli. Trong sang ché, polypeptit c6 hoat tinh san sinh OPS ¢6 thé
1a chit van chuyén lién ho tro gitp chinh YhhS (major facilitator superfamily: MFS)
hosc bién thé ciia né. Cy thé, polypeptit clia sang ché ¢ thé 13 bién thé cua chit van
chuyén MFS YhhS biéu hién hoat tinh dugc cai thién so véi hoat tinh ctia chit van
chuyén MFS YhhS kiéu dai, duoc xac dinh 14 protein c6 hoat tinh san sinh OPS trong

E. coli, trong d6 su trc ché tang trudng duge giai phong trong didu kién c6 OPS du thira.

Nhu duoc str dung & day, thuat ngir “bién thé” dé cap dén protein co it nhat mot
trinh tu axit amin khac véi trinh tu da néu do su thay thé bao thi va/hodc stra ddi sao
cho cac chitc nang va cac dac tinh cua protein duoc gift lai. Cac bién thé khac véi trinh
tu da xac dinh nho¢ sy thay thé, x6a, hodc bd sung mot sb axit amin. Cac bién thé nay
thuong co thé duoc xac dinh béng céch sira doi mot trong cac trinh tu axit amin néu trén
clia protein va danh gia cac dic tinh clia protein da bién doi. Tirc 13, kha ning cla cac
bién thé c6 thé duoc ting cudng, khong thay d6i, hodc giam di so véi protein tu nhién.
Hon nita, mét s6 bién thé c6 thé bao gém nhiing bién thé trong d6 mdt hoac nhiéu ph?m,
chéng han nhu trinh ty dan dau dau N hoic mién xuyén mang duoc loai bd. Céc bién
thé khac c6 thé bao gdm nhiing bién thé trong d6 mot phan da dwoc loai bé khoi diu N

va/hoic dau C clia protein trudng thanh. Thuat ngit “bién thé” c6 thé duoc st dung thay
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thé cho céc thuat ngit nhu duoc sira dbi, bién ddi, protein bién ddi, polypeptit bién tinh,
d6t bién, mutein, phan ky, bién thé, v.v. tuy nhién sing ché khong bi gi¢i han & day,
mién 1a cac thuat ngit duogc sir dung dé thé hién sy bién d6i. Pbi v6i muc dich cua sang
ché, bién thé c6 thé 12 nhitng bién thé c6 hoat tinh ting cudng cta protein da bién ddi so
v6i protein kiéu dai ty nhién hodc protein khong bién déi, tuy nhién sang ché khong bi |
gidi han & day.

Nhu dugc st dung ¢ day, thuat ngit “thay thé bao thu” dé cap dén su thay thé mot
axit amin bang axit amin khéac ¢ cAu tric va/hodc cac tinh chit héa hoc twong tu. Vi du,
bién thé co thé bao gdm it nhit mot su thay thé bao thu trong khi van giit duoc it nhit
mot hoat tinh sinh hoc. Sy thay thé axit amin nay thuong co thé xay ra dya trén su gibng
nhau vé d6 phéan cuc, dién tich, tinh hoa tan, tinh ky nuéc, tinh wa nudc, va/hodc ban
chat ludng tinh cta cac gdc. Vi du, trong sd cac axit amin mang dién tich, cac axit amin
mang dién tich duong (c6 tinh bazo) bao gém arginin, lysin, va histidin, va cac axit amin
mang dién tich 4m (c6 tinh axit) bao gdm axit glutamic va axit aspartic; va trong s6 céc
axit amin khong tich dién, c4c axit amin khéng phan cuc bao gém glyxin, alanin, valin,
leuxin, isoleuxin, methionin, phenylalanin, tryptophan, va prolin; cic axit amin phén
cuc hoic wa nuée bao gdm serin, threonin, xystein, tyrosin, asparagin, va glutamin; va
cac axit amin thom trong s& cic axit amin bao gdm phenylalanin va tryptophan, va

tyrosin.

Ngoai ra, cac bién thé c6 thé con bao gbm viéc loai bo hoic bb sung cac axit amin
¢ anh hudng tdi thiéu dén céac tinh chat va ciu triic bac hai ctia polypeptit. Vi du,
polypeptit co thé duoc lién hop véi trinh ty tin hiéu (hodc din dau) & dau N cua protein
lién quan dén chuyén dich cua céc protein d(‘A)ng dich ma hoac sau dich ma. Ngoai ra,
polypeptit con c6 thé duoc lién hop v6i trinh tu hodc lién két khac dé x4c dinh, tinh ché
hoic téng hop polypeptit.

Cu thé, polypeptit c6 hoat tinh san sinh OPS ctia sing ché c6 thé 1a polypeptit c6
hoat tinh san sinh OPS bao gdm a) su thay thé isoleuxin (I) & vi tri tuong tng vi trf thi
241 trong trinh ty axit amin c6 md nhén biét SEQ ID NO: 11 bang threonin (T), su thay
thé aspartic axit (D) & vi tri twong ting Vi tri thit 246 trong trinh tu axit amin ¢6 ma nhén
biét SEQ ID NO: 11 bang valin (V), va sy thay thé valin (V) & vi trf twong tmg vi tri tht
330 trong trinh ty axit amin c6 ma nhan biét SEQ ID NO: 11 béng isoleuxin (I), va co

trinh ty axit amin, trong d6 b) axit amin & vi tri twong Ung vi tri thir 88 1a phenylalanin
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va ¢) axit amin & vi tri twong (ng vi tri thtr 207 1a lysin (K), hodc polypeptit ¢6 hoat tinh
san sinh OPS bao gbm a) si thay thé isoleuxin (I) & vi tri twong tng vi trf thit 241 trong
trinh ty axit amin c6 ma nhan biét SEQ ID NO: 11 bang threonin (T), su thay thé aspartic
axit (D) & vi tri twong (g vi tri thir 246 trong trinh t axit amin c6 ma nhan biét SEQ
ID NO: 11 bang valin (V), va sy thay thé valin (V) & vi tri twong tmg vi tri thir 330 trong
trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 11 bang isoleuxin (I), va c6 trinh ty axit
amin, trong d6 b) axit amin & vi tri twong ung vi tri thir 88 1a phenylalanin va c) axit

amin & vi tri twong tng vi tri thr 207 1a lysin (K).

Polypeptit c6 hoat tinh san sinh OPS cia sang ché c¢6 thé 13 polypeptit c6 hoat tinh
san sinh OPS bao gdm a) su thay thé isoleuxin (I) & vi tri twong tmg vi tri thi 241 trong
trinh tu axit amin c6 ma nhan biét SEQ ID NO: 11 bang threonin (T), su thay thé aspartic
axit (D) ¢ vi tri twong Gng vi tri thit 246 trong trinh ty axit amin c6 ma nhén biét SEQ
ID NO: 11 bang valin (V), va su thay thé valin (V) & vi tri twong tmg vi trf thit 330 trong
trinh tw axit amin c¢6 mé nhéan biét SEQ ID NO: 11 bang isoleuxin (I), va c6 trinh tu axit
amin, trong d6 b) axit amin & vi tri twong Gng vi tri thit 88 1a phenylalanin va c¢) axit
amin ¢ vi tri tuong tng vi tri thir 207 1a lysin (K), hoédc polypeptit c6 hoat tinh san sinh
OPS bao gdm a) sy thay thé isoleuxin (I) & vi tri twong ting vi tri thit 241 trong trinh tu
axit amin c6 ma nhan biét SEQ ID NO: 11 bang threonin (T), su thay thé aspartic axit
(D) ¢ vi tri twong ung vi tri thir 246 trong trinh ty axit amin ¢6 ma nhan biét SEQ ID
NO: 11 bang valin (V), va sy thay thé valin (V) & vi tri twong tmg vi tri thtr 330 trong
trinh tu axit amin c6 ma nhan biét SEQ ID NO: 11 bang isoleuxin (I), va gbm c6 hodc
vé co ban gdm c6 trinh ty axit amin, trong dé b) axit amin & vi tri twong ing vi tri thir

88 1a phenylalanin va ¢) axit amin & vi tri twong Gmg vi tri thir 207 13 lysin (K).

Ngoai ra, polypeptit ¢6 hoat tinh san sinh OPS ctia sang ché c6 thé bao gdm ma
khong giGi han & bit ky polypeptit ¢é trinh ty axit amin thé hién tdi thiéu 70%, 80%,
90%, 95%, hodc 99%, va tbi da 100% su déng nhat voi trinh tu axit amin cé cdc ma
nhén biét SEQ ID NO: 11 hogc SEQ ID NO: 1 va thé hién kha ning san sinh OPS vé co
ban déng nhat hoic twong dong véi kha niang san sinh OPS ctia polypeptit, trong khi 1a
polypeptit bao gdém a) su thay thé isoleuxin (I) & vi tri twong tng vi tri thir 241 trong
trinh ty axit amin c6 ma nhan biét SEQ ID NO: 11 bang threonin (T), su thay thé aspartic
axit (D) & vi tri twong ung vi tri thit 246 trong trinh ty axit amin ¢6 ma nhén biét SEQ
ID NO: 11 bang valin (V), va su thay thé valin (V) & vi tri twong (g vi trf thit 330 trong



51960 6/58

trinh tu axit amin c6 mé nhan biét SEQ ID NO: 11 bang isoleuxin (I), va c6 trinh t axit
amin, trong d6 b) axit amin & vi tri twrong ing vi tri thir 88 1a phenylalanin va c) axit
amin & vi tri twong Gng vi tri thir 207 13 lysin (K). Ngoai ra, rd rang rang bat ky bién thé
polypeptit c6 trinh tu axit amin trong d6 mot phan cia trinh tu axit amin dwoc x6a, sira
d6i, thay thé, hodc thém vao & cac vi tri axit amin twong tng vi tri thi 88, 207, 241, 246,
va 330 cla trinh ty axit amin c6 m3 nhan biét SEQ ID NO: 11, déu co thé thude pham
vi bao hd cua sang ché, mién 1a d6 1a polypeptit co trinh ty axit amin vé co ban c6 hoat

tinh san sinh OPS nhu trinh tu ¢6 su d@)ng nhét nhu vay.

Cu thé, polypeptit ¢6 hoat tinh san sinh OPS clia sang ché co thé 1a polypeptit co
trinh tu axit amin ¢6 ma nhén biét SEQ ID NO: 1.

Trong sang ché, polypeptit c6 hoat tinh san sinh O-phosphoserin c6 trinh ty axit
amin c6 ma nhan biét SEQ ID NO: 1 c6 thé 1a polypeptit c6 hoat tinh san sinh O-
phosphoserin bao gdm trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 1, polypeptit c6
hoat tinh san sinh O-phosphoserin dugc thé hién béi trinh tu axit amin ¢6 ma nhan biét
SEQ ID NO: 1, polypeptit ¢6 hoat tinh san sinh O-phosphoserin vé co ban gdm c6 trinh
fu axit amin c6 m3 nhén biét SEQ ID NO: 1, hodc polypeptit c6 hoat tinh san sinh O-
phosphoserin gém c6 trinh ty axit amin c6 ma nhan biét SEQ ID NO: 1. Hon nita,
polypeptit c6 hoat tinh san sinh O-phosphoserin ctia sang ché khong loai trir ving phia
trude hodc vung phia sau ) sung trinh ty vO nghia cua trinh ty axit amin c6 ma nhén

biét SEQ ID NO: 1.

Trong sang ché, trinh ty axit amin ¢ ma nhan biét SEQ ID NO: 1 ¢6 thé c6 nghia
14 trinh ty axit amin ¢4 hoat tinh san sinh OPS. Cu thé, trinh ty axit amin c6 ma nhan
biét SEQ ID NO: 1 ¢6 thé 1a trinh tu axit amin tao thanh bién thé ctia chit van chuyén
MFS YhhS, protein biéu hién hoat tinh san sinh OPS dugc ma hoa béi gen yhhsS.

Trinh tu axit amin ciia chét van chuyén MFS YhhS, protein biéu hién hoat tinh san
sinh OPS dugc mi héa bdi gen yhhsS, ¢6 thé thu duge tir co so dit lidu da biét ctia Ngan
hang gen cua Trung tdm Théng tin Cong nghé Sinh hoc Qudc gia (National Center for
Biotechnology Information: NCBI). Vi duy, trinh tu axit amin cua chét van chuyén MFS
YhhS c6 thé 14 trinh tu c6 mi nhan biét SEQ ID NO: 11. Ngoai ra, trinh ty axit amin
ctia chit van chuyén MFS YhhS c6 thé 1a trinh ty axit amin c6 ngudn gbc tir Escherichia

coli (E. coli), tuy nhién sang ché khong bi gi6i han & day.
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Khia canh khéc ctia sang ché d& xuét polynucleotit ma hoa polypeptit c6 hoat tinh
san sinh O-phosphoserin, bao gdm a) sy thay thé isoleuxin (I) & vi tri twong tmg vi tri
thir 241 trong trinh tw axit amin c6 ma nhén biét SEQ ID NO: 11 bang threonin (T), su
thay thé aspartic axit (D) & vi tri twong tng vi tri thir 246 trong trinh ty axit amin ¢6 ma
nhan biét SEQ ID NO: 11 bang valin (V), va sy thay thé valin (V) & vi tri twong tmg vi
tri th 330 trong trinh ty axit amin c6 ma nhéan biét SEQ ID NO: 11 bang isoleuxin (1),
va ¢O trinh tu axit amin, trong d6 b) axit amin ¢ vi tri twong Ung vi tri thir 88 Ia
phenylalanin va ¢) axit amin & vi tri twong Gng vi tri thir 207 1a lysin (K), hoac polypeptit
c6 hoat tinh san sinh O-phosphoserin c6 trinh tir axit amin c¢6 ma nhan biét SEQ ID

NO: 1.

Trinh ty ¢6 md nhén biét SEQ ID NO: 11, mi nhan biét SEQ ID NO: 1, O-

phosphoserin, va polypeptit ¢ hoat tinh san sinh O-phosphoserin da dugc md ta & trén.

Nhu duge str dung ¢ day, “polynucleotit” 1a polyme ctia cac nucleotit ¢ trong cac
don phan nucleotit dwoc lién két trong mach dai bang lién két cong hoéa tri, 1a sgi ADN

hodc ARN c6 d6 dai nhét dinh.

Polynucleotit ¢6 thé bao gdm bat ky polynucleotit ma héa polypeptit c6 hoat tinh
san sinh OPS ctia sang ché ma khong gidi han & day. Trong séng ché, gen ma hoéa trinh
twr axit amin ca protein san sinh OPS ¢6 thé 12 gen yhhS. Ngoai ra, gen c6 thé c6 ngudn

gbe tir Escherichia coli (E. coli), tuy nhién sang ché khong bi giéi han & day.

Cu thé, polynucleotit ma hoa polypeptit c6 hoat tinh san sinh OPS cua sang ché co
thé ¢6 hodc bao gém trinh tu nucleotit ma hoéa trinh tu axit amin dugc thé hién boi ma
nhan biét SEQ ID NO: 1. Ngoai ra, polynucleotit ma héa polypeptit c6 hoat tinh san sinh
OPS ctia sang ché c6 thé gdbm c6 hodc vé co ban gdm cé trinh tu nucleotit ma hoa trinh
fw axit amin dugc thé hién béi ma nhan biét SEQ ID NO: 1. Polynucleotit clia sang ché
c6 thé bao gdm cac sy bién ddi khac nhau trong ving md héa mién la khong lam thay
d6i trinh tu axit amin cta polypeptit do su thoai bién codon (don vi ma héa) hodc trong
su xem xét cac codon duogc uvu tién boi sinh vat trong d6 polypeptit duoc biéu hién.
Polynucleotit ctia sang ché ¢6 thé bao gém hodc chtra, vi du, trinh tu nucleotit c6 it nhét
80%, 90%, 95%, hodc 99% su tuong déng hoac d@)ng nhAt véi trinh tu nucleotit c6 ma
nhan biét SEQ ID NO: 2, tuy nhién sang ché khong bi gi¢i han & day. Trong mdt phuong

an, polynucleotit cia sdng ché c6 thé gdom c6 hodc vé co ban gom c6 trinh tu nucleotit
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c6 it nhat 80%, 90%, 95%, hodc 99% sy twong ddng hodc ddng nhat véi trinh tu nucleotit
c6 mi nhén biét SEQ ID NO: 2, tuy nhién sang ché khong bi gii han & day.

Ngoai ra, polynucleotit ctia sang ché c6 thé bao gdm dau do co thé duge diéu ché
tir trinh tu gen d3 biét, vi du bat ky trinh tw c6 thé lai héa voi trinh tw bd sung cho toan
b hodc mdt phén cua trinh ty nucleotit trong cac diéu kién nghiém ngat d& ma hoéa trinh
tu axit amin c6 ma nhan biét SEQ ID NO: 1 ma khong bi gidi han ¢ day. Thuat nglt “cac
didu kién nghiém ngat” d& cap dén cac diéu kién cho phép lai cu thé gitta cac
polynucleotit. Cac diéu kién nay d3 dwoc mo ta cu thé trong cac tai liéu da biét (xem J.
Sambrook et al., Molecular Cloning, A Laboratory Manual, t4i ban 1an hai, 4n phim
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989; F.M. Ausubel
et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New York). Vi
du, cac diéu kién nghiém ngat c6 thé bao gém cac diéu kién trong d6 cac gen cé sy tuong
ddng hodc ddng nhét cao lai v6i nhau, t6t hon 14 it nhat 40%, 90%, t6t hon nita 14 it nhat
95%, t6t hon nira 14 it nhat 97%, va tbt nhat 14 it nhat 99%, va cac gen co su tuong dong
hodc ddng nhét thdp hon sy tvong ddng hodc déng nhat néu trén khong lai véi nhau,
hodc cc diéu kién rira ciia lai Southern, tirc 13, rira mot 1an, tét hon 12 hai dén ba lén ¢
ndng d6 mudi va nhiét d6 twong tng voi 60°C, 1xSSC, 0,1% SDS, t6t hon 1a 60°C, 0,1x
SSC, 0,1% SDS, va tét nhat 14 68°C, 0,1x SSC, 0,1% SDS.

Su lai hoa @oi1 hoéi hai axit nucleic chtra cac trinh tu bd sung, mac du tuy thudc vao
mic d6 nghiém ngat cla phép lai, sy khong khdp gitta cic bazo 14 c6 thé. Thuét ngit
“bd sung” duoc st dung dé mo ta mbi quan hé gitra cac bazo cia nucleotit ¢ thé lai véi
nhau. Vi du, d6i véi ADN, adenosin dugc bd sung véi thymin, va xytosin dugc bd sung
v6i guanin. Do do, polynucleotit ciia sang ché co thé bao gdm céc doan nucleotit duoc
tach chiét bd sung v6i todn bo trinh ty cling nhu cic trinh tu axit nucleic gidng nhau vé

co ban.

Nhu duoc st dung & ddy, thudt ngit “twong dong” hodic “ddng nhat” d& cap dén
mitc d6 két hop véi hai trinh tw axit amin hodc trinh ty nucleotit, va ¢6 thé dugce biéu
hién dudi dang phén tram. Cac thuét ngit tuong ddng va dbng nhat thuong ¢ thé duge

st dung thay thé cho nhau.

Su twong ddng hoic ddéng nhat trinh ty clia cac trinh tu polynucleotit hodc

polypeptit bao thi c6 thé duge xac dinh biang cac thuat toan cén chinh tiéu chuén va ham
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phat khoang tréng dich chuyén mic dinh duoc thiét 1ap boi chuong trinh co thé dugc su |
dung cung nhau. V& co ban, cac trinh ty twong ddng hoic dong nhat théng thuong co
thé lai héa v6i nhau theo toan bo trinh tu hoac it nhét khoang 50%, 60%, 70%, 80%
hodc 90% cua toan b trinh tu trong cac diéu kién nghiém ngat cao hodc trung binh. Céc
polynucleotit chira cac codon thodi bién thay vi cac codon trong lai hoa cac polynucleotit

cling dugc xem xét.

Vi dy, bit ky hai trinh ti polynucleotit c6 su twong dong, twong tur, hodc d6ng nhat
c6 thé dwoc xac dinh bing thuat todn may tinh da biét nhu thuat toan “FASTA” bing
cach st dung cac théng s6 mic dinh (Pearson et al. (1988) Proc. Natl. Acad. Sci. USA
85:2444). Thay vao d6, c6 thé xic dinh bang thudt toan Needleman—Wunsch
(Needleman va Wunsch, 1970, J. Mol. Biol. 48:443-453) duoc thuc hién béng cach su
dung chuong trinh Needleman ctia goi B6 phin mém mé sinh hoc phan 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 hoac méi hon) (goéi chuong trinh GCG (Devereux,
J. et al., Axit nucleics 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, su twong dong, twong tu, hodc déng nhét c6 thé duoc
xac dinh bang cach sir dung BLAST hodc ClustalW ctia Trung tim Thong tin Cong nghé
Sinh hoc Qudc gia (National Center for Biotechnology Information: NCBI).

Su twong ddng, trong tu, hodc ddng nhat giita cac polynucleotit hodc polypeptit
6 thé duoc xac dinh b'fmg cach so sanh thong tin trinh ty st dung, vi du, chuong trinh
may tinh GAP nhu Needleman et al., (1970), J Mol Biol. 48:443 nhu da dua ra bdi Smith
va Waterman, Adv. Appl. Math (1981) 2:482. Tém lai, chuong trinh may tinh GAP xac
dinh sy trong ddng, twong tu, hodc dong nhat gia tri thu dugc bang cach chia s6 lwong
cac ky hiéu duoc can chinh (tirc 13, cac nucleotit hodc axit amin) giéng nhau cho tong
$6 ky hi¢u trong mot doan ngén hon cua hai trinh tu. Cac tham s6 mac dinh cho chuong
trinh GAP ¢6 thé bao gdm: (1) ma trin so sanh nhi phan (chira gi4 tri 1 cho ddng nhat
va 0 cho khong ddng nhét) va ma trin so sanh trong s6 cua Gribskov et al. (1986), Nucl,
Acids Res. 14:6745, nhu duoc dua ra boi Schwartz va Dayhoff, eds., Atlas of Protein
Sequence va Structure, National Biomedical Research Foundation, c4c trang tur 353 dén

358 (1979) (hodc ma tran thay thé EDNAFULL (phién ban EMBOSS ciia NCBI
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NUC4.4)); (2) ham phat 3,0 cho mdi khoang tréng dich chuyén va ham phat b sung
0,10 cho mdi ky hiéu trong mdi khoang tréng dich chuyén (hoic ham phat mé& khoing
tréng dich chuyén 10 va ham phat mé rong khoang tréng dich chuyén 0,5); va (3) khong

¢6 ham phat cho céc khoang tréng dich chuyén cudi ciing.

Ngoai ra, bit ky hai trinh tu polynucleotit hodc polypeptit ¢ su twong dong, tuong
fir, hoac déng nhét v6i nhau c6 thé duoc xac dinh béng cach so sanh cac trinh tu trong
thtr nghiém lai Southern trong céc diéu kién nghiém ngit da xac dinh, va cac diéu kién
lai thich hgp da xé4c dinh thudc cung linh vuc k¥ thuat cuia sang ché, va cb thé duoc xac
dinh bang phuong phap da biét boi ngudi c6 hiéu biét trung binh trong cung linh vue k§
thuét (vi du, J. Sambrook et al.).

Cu thé, cac polynucleotit c¢6 su twong ddng hodc dong nhét c6 thé duoc phat hién
bang cach st dung cac didu kién lai bao gdm budc lai v6i gia tri Tm & nhiét d6 55°C
trong cac diéu kién néu trén. Ngoai ra, gia tri Tm co thé 1a nhiét do 60°C, 63°C, hoic
65°C, tuy nhién sang ché khong bi gi¢i han & day, va c6 thé duge kiém soat thich hop
b nhitng ngudi c6 hiéu biét trung binh trong cing linh vuc k¥ thudt tiry thudc vao muc

dich str dung.

Do nghiém ngét thich hop trong lai héa cac polynucleotit tiy thudc vao chiéu dai
cta cac polynucleotit va mirc d6 bd sung, va cac thong sb ctia chiing da biét trong cling

linh vuc k¥ thuat (xem Sambrook et al., supra, 9.50-9.51, 11.7-11.8).

Khia canh khéc cia sang ché dé xuét vecto chira polynucleotit ma héa polypeptit
c6 hoat tinh san sinh O-phosphoserin, bao gdm a) su thay thé isoleuxin (I) & vi trf tuong
ung vi tri thr 241 trong trinh tu axit amin ¢ ma nhan biét SEQ ID NO: 11 bang threonin
(T), su thay thé aspartic axit (D) & vi tri twong tmg vi trf thit 246 trong trinh ty axit amin
c6 ma nhan biét SEQ ID NO: 11 bang valin (V), va su thay thé valin (V) & vi trf twong
ung vi tri thi 330 trong trinh ty axit amin c6 ma nhén biét SEQ ID NO: 11 bang isoleuxin
(I), va c¢6 trinh ty axit amin, trong dé b) axit amin ¢ vi tri twong tng vi tri thir 88 1a
phenylalanin va ¢) axit amin & vi tri twong Ung vi tri thit 207 1a lysin (K), hodc
polynucleotit ma hda polypeptit ¢6 hoat tinh san sinh O-phosphoserin ¢6 trinh tu axit

amin c6 mé nhin biét SEQ ID NO: 1.

Trinh ty c¢6 m3 nhan biét SEQ ID NO: 11, mi nhan biét SEQ ID NO: 1, O-

phosphoserin, polypeptit c6 hoat tinh san sinh O-phosphoserin, va polynucleotit da dugc

10
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mo ta & trén.

Nhu duoc su dung ¢ day, thudt nglt “vecto” dé cap dén cAu tric ADN chira trinh
tw nucleotit ctia polynucleotit ma héa polypeptit dich va protein dugc lién két chirc ning
v6i trinh tu didu hoa thich hop dé c6 thé biéu hién polypeptit hoic protein dich trong té
bao vat chu thich hop. Trinh ty didu hoa c6 thé bao gdm ving gen khoi dong c6 kha
ning bt d4u phién ma, trinh tu diéu khién bat ky dé diéu hoa phién ma, trinh tu ma hoa
vi trf lién két ribosom mARN thich hop, va trinh ty dé diéu hoa két thiic phién ma va
dich ma. Khi t& bao vat chu thich hop dugce bién nap véi vecto, vecto co thé sao chép

hodc hoat dong doc l1ap véi bd gen vat chu, hodc co thé tich hop vao bd gen cua chung.

Vecto dugce st dung trong sang ché khong bi gidi han cu thé mién 13 n6 ¢6 thé sao
chép trong té bao vat chi, va bat ky vecto da biét trong cing linh vuc k¥ thuat c6 thé
duoc sir dung. Céc vi du cua vecto thuong duéc str dung c6 thé bao gdm plasmit, cosmit,
virut va thé thuc khuan tai t& hop hodc ty nhién. Vi du, pWE15, M13, MBL3, MBL4,
IXII, ASHIL, APIL t10, t11, CharondA, va Charon21A c6 thé dugc st dung nhu vecto
thé thuc khudn hodc vecto cosmit; pBR, pUC, pBluescriptll, pGEM, pTZ, pCL, pSK,
pSKH, va pET c6 thé duoc st dung nhu vecto plasmit. Cu thé, c6 thé str dung cac vecto
pCL, pSK, pSKH130, pDZ, pACYC177, pACYC184, pECCG117, pUCI9, pBR322,
pMW118, va pCC1BAC.

Viéc chén polynucleotit vao nhiém séc thé c6 thé duoc thuc hién béng bét ky
phuong phép d3 biét trong cling linh vire k¥ thuat, vi du, tai to hop tuong dong, tuy nhién
phuong phap khong bi gidi han ¢ day.

Vecto ¢6 thé con bao gém chi ddu chon loc dé x4ac nhan su chén vao nhiém sac thé.
Chi d4u chon loc 12 dé lua chon céac té bao duoc bién nap véi vecto, tuc 1a dé x4c nhan
xem phén tir axit nucleic dich da dugc chén vao hay chua, va céc chi dau cung cap cac
kiéu hinh c6 thé chon loc, chéng han nhu khang thudc, dinh dudng thu dong, khang cac
chét gay doc t€ bao, hodc biéu hién clia cac protein dugc bién dbi bé mat c6 thé dugce st
dung. Chi c4c té bao bidu hién chi ddu chon loc c6 thé ton tai hodc bicu hién cac kiéu
hinh khéc nhau trong mdi trudng duge xir 1y bang chat chon loc, va do dé6 cac té bao da

bién nap c6 thé duoc chon.

Nhu duoc st dung & day, thuat ngr “bién nap” dé cap deén viéc dua vecto chura

polynucleotit ma hoéa polypeptit hoac protein dich vao té bao vat chil sao cho polypeptit

11
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hodc protein dugc ma héa béi polynucleotit ¢6 thé duoc biéu hién trong té bao vat cha.
Mién 13 polynucleotit da bién nap co thé dwgc biéu hién trong té bao vat chu,
polynucleotit da bién nap dugc chén vao nhidm sic thé cua té bao vat chii va nam trong
d6 hodc nim bén ngoai nhidm sic thé, va ca hai truong hop c6 thé duge bao gdm. Ngoai

ra, polynucleotit bao gdm ADN va ARN mi héa polypeptit hodc protein dich.

Polynucleotit c6 thé duoc dua vao & bat ky dang nio mién 13 polynucleotit duroc
dua vao té bao vat chi va duoc biéu hién trong d6. Vi du, polynucleotit c6 thé duoc dua
vao té bao vét chil dudi dang catxet biéu hién 1a cAu tric gen bao gdm tat ca cac yéu tb
can thiét dé bidu hién doc 1ap cua nd. Catxet biéu hién thong thuong cé thé bao gdom
ving gen khéi dong duoc lién két chirc ning voi polynucleotit, tin hiéu két thic phién
m4, vi trf 1ién két ribosom, hodc tin hiéu két thuc dich ma. Catxet biéu hién co thé ¢ dang
vecto biéu hién tu sao chép. Ngoai ra, polynucleotit co thé duogc dua vao té bao vat chu
¢ dang ban dAu va duoc lién két chirc nang dén céc trinh tu yéu cAu d6i v4i su biéu hién

trong té bao vét chu, tuy nhién séng ché khéng bi giéi han & day.

Ngoai ra, nhu dugc st dung ¢ day, thuat ngtt “dugc lién két chirc nang” c6 nghia
13 trinh twr gen duoc lién két chirc nang véi trinh ty ving gen khéi dong, cho phép bat
diu va trung gian phién ma ciia polynucleotit ma héa polypeptit hodc protein dich cua

sang ché.

Khia canh khéc cta sang ché dé xuét vi sinh vat san sinh O-phosphoserin bao gbm
bat ky mot hodc nhiéu polypeptit ¢6 hoat tinh san sinh O-phosphoserin (OPS) bao gém
a) su thay thé isoleuxin (I) & vi tri twong tng vi tri thir 241 trong trinh ty axit amin ¢6
ma nhén biét SEQ ID NO: 11 bang threonin (T), sy thay thé aspartic axit (D) & vi tri
tuong Ung vi tri tht 246 trong trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 11 bang
valin (V), va su thay thé valin (V) & vi tri twong tmg vi tri thi 330 trong trinh tu axit
amin c¢6 ma nhan biét SEQ ID NO: 11 bang isoleuxin (I), va c6 trinh ty axit amin, trong
do b) axit amin & vi tri twong (mg vi tri thr 88 1a phenylalanin va c) axit amin ¢ vi tri
twong mg vi tri the 207 la lysin (K), hodc polypeptit c6 hoat tinh sin sinh O-
phosphoserin ¢6 trinh ty axit amin c6 ma nhan biét SEQ ID NO: 1, polynucleotit ma héa

polypeptit ctia sang ché, va vecto chira polynucleotit ma héa polypeptit ciia sang ché.

Trinh tu ¢6 mi nhan biét SEQ ID NO: 11, mi nhan biét SEQ ID NO: 1, O-

phosphoserin, polypeptit c6 hoat tinh san sinh O-phosphoserin, polynucleotit, va vecto

12
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da dugc mo ta & trén.

Nhu duge st dung ¢ day, thuat ngit “vi sinh vat san sinh OPS” dé cap dén vi sinh
vat c6 kha nang san sinh OPS yéu san c6 hodc vi sinh vat dugc dua vao kha ning san
sinh OPS bang su bién dbi gen tir nhién hoic nhan tao clia ching bd me khong c6 kha
ning san sinh OPS. Cu thé, vi sinh vat c6 thé 1a vi sinh vat biéu hién polypeptit c6 trinh

tur axit amin c6 ma nhan biét SEQ ID NO: 1, tuy nhién sang ché khong bi giéi han ¢ day.

r
A €6

Trong sang ché, “vi sinh v4t san sinh OPS” ¢6 thé dugc st dung thay thé cho nhau véi
“vi sinh vat c¢6 kha nang san sinh OPS”, “chiing san sinh OPS”, va “ddng chung san sinh

OPS”.

Dé dat muc dich cia sang ché, trong trudng hop vi sinh vt san sinh OPS, vi sinh
vat ¢6 thé bao gdm bit ky modt hodc nhiéu polypeptit c6 hoat tinh san sinh O-
phosphoserin ctia sang ché, polynucleotit ma hoa polypeptit clia sang ché, va vecto chua
polynucleotit ctia sang ché, nhd d6 cai thién hoat tinh cia polypeptit duoc biéu hién &
d6, va do d6, luong san sinh OPS c6 thé duogc ting 1én so véi lwgng san sinh cua vi sinh
vat kidu dai hodc trirde khi bién dbi. Didu nay quan trong khi viéc san xuit OPS c6 thé
duogc ting cudng bing cach dua vao polypeptit cé hoat tinh san sinh OPS cua sang ché
va tang cuong hoat tinh cia nd, trong khi cac vi sinh vat kiéu dai khong thé san sinh
OPS hoic chi c6 thé san sinh luong nhé ngay ca khi chiing c6 thé san sinh OPS. Tt 13,
vi sinh vat san sinh OPS cta séng ché c6 thé 1a vi sinh vt trong d6 hoat tinh cta
polypeptit co hoat tinh san sinh OPS cua sang ché dugc ting cudng so véi hoat dong ndi

sinh ctia nd, tuy nhién sang ché khong bi gi6i han & day.

Nhu dugc st dung & day, thudt nglt “tdng cuong so voi hoat dong nd1 sinh ctia nod”
d@ cap dén hoat tinh duoc ting cudng ciia protein khi so sdnh véi hoat tinh cua protein

¢6 san boi vi sinh vat trong trang thai ty nhién cua no.

Nhu duoc st dung & day, thudt ngi “dé dwoc bidu hién/duoc biéu hién” dé cap dén
trang thai trong d6 polypeptit hodc protein dich dugc dua vao vi sinh vat hoac trong do
polypeptit hodc protein dich duoc bién dbi dé duoc biéu hién trong vi sinh vat. Khi
polypeptit hodc protein dich 1a polypeptit hoac protein c6 mat trong vi sinh vat, ¢6 nghia
14 trang thai trong d6 hoat tinh ctia n6é dugc tang cudng so vdéi hoat tinh ndi sinh hodc

hoat tinh tru¢e khi bién doi.

Nhu duoc st dung ¢ day, “ting cudng hoat tinh” clia polypeptit hodc protein c6

13
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nghfa 12 hoat tinh ctia polypeptit hodc protein dugc ting cudng so voi hoat tinh noi sinh
ctia n6. Nhu dugc st dung & day, thuat ngit “hoat tinh ndi sinh” d8 cap dén hoat tinh cua
polypeptit hoic protein c6 sn ban diu béi ching bd me trude khi bién ddi hodc vi sinh
vat khong bién ddi, khi dic diém cua vi sinh vat duge thay ddi do bién ddi gen giy ra
bo1 yéu t6 tu nhién hodc nhan tao, va c6 thé dugc st dung thay thé cho “hoat tinh trudc
khi bién d6i”. “Sy tang cudng” hoic “ting 1én” cta hoat tinh ctia polypeptit hoic protein
so vOi hoat tinh n6i sinh ctia n6 ¢6 nghia 1a hoat tinh dugc tang cudng so vé1 hoat tinh
ctia polypeptit hodc protein cu thé c6 sin ban dau bai ching bd me trudc khi bién ddi

hodc vi sinh vat khéng bién doi.

“Sy tang 1én hoat tinh” ¢6 thé dat duoc bang cach dua vao polypeptit hodic protein
ngoai lai, hoac bé‘mg cach tang cuong hoat tinh ctia polypeptit hodc protein ndi sinh, cu
thé, c6 thé dat duoc bang cach ting cudng hoat tinh ctia polypeptit hoic protein ndi sinh.
Hoat tinh ctia polypeptit hoac protein cé dugc taing cudng hay khong co thé duoc xac
dinh tir sy ting 1én ctia muec hoat tinh, mirc d6 biéu hién ctia polypeptit hodc protein dich,

hodc luong san phém duoc san sinh tir protein dich.

Trong sang ché, polypeptit hodic protein dich cho sy ting cudng hoat tinh, tirc 13,
polypeptit hodc protein dich, c6 thé 1a bién thé ctia chét van chuyén MFS YhhS, va cu
thé, c6 thé 13 bién thé ctia chit van chuyén MFS YhhS c6 hoat tinh san sinh OPS duoc
ting cudng so véi hoat tinh san sinh OPS ctia chat van chuyén MFS YhhS kiéu dai, tuy
nhién sang ché khong bi giéi han & day.

Ngoai ra, trong sang ché, san phdm dugc san sinh tir polypeptit hodc protein dich

¢6 thé 13 O-phosphoserin, tuy nhién sang ché khong bi gi6i han & day.

Su tdng cuong hoat tinh ctia polypeptit hodc protein c6 thé dat duoc béng nhiéu
phuong phap d biét trong cing linh vuc k¥ thuat, va c6 thé khong bi gidi han mién la
hoat tinh cua polypeptit hodc protein dich c6 thé dugc ting cudng so véi hoat tinh cua
polypeptit hoac protein dich cua vi sinh vat trude khi bién ddi. Phuong phap c6 thé bao

gdm k§ thuat gen hoic k¥ thuit protein, tuy nhién sang ché khong bi gi¢i han & day.

Phuong phép ting cuong hoat tinh cta polypeptit hodc protein st dung ky thuat

gen cé thé dat duoc, vi du, béng cach st dung:

1) phuwong phap ting s6 luong ban sao ndi bao ciia gen hodc polynucleotit ma hoa

polypeptit hodc protein;

14
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2) phuong phap thay thé trinh ty diéu hoa biéu hién cia gen ma hoéa polypeptit

ho#c protein trén nhiém sic thé véi trinh tiy ¢6 hoat tinh manh;

3) phwong phap bién dbi trinh tw nucleotit ctia codon khoi dau hodc 5-UTR cua
polypeptit hodc protein;

4) phuong phép bién ddi trinh tw polynucleotit trén nhiém sic thé sao cho hoat tinh

cua polypeptit hodc protein dugc tdng cudng;

5) phuong phap dua vao polynucleotit ngoai lai c6 hoat tinh ctia polypeptit hoac

protein hoic polynucleotit duoc bién dbi tdi uu hoa ctia polynucleotit; hodc
6) su két hop ciia chung, tuy nhién sang ché khong bi gidi han & day.

Phuong phép ting cuwong hoat tinh ctia polypeptit hodc protein st dung k¥ thuat
protein c6 thé dat dwoc, vi dy, bang cach phan tich cAu tric béc ba cua polypeptit hoic
protein va lya chon va stra ddi vi tri tiép xuc, hoac sira ddi vé& mit hoa hoc vi tri tiép xuc,

tuy nhién sang ché khong bi gi6i han & day.

1) Phwong phap ting sb lwong ban sao ndi bao cia gen ma héa polypeptit hodc
protein c6 thé duoc thuc hién bang phuong phap da biét trong cing linh vuc k¥ thuat,
vi du, bang cach dua vecto vao té bao vat chu, trong d6 vecto duoc lién két chirc ning
véi gen hodc polynucleotit ma héa polypeptit hodc protein va co thé sao chép va hoat
dong khong phu thude vao té bao vt chu. Ngoai ra, phuong phap c6 thé dugc thuc hién
bang cach dua vecto vao té bao vat chu, trong d6 vecto c6 kha ning chén gen hodc
polynucleotit vao nhidm sac thé ciia t& bao vat chii duge lién két chirc nang véi gen, tuy

nhién sang ché khong bi giéi han ¢ day. Vecto da dugc md ta & trén.

2) Phuong phap thay thé trinh ty diéu hoa biéu hién clia gen ma héa polypeptit
hodac protein trén nhiém sic thé voi trinh tu c6 hoat tinh manh c6 thé duoc thuc hién
bang phuong phéap da biét trong cung linh vuc k§ thuat, vi du, bang cach dua vio sy
bién dbi trén trinh tu thong qua xo6a, chén, thay thé bao thu hoic khong bao thu cia trinh
tur axit nucleic, su két hop cua ching dé ting cuong thém hoat tinh cia trinh tu didu hoa
biu hién, hodc bang cach thay thé trinh tw polynucleotit bang trinh ty axit nucleic c6
hoat tinh manh hon. Trinh ty diéu hoa biéu hién c¢6 thé bao gdm nhung khéong gi¢i han
& vung gen khoi dong, trinh tw van hanh, trinh ty ma hoéa vi tri lién két ribosom, va trinh

tw didu hoa két thic phién ma va dich ma. Cuy thé, phuong phap c6 thé bao gdm lién két
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vung gen khéi dong di hop manh, thay vi ving gen khéi dong ban dau, tuy nhién sang
ché khong bi gi6i han & day.

Cac vi dy cia ving gen khoi dong manh c6 thé bao gdbm ving gen khéi dong CJ7
(patent Hoa Ky sb US 7662943 B2), ving gen khoi déng CJ1 (patent Hoa Ky sb
US 7662943 B2), ving gen khoi déng lac, ving gen khoi dong trp, viing gen khéi dong
trc, ving gen khoi dong tac, ving gen khéi dong lambda phage PR, ving gen khéi dong
PL, va ving gen khéi dong tet, tuy nhién sang ché khong bi gi6i han & day.

3) Phuong phép bién d6i trinh tu nucleotit ciia codon ban dau hodc 5'-UTR cua
polypeptit hodc protein cé thé duge thyc hién bing phuong phap di biét trong cung linh
vuc ky thuét, vi du, bing cach thay thé codon ban diu noi sinh ctia polypeptit hodc
protein bang codon ban dau khac c6 mitc biéu hién cao hon ctia polypeptit hodc protein

so v&i codon ban dau ndi sinh, tuy nhién sang ché khong bi gidi han ¢ day.

4) Phuong phap bién d6i trinh tw polynucleotit trén nhidm sic thé sao cho hoat tinh
ctia polypeptit hodc protein dugc ting cudng c6 thé dugc thuc hién bang phuong phap
d3 biét trong cung linh vuc k¥ thuat, vi du, bang cach tao ra su bién ddi trong trinh ty
didu hoa biéu hién thong qua x6a, chén, thay thé bao thi hoic khong bao tht cua trinh
tir nucleotit, hodc sy két hop cua chung dé ting cuong thém hoat tinh cta trinh tu
polynucleotit, hodc bang cach thay thé trinh tu polynucleotit bang trinh tu polynucleotit
duoc bién d6i dé co hoat tinh manh hon. Cu thé, su thay thé c6 thé dat duogc béng cach
chén gen vao nhi®m sic thé bang tai t6 hop tuong dong, tuy nhién séng ché khéng bi
gidi han ¢ day.

Vecto duoc st dung ¢ day cod thé con bao gém chi ddu lya chon dé xac nhan su

chén vao nhiém sac thé. Chi dau lva chon da duoc md ta & trén,

5) Phuong phap dua polynucleotit ngoai lai c6 hoat tinh ctia polypeptit hodc protein
c6 thé duoc thuc hién bang phwong phép di biét trong cung linh vuc k¥ thuat, vi du,
bang cach dwa vao té bao vat chil polynucleotit ngoai lai ma hoa polypeptit hodc protein
biéu hién hoat tinh twong dong hodc dong nhat v6i polypeptit hodc protein hodc
polynucleotit bién déi t6i wu héa codon. Polynucleotit ngoai lai co thé duoc st dung ma
khéng gi6i han bat ké ngudn gbc hoac trinh tu clia nd mién 1 polynucleotit ngoai lai
biéu hién hoat tinh tuong ddng hodc ddng nhét v6i polypeptit hodc protein. Ngoai ra,

doi véi su phién ma va dich ma toi wu hda cuia polynucleotit ngoai lai vao t€ bao vat chu,
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codon ctia né c6 thé duoc tdi wu héa va dua vao té bao vat chu. Viéc dua vao ¢ thé
duoc thuc hién boi ngudi ¢ hiéu biét trung binh trong cting linh vue ky thuat bang cach
chon phwong phép bién dbi thich hop da biét trong cing linh vuc ki thuat, va sy biéu
hién ctia polynucleotit duoc dua vao té bao vat chi c6 kha ning san sinh polypeptit hoc

protein, nh¢ d6 tdng cuong hoat tinh cta no.

Cubi cung, 6) su két hop cac phuong phap néu trén co thé dugc thuc hién béng

cach ap dung mét hodc nhiéu phwong phap tir 1) dén 5).

Su ting cudng hoat tinh cta polypeptit hodc protein c6 thé ting 1én trong hoat tinh
hodc ndng d6 ciia polypeptit hodc protein dich dya trén hoat tinh hodc nong d6 cta
polypeptit hoic protein duoc biéu hién trong chung vi sinh kiéu dai hoic trude khi bién
d6i, hodc c6 thé 1 Iwong ting 1én cta san pham duoc san sinh tir polypeptit hoic protein
dich, tuy nhién sang ché khéng bi giéi han & day. Nhu duge st dung & day, thuit ngit
“chung trudc khi bién d6i” hodc “vi sinh vat trude khi bién d6i” khong loai trir cac ching
chtta cac dot bién co thé xay ra tu nhién trong cac vi sinh vat, va co thé dé cap dén ching
tw nhién cta né hodc chung trwdce khi bién ddi trong d6 tinh trang bi thay d6i do dot bién
gen giy ra boi cac yéu td tu nhién hodc nhén tao. “Ching trudc khi bién d6i” hodc “vi
sinh vat trude khi bién ddi” c6 thé dugc st dung thay thé cho “ching khéng dot bién”,
“chung khong bién dbi”, “vi sinh vat khong dot bién”, “vi sinh vét khong bién d6i”, hodc
“yi sinh vat nén”.

Trong sang ché, vi sinh vat nén c6 thé 1a CA07-0012 1a vi sinh vat da biét san sinh
OPS, CA07-0022/pCL_Prmf-serA*(G336V)-serC (KCCM11103P (patent Hoa Ky 56
US 8557549 B2), chung trong d6 cdc hoat tinh cua SerA (D-3-phosphoglyxerat
dehydrogenaza) va SerC (3-phosphoserin amintransferaza) noi sinh dugc ting cuodng,
va CA07-0012 (KCCM11121P, patent Hoa Ky s6 US 8557549 B2), hoic chung trong
d6 hoat tinh cta phosphoserin phosphataza (SerB) ndi sinh dugc lam suy yéu, tuy nhién
sang ché khong bi gii han & day.

Vi sinh vat cua sang ché ¢6 thé 1a vi sinh vat tai to hop dugc san Xuét béng cach
bién nap véi vecto chira polynucleotit ma héa polypeptit, tuy nhién sang ché khong bi
gi61 han ¢ day.

Vi sinh vat cta sang ché khong bi gidi han béi loai cia nd mién 1a vi sinh vét ¢6

thé san sinh OPS, va c6 thé 13 bat ky sinh vat nhan so hodc sinh vat nhin chuan nao, cu
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thé 13 vi sinh vAt nhan so. Vi sinh vat nhan so c6 thé bao gém cac chung vi sinh vt
thudc chi Escherichia, chi Erwinia, chi Serratia, chi Providencia, chi Corynebacterium,
va chi Brevibacterium, tbt hon 13 vi sinh vat thudc chi Escherichia, va t6t hon nita 1a
Escherichia coli, tuy nhién sang ché khong bi giéi han ¢ day. Cu thé, trong trudong hop
vi sinh vat thudc chi Escherichia, OPS va L-serin c6 thé dugc san XuAt thong qua SerA,
SerC, va SerB 14 céc enzym cua con dudng sinh tong hop ctia L-serin (Ahmed Zahoor,
Computational va structural biotechnology journal, tap 3, thang 10 nam 2012;
Wendisch V. F. et al., Curr Opin Microbiol. thang 6 nam 2006;9(3):268-74; Peters-
Wendisch P. et al., App! Environ Microbiol. thang 11 ndm 2005;71(11):7139-44.).

Vi sinh vat san sinh OPS cua sang ché c6 thé 1a vi sinh vat trong do6 hoat tinh cua
phosphoserin phosphataza (SerB) c6 thé duoc lam suy yéu thém so véi hoat tinh noi

sinh cua noé.

SerB cua sang ché c6 hoat tinh chuyén ddi OPS thanh L-serin, va do d6 vi sinh vat
duoc bién dbi dé 1am suy giam hoat tinh ctia SerB c¢6 dic tinh tich liiy OPS trong d6, va
do d6 co loi cho viéc san xuat OPS. SerB cia sang ché co thé 1a protein c6 hodc bao
g@)m trinh ty axit amin duoc thé hién boi ma nhan biét SEQ ID NO: 3, hoic cé thé 1a
protein gff)m ¢4 hodc vé co ban gff)m ¢6 trinh tu axit amin duoc thé hién boi mé nhén biét
SEQ ID NO: 3, tuy nhién séng ché khong bi gii han & ddy. Ngoai ra, SerB c6 thé co
hoac bao gém trinh tu axit amin c6 it nhat 80%, 90%, 95%, hoic 99% su twong déng
hoac déng nhat trinh ty vé6i trinh ty axit amin dugc thé hién boi ma nhan biét SEQ ID
NO: 3, mién 13 n6 thé hién hoat tinh ciia SerB. Ngoai ra, SerB clia sang ché ¢ thé gdbm
c6 hodc vé co ban gém c6 trinh tu axit amin c6 it nhat 80%, 90%, 95%, hodc 99% su
tuong déng hoac déng nhét v6i trinh tu axit amin dwgc thé hién bdi ma nhan biét SEQ
ID NO: 3, tuy nhién sang ché khong bi gidi han & day. Ngo?ai ra, polynucleotit ma hoa
SerB c6 thé c6 hodc chita trinh tu nucleotit ma hoa trinh tu axit amin dugc thé hién bai
mé nhan biét SEQ ID NO: 3. Ngoai ra, polynucleotit ma hoa SerB ¢ thé gébm co hodc
vé co ban gém ¢ trinh tu nucleotit ma hoa trinh ty axit amin dugc thé hién bai méa nhan
biét SEQ ID NO: 3. Polynucleotit ma hoéa SerB cua sang ché ¢6 thé thuc hién cac bién
d61 khac nhau trong ving ma hoéa trong pham vi khong lam thay d6i trinh ty axit amin
cta protein SerB, do su thoai bién codon hodc xem xét cac codon dwgc uu tién trong
sinh vat trong d6 protein SerB dwoc biéu hién. Polynucleotit ma héa SerB cia séng ché

c6 thé ¢6 hoic chira trinh tir nucleotit c6 it nhat 80%, 90%, 95%, hodc 99%, va nhidu
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nhét 100% su twong ddng hoic ddng nhit véi trinh tir nucleotit c6 ma nhan biét SEQ ID
NO: 4. Ngoai ra, polynucleotit mi héa SerB ciia sang ché c6 thé gbm c6 hoic v& co ban
gém c6 trinh tu nucleotit ¢6 it nhat 80%, 90%, 95%, hodc 99%, va nhiéu nhat 100% su
twong dong hodc ddng nht v6i trinh ty nucleotit ¢6 ma nhan biét SEQ ID NO: 4, tuy
nhién sang ché khong bi giéi han ¢ day.

Nhu duge str dung & déy, thut ngit “lam suy yéu hoat tinh so véi hoat tinh noi
sinh ctia n6” ¢ nghia 13 ching kiéu dai ty nhién, chiing bd me, hodc protein dich khong
c6 biéu hién cua enzym hodc protein, hodc khéng c6 hoat tinh hoac hoat tinh suy gidm
ngay ca khi duoc biéu hién so voi ching khong bién ddi. Cu thé, giam co6 nghia 13 bao
gdm ca truong hop trong d6 hoat tinh protein giam so véi hoat tinh ctia protein c6 san
ban déu boi vi sinh vat do sy d6t bién cia gen ma hoa protein, su bién ddi ca trinh tyu
diéu hoa biéu hién, hodc sy xda mot phén hoac toan b6 gen, v.v.; trudng hop trong do
murc tong thé cta hoat tinh protein ndi bao giam so véi mirc tdng thé cia chung ty nhién
hoic ching trude khi bién ddi do sy tic ché ctia biéu hién gen ma hoéa protein hodc trc

ché cua dich ma; va su két hop cua chung.

Viéc lam suy yéu hoat tinh ciia protein c6 thé dat dwoc bang cac phwong phap khac
nhau da biét trong cung linh vuc k¥ thuét. Cac vi du vé cac phuong phip c6 thé bao gdm:
phwong phéap bién ddi trinh tir gen ma héa protein sao cho hoat tinh cua protein dugc
loai bo hodc 1am suy yéu; phuong phép bién dbi trinh tw diéu hoa biéu hién sao cho su
biéu hién ciia gen duqc tang 1én; phuong phap x6a mot phan hodc toan by gen ma hoa
protein; phuong phap dua antisense oligonucleotit (vi du, antisense ARN), trc ché dich
ma tr mARN vao protein thong qua lién két bd sung véi ban phién ma ctia gen trén
nhiém séc thé; phuong phép lam cho viée gin vao ribosom khong thé thuc hién duogc
bﬁng cach tao ra ciu tric thir cép béng cach thém trinh tu bd sung vao trinh ty Shine—
Dalgarno (SD) trén phia sau ctia trinh ty SD ctia gen ma hoa protein; va phuong phap
k¥ thuat phién ma ngugc (reverse transcription engineering: RTE) thém vung gen khoi
dong ddi véi phién ma nguoc dén dau 3’ ciia khung doc mé (open reading frame: ORF)
cua trinh ty polynucleotit cia gen ma hoa protein, va su két hop cuia chung, tuy nhién
sang ché khong bi giéi han o day.

Cu thé, phuong phap bién ddi trinh tw gen trén nhiém sdc thé c6 thé duge thuc hién
bang cach tao ra sy bién db6i trong trinh tu thong qua x6a, chén, thay thé khong bao th,

thay thé bao thi, hoic sy két hop cua chiung dé 1am suy yéu thém hoat tinh ctia protein;
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hoic bing cach thay thé trinh tr bing trinh ty gen dugc bién doi dé c6 hoat tinh yéu hon

hodc trinh ty gen dugc bién ddi dé khong c6 hoat tinh nao.

Phwong phap bién ddi trinh tw diéu hoa biéu hién c6 thé dugc thuc hién bang cach
tao ra sy bién doi trong trinh tu diéu hoa biéu hién thong qua x0a, chén, thay thé khong
bao thi, thay thé bao thu, hoic sw két hop cta chung dé 1am suy yéu thém hoat tinh ctia
trinh tw diéu hoa biéu hién; hoic béng cach thay thé trinh tu bing trinh tu axit nucleic
c6 hoat tinh yéu hon. Trinh tu diéu hoa biéu hién co6 thé bao gém vung gen khoi dong,
trinh tw van hanh, trinh ty ma hoéa vi tri lién két ribosom, va trinh tu diéu hoa két thic
phién ma va dich ma.

Phuong phap x6a mdt phan hodc toan bd gen ma hoa protein co thé duoc thuc hién
bang cach thay thé polynucleotit ma héa protein dich ndi sinh trong nhidém sic thé bang
polynucleotit hodc gen chi diu c6 trinh ty axit nucleic dd x6a mot phan st dung vecto
dé chén nhiém sic thé vao vi khudn. Vi duy, c6 thé sir dung phuong phap x6a gen bang
cach tai to hop twong ddng. Ngoai ra, nhu duoc s dung & day, thuit ngit “mot phan”,
mic du c¢6 thé khac nhau ty thude vao loai polynucleotit, tot hon 1a c6 thé dé cap dén
tir 1 dén 300 nucleotit, t5t hon nira 13 tir 1 d&n 100 nucleotit, va tot nhat 1a tir 1 dén 50

nucleotit, tuy nhién sang ché khong bi giéi han & day.

Ngoai ra, phuong phap bién dbi trinh tw diéu hoa biéu hién c6 thé dugc thuc hi¢n
bang cach tao ra su bién ddi trong trinh tu diéu hoa biéu hién thong qua xda, chén, thay
thé khong bao thu, thay thé bao thu, hodc sy két hop cia chiing dé 1am suy yéu thém
hoat tinh ctia trinh tu diéu hoa bidu hién; hodc bang cach thay thé trinh tu bang trinh tu
axit nucleic c¢6 hoat tinh yéu hon. Trinh tu diéu hoa biéu hién co thé bao gdbm ving gen
khoi dong, trinh tur van hanh, trinh tw ma héa vi tri lién két ribosom, va trinh ty diéu hoa
két thiic phién ma va dich ma.

Ngoai ra, phuong phép bién ddi trinh ty gen trén nhidm sic thé c6 thé dugce thuc
hién bang céach tao ra su bién dbi trong trinh tir thong qua x6a, chén, thay thé khong bao
thu, thay thé bao thu, hodc su két hop cia ching dé lam suy yéu thém hoat tinh cta
protein; hodc bﬁng cach thay thé trinh tu béng trinh tu gen duoc bién dbi dé c6 hoat tinh

yéu hon hodc trinh ty gen duoc bién doi dé khong c6 hoat tinh.

Ngoai ra, vi sinh vat san sinh OPS cua sang ché c6 thé 1a vi sinh vat trong d6 hoat

tinh clia phosphoglyxerat dehydrogenaza (SerA) hodc phosphoserin amintransferaza
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(SerC) dugc tang cuong thém so véi hoat tinh ndi sinh ctia nod.

SerA 13 protein c¢6 kha nang chuyén dbi 3-phosphoglyxerat thanh 3-phospho-
hydroxypyruvat. SerC 13 protein c6 khd ning chuyén d6i 3-phospho-hydroxypyruvat
thanh OPS. Theo d6, bat ky vi sinh vat véi cac hoat tinh SerA va/hodc SerC duogc tang

cuong c6 thé duogc str dung hiéu qua nhu vi sinh vét san sinh OPS.

SerA c6 thé 1a protein c6 hodc chira trinh ty axit amin dugc thé hién boi cac ma
nhan biét SEQ ID NO: 5 hoic SEQ ID NO: 6, hoic protein gdm c6 hoic vé co ban gbm
c6 trinh tu axit amin dugc thé hién béi cac ma nhan biét SEQ ID NO: 5 hoic SEQ ID
NO: 6, tuy nhién sang ché khong bi gi6i han & day. Trinh tu axit amin dugc thé hién bai
ma nhéan biét SEQ ID NO: 5 1a trinh tur cua SerA kiéu dai, va trinh tu axit amin duoc thé
hién b6i ma nhén biét SEQ ID NO: 6 12 trinh tu cua bién thé SerA trong dé su trc ché
phéan hdi trén serin duoc giai phong. Ngoai ra, SerA cua sang ché c6 thé c6 hoic chira
trinh tw axit amin c6 it nhat 80%, 90%, 95%, hoic 99%, va nhiéu nhat 100% sy tuong
déng hoac déng nhét véi trinh ty axit amin duoc thé hién bodi cac ma nhan biét SEQ ID
NO: 5 hoic SEQ ID NO: 6, mién 14 né thé hién hoat tinh ctia SerA kiéu dai hodc hoat
tinh ctia bién thé SerA trong do sy rc ché phan héi trén serin dwoc gidi phong, tuy nhién
sang ché khong bi gidi han ¢ day. Ngoai ra, SerA clia sang ché c6 thé gdm c6 hodc vé
co ban gdm c6 trinh tu axit amin ¢6 it nhat 80%, 90%, 95%, hoic 99%, va nhiéu nhit
100% su twong ddng hodc ddng nhét v6i trinh ty axit amin duge thé hién boi cac ma
nhén biét SEQ ID NO: 5 hodc SEQ ID NO: 6, mién Ia né thé hién hoat tinh ctia SerA
kiéu dai hodc hoat tinh cta bién thé SerA trong d6 su uc ché phan hoi trén serin duoc
giai phong. Céc bién thé SerA trong d6 su trc ché phan hdi trén serin duoc giai phong
dé cap dén cac protein trong d6 su bién ddi duoc dua vao trén gen ma hoa SerA bang
cach chén nucleotit cia gen mé hoa SerA hoic thay thé gen mi hoa kiéu dai SerA, v.v.,
nh¢ d6 duy tri hoat tinh tUr su e ché phan hdi béi serin hodc glyxin, hodc c6 cc hoat
tinh duoc tang cudng clia no, va cac bién thé trong do sy trc ché phan hdi trén serin dugc
giai phong 12 di biét (Grant G. A. et al., J. Biol. Chem., 39:5357-5361, 1999; Grant G.
A. et al., Biochem., 39:7316-7319, 2000; Grant G. A. et al., J. Biol. Chem., 276:17844—
17850, 2001; Peters-Wendisch P. et al., Appl. Microbiol. Biotechnol., 60:37-441, 2002,
patent Hoa Ky s6 US 6258573 B1).

Ngoai ra, trinh ty polynucleotit ma hoa bién thé SerA hodc bién thé SerA kiéu dai

trong d6 su trc ché phan hoi trén serin duoc giai phong co theé cd hodc chia trinh ty
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nucleotit ma hoa bat ky mot trinh ty axit amin dwoc thé hién béi cac m3 nhan biét SEQ
ID NO: 5 hoac SEQ ID NO: 6. Ngoai ra, trinh tu polynucleotit ma hoa SerA kiéu dai
hoic bién thé SerA trong d6 su e ché phan héi trén serin duoc giai phéng c6 thé gdbm
¢ hodc vé co ban gém co trinh ty nucleotit ma hoa bét ky mot trinh ty axit amin dugc
thé hién boi cac ma nhéan biét SEQ ID NO: 5 hodc SEQ ID NO: 6, tuy nhién séng ché
khong bi gi6i han & day. Trinh tw polynucleotit ma hoa SerA kiéu dai hodc bién thé SerA
trong d6 sy tc ché phan héi trén serin dugc giai phong c6 thé thuc hién cac bién doi
khéc nhau trong viing ma héa trong pham vi khong lam thay d6i trinh tu axit amin ctia
polypeptit mi hoa SerA kiéu dai hodc bién thé SerA trong d6 su {rc ché phan hdi trén
serin dugc giai phong, do su thoai bién codon hoic trong su xem xét ciia cac codon duoc
uu tién trong sinh vat trong d6 polypeptit duoc biéu hién. Vi du, trinh tw nucleotit ma
héa trinh ty axit amin dugc thé hién bdi ma nhan biét SEQ ID NO: 5 ¢6 thé 1a trinh tu
nucleotit ¢6 it nhat 80%, 90%, 95%, hodc 99% su twong ddng hodc ddng nhit voi trinh
tu nucleotit c6 ma nhan biét SEQ ID NO: 7. Ngoai ra, trinh tu nucleotit ma hoéa trinh ty
axit amin duoc thé hién bdi ma nhan biét SEQ ID NO: 6 ¢6 thé 1a trinh tw nucleotit ¢6
it nhat 80%, 90%, 95%, hoic 99% sy twong ddng hodc ddng nhat véi trinh tu nucleotit
c6 ma nhan biét SEQ ID NO: 8, tuy nhién sang ché khong bi gidi han & day.

SerC c6 thé 1a, vi dy, protein c6 hodc bao g(‘Sm trinh tu axit amin duoc thé hién boi
m3 nhan biét SEQ ID NO: 9, hodc protein gdm c6 hodc vé co ban gdm c6 trinh tu axit
amin duoc thé hién béi ma nhan bidt SEQ ID NO: 9, tuy nhién sang ché khong bi gisi
han & day. Ngoai ra, SerC co thé c6 hodc chira trinh tu axit amin c6 it nhét 80%, 90%,
95%, hodc 99%, va nhidu nhit 100% su tuong ddng hoic ddng nhét véi trinh ty axit
amin duoc thé hién boi ma nhan biét SEQ ID NO: 9, mién 1a no thé hién hoat tinh ctia
SerC. Ngoai ra, SerC c¢6 thé gdm c6 hodc vé co ban gdm ¢6 trinh ty axit amin c6 it nhat
80%, 90%, 95%, hoic 99%, va nhidu nhat 100% su twong ddng hodc dong nhat véi trinh
fy axit amin dwoc thé hién béi ma nhan biét SEQ ID NO: 9, mién 1a no thé hién hoat

tinh cua SerC.

Ngoai ra, polynucleotit ma hoa SerC cé thé ¢6 trinh tu nucleotit ma héa trinh tu
axit amin duoc thé hién boi ma nhan biét SEQ ID NO: 9. Polynucleotit ¢6 thé thuc hién
c4c bién ddi khic nhau trong ving ma héa trong pham vi khong lam thay dbi trinh tur
axit amin ctia polypeptit, do su thoai bién codon hodc trong su xem xét clia cac codon

duoc uu tién trong sinh vat trong d6 polypeptit dugc biéu hién. Polynucleotit ma hoa
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SerC c6 thé c6 hodc chira, vi dy, trinh tw nucleotit c6 it nhat 80%, 90%, 95%, hoic 99%
su tuong déng hoac déng nhét v6i trinh ty nucleotit c6 ma nhan biét SEQ ID NO: 10,
tuy nhién sang ché khong bi giéi han & day. Ngoai ra, polynucleotit ma hoa SerC c6 thé
gdm c6 hodc v& co ban gdm c6 trinh tw nucleotit ¢ it nhat 80%, 90%, 95%, hodc 99%
sy trong dong hodc ddng nhat véi trinh tu nucleotit ¢c6 ma nhan biét SEQ ID NO: 10,
tuy nhién sang ché khong bi gi6i han o day.

Nhu dugc stir dung ¢ day, thuat nglt “tang cuong so voi hoat tinh ndi sinh cua no”

va phuong phép tang cuong da dugc mo ta & trén.

Ngoai ra, vi sinh vat co thé 13 vi sinh vat trong d6 kha nang dua OPS vao té bao

hoac phan tach OPS duoc 1am suy yéu hon nita.

Doi véi cac ham lugng ctia vi sinh vét san sinh OPS, c6 thé sit dung patent Hoa

Ky sb US 8557549 B2 dé tham chiéu cho sang ché, ngoai nhiing tai liéu d3 mo ta & trén.

Khia canh khic cua séng ché dé xuit phuong phép san xuat O-phosphoserin bao
gdm nudi cdy vi sinh vt san sinh O-phosphoserin chira bit ky mét hodc nhiéu polypeptit
¢6 hoat tinh san sinh O-phosphoserin, bao gém a) su thay thé isoleuxin (I) & vi tri twong
ung vi tri tht 241 trong trinh ty axit amin c¢6 ma nhan biét SEQ ID NO: 11 bang threonin
(T), su thay thé aspartic axit (D) & vi tri twong tng vi tri thir 246 trong trinh ty axit amin
¢6 ma nhan biét SEQ ID NO: 11 bang valin (V), va sy thay thé valin (V) & vi tri twong
ung vi tri thir 330 trong trinh tu axit amin ¢6 ma nhan biét SEQ ID NO: 11 bang isoleuxin
(I), va cé trinh ty axit amin, trong d6 b) axit amin & vi tri twong ung vi tri thir 88 la
phenylalanin va ¢) axit amin & vi tri twong g vi tri thit 207 1a lysin (K), hodc polypeptit
¢6 hoat tinh san sinh O-phosphoserin c¢6 trinh tu axit amin c¢6 ma nhén biét SEQ ID
NO: 1, polynucleotit ma hoa polypeptit clia séng ché, va vecto chira polynucleotit cta
sang ché.

TRinh ty ¢6 ma nhan biét SEQ ID NO: 11, mi nhan biét SEQ ID NO: 1, O-
phosphoserin, polypeptit ¢6 hoat tinh san sinh O-phosphoserin, polynucleotit, vecto, va
vi sinh vat da dugc mo ta & trén.

Nhu duoc st dung ¢ day, thuat nglt “nudi céy” c6 nghia la vi sinh vat dugc nuoi
cy trong cac diéu kién mdi truong duge kiém soat thich hop. Qua trinh nudi cdy cia
sang ché c6 thé dugc thuc hién trong mdi truong nudi cdy thich hop va céc didu kién

nudi cAy da biét trong cung linh vuc k¥ thuat. Qué trinh nu6i cdy nay co thé duogc didu
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chinh d& dang dé sir dung béi nhitng ngudi c6 hiéu biét trung binh trong cling linh vyc
ky thuat theo ching can chon. Cu thé, viéc nudi céy c6 thé theo mé, nudi céy lién tuc,

nudi ciy theo mé c6 cip dinh dudng, tuy nhién sang ché khong bi giéi han & day.

Trong viéc nudi cy vi sinh vat tai t6 hop c6 hoat tinh SerB suy giam so v6i hoat
tinh ndi sinh ciia n6, méi trudng nudi ciy cé thé con chira glyxin hozc serin, khi yéu cau
serin ciia vi sinh vat tai tb hop duoc tao ra. Glyxin c6 thé duoc cung cép dudi dang
glyxin tinh khiét, dich chiét nAm men chira glyxin, hodc trypton. Néng do cua glyxin c6
trong mdi trudng nudi ciy thong thudng 1a tir 0,1 g/L dén 10 g/L, va cu thé tir 0,5 g/L
dén 3 g/L. Ngoai ra, serin ¢ thé dwoc cung cip dudi dang serin tinh khiét, dich chiét
nim men chira serin, hodc trypton. Nong d6 cta serin ¢ trong moi trudng nudi ciy

thong thuong 13 tir 0,1 g/L dén 5 g/L, va cu thé tir 0,1 g/L dén 1 g/L.

Céc vi du vé& ngudn carbon ¢ trong méi trudng co thé bao gbm cac saccarit va cac
cacbohydrat chéng han nhu glucoza, sucroza, lactoza, fructoza, maltoza, tinh bét, va
xenluloza; diu va chit béo nhu diu d4u nanh, diu hudéng duong, du thau dau, va dau
dtra; cac axit béo chéng han nhu axit palmitic, axit stearic, va axit linoleic; rugu nhu
glyxerol va etanol; va céc axit hitu co nhu axit axetic. Cac ngudn carbon nay cé thé duoc

st dung ddc lap hoac két hop, tuy nhién sang ché khong bi gidi han ¢ day.

Céc vi du vé ngudn nito c6 trong moi trudng cé thé bao gdm cac ngudn nito hiru
co chang han nhu pepton, dich chiét nAm men, cao thit, cao mach nha, dich chiét ng6,
va bdt dau; va cac nguén nito vo co chéng han nhu ure, amoni sulfat, amoni clorua,
amoni photphat, amoni cacbonat va amoni nitrat. Cac ngudn nito nay cé thé duoc sir

dung doc 14p hodc két hop, tuy nhién sang ché khong bi gii han & day.

Céc vi du vé ngudn phospho c6 trong mdi trudng co thé bao gom kali dihydro
phosphat, kali hydro phosphat va mudi chira natri twong tng, tuy nhién sang ché khong
bi gidi han & day.

Ngoai ra, méi trudng nudi cdy cé thé bao gdbm mubi kim loai, chang han nhu magie
sulfat hodc sét sulfat, va c6 thé con bao gém cac axit amin, vitamin, va tién chat thich
hop. Céc méi trudng nudi ciy hodc tién chét c6 thé duge bd sung vao dich nuéi cay duéi
dang nudi ciy theo mé hodc nudi ciy lién tuc, tuy nhién sang ché khong bi gidi han &
day.

D6 pH cua dich nudi cy co thé duoc didu chinh bang cach thém hop chit nhu
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amoni hydroxit, kali hydroxit, amoniac, axit phosphoric, va axit sulfuric trong qud trinh
nudi ciy theo cach thich hop. Ngoai ra, sy hinh thanh bong béng c6 thé dwoc ngin chin
trong qué trinh nuéi ciy bing cach st dung chét chéng tao bot nhur este polyglycol axit
béo. Ngoai ra, khi oxy hodc khi chira oxy c6 thé dwoc bom vao mdi trudng nudi ciy dé
duy tri cac didu kién hiéu khi ctia qua trinh nudi cdy; hodc khi nito, khi hydro, hodc
carbon dioxit c6 thé dwoc bom vao dé duy tri cac didu kién ky khi hodc vi hiéu khi ma
khong can bom khi. Nhiét d6 ciia méi trudng nudi cdy co6 thé nam trong khoang tir 25°C
dén 50°C, t6t hon 1 30°C dén 37°C. Viéc nudi cy c6 thé tiép tuc cho dén khi thu duoc
lwong san phdm mong mubn, tdt hon 13 tir 10 gi dén 100 gio, tuy nhién sang ché khong

bi gid1 han & cac vi du minh hoa.

Séang ché c6 thé con bao gdm bude dicu ché mdi trudng trude bude nudi cay trong

phwong phap cta sang ché, tuy nhién sang ché khéng bi gidi han & day.

Sang ché co6 thé con bao gdm bude thu hdi OPS duoc san xuét trong budc nudi cay
trong phuong phap ciia sang ché sau budc nudi cdy. OPS mong mudn cé thé dugc thu
héi tir qua trinh nudi cAy bang cach tach va tinh ché str dung phuong phép thich hop da
biét trong cing linh vic k§ thuét, theo phuong phép nudi ciy, vi du, theo mé, nuodi cly
lién tuc, nudi ciy theo mé c6 cip dinh dudng, tuy nhién sang ché khong bi gisi han &
day.

Khia canh khac ciia sang ché dé xuat phwong phap san xuit xystein hodc din xuit

ctia xystein, trong d6 phwong phép nay bao gom:

a) san xudt O-phosphoserin (OPS) hodc mdi trudng chita OPS bang cach nudi cy
vi sinh vat san sinh O-phosphoserin chita bat ky mét hoic nhiu polypeptit c6 hoat tinh
san sinh O-phosphoserin bao gdom a) su thay thé isoleuxin (I) & vi tri twong g vi tri
thtr 241 trong trinh tir axit amin c6 ma nhan biét SEQ ID NO: 11 bang threonin (T), su
thay thé aspartic axit (D) & vi tri twrong tmg vi tri thit 246 trong trinh ty axit amin c6 ma
nhan biét SEQ ID NO: 11 bang valin (V), va su thay thé valin (V) & vi trf twong ng vi
tri thu 330 trong trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 11 bang isoleuxin (1),
va ¢6 trinh tu axit amin, trong d6 b) axit amin ¢ vi tri twong ung vi tri thir 88 la
phenylalanin va ¢) axit amin ¢ vi tri twong Gng vi tri thir 207 1a lysin (K, hodc polypeptit
c6 hoat tinh san sinh O-phosphoserin ¢6 trinh ty axit amin ¢6 mad nhén biét SEQ ID

NO: 1, polynucleotit ma héa polypeptit cua sang ché, va vecto chira polynucleotit ctia
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sang ché trong moi trudng nudi cay; va

b) cho phan {rng O-phosphoserin hodc mdi truong chira O-phosphoserin dugc san
xuit & bude a) v6i sulfua trong sy c6 miat cia O-phosphoserin sulfhydrylaza (OPSS)

hoic vi sinh vat biéu hién O-phosphoserin.

Trinh to c6 ma nhan biét SEQ ID NO: 11, md nhan biét SEQ ID NO: 1, O-
phosphoserin, polypeptit c6 hoat tinh san sinh O-phosphoserin, polynucleotit, vecto, va

vi sinh vat da dugc mo ta & trén.

Nhu duoc sir dung & ddy, thuat ngit “din xuat” d& cap dén cac hop chit tuong tu
thu dugc bang cach bién d6i hoa hoc mdt phin ciia bit ky hop chat ndo. Thuat ngit ndy
thuong dé cap dén cac hop chat trong d6 nguyén tir hydro hoic nhém nguyén ti cu thé
duoc thay thé bang nguyén tir hodc nhém nguyén tir khéc.

Nhu duoc st dung & déy, thuat ngi “dan xuét xystein” dé cap dén cic hop chat
trong d6 nguyén t hydro hoic nhém nguyén ti cu thé trong xystein duoc thay thé bang
nguyén tr hodc nhém nguyén tir khac. Vi du, cac dan xult xystein c6 thé dudi dang
trong d6 nguyén tir nito clia nhém amin (-NHz) hoac nguyén tir lvu huynh/luu huynh
cua nhém thiol (—SH) trong xystein ¢6 nguyén tir hodc nhém nguyén tir khac dugc gin
vao do, va céc vi du vé cac din xudt xystein c6 thé bao gdom NAC (N-axetylxystein),
SCMC (S-carboxymetylxystein), Boc-Cys(Me)-OH, (R)-S-(2-amin-2-carboxyetyl)-L-
homoxystein, (R)-2-amin-3-sulfopropionic axit, D-2-amin-4-(etylthio)butyric axit, 3-
sulfino-L-alanin, Fmoc-Cys(Boc-metyl)-OH, seleno-L-xystin, S-(2-thiazolyl)-L-
xystein, S-(2-thienyl)-L-xystein, S-(4-tolyl)-L-xystein, v.v., tuy nhién sang ché khong bi
gidi han ¢ day.

Mién 14 xystein dwoc san xuét theo phuong phép clia sang ché, su chuyén d6i dbi
v6i cac dan xuét xystein c6 thé dwoc chuyén ddi d& dang thanh cac dan Xuat xystein

khéc nhau bang phuong phap di biét trong cung linh vuc k¥ thuét.

Cu thé, phuong phép san xuét cac dan xudt xystein c6 thé con bao gdm chuyén d6i
xystein dugc san xuét & bude b) thanh dan xuét xystein. Vi duy, xystein co thé duge téng
hop thanh N-axetylxystein (NAC) bang phan tmg v6i chét axetyl hoa, hogc ¢6 thé dugc
téng hop thanh S-carboxymetylxystein (SCMC) bang phan ng véi haloaxetic axit trong

cac didu kién co ban, tuy nhién sang ché khong bi giéi han & day.
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Céac dan xuat xystein duoc str dung chu yéu lam duoc li€u cho thude chong ho,
thudc giam ho, va thudc diéu tri viém phé quan, hen phé quan, viém thanh quan, v.v.,

tuy nhién sang ché khéng bi gi6i han & day.

Nhu duoc st dung & day, thut ngit “O-phosphoserin sulfhydrylaza (OPSS)” dé
cip dén enzym xuc tac phan img ma OPS tir nh6m thiol duoc chuyén ddi thanh xystein.
Enzym c6 thé d3 dwoc tim thdy truéce tién & Aeropyrum pernix, Mycobacterium
tuberculosis, Mycobacterium smegmatis, va Trichomonas vaginalis (Mino K. va
Ishikawa K., FEBS Letters, 551:133-138, 2003; Burns K. E. et al., J. Am. Chem. Soc.,
127:11602-11603, 2005). Ngoai ra, OPSS c6 thé bao gdm khéng chi cac protein OPSS
kiéu dai, ma con cac protein bién thé bao g@)m x6a, thay thé, hodc thém vao mot phén
cta trinh tw polynucleotit ma hoa OPSS thé hién hoat tinh ngang bang hodic cao hon hoat
tinh sinh hoc cta cac protein OPSS kiéu dai, va con c6 thé bao gdm tAt ca protein OPSS
da duoc bdc 16 trong cac patent Hoa Ky s6 US 8557549 B2 va US 9127324 B2 va cac
bién thé cia no.

Sulfua duoc st dung trong sang ché co thé 13 bat ky sulfua nio duge cung cép
khong chi & dang rin thuong duoc sir dung trong cing linh vuc k¥ thuét, ma con & dang
1ong hodc khi do su khéc biét vé& d6 pH, 4p suit, va d6 hoa tan, va do d6 c6 thé duoc
chuyén d6i thanh nhom thiol (SH) duéi dang cua, vi du, sulfua (S*7) hodc thiosulfat
(S20527). Cu thé, sulfua c6 thé bao gdm Na,S, NaSH, HaS, (NH4)2S, va NazS;03, ¢6 thé
cung cAp nhom thiol cho OPS, tuy nhién sang ché khong bi gidi han & ddy. Trong phan
g, nhom thiol riéng 1& dugc cung cip cho nhém OPS phan Gng riéng 18 dé tao ra
xystein riéng 1& hodc dan xuét ciia ching. Cu thé, trong phan ng nay, sulfua dugc bd
sung vao v&i luong tir 0,1 dén 3 duong luong mol, va cu thé 13 tr 1 dén 2 duong luong

mol dua trén néng dd mol ciia OPS, tuy nhién sang ché khong bi gidi han ¢ day.

Ngoai ra, phuong phap cta sang ché c¢6 thé con bao gdbm budc thu hdi xystein dugc
san xuat & bude phan tng néu trén. Cu thé, xystein mong mudn c6 thé dugc thu hdi bang
cach tach va tinh ché tir dung dich phan tmg sir dung phan tng thich hop da biét trong
cung linh vuc k¥ thuat.

Khia canh khac cta sang ché dé xuit viéc sir dung dé san xudt O-phosphoserin
bang polypeptit ¢6 hoat tinh san sinh O-phosphoserin bao gbm a) sy thay thé isoleuxin

(I) & vi tri twong ng vi tri thit 241 trong trinh ty axit amin ¢6 ma nhén biét SEQ ID
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NO: 11 bang threonin (T), su thay thé aspartic axit (D) & vi tri twong ting vi tri thir 246
trong trinh ty axit amin c6 ma nh4n biét SEQ ID NO: 11 bang valin (V), va su thay thé
valin (V) & vi tri twong tng vi tri thtr 330 trong trinh ti axit amin c6 mi nhan biét SEQ
ID NO: 11 bang isoleuxin (I), va c6 trinh ty axit amin, trong d6 b) axit amin & vi tri
tuwong ung vi tri thir 88 1a phenylalanin va c) axit amin & vi tri twong Ung vi tri thir 207
1a lysin (K), hodc polypeptit c6 hoat tinh san sinh O-phosphoserin c6 trinh ty axit amin

c¢6 ma nhan biét SEQ ID NO: 1, xystein hodc cac dan xuat xystein.

Khia canh khac cua sing ché d& xuét viéc st dung dé san xuat O-phosphoserin
bang polypeptit c6 hoat tinh san sinh O-phosphoserin tir cac vi sinh vét chira a) su thay
thé isoleuxin (I) & vi trf twong tmg vi trf thit 241 trong trinh tu axit amin c6 ma nhan biét
SEQ ID NO: 11 bang threonin (T), su thay thé aspartic axit (D) & vi tri twong ting vi tri
thir 246 trong trinh tu axit amin c6 mé nhan biét SEQ ID NO: 11 bang valin (V), va su
thay thé valin (V) & vi tri tuong tng vi tri thir 330 trong trinh ty axit amin c6 ma nhan
biét SEQ ID NO: 11 bang isoleuxin (I), va c¢6 trinh ty axit amin, trong d6 b) axit amin &
v1 tri twong Ung vi tri thir 88 1a phenylalanin va c) axit amin & vi tri tuong ung vi tri thir
207 1a lysin (K), hodc polypeptit c6 hoat tinh san sinh O-phosphoserin c6 trinh tu axit
amin c6 mi nhan biét SEQ ID NO: 1.

Trinh ty c6 mé nhan biét SEQ ID NO: 11, mi nhan biét SEQ ID NO: 1, O-

phosphoserin, xystein, din xuat xystein, va vi sinh vat ¢ duoc mo ta & trén.
Vi du thuc hién ciia sang ché

Sau day, sang ché s& duge mé ta chi tiét dwa trén cac vi du. Tuy nhién, cac vi du
chi 1a cac vi du uvu tién dugc mo ta nham muc dich minh hoa, va do do, pham vi bdo ho
ctia sang ché khong bi giéi han & bai cac vi du nay. Trong khi d6, cac dau hiéu k¥ thuat
khong duge md ta & day co thé dwoc hidu day du va thuc hién dé dang béi nhitng nguoi
c6 hiéu biét trung binh trong cing linh vuc k¥ thuat cia sing ché hoc linh vuc k¥ thuat

tuong tu.

Vi du 1: Didu ché cac bién thé cta chit van chuyén lién ho trg gitip chinh (major
facilitator superfamily: MFS) YhhS

Dé ting cudng hoat tinh ciia chét san sinh O-phosphoserin (sau day duogc goi 1a,
“OPS”) cho sy ting cudng hoat tinh san sinh OPS trong ching sdn sinh OPS, cac bién

thé dugc didu ché cho chit van chuyén lién ho tro gitp chinh (MFS) YhhS (mé nhén
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biét SEQ ID NO: 11) 13 protein cta chét san sinh OPS, va y4AS (ma nhéan biét SEQ ID
NO: 12) 13 gen m3 héa OPS. Qua trinh chi tiét dugc mo ta dudi day.

Trude tién, thu vién cia cc bién thé cua gen yhhS dugc tao cAu truc. Doi v6i van
dé nay, PCR d6t bién ngiu nhién (PCR d& bj 161 JENA) duoc thuc hién bang cach sir
dung cédp mdi dic hiéu cho gen (cac ma nhéan biét SEQ ID NO: 13 va SEQ ID NO: 14)
dua trén bd gen ADN ctlia Escherichia coli K12 W3110 (ATCC27325) 1am mach khudn.
Phuong phap phan ting chudi polymeraza (Polymerase Chain Reaction: PCR) dugc thuc
hién véi bién tinh & nhiét d6 94°C trong 5 phut, tiép theo bién tinh & nhiét d6 94°C trong
30 gidy, 0 dé gan mdi ¢ nhiét d6 55°C trong 30 gidy, va 20 chu ky kéo dai & nhiét do
72°C trong 1 phut, va sau d6 kéo dai ¢ nhiét 4§ 72°C trong S phut. Dé chén cac doan
gen dot bién dd didu ché vao vecto pCL1920 véi ving gen khai dong rhtB, vecto
pCL_PrhtB duogc tao diéu ché trude tién. PCR duoc thuc hién st dung cip moi dic hibu
cho gen (cac m3 nhan biét SEQ ID NO: 16 va SEQ ID NO: 17) dé dam bao ving gen
khéi dong rhtB (mi nhén biét SEQ ID NO: 15). PCR dwoc thyc hién véi bién tinh &
nhiét d6 94°C trong 5 phut, tiép theo 30 chu ky bién tinh & nhiét d6 94°C trong 30 giay,
11 4é gan mdi & nhiét d6 55°C trong 30 gidy, va kéo dai & nhiét d6 72°C trong 1 phit, va
sau d6 kéo dai & nhiét do 72°C trong 5 phut. Poan ving gen khdéi ddng rhtB duge chen
vao vecto pCL1920 (ngan hang gen s6 AB236930) cit v6i Sacl va Smal dé thu duoc
pCL_PrhtB. Vecto pCL_PrhtB duoc cit voi Smal va Pstl, va sau d6 cac doan gen dot
bién duoc nhan dong vao d6 sir dung bo kit nhan dong In-fusion (Clontech Laboratories,
Inc.). Viéc nhan dong duoc thyc hién & nhiét d6 50°C trong 60 phit dé sau d6 didu ché
cac thu vién plasmit ctia cac bién thé gen pCL PrhtB yhhS. Céc trinh tu doan mdi da sur

dung & day duoc thé hién trong bang 1 dudi day.

Bang 1
SEQ ID NO: Poan mdi Vecto
13 CACCGGGAGCCCGGGatgCCCGAACCCGTAGCCGA |thu vién
14 CTTGCATGCCTGCAGtaAGATGATGAGGCGGCCT P]S}f:g_PfhtB-
y
16 CGGGGATCCTCTAGACGCTTGCTGCAACTCTCTC |pCL PrhtB
A
17 TACGGGTTCGGGcatGATATCTTTCCTGTGTGAAA

Céc thu vién plasmit tai t& hop da diéu ché duoc sang loc thong qua sang loc thong

lugng cao (high-throughput screening: HTS). Cu thé, ching nén duoc sir dung dé sang
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loc 14 CA07-0012 (KCCM11121P, patent Hoa Ky s6 US 8557549 B2), la chiing trong
d6 hoat tinh ciia phosphoserin phosphataza n6i sinh (SerB) dwoc 1am suy yéu dua trén

ching E. coli W3110 kiéu dai.

Tiép theo, dé thu duoc cac bién thé v6i hoat tinh san sinh OPS duoc ting cudng,
cac thu vién plasmit bién thé gen pCL_PrhtB-yhhS da diéu ché dugc bién nap thanh
ching nén CA07-0012 thong qua dién bién nap, va sau d6 duoc nudi cy trong moi
truong chira luong OPS du thira, va chon ba khuén lac tai d6 su tc ché sinh truong duoc
giai phong. Sau d6, cac plasmit thu dwgc tir ba khuén lac da chon va dugc phan tich

thong qua cong nghé gidi trinh tu.

Do d6, chon ba bién thé gen yhhS co lién quan dén viéc giai phong te ché ting
trudng trong diéu kién bd sung OPS du thura, va thu duoc bién thé vuot troi hon yhhS
M45 (cong bd don patent Hoa Ky s6 US 2019-0233859 A1), 1a bién thé gen yhhS hién
¢6 v6i1 hoat tinh san sinh OPS dugc tang cuong, va dugc goi 1a yhhS453.

Sau khi phén tich trinh tyr axit amin ctia polypeptit dugc ma héa boi yhhS453, xac
nhan rﬁng YhhS453 ¢6 trinh tw axit amin c6 ma nhan biét SEQ ID NO: 1.

Vi dy 2: X4c nhan hoat tinh san sinh OPS cta bién thé gen yhhS yhhS453

Vi du 2-1. Piéu ché chung duoc dwa vao voi yhhS453 st dung ching san sinh OPS
va su dénh gia kha nang san sinh OPS

Mot loai cua plasmit, plasmit bién thé pCL_PrhtB-y/4S453 duoc xéac dinh trong
vi dy 1 duoc bién nap vao CA07-0012 14 chiing san sinh OPS bang dién bién nap thuong
duoc st dung trong cung linh vire ky thuét. Nhu vay, CA07-0012/pCL_PrhtB-yhhS453, |
chung san sinh OPS dugc dua vao véi cac bién thé gen yhhS yhhS453 dugce tao cAu trac,
va kha nang san sinh OPS duoc danh gia.

Cu thé, mdi ching dwoc cdy chuyén trén dia trong mdi trudng LB ran va duoc nudi
ciy trong 10 @ & nhiét d6 33°C qua dém. C4c ching dugc nudi cAy trong méi truong LB
ran qua dém duoc cy vao méi truong hidu gid 25 mL duge thé hién trong bang 2 dudi
day va sau d6 duoc nudi cy trong 10 i & nhiét d6 33°C véi tée @6 200 vong/phit trong

48 gid. Céc két qua duoc thé hién trong bang 3 dudi day.

Bang 2

Thanh phan moéi truong  |Lwong
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Glucoza 40 g
KH,PO4 (KP1) 6g
(NH4)2SO4 17¢g
MgSO4-7H,0 lg
MnSO4-4H>0 5 mg
FeSO4-7H20 10 mg
L-Glyxin 2,5 g/L
Dich chiét nAm men 3g/L
CaCOs3 30 g/L
bo pH 6,8
Béang 3
A ' Tiéu thu glucoza|O-Phosphoserin
Tén céac chung ODs62 nm (g /I‘cf) (gI/)L)
CA07-0012/pCL1920 45 40 1,4
CA07-0012/pCL_PrhtB-yhhS 42,7 40 1,7
CA07-0012/pCL_PrhtB-yhhS M45 32 40 2,3
CA07-0012/pCL_PrhtB-yhhS453 30 40 3,1

Nhu duoc thé hién & bang 3, trong truong hop chung duoc dwa vao v6i bién thé
gen yhhS cla sang ché, xac nhan rang luong san sinh OPS ting én so véi chung dugc
dua vao voi gen yhhS kiéu dai. Ngoai ra, xac nhan rang lwong san sinh OPS tang 1én so
vGi yhhS M4S, 1a bién thé gen yhhS nén. Cy the, yhhS453 thé hién ring néng d6 OPS
ting 1én 82% so v6i yhhS kiéu dai va 35% so v6i yhhS M45, bién thé gen yhhS nén.

CA07-0012/pCL_PrhtB-yhhS453 duge dat tén 14 Escherichia coli CA07-0352, va
ching CA07-0352 dugc ndp luu chung & Trung tam nudi cdy vi sinh vat Han Québc
(Korean Culture Center of Microrganisms: KCCM) theo Hiép u6c Budapest vao ngay -
14 thang 5 nam 2020, véi s6 luu ching KCCM12720P.

Vi du 2-2. Bidu ché ching dwoc dua vao véi yhhS453 st dung cac ching voi SerA
va SerC dugc ting cudng va sy danh gia kha ndng san sinh OPS

Dé xac nhan lai hoat tinh cta yhhS453, st dung CA07-0022/pCL-Prmf-
serd*(G336V)-serC (KCCM11103P, patent Hoa Ky s6 US 8557549 B2) lam chung san
sinh OPS v6i kha ning san sinh OPS, c6 hoat tinh tang cudng cta D-3-phosphoglyxerat
dehydrogenaza (SerA) va 3-phosphoserin amintransferaza (SerC) nhu cac con dudng

sinh téng hop OPS.
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yhhS8453 dwoc nhan dong vao vi tri enzym giéi han HindIII cua vecto pCL _Prmf-
serA*(G336V)-serC. Truéce tién, PCR dugc thuc hién s dung cap mdi c6 cac mi nhan
biét SEQ ID NO: 18 va SEQ ID NO: 19 dya trén pCL_PrhtB-yhhS453 lam mach khuén
dé thu duoc doan gen yhhS453. PCR dugc thuc hién véi bién tinh ¢ nhigt d6 94°C trong
5 phut, tiép theo 30 chu k¥ bién tinh & nhiét d6 94°C trong 30 gidy, u dé gan mdi & nhiét
d6 55°C trong 30 gidy, va kéo dai & nhiét d6 72°C trong 1 phit, va sau d6 kéo dai &
nhiét d6 72°C trong 5 phiit. Doan gen yhhS453 thu duge thong qua PCR duoc nhan dong
st dung bo kit nhan dong In-fusion. Viéc nhan dong duge thuc hién & nhi¢t do 50°C
trong 60 phit d& nhd d6 didu ché plasmit bién thé pCL_Prmf-serd*(G336V)-
(RBS)serC_PrhtB-yhhS453. Nhu dbi chimg, CA07-0022/pCL_Prmf-serd*(G336V)-
(RBS)serC_PrhtB-yhhS M25 va CA07-0022/pCL_Prmf-serd*(G336V)-
(RBS)serC_PthtB-yhhS M45 duoc st dung (cong bd don patent s6 US2019-
0233859 Al). Céc trinh tu doan mdi da st dung & day dugc thé hién trong bang 4 dudi

day.
Bang 4
SEQ ID NO: |Dboan moi Vecto
18 CACGGTTAAAAGCTTCGATGGTCGATG |pCL_Prmf-
ATTAAGAC serd*(G336V)-
19 GATTACGCCAAGCTTttaAGATGATGAGG |(RBS)serC_PrhtB-

Mbi plasmit duge didu ché duoc bién nap vao CA07-0012 1a chung sén sinh OPS
bang dién bién nap thudng duge sit dung trong cung linh vuc k¥ thuéat. Do do, CAO7-
0022/pCL_Prmf-serd*(G336V)-(RBS)serC_PrhtB-yhhS453 la chung san sinh OPS
duoc dua vao véi bién thé gen yhhS yhhS453 duge tao chu trac, va kha nang san sinh
OPS cua chung nay dugc danh gia.

Cu thé, mdi chung duoc chy chuyén trén dia trong mdi truong LB rén va sau do
duoc nudi cdy trong 10 0 ¢ nhiét d6 33°C qua dém. Cac chung dugc nudi ciy trong mdi
truong LB rén qua dém dugc cly vao moi trudng hiéu gia 25 mL dugce thé hién trong
bang 1 néu trén va sau d6 dwgc nudi cay trong 10 U & nhiét do 33°C voi téc do

200 vong/phit trong 48 gid. Cac két qua dugc the hién trong bang 5 dudi day.

Bang 5
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. , Tiéu thu glucoza| O-Phosphoserin

Tén chung ODs62 im (2/L) (g/L)
CA07-0022/pCL_Prmf-serd*(G336V)- 30 40 401
(RBS)serC_PrhtB-yhhS(wt) ’
CA07-0022/pCL_Prmf-ser4*(G336V)-
(RBS)serC_PrhtB-yhhS M25 26,3 40 6,01
CAO07-0022/pCL_Prmf-serd*(G336V)- 25 4 40 48
(RBS)serC_PrhtB-yhhS M45 ’ ’
CA07-0022/pCL_Prmf-ser4*(G336V)- 751 40 75
(RBS)serC_PrhtB-yhhS453 ’ ’

Nhu duoc thé hién & bang 5, khi y2hS453 cta sing ché dugc dua vao chung san
sinh OPS trong d6 gen ctia con duong sinh tbng hop OPS duoc cai thién, xac nhan rang
luong san sinh OPS co thé duoc cai thién. Két qua ndy cho thAy rang yhhS453 cla sang

ché c6 thé duoc stir dung hiéu qua trong san xuét OPS.

CA07-0022/pCL_Prmf-serd*(G336V)-(RBS)serC_PrhtB-yhhS453 dugc dat tén
14 Escherichia coli CA07-0353, va ching CA07-0353 dugc ndp luu chung ¢ Trung tam
nudi ciy vi sinh vat Han Quéc (Korean Culture Center of Microrganisms: KCCM) theo

Hiép uéc Budapest vao ngay 14 thang 5 nam 2020, v6i s6 luu chung KCCM12721P.

Vi du 2-3. Didu ché ching duoc dua vao v6i yhhS453 theo cudng dd clia ving gen

khoi dong trén nhiém séc thé va sy danh gia kha nang san sinh OPS

DPé x4c nhan xem hoat tinh san sinh OPS c6 dugc ting cuong hay khong khi
yhhS453 dugce dua vao nhidm sic thé, ving gen khoi dong tu than cua vi sinh vat dugc
thay thé bang viing gen khoi dong tre, va chung dugc dua vao vGi yhhS453 cla sang ché
duoc didu ché va kha ning san sinh OPS cua ching dugc danh gia. Cu thé, vecto
pSKH130 (mé nhan biét SEQ ID NO: 30) dugc sir dung dé chen vung gen khéi dong tre
vao nhidm sic thé ctia E. coli. Vecto chua protein PI (gen pir)-phu thudc R6K replicon,
gen SacB (Levansucrase), va gen khang kanamyxin. Sau khi thu dugc ching mong
mudn st dung R6K va kanamyxin & 13n bat chéo thi nhat st dung vecto, cac thudc
khang sinh duoc loai bo khoi moi truong chira sucroza dé didu ché chung. Cu thé, vecto
pSKH130_yhhS453 dugc tao chu triic dé thay thé yhhS tu than trong chung CA07-0022
biing yhhS453. Pé tao chu triic pSKH130-y2kS453, PCR duge thuc hién st dung cap
mdi cé céc mi nhan biét SEQ ID NO: 20 va SEQ ID NO: 21 dua trén pCL_PrhtB-
yhhS453 thu duoc trong vi du 1 1am mach khudn dé thu dugc doan gen yhhS453. PCR
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dwoc thuc hién v6i bién tinh & nhiét d6 94°C trong 5 phut, tiép theo 30 chu ky bién tinh
& nhiét do 94°C trong 30 gidy, u dé gén mdi & nhiét d6 55°C trong 30 gidy, va kéo dai
& nhiét d6 72°C trong 1 phut, va sau d6 kéo dai & nhigt d6 72°C trong 5 phut. Doan gen
dwoc khuéch dai duoc nhan dong st dung vecto tpSKH130 dugc tao ra bang enzym gidi
han EcoRV va bd kit nhan dong In-fusion (Clontech Laboratories, Inc.) dé thu duogc
pSK-yhhS453. Plasmit thu duge dugc bién nap vao ching CA7-0022 bang dién bién
nap. Trong ching duoc bién nap, chiing dugc dua vao nhidm sic thé trong mdi truong
ran LB chira kanamyxin dugc chon béng sy tai t6 hop (bat chéo), va sau d6 vi tri plasmit
dwoc cit tir nhidm sc thé thong qua tai t6 hop thir cap (thay thé) trong moi trudong chira
sucroza. Sau khi hoan thanh tai td hop thir cép, ching dugc thue hién véi PCR su dung
cip mdi c6 cac ma nhan biét SEQ ID NO: 22 va SEQ ID NO: 23 va phan tich trinh tu
dé tao chu triic chiing CA07-0022::yhhS453.

PSKH130-Ptrc-yhhS453" dugc tao cAu tric dé ting cwong ving gen khéi dong cua
yhhS453 trong chiing CA07-0022::ykhS453 da duge diu ché. Cu th8, PCR duoc thuc
hién sir dung cip mdi c6 cac ma nhan biét SEQ ID NO: 24 va SEQ ID NO: 25 dya trén
chung W3110 E. coli kiéu dai 1am mach khuon dé thu duoc doan yhhSUP ADN. PCR
duoc thyc hién béi bién tinh & nhidt do 94°C trong 5 phit, tiép theo 30 chu ky bién tinh
& nhiét d6 94°C trong 30 gidy, i dé gin mdi & nhiét d 55°C trong 30 gidy, va kéo dai
& nhiét do 72°C trong 1 phit, va sau d6 kéo dai ¢ nhiét 4o 72°C trong 5 phit. Tiép theo,
PCR dugc thuc hién sit dung cip mdi c6 cic mi nhén biét SEQ ID NO: 26 va SEQ ID
NO: 27 dua trén pCL_Ptrc-gfp (cOng bd don patent Hoa Ky s6 US 2017-0247727 Al)
lam mach khudn dé thu duoc doan ADN cua Ptrc. PCR dugc thuc hién bo1 bién tinh &
nhiét d6 94°C trong 5 phut, tiép theo 30 chu ky bién tinh ¢ nhiét 49 94°C trong 30 gidy,
0 d& gén mdi & nhiét 6 55°C trong 30 gidy, va kéo dai ¢ nhiét @6 72°C trong 1 phut, va .
sau d6 kéo dai & nhiét d6 72°C trong 5 phut. Hon nita, PCR dugc thuc hién st dung cap
mdi c6 cdc mad nhan biét SEQ ID NO: 28 va SEQ ID NO: 29 dua trén pCL_PrhtB-
yhhSA53 1am mach khuén dé thu dugc doan yhhS453. PCR dugc thuc hién voi bién tinh
& nhiét d6 94°C trong 5 phut, tiép theo 30 chu ky bién tinh ¢ nhiét d 94°C trong 30
gidy, U dé gén mdi & nhiét do 55°C trong 30 gidy, va kéo dai ¢ nhiét do 72°C trong 1
phut, va sau d6 kéo dai ¢ nhiét 46 72°C trong 5 phat. Cac doan gen dugc khuéch dai
dwoc nhan dong str dung vecto pSKH130 duge xur Iy vOi enzym gigi han EcoRV va IST
8 thu duoc pSKH_yhhSUP_Ptrc-yhhS453. Plasmit thu dwoc duoc bién nap vao chung
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CA7-0022::yhhS453 bing dién bién nap. Trong ching duoc bién nap, chung dugc dua
vao nhiém sic thé trong méi truong rén LB chita kanamyxin dugc chon béi su tai hop
(bt chéo), va sau d6 vi tri plasmit dugc cat tir nhidm sic the thong qua tai t6 hop thw
cAp (thay thé) trong méi trudng chita sucroza. Sau khi hoan thanh tai t hop tha cép,
chung dugc xac nhén su dung cap mdi ¢6 cic ma nhan biét SEQ ID NO: 22 va SEQ ID
NO: 23. Chiing d3 diéu ché dugc dit tén 1 CA07-0022::Ptrc-yhhS453. Céc trinh ty doan

mdi d4 st dung & day duoc thé hién trong bang 6 dudi day.

Bang 6
SEQ ID NO: DPoan mdi Vecto
20 CAGGAATTCGATATCATGCCCGAACCCGTAGCCGA |pSK-yhhS453
21 GACTAGCGTGATATCTTAAGATGATGAGGCGGCCT
22 ATGTGAATCTGTGGATTATT yhhS-out
23 GTTATGGCCGTTTATCGAAA
24 CAGGAATTCGATATCTCGCTCCGGCGACATATGCA |pSKH130-
25 CAGCAAGCGGGTACCGAGGATCACCACATTTTTAC |Ptroyhh§453’
26 AATGTGGTGATCCTCGGTACCCGCTTGCTGCAACT
27 TACGGGTTCGGGCATGATATCTTTCCTGTGTGAAA
28 CACAGGAAAGATATCATGCCCGAACCCGTAGCCGA
29 GACTAGCGTGATATCGCACCCATCGCCATCGCCCC

Nhu nhém d6i chimg, st dung CA07-0022::Ptrc-yhhs, CA07-0022::Ptrc-yhhS
M25, va CA07-0022::Ptrc-yhhS M45 dugc diéu ché theo cach tuong tu néu trén. Cac
trinh tu nucleotit cia cac doan mdi duoc st dung cho PCR tuong tu néu trén. Ching
duge didu ché duoc bién nap bing cach dua vecto pCL_Prmf-serd*(G336V)-
(RBS)serC dugc tang cudng véi serd va serC béi dién bién nap thudng duoc st dung

trong cung linh vuc k¥ thuét dé xac nhan kha nang san sinh OPS.

M>bi ching dugc ciy chuyén trén dia trong moi truong LB ran va sau do duoc nudi
cdy trong 16 0 & nhiét d6 33°C qua dém. Céc chung duoc nudi ciy trong moi trudng LB
ran qua dém dugc cAy vao moi truong hiéu gia 25 mL duoc thé hién trong bang 1 néu
trén va sau d6 dugc nudi cay trong 16 1 & nhiét do 33°C véi tdc @6 200 vong/phut trong

48 gidy. Céc két qua dugc thé hién trong bang 7 dudi day.

Bang 7

Tén chung ODs62nm |Tiéu thu glucoza| O-Phosphoserin
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serA*(G336V)-(RBS)serC

36/58

(g/L) (g/L)
CA07-0022/pCL_Prmf-ser4*(G336V)-
(RBS)serC 32 40 L7
CA07-0022::Ptrc-yhhS/pCL_Prmf- 33 40 2.0
serA*(G336V)-(RBS)serC ’
CA07-0022::Ptrc-yhhS M25/pCL_Prmf- 35 40 39
serA*(G336V)-(RBS)serC ’
CAO07-0022::Ptrc-yhhS M45/pCL_Prmi-
serd*(G336V)-(RBS)serC 25,4 40 27
CA07-0022::Ptrc-yhhS453/pCL_Prmi- 25.1 40 5.0

Nhu duoc thé hién & bang 7 néu trén, khi hoat tinh ctia yhhS453 ting 1én bang cach

ting cuong vung gen khoi dong trén nhidm sic thé, x4c nhan rang lugng san sinh OPS

tang 1&n nhicu hon hai lan so véi chung dugc dua vao yhhS kiéu dai, va ciing xac nhén

rang nong do OPS tang dang ké so voi cac bién thé gen yahS M45 va M25.

Nhirng nguodi o hiéu biét trung binh trong cting linh vuc k¥ thuét sé hiéu rang sang

ché c6 thé duoc thé hién trong cac hinh thirc cu thé khac ma khong vuot qua nguyén ly

hodic cac dic didm co ban ctia sang ché. Cac phwong 4n duge mo ta duoc xem xét 6 moi

khia canh chi mang tinh minh hoa va khong gi6i han ¢ d6. Do @6, pham vi bao ho cua

sang ché duoc thé hién boi cac yéu cau bdo ho kém theo ngoai phan mo ta & trén. Tat ca

c4c bién thé trong pham vi bao h va twong duong cua yéu cAu bao ho déu thudc pham

vi bao ho cia sang ché.
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CJ CheilJedang Corporation

SINH VAT,

POLYPEPTIT CO HOAT TINH SAN SINH O-PHOSPHOSERIN,
vA CAC PHUONG PHAP SAN XUAT O-
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POLYNUCLEOTIT MA

PHOSPHOSERIN, XYSTEIN, VA CAC DAN XUAT XYSTEIN SU DUNG O-PHOSPHOSERIN

<130> OPA21198
<150>
<151> 2020-06-09
<160> 30

<170>

<210> 1

<211> 405
<212> PRT
<213>

<220>

<223> yhhS453

<400> 1
Met Pro Glu Pro Val
1 5

Leu Arg Ile Val Ser
20
Ile Gly Leu Pro Leu
35

Phe
50

Gly Ser Ala Phe

Ala Thr Leu Leu Ser

65 70

Gly Pro Lys Lys Ile

85
Gly

Leu Gly Tyr Leu

100

Ser Leu Leu Leu Leu
115

Ser Phe
130

Ala Gly Thr

Ser Leu His

145

Ile Gly

Gly Ala Met Ala Met

165
Gly Gly
180

Ala Ile

KR 10-2020-0069753

KoPatentIn 3.0

Trinh ty nhén tao

Ala Glu

Ile Val

Ala Val
40

Trp Ala
55

Arg Pro

vVal Val

Thr Ala

Leu
120

Cys

Gly Ser
135

Arg Val

150

Gly Ala

105

Pro Ala Leu Asn Gly
10

Met Phe Asn Phe Ala

25 30

Leu Pro Gly Tyr Val
45

Gly Leu Val Ile Ser
60

His Ala Gly Arg Tyr
75

Phe Gly Leu Cys Gly
90

Gly Leu Thr Ala Ser
110

Gly Arg Val Ile Leu
125

Thr Leu Trp Gly Val
140

Ile Ser Trp Asn Gly
155

Pro Leu Gly Val Val
170

Leu Gln Ala Leu Ala Leu Ile Ile Met Gly
185

190

Leu Leu Ala Ile Pro Arg Pro Thr Val Lys

37

Leu

15

Ser

His

Leu

Ala

Cys

95

Leu

Gly

Gly

Ile

Phe

175

val

Ala

Arg

Tyr

Asp

Gln

Asp

80

Phe

Pro

Ile

Val

Val

160

Tyr

Ala

Ser

Leu

Leu

vVal

Tyr

Ser

Leu

val

Gly

Val

Thr

His

Leu

Lys

Asn

Thr

Met

Phe

Leu

Ser

Ile

Gln

Gly

Tyr

Trp

Val

Gly



195

Lys Pro Leu Pro Phe Arg Ala Val Leu Gly Arg Val
215

210

Met
225 230
Thr

245

Leu
260

Asn
275

Ser Val Glu Ile Ile Gly Leu
295

290

Trp Met Ala Lys Ile Gly Val

305 310

Val Phe Pro Ala Leu
325

Asn Gln Gly Ala
340

Ala

Leu Gly Val Thr
355

Gly

Val Pro Val Ile
370

Tyr

Leu Leu Thr Trp

385 390

Ala Ala Ser Ser Ser
405

<210> 2

<211> 1218

<212> ADN

<213> Trinh ty nhén

<220>

<223>  yhhs453

<400> 2
atgcccgaac ccgtagccga

tctatagtca tgtttaactt

ccgggctatg tccatgatgt
ctgcaatatt tcgccacctt
ggacccaaaa agattgtcgt

ctgacggcag gattaaccgc

Ala Leu Ala Leu Ala

Thr Leu Phe Tyr Val

Thr Leu Phe Ser Cys

Gly Ile Asn Arg Ile

Gly Val

51960

200

205

220

Ser Ala Gly Phe Gly Val

235

Ala Lys Gly Trp Asp Gly

250

265

280

Val Ala

Ala Phe Val Gly Thr Arg

Gly Gly Leu Asn Val Ala

285

Leu Leu Val Gly Val

300

Leu Leu Ala Gly Ala

315

330

Leu Ala Thr Tyr

345

Pro Leu Ala Gly

360

Leu Ala Ala Ala
375

tao

acccgcgcta
cgccagctac
gatgggcttt
gctgagccgce
cttcggttta

cagtctgcct

Thr Val

365

380

Arg Leu Lys Lys Arg Pro Pro Glu

395

aacggattgc
ctcaccatcg
agcgccttct
cctcatgccg
tgcggctgcet

gtcatcagcc

38

Ile Lys Ala

Leu Val Met

Gly Leu Val

Trp Leu
Ile Ala
240

Ala Ala
255

Leu Leu
270

Met Ile

Ala Thr

Gly Phe

320

Val Pro
335

Phe
350

Met Asp

Ser Trp

Ala Ile

His Val
400

gcctgaattt
ggttgccgcet
gggcaggatt
gacgttacgce
ttttgagcgg

tgttattact

Tyr Gly

Thr Phe

Phe Ala

Phe Pro

Cys Phe

Met Pro

Ser Leu

Gln Gln

Leu Ser

Ala Gly

Ala Leu

Pro Glu

gcgcattgtce
cgctgtatta
ggttatcagc
cgattcgctg
tctggggtat

ttgcctgggg
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60
120
180
240
300

360



cgcgtcatcc
ggcgtggtty
ggggcgatgg
gcgttagcegt
ccgacggtaa
tggctgtacg
accacgctgt
agctgtgcgt
ttaaacgtag
gcgactatgce
gtgttcccgg
gcgctggcaa
gggctggtga
gcaatcgcgt
gccgcctcat
<210> 3
<211>
<212>
<213>
<220>

<223>

<400> 3

Met Pro Asn Ile Thr

1

Pro

Gly Leu Pro Leu

ttgggattgg
gctcgctgca
cgatgggtgc
taatcattat
aagccagtaa
gtatggcgct
tttatgtcgce
ttgtcggtac
cgatgatttg
cgtggatggc
cattgggtgt
cttacaccgt
tgagctgggce
tattactgac

catcttaa

322
PRT
Trinh ty nhén

serB

5

Trp

Ser

51960

gcaaagtttt
tatcgggcgg
gccgttaggce
gggcgtggcyg
aggcaaaccg
ggcactggct
taaaggttgg
gcgtttgtta
ctttagcgtt
gaaaatcggc
agtggcgata
atttatggat

gggcgtaccy

gtggcgatta

tao

Cys Asp

gccggaacgyg
gtgatttcgt
gtcgtgtttt
ctggtggcca
ctgccgtttce
tccgccggat
gacggtgcgg
ttccctaacg
gagataatcg
gtcttactgg
aaagcggttc
ttatcgcttg
gtgatttatc

aaaaaacggc

Leu Pro Glu

10

Leu Ser

Gly Asp Glu

gatcgaccct
ggaacggcat
atcactgggg
ttttgttggce
gcgcggtgcect
ttggcgtcat
ctttcgcget
gcattaaccg
gcctgctact
cgggggccgyg
cgcagcaaaa
gcgtgactgg
tggcggcggce

ctccggaaca

Val
15

Asp Ser

Val Met Pro

20

Tyr His Ala Gly Arg

35

Ser Gly

40

25

Trp Leu

30

Leu Tyr Gly
45

Arg

Gly

Lys

Ile

65

Gly

Asp

Leu

Gln
55

Gln Arg Leu Thr
50

Val Ala Ala Trp Cys
70

Ser Leu Thr Ala Arg
85

Val Ala Pro Leu Gly
100

Val Met Asp Met Asp
115

Gln Ser Lys Leu

60

Tyr

vVal Glu Asp Tyr Gln

75

Ala Thr Arg Leu Ala

90

Lys Ile Pro His Leu
105

Ser Thr Ala Ile Gln
120

39

125

Gly Ala Ala

Val Ile Arg

80

Glu
95

His Ala

Arg Thr Pro

110

Ile Glu Cys

atggggcgtt

tgtcacttac
cggcttgcag
gatcccgegt
tgggcgcgtc
cgccaccttt
gacgctgttt
tatcggtggc
ggttggcgtg
gttttcgctg
tcagggggcy
accactggct

gggactggtc

cgtccctgag

Leu Trp

Leu Asp
Leu Asp
Met Val
Leu Ala
Gln Leu
Leu

Gly

Ile Asp

39/58
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Glu Ile Ala Lys Leu Ala Gly Thr Gly Glu Met Val Ala Glu
135

130

Glu
145

Arg

Arg

Leu
195

150

165

180

140

155

170

185

200

Arg Ala Met Arg Gly Glu Leu Asp Phe Thr Ala Ser Leu

160

Val Ala Thr Leu Lys Gly Ala Asp Ala Asn Ile Leu Gln

175

Glu Asn Leu Pro Leu Met Pro Gly Leu Thr Gln Leu Val

190

Glu Thr Leu Gly Trp Lys Val Ala Ile Ala Ser Gly Gly
205

Phe Phe Ala Glu Tyr Leu Arg Asp Lys Leu Arg Leu Thr Ala
215

210

220

Ala Asn Glu Leu Glu Ile Met Asp Gly Lys Phe Thr Gly Asn

225

Gly Asp TIle Val Asp Ala Gln Tyr Lys Ala Lys Thr Leu

Ala Gln Glu Tyr
260

Gly Ala Asn Asp

275

Tyr His Ala Lys

290

His Ala Asp Leu

305

Gln Lys

<210> 4
<211>
<212>
<213>
<220>
<223>
<400> 4
atgcctaaca
ctttcattaa
ctgctgtatg
gcggcgatgg
ggttcactca

ctggggaaaa

gccatccaga

230

245

235

250

265

280

295

310

969
ADN
Trinh tu nhén

serB

ttacctggtg
gtggtgatga
gtcgtgggcet
tgattgttgc
ccgcacgggc
tcccgcacct

ttgaatgtat

tao

cgacctgcct
agtgatgcca
ggataaacaa
cgcctggtgce
tacacgcctg
gcgcacgccg

tgatgaaatt

Glu Ile Pro Leu Ala Gln Thr Val Ala

Leu Pro Met Ile Lys Ala Ala Gly Leu
285

Pro Lys Val Asn Glu Lys Ala Glu Val

300

315

gaagatgtct
ctggattacc
cgtctgaccc
gtggaagatt
gcccacgaag
ggtttgctgg

gccaaactgg

40

240

Thr
255

Ile
270

Gly

Thr

Met Gly Val Phe Cys Ile Leu Ser Gly Ser

320

ctttatggcc
acgcaggtcg
aataccagag
atcaggtgat
cgcagctgga
tgatggatat

ccggaacggg

Val Thr

Arg Ser

Gln Val

Leu Lys

Phe Thr

vVal Val

Val Ile

Arg Leu

Gly Asp

Ile Ala

Ile

Leu

gggtctgcct
tagcggcetgg
caaactgggt
tcgtctggcea
tgtcgecccceg
ggactccacc

cgagatggtg

40/58

60
120
180
240
300
360

420
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gcggaagtaa ccgaacgggc gatgcgcggce gaactcgatt ttaccgccag cctgcgcagc

cgtgtggcga cgctgaaagg cgctgacgcc aatattctgc aacaggtgcg tgaaaatctg

ccgctgatgce caggcttaac gcaactggtg ctcaagcetgg aaacgctggg ctggaaagtg

gcgattgcct ccggeggett tactttettt getgaatacc tgcgcgacaa gctgcgcctg

accgccgtgg tagccaatga actggagatc atggacggta aatttaccgg caatgtgatc

ggcgacatcg tagacgcgca gtacaaagcg aaaactctga ctcgcctcge gcaggagtat

gaaatcccgce tggcgcagac cgtggcgatt ggcgatggag ccaatgacct gccgatgatc

aaagcggcag ggctggggat tgcctaccat gccaagccaa aagtgaatga aaaggcggaa

gtcaccatcc gtcacgctga cctgatgggg gtattctgca tcctctcagg cagcctgaat

cagaagtaa

<210> 5

<211> 410

<212> PRT

<213> Trinh ty nhédn tao

<220>

<223>  SerA kiéu dai

<400> 5

Met Ala Lys Val Ser Leu Glu Lys Asp Lys Ile Lys Phe Leu Leu Val

1 5 10 15
Glu Gly Val His Gln Lys Ala Leu Glu Ser Leu Arg Ala Ala Gly Tyr
20 25 30
Thr Asn Ile Glu Phe His Lys Gly Ala Leu Asp Asp Glu Gln Leu Lys
35 40 45
Glu Ser Ile Arg Asp Ala His Phe Ile Gly Leu Arg Ser Arg Thr His
50 55 60
Leu Thr Glu Asp Val Ile Asn Ala Ala Glu Lys Leu vVal Ala Ile Gly
5 70 75 80

Cys Phe Cys Ile Gly Thr Asn Gln Val Asp Leu Asp Ala Ala Ala Lys
85 90 95

Arg Gly Ile Pro Val Phe Asn Ala Pro Phe Ser Asn Thr Arg Ser Val

100 105 110
Ala Glu Leu Val Ile Gly Glu Leu Leu Leu Leu Leu Arg Gly Val Pro
115 120 125
Glu Ala Asn Ala Lys Ala His Arg Gly Val Trp Asn Lys Leu Ala Ala
130 135 140

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

145 150 155 160

His Ile Gly Thr Gln Leu Gly Ile Leu Ala Glu Ser Leu Gly Met Tyr
165 170 175

41
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Val Tyr Phe Tyr Asp Ile Glu Asn Lys Leu Pro Leu

180

185

190

Gln Val Gln His Leu Ser Asp Leu Leu Asn Met Ser

195

200

205

Leu His Val Pro Glu Asn Pro Ser Thr Lys Asn Met

210

215

220

Glu Ile Ser Leu Met Lys Pro Gly Ser Leu Leu Ile

225

Gly Thr Val Val Asp Ile Pro Ala Leu

245

His Leu Ala Gly Ala Ala Ile Asp Val

260

230

235

250

265

Cys Asp Ala

Phe Pro Thr

270

Asn Ser Asp Pro Phe Thr Ser Pro Leu Cys Glu Phe

275

280

285

Leu Thr Pro His Ile Gly Gly Ser Thr Gln Glu

290

295

Gly Leu Glu Val Ala Gly

305

310

Thr Leu Ser Ala Val Asn

325

Gly Arg Arg Leu Met His

340

Ala Leu Asn Lys Ile Phe

355

Tyr Leu Gln Thr Ser Ala Gln Met Gly

370

375

300

Lys Leu Ile Lys Tyr

315

Phe Pro Glu Val Ser

330

Ile His Glu Asn Arg

345

Ala

Ser

Leu

Pro
350

Ala Glu Gln Gly Val Asn

360

380

365

Tyr Val Val

Ala Asp Glu Asp Val Ala Glu Lys Ala Leu Gln Ala

385

390

395

Pro Gly Thr Ile Arg Ala Arg Leu Leu Tyr

405 410
<210> 6
<211> 410
<212> PRT
<213> Trinh ty nhé&n tao

<220>

<223> SerA kidu dét bién

<400> 6

Met Ala Lys Val Ser Leu Glu Lys Asp Lys Ile Lys

1 5

10

Glu Gly Val His Gln Lys Ala Leu Glu Ser Leu Arg

20

25

30

Thr Asn Ile Glu Phe His Lys Gly Ala Leu Asp ASp

42

Gly Asn

Asp Val

Met Gly

Asn Ala

240

Leu Ala
255

Glu Pro

Asp Asn

Gln Glu

Asp Asn

320

Pro Leu

335

Gly Val

Ile Ala

Ile Asp

Met Lys
400

Ala

Val

Ala

Ser

Ser

Ala

vVal

Asn

Gly

His

Leu

Ala

Ile

Ala

Thr

Ser

Lys

Arg

Lys

Thr

Leu

Ile

Ser

Gly

Thr

Gln

Glu

Ile

Phe Leu Leu Val

15

Ala Ala Gly Tyr

Glu Gln Leu Lys

42/58



Glu

Leu

65

Cys

Arg

Ala

35

Ser Ile Arg Asp Ala
50 55

Thr Glu Asp Val Ile
70

Phe Cys Ile Gly Thr
85

Gly Ile Pro Val Phe
100

Glu Leu Val Ile Gly
115

51960

40 45

His Phe Ile Gly Leu Arg
60

Asn Ala Ala Glu Lys Leu
75

Asn Gln Val Asp Leu Asp
90

Asn Ala Pro Phe Ser Asn
105 110

Glu Leu Leu Leu Leu Leu
120 125

Glu Ala Asn Ala Lys Ala His Arg Gly Val Trp Asn

Gly

145

His

Val

Gln

Leu

Glu

225

Gly

His

Asn

130 135

Ser Phe Glu Ala Arg
150

Ile Gly Thr Gln Leu
165

Tyr Phe Tyr Asp Ile
180

vVal Gln His Leu Ser
195

His Val Pro Glu Asn

210 215

Ile Ser Leu Met Lys
230

Thr Val Val Asp Ile
245

Leu Ala Gly Ala Ala
260

Ser Asp Pro Phe Thr
275

140

Gly Lys Lys Leu Gly Ile
155

Gly Ile Leu Ala Glu Ser
170

Glu Asn Lys Leu Pro Leu
185 190

Asp Leu Leu Asn Met Ser
200 205

Pro Ser Thr Lys Asn Met
220

Pro Gly Ser Leu Leu Ile
235

Pro Ala Leu Cys Asp Ala
250

Ile Asp Val Phe Pro Thr
265 270

Ser Pro Leu Cys Glu Phe
280 285

Leu Thr Pro His Ile Gly Gly Ser Thr Gln Glu Ala

Gly
305

Thr

290 295

Leu Glu Val Ala Gly
310

Leu Ser Ala Val Asn
325

Gly Arg Arg Leu Met His

Ala

340

Leu Asn Lys Ile Phe
355

300

Lys Leu Ile Lys Tyr Ser
315

Phe Pro Glu Val Ser Leu
330

Ile His Glu Asn Arg Pro
345 350

Ala Glu Gln Gly Val Asn
360 365

Tyr Leu Gln Thr Ser Ala Gln Met Gly Tyr Val Val

370 375

380

43

Ser

Val

Ala

95

Thr

Arg

Lys

Ile

Leu

175

Gly

Asp

Met

Asn

Leu

255

Glu

Asp

Gln

Asp

Pro
335

Arg

Ala

80

Ala

Arg

Gly

Leu

Gly

160

Gly

Asn

Val

Gly

Ala

240

Ala

Pro

Asn

Glu

Asn

320

Leu

Gly Val

Ile

Ile

Ala

Asp

Thr

Ile

Ala

Ser

Val

Ala

Tyr

Met

Ala

vVal

Ala

Ser

Ser

Ala

Val

Asn

Gly

His

Leu

Ala

Ile

His

Gly

Lys

vVal

Pro

Ala

Gly

Tyr

Thr

Ser

Lys

Arg

Lys

Thr

Leu

Ile

Ser

vVal

Thr

Gln

Glu
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Ala Asp Glu Asp Val Ala Glu Lys Ala Leu Gln Ala Met Lys Ala Ile

385

390

395

Pro Gly Thr Ile Arg Ala Arg Leu Leu Tyr
410

<210> 7
<211>
<212>
<213>
<220>
<223>
<400> 7
atggcaaagg
caaaaggcgc
gcgctggatg
tcccgtaccce
tgtttctgta
gtatttaacg
ctgctgctat
aaactggcgg
catattggta
gatattgaaa
ctgaatatga
atgggcgcga
ggtactgtgg
gcggcaatcg
ctgtgtgaat
caggagaata
acgctctctg
atgcacatcc
cagggcgtca
attgatattg
ccgggtacca
<210> 8

<211>
<212>

405

1233
ADN
Trinh ty nhén

SerA kiédu dai

tatcgctgga
tggaaagcct
atgaacaatt
atctgactga
tcggaacaaa
caccgttctc
tgcgcggegt
cgggttecttt
cgcaattggg
ataaactgcc
gcgatgtggt
aagaaatttc
tggatattcc
acgtattccc
tcgacaacgt
tcggcctgga
cggtgaactt
acgaaaaccg
acatcgccgce
aagccgacga

ttcgcgceccg

1233
ADN

tao

gaaagacaag
tcgtgcagct
aaaagaatcc
agacgtgatc
ccaggttgat
aaatacgcgc
gccggaagcce
tgaagcgcgc
cattctggcet
gctgggcaac
gagtctgcat
actaatgaag
ggcgctgtgt
gacggaaccg
ccttctgacg
agttgcgggt
cccggaagte
tcecgggegtyg
gcaatatctg
agacgttgcc

tctgctgtac

attaagtttc
ggttacacca
atccgcgatg
aacgccgcag
ctggatgcgg
tctgttgcgg
aatgctaaag
ggcaaaaagc
gaatcgctgg
gccactcagg
gtaccagaga
cccggctegce
gatgcgctgg
gcgaccaata
ccacacattg
aaattgatca
tcgctgcecac
ctaactgcgc
caaacttccg
gaaaaagcgc

taa

44

400

tgctggtaga
acatcgaatt
cccacttcat
aaaaactggt
cggcaaagcg
agctggtgat
cgcaccgtgg
tgggtatcat
gaatgtatgt
tacagcatct
atccgtccac
tgctgattaa
cgagcaaaca
gcgatccatt
gcggttcgac
agtattctga
tgcacggtgg
tgaacaaaat
cccagatggg

tgcaggcaat

aggcgtgcac
tcacaaaggc
cggcctgcga
cgctattggc
cgggatcccg
tggcgaactg
cgtgtggaac
cggctacggt
ttacttttat
ttctgacctg
caaaaatatg
tgcttcgcgce
tctggcgggyg
tacctctccg
tcaggaagcg
caatggctca
gcgtcgtctg
cttcgccgag
ttatgtggtt

gaaagctatt
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<213>
<220>
<223>
<400> 8
atggcaaagg
caaaaggcgc
gcgctggatg
tcccgtaccce
tgtttctgta
gtatttaacg
ctgctgctat
aaactggcgg
catattggta
gatattgaaa
ctgaatatga
atgggcgcga
ggtactgtgg
gcggcaatcg
ctgtgtgaat
caggagaata
acgctctctg
atgcacatcc
cagggcgtca
attgatattg
ccgggtacca
<210> 9
<211>
<212>
<213>
<220>

<223>

<400> 9

Trinh ty nhén

SerA kiédu doat

tatcgctgga
tggaaagcct
atgaacaatt
atctgactga
tcggaacaaa
caccgttctc
tgcgcggcegt
cgggttettt
cgcaattggg
ataaactgcc
gcgatgtggt
aagaaatttc
tggatattcc
acgtattccc
tcgacaacgt
tcggcctgga
cggtgaactt
acgaaaaccg
acatcgccgc
aagccgacga

ttcgcgceccg

362
PRT
Trinh ty nhén

SerC

51960

tao

bién

gaaagacaag
tcgtgcagcet
aaaagaatcc
agacgtgatc
ccaggttgat
aaatacgcgc
gccggaagcce
tgaagcgcgc
cattctggcet
gctgggcaac
gagtctgcat
actaatgaag
ggcgctgtgt
gacggaaccg
ccttctgacg
agttgcgggt
cccggaagtc
tcegggegtyg
gcaatatctg
agacgttgcc

tctgctgtac

tao

attaagtttc
ggttacacca
atccgcgatg
aacgccgcag
ctggatgcgg
tctgttgcgg
aatgctaaag
ggcaaaaagc
gaatcgctgg
gccactcagg
gtaccagaga
cccggctcegce
gatgcgctgg
gcgaccaata
ccacacattg
aaattgatca
tcgctgccac
ctaactgcgc
caaacttccg
gaaaaagcge

taa

tgctggtaga
acatcgaatt
cccacttcat
aaaaactggt
cggcaaagcg
agctggtgat
cgcaccgtgg
tgggtatcat
gaatgtatgt
tacagcatct
atccgtccac
tgctgattaa
cgagcaaaca
gcgatccatt
gcggttcgac
agtattctga
tgcacgttgg
tgaacaaaat
cccagatggg

tgcaggcaat

aggcgtgcac
tcacaaaggc
cggcctgcga
cgctattggc
cgggatcccg
tggcgaactg
cgtgtggaac
cggctacggt
ttacttttat
ttctgacctg
caaaaatatg
tgcttcgcgce
tectggcgggyg
tacctctccg
tcaggaagcg
caatggctca
gcgtcgtctg
cttcgccgag
ttatgtggtt

gaaagctatt

Met Ala Gln Ile Phe Asn Phe Ser Ser Gly Pro Ala Met Leu Pro Ala
10

1

5

15

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

45
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20

Gly Thr Ser Val Met Glu
35

Val Ala Glu Glu Ala Glu
50 55

Ser Asn Tyr Lys Val Leu
65 70

Ala Ala Val Pro Leu Asn
85

Val Asp Ala Gly Tyr Trp
100

Tyr Cys Thr Pro Asn Val
115

51960

25

Val Ser His Arg Gly Lys

40

45

Lys Asp Phe Arg Asp Leu

60

Phe Cys His Gly Gly Gly

75

Ile Leu Gly Asp Lys Thr

90

Ala Ala Ser Ala Ile Lys

105

110

Phe Asp Ala Lys Val Thr

120

125

Arg Ala Val Lys Pro Met Arg Glu Trp Gln Leu Ser

130 135

140

Tyr Met His Tyr Cys Pro Asn Glu Thr Ile Asp Gly

145 150

155

Glu Thr Pro Asp Phe Gly Ala Asp Val vVal Val Ala

165

170

Ser Thr Ile Leu Ser Arg Pro Ile Asp Val Ser Arg

180

185

190

Tyr Ala Gly Ala Gln Lys Asn Ile Gly Pro Ala Gly

195

200

205

Ile Val Arg Glu Asp Leu Leu Gly Lys Ala Asn Ile

210 215

220

Ile Leu Asp Tyr Ser Ile Leu Asn Asp Asn Gly Ser

225 230

235

Pro Pro Thr Phe Ala Trp Tyr Leu Ser Gly Leu Val

245

250

Lys Ala Asn Gly Gly Val Ala Glu Met Asp Lys Ile

260

Ala Glu Leu Leu Tyr Gly
275

Asp Val Ala Lys Ala Asn
290 295

Ala Asp Ser Ala Leu Asp
305 310

Gly Leu His Ala Leu Lys
325

Ser Ile Tyr Asn Ala Met
340

Phe Met Val Glu Phe Glu
355

265

270

Val Ile Asp Asn Ser Asp

280

285

Arg Ser Arg Met Asn Val

300

Lys Leu Phe Leu Glu Glu

315

Gly His Arg Val Val Gly

330

Glu Phe

Leu Asn

Arg Gly

80

Thr Ala
95

Glu Ala

Val Asp

Asp Asn

Ile Ala
160

Ala Asp
175

Tyr Gly

Leu Thr

Ala Cys

Met Phe
240

Phe Lys
255

Asn Gln

Phe Tyr

Pro Phe

Ser Phe

320

Gly Met
335

Pro Leu Glu Gly Val Lys Ala Leu

345

Arg Arg His Gly
360

46

350

Ile

val

Gln

Asp

Lys

Gly

Ala

Ile

Phe

Val

Ile

Pro

Asn

Trp

Gln

Arg

Gln

Ala

Arg

Thr

Gln

Pro

Phe

Tyr

Lys

Leu

Ala

Asp

Ser

Ile

Val

Ser

Thr

Leu

Lys

Asn

Leu

Ala

Ala

Asp

46/58



<210> 10
<211>
<212>
<213>
<220>
<223>
<400> 10
atggctcaaa
caggctcaac
caccgtggca
cttaatgtcc
gctgcggtac
tactgggcgg
gccaaagtga
gataatgctg
gaaacgccag
tccecgtcecega
ggcccggetg
gcgtgtccgt
ccgccgacat
ggtgtagctg
gataacagcg
ccgttccagt
ggccttcatg
gccatgccgce
cacggttaa

<210> 11
<211>
<212>
<213>
<220>

<223>

<400> 11

1089
ADN
Trinh ty nhén

SerC

tcttcaattt
aggaactgcg
aagagttcat
cctccaacta
cgctgaatat
caagtgccat
ctgttgatgg
cttatatgca
acttcggcgc
ttgacgtcag
gcctgacaat
cgattctgga
ttgcctggta
aaatggataa
atttctaccg
tggcggacag
cactgaaagg

tggaaggcgt

405
PRT
Trinh ty nhén

yhhS MFS

51960

tao

tagttctggt
cgactggaac
tcaggttgca
caaggtatta
tctcggtgat
taaagaagcg
tctgcgcgcg
ttattgcccg
agatgtggtg
ccgttatggt
cgtcatcgtt
ttattccatc
tctatctggt
aatcaatcag
caatgacgtg
tgcgcttgac
tcaccgtgtg

taaagcgctg

tao

ccggcaatgc taccggcaga
ggtcttggta cgtcggtgat
gaggaagccg agaaggattt
ttctgccatg gcggtggtcg
aaaaccaccg cagattatgt
aaaaaatact gcacgcctaa
gttaagccaa tgcgtgaatg
aatgaaacca tcgatggtat
gtcgcegetg acttctcettce
gtaatttacg ctggcgcgca
cgtgaagatt tgctgggcaa
ctcaacgata acggctccat
ctggtcttta aatggctgaa
caaaaagcag aactgctata
gcgaaagcta accgttcgcg
aaattgttcc ttgaagagtc
gtcggcggaa tgcgcgcette

acagacttca tggttgagtt

ggtgcttaaa
ggaagtgagt
tcgcgatcett
cggtcagttt
tgatgccggt
tgtctttgac
gcaactctct
cgccatcgac
aaccattctt
gaaaaatatc
agcgaatatc
gtttaacacg
agcgaacggc
tggggtgatt
gatgaacgtg
ttttgctgct
tatttataac

cgaacgccgt

Met Pro Glu Pro Val Ala Glu Pro Ala Leu Asn Gly Leu Arg Leu Asn

1

5

10

15

47
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Leu

Ile

Gly

Ala

65

Gly

Gly

Ser

Arg

Gly

Phe

50

Thr

Pro

Leu

Leu

51960

Tle Val Ser Ile Val Met Phe Asn Phe Ala
20 25 30

Leu Pro Leu Ala Val Leu Pro Gly Tyr Val

35 40 45

Ser Ala Phe Trp Ala Gly Leu Val Ile Ser
55 60

Leu Leu Ser Arg Pro His Ala Gly Arg Tyr
70 75

Lys Lys Ile Val Val Phe Gly Leu Cys Gly
85 90

Gly Tyr Leu Thr Ala Gly Leu Thr Ala Ser
100 105 110

Leu Leu Leu Cys Leu Gly Arg Val Ile Leu

115 120 125

Ser Phe Ala Gly Thr Gly Ser Thr Leu Trp Gly Val

130

135 140

Ser Leu His Ile Gly Arg Val Ile Ser Trp Asn Gly

145

150 155

Gly Ala Met Ala Met Gly Ala Pro Leu Gly Val Vval

165 170

Gly Gly Leu Gln Ala Leu Ala Leu Ile Ile Met Gly

180 185 190

Ala Ile Leu Leu Ala Ile Pro Arg Pro Thr Val Lys
195 200 205

Lys Pro Leu Pro Phe Arg Ala Val Leu Gly Arg Val

Met

225

Ile

Leu

Asn

Ser

Trp

305

vVal

Asn

Leu

210

Ala

Thr

Thr

Gly

215 220

Leu Ala Leu Ala Ser Ala Gly Phe Gly Val
230 235

Leu Phe Tyr Asp Ala Lys Gly Trp Asp Gly
245 250

TLeu Phe Ser Cys Ala Phe Val Gly Thr Arg
260 265 270

Ile Asn Arg Ile Gly Gly Leu Asn Val Ala

275 280 285

Val

290

Met

Phe

Gln

Gly

Glu Ile Ile Gly Leu Leu Leu Val Gly Val
295 300

Ala Lys Ile Gly Val Leu Leu Ala Gly Ala
310 315

Pro Ala Leu Gly Val Val Ala Val Lys Ala
325 330

Gly Ala Ala Leu Ala Thr Tyr Thr Val Phe
340 345 350

Val Thr Gly Pro Leu Ala Gly Leu Val Met

48

Ser Tyr

His Asp

Leu Gln

Ala Asp
80

Cys Phe
95

Leu Pro

Gly Ile

Gly Val

Ile Val
160

Phe Tyr
175

Val Ala

Ala Ser

Trp Leu

Ile Ala
240

Ala Ala
255

Leu Leu

Met Ile

Ala Thr

Gly Phe

320

Val Pro
335

Met Asp

Ser Trp

Leu

vVal

Tyr

Ser

Leu

Val

Gly

val

Thr

His

Leu

Lys

Tyr

Thr

Phe

Phe

Cys

Met

Ser

Gln

Leu

Ala

Thr

Met

Phe

Leu

Ser

Ile

Gln

Gly

Tyr

Trp

Val

Gly

Gly

Phe

Ala

Pro

Phe

Pro

Leu

Gln

Ser

Gly

48/58



355

51960

360

365

Val Pro Val Ile Tyr Leu Ala Ala Ala Gly Leu Val Ala Ile Ala Leu
375

370

380

Leu Leu Thr Trp Arg Leu Lys Lys Arg Pro Pro Glu His Val Pro Glu

385

390

Ala Ala Ser Ser Ser

<210> 12
<211>
<212>
<213>
<220>
<223>
<400> 12
atgcccgaac
tctatagtca
ccgggctatg
ctgcaatatt
ggacccaaaa
ctgacggcag
cgcgtcatcc
ggcgtggttg
ggggcgatgg
gcgttagcgt
ccgacggtaa
tggctgtacg
atcacgctgt
agctgtgcgt
ttaaacgtag
gcgactatgc
gtgttcccgg
gcgctggcaa
gggctggtga
gcaatcgcgt

gccgectceat

405

1218
ADN
Trinh ty nhén

yhhS

ccgtagccga
tgtttaactt
tccatgatgt
tcgccacctt
agattgtcgt
gattaaccgc
ttgggattgg
gctcgctgceca
cgatgggtgc
taatcattat
aagccagtaa
gtatggcgct
tttatgacgc
ttgtcggtac
cgatgatttg
cgtggatggce
cattgggtgt
cttacaccgt
tgagctgggc
tattactgac

catcttaa

tao

acccgcgcta
cgccagctac
gatgggcttt
gctgagccgc
cttcggttta
cagtctgcct
gcaaagttctt
tatcgggcgg
gccgttaggce
gggcgtggceg
aggcaaaccg
ggcactggct
taaaggttgg
gcgtttgtta
ctttagcgtt
gaaaatcggc
agtggcggta
atttatggat
gggcgtaccg

gtggcgatta

395

aacggattgc
ctcaccatcg
agcgccttct
cctcatgccg
tgcggetgcet
gtcatcagcc
gccggaacgg
gtgatttcgt
gtcgtgtttt
ctggtggcca
ctgccgtttce
tccgecggat
gacggtgcgg
ttccctaacyg
gagataatcg
gtcttactgg
aaagcggttc
ttatcgcttg
gtgatttatc

aaaaaacggc

49

400

gcctgaattt
ggttgccgcect
gggcaggatt
gacgttacgc
ttttgagcgg
tgttattact
gatcgaccct
ggaacggcat
atcactgggg
ttttgttggc
gcgcggtgct
ttggcgtcat
ctttcgecgcet
gcattaaccg
gcctgctact
cgggggccgg
cgcagcaaaa
gcgtgactgg
tggcggcggc

ctccggaaca

gcgcattgtce
cgctgtatta
ggttatcagc
cgattcgctg
tctggggtat
ttgcctgggg
atggggcgtt
tgtcacttac
cggcttgcag
gatcccgegt
tgggcgegtce
cgccaccttt
gacgctgttt
tatcggtggc
ggttggcgtyg
gttttcgctg
tcagggggcy

accactggct

gggactggtc

cgtccctgag

49/58

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200

1218



<210> 13

<211> 35

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> pCL_PrhtB-yhhS library F
<400> 13

51960

caccgggagc ccgggatgcc cgaacccgta gccga

aaatggaaca
cagatgacta
tcatccacac
atggtaaaag
gggtaatctg

gcgacagtag

<210> 14

<211> 35

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> pCL_PrhtB-yhhS library R
<400> 14

cttgcatgcc tgcagttaag atgatgaggc ggcct
<210> 15

<211> 341

<212> ADN

<213> Trinh tu nhé&n tao

<220>

<223> rhtB promoto

<400> 15

cgatggtcga tgattaagac atcaaacccce
tattttacgt agctctcaat acgccccggg
gcgcgaaaac ggacaaagcg caccggaatg
cgctgacgcc agaaatcagt cagcggtccc
gtttcccagt ctttttgctg ctgaaacatc
cgtttttttt agcgtgcctg acacaacgct
<210> 16

<211> 35

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> pCL_PrhtB_F

<400> 16

cggggatcct ctagacgctt gctgcaactc tctca

<210> 17

50

ggtcataggc
ccacccggtce
cagtaaactc
cagcaaacgc
cctcttaaac

C

cagttccgca
atggtgctgt
tgcttcatca
gttttctctt

cacgtaaaat

35

35

35

50/58

240
300

341
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<211> 35
<212> ADN
<213> Trinh ty nhén tao

<220>
<223>  pCL_PrhtB_R

<400> 17

tacgggttcg ggcatgatat ctttcctgtg tgaaa 35
<210> 18

<211> 35

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> pCL_Prmf—serA*(G336V)—(RBS)serC_PrhtB—yhhS453_F

<400> 18

cacggttaaa agcttcgatg gtcgatgatt aagac 35
<210> 19

<211> 35

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> pCL_Prmf—serA*(G336V)—(RBS)serC_PrhtB—yhhS453_R

<400> 19

gattacgcca agcttttaag atgatgaggc ggcct 35
<210> 20

<211> 35

<212> ADN

<213> Trinh ty nhén tao

<220>

<223>  pSK-yhhS453_F

<400> 20

caggaattcg atatcatgcc cgaacccgta gccga 35
<210> 21

<211> 35

<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  pSK-yhhS453 R

<400> 21
gactagcgtg atatcttaag atgatgaggc ggcct 35

51
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<210> 22

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> yhhS-out-F

<400> 22
atgtgaatct gtggattatt

<210> 23

<211> 20

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> yhhS-out-R

<400> 23
gttatggccg tttatcgaaa

<210> 24

<211> 35

<212> ADN

<213> Trinh tu nhan tao
<220>

<223>  W3110 yhhSUP_F

<400> 24
caggaattcg atatctcgct ccggcgacat atgca

<210> 25

<211> 35

<212> ADN

<213> Trinh tu nhén tao
<220>

<223>  W3110 yhhSUP_R

<400> 25
cagcaagcgg gtaccgagga tcaccacatt tttac

<210> 26

<211> 35

<212> ADN

<213> Trinh tu nhdn tao
<220>

<223> pCL_Ptrc-gfp F

<400> 26
aatgtggtga tcctcggtac ccgcttgetg caact

52
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20

20

35

35

35
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<210> 27

<211> 35

<212> ADN

<213> Trinh tu nhé&n tao
<220>

<223> pCL_Ptrc-gfp_R
<400> 27

tacgggttcg ggcatgatat ctttcctgtg tgaaa

<210> 28

<211> 35

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> pCL_PrhtB-yhhS453 F
<400> 28

cacaggaaag atatcatgcc cgaacccgta gccga

<210> 29

<211> 35

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> pCL_PrhtB—yhhS453_R
<400> 29

gactagcgtg atatcgcacc catcgccatc
<210> 30

<211> 4695

<212> ADN

<213> Trinh tyu nhén tao

<220>

<223> pSKH130

<400> 30

tcgaggccgce gattaaattce caacatggat
gataatgtcg ggcaatcagg tgcgacaatc
gagttgtttc tgaaacatgg caaaggtagc
agactaaact ggctgacgga atttatgcct
cctgatgatg catggttact caccactgcg
gaagaatatc ctgattcagg tgaaaatatt
ttgcattcga ttcctgtttg taattgtcct

gccce

gctgatttat
tatcgattgt
gttgccaatg
cttccgacca
atccccggga
gttgatgcgc

tttaacagcg

53

atgggtataa
atgggaagcc
atgttacaga
tcaagcattt
aaacagcatt
tggcagtgtt

atcgcgtatt

atgggctcgce
cgatgcgcca
tgagatggtc
tatccgtact
ccaggtatta
cctgcgccgg

tcgtctcgcet

35

35

35

53/58

60
120
180
240
300
360

420



caggcgcaat
aatggctggc
gattcagtcg
ttaataggtt
atcctatgga
tatggtattg
ttctaatcag
gacggcggcet
ttcccgacaa
cctacaacaa
ttcaggcctg
tgcaggggta
ggaagggctg
gctcgaccgt
tcagggtgta
aatggtggtc
ggcggecgcet
cgccttcecttg
ttaacccatc
tttctgaatt
cagagaatga
ttttatgatt
ctaatagaat
cctaaaatgt
tttttttatt
cgctaacaca
aagcaacagt
cgaaagaaac
atgatatgct
attcgtccac
cattacaaaa

tagccggaga

cacgaatgaa
ctgttgaaca
tcactcatgg
gtattgatgt
actgcctcgg
ataatcctga
aattggttaa
ttgttgaata
cgcagaccgt
agctctcatc
gtatgagtca
aaagctaacc
gatttgctga
cttggccgcg
gecggtteggt
accgcgcgta
ctagacttta
acgagttctt
acatatacct
gtgattaaaa
aaagaaacag
ttctatcaaa
gaggtcgaaa
gtaaagggca
gtgcgtaact
gtacataaaa
attaaccttt
gaaccaaaag
gcaaatccct
aattaaaaat
cgctgacggce

tcctaaaaat

51960

taacggtttyg
agtctggaaa
tgatttctca
tggacgagtc
tgagttttct
tatgaataaa
ttggttgtaa
aatcgaactt
tccgtggcaa
aaccgtggct
gcaacacctt
gcatctttac
ggatgaaggt
acaccgccga
ttattgacga
atacgactca
cggtatcgcc
ctgagcggga
gccgttcact
aggcaacttt
atagattttt
caaaagagga
agtaaatcgc
aagtgtatac
aacttgccat
aaggagacat
actaccgcac
ccatataagg
gaacagcaaa
atctcttctg
actgtcgcaa

gcggatgaca

gttgatgcga
gaaatgcata
cttgataacc
ggaatcgcag
ccttcattac
ttgcagtttc
cactggcaga
ttgctgagtt
agcaaaagtt
ccctcacttt
cttcacgagg
cgacaaggca
ggaggaaggt
catgatccaa
cgggatcagt
ctatagggcg
gctcccgatt
ctctggggtt
attatttagt
atgcccatgc
tagttcttta
aaatagacca
gcgggtttgt
tttggcgtca
cttcaaacag
gaacgatgaa
tgctggcagg
aaacatacgg
aaaatgaaaa
caaaaggcct
actatcacgg

catcgattta

54

gtgattttga
agcttttgcc
ttatttttga
accgatacca
agaaacggct
atttgatgct
gcattacgct
gaaggatcag
caaaatcacc
ctggctggat
cagacctcag
tccggcagtt
gatgtcattc
ctgataaaag
accgacggtg
aattggagct
cgcagcgcat
cgctagagga
gaaatgagat
aacagaaact
ggcccgtagt
gttgcaatcc
tactgataaa
ccccttacat
gagggctgga
catcaaaaag
aggcgcaact
catttcccat
atatcaagtt
ggacgtttgg
ctaccacatc

catgttctat

tgacgagcgt
attctcaccg
cgaggggaaa
ggatcttgcc
ttttcaaaaa
cgatgagttt
gacttgacgg
atcacgcatc
aactggtcca
gatggggcga
cgctcaaaga
caacagatcg
tggtgaagaa
agtttgatgc
atatggggca
ccaccgcggt
cgccttctat
tcgatccttt
attatgatat
ataaaaaata
ctgcaaatcc
aaacgagagt
gcaggcaaga
attttaggtc
agaagcagac
tttgcaaaac
caagcgtttg
attacacgcc
cctgaattcg
gacagctggc
gtctttgcat

caaaaagtcg

54/58

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340



gcgaaactte
tcgatgcaaa
ttacatctga
aacaaacact
acggtgtaga
agcagttcat
actacgtaga
atggctacca
tcttcecgtca
caaacggcgce
aaccgctgat
tgaacggcaa
ttacgtctaa
agccgctgaa
ttacttactc
atatgacaaa
tgaacatcaa
taacagttaa
accaagcgac
agtcgaccta
agtgtcacct
ctaacgacaa
catctctctc
gtaacgccgt
catggctaat
ggctctaagg
taaaagcttt
ctatttaagt
aacatgagag
tcgttaaaca
cttagtacgt

tcgtggccgg

tattgacagc
tgattctatc
cggaaaaatc
gacaactgca
ggattataaa
cgatgaaggc
agataaaggc
aggcgaagaa
agaaagtcaa
tctcggtatg
tgcatctaac
atggtacctg
cgatatttac
caaaactggc
acacttcgcet
cagaggattc
aggcaagaaa
caaataaaaa
gcccaacctg
gctagcatat
aaatcgtatg
tatgtacaag
gtaaactgcc
cccgcaccceg
tcccatgtca
gcttctcagt
aaaagcctta
tgctgattta
cttagtacgt
tgagagctta
actatcaaca

atcttgcggce

51960

tggaaaaacg
ctaaaagacc
cgtttattct
caagttaacg
tcaatctttg
aactacagct
cacaaatact
tctttattta
aaacttctgc
attgagctaa
acagtaacag
ttcactgact
atgcttggtt
cttgtgttaa
gtacctcaag
tacgcagaca
acatctgttg
cgcaaaagaa
ccatcggatc
ggggagatct
tgtatgatac
cctaattgtg
gtcagagtcg
gaaatggtca
gccgttaagt
gcgttacatc
tatattcttt
tattaatttt
tagccatgag
gtacgttaaa
ggttgaactg

cgcaaaaatt

ctggccgegt
aaacacaaga
acactgattt
tatcagcatc
acggtgacgg
caggcgacaa
tagtatttga
acaaagcata
aaagcgataa
acgatgatta
atgaaattga
cccgcggatce
atgtttctaa
aaatggatct
cgaaaggaaa
aacaatcaac
tcaaagacag
aatgccgatg
cccecgggcetg
actagtaaag
ataaggttat
tagcatctgg
gtttggttgg
gcgaaccaat
gttcctgtgt
cctggcttgt
tttttcttat
attgttcaaa
agcttagtac
catgagagct
ctgatcttca

aaaaatgaag

55

ctttaaagac
atggtcaggt
ctccggtaaa
agacagctct
aaaaacgtat
ccatacgctg
agcaaacact
ctatggcaaa
aaaacgcacg
cacactgaaa
acgcgcgaac
aaaaatgacg
ttctttaact
tgatcctaac
caatgtcgtg
gtttgcgcca
catccttgaa
ggtaccgagc
caggaattcg
catgccaatt
gtattaattg
cttactgaag
acgaaccttc
cagcagggtc
cactcaaaat
tgtccacaac
aaaacttaaa
catgagagct
gttagccatg
tagtacgtga
gatcctctac

ttttaaatca

agcgacaaat
tcagccacat
cattacggca
ttgaacatca
caaaatgtac
agagatcctc
ggaactgaag
agcacatcat
gctgagttag
aaagtgatga
gtctttaaaa
attgacggca
ggcccataca
gatgtaacct
attacaagct
agcttcctgc
caaggacaat
gaaatgaccg
atatcacgct
ggtattctat
tagccgcegtt
cagaccctat
tgagtttctyg
atcgctagcc
tgctttgaga
cgttaaacct
accttagagg
tagtacgtga
agggtttagt
aacatgagag
gccggacgca

atctaaagta

55/58

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



tatatgagta
ccttaaaaaa
gcctgaatcg
ttgtaggtgg
tcgggaagat
cacgttgtgt
acaataaaac

cgggaaacgt

aacttggtct
actagcgctg
ccccatcatc
accagttggt
gcgtgatctg
ctcaaaatct
tgtctgctta

cttgc

51960

gacagttacc
aggtctgcect
cagccagaaa
gattttgaac
atccttcaac
ctgatgttac

cataaacagt

aatgcttaat
cgtgaagaag
gtgagggagce
ttttgctttg
tcagcaaaag
attgcacaag

aatacaaggg

56

cagtgaggca
gtgttgctga
cacggttgat
ccacggaacg
ttcgatttat
ataaaaatat

gtgttatgag

ccaataactg
ctcataccag
gagagctttg
gtctgcgttg
tcaacaaagc
atcatcatga

ccatattcaa

56/58

4320
4380
4440
4500
4560
4620
4680

4695
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YEU CAU BAO HQ
1. Polypeptit c6 hoat tinh san sinh O-phosphoserin (OPS) bao gbém a) su thay thé
isoleuxin (I) & vi tri twong tng vi tri thir 241 trong trinh ty axit amin c6 mi nhan biét
SEQ ID NO: 11 bang threonin (T), sy thay thé aspartic axit (D) & vi tri tuong tmg vi tri
thir 246 trong trinh ty axit amin c6 ma nhén biét SEQ ID NO: 11 bang valin (V), va su
thay thé valin (V) & vi tri tuong Gng vi trf thir 330 trong trinh tu axit amin c6 ma nhan
biét SEQ ID NO: 11 bang isoleuxin (I), va c6 trinh ty axit amin, trong d6 b) axit amin &
vi trf twong tng vi tri thir 88 1a phenylalanin va c) axit amin ¢ vi tri twong tmg vi tri thi

207 1a lysin (K).

2. Polypeptit theo diém 1, trong d6 polypeptit bao gbm trinh ty axit amin c6 ma nhan
biét SEQ ID NO: 1 va it nhit 90% su ddng nhét v6i trinh tw ndy.

3. Polynucleotit ma hoa polypeptit theo diém 1.

4. Vi sinh vt san sinh O-phosphoserin chira bt ky mot hodc nhiéu polypeptit theo diém
1, polynucleotit ma héa polypeptit, va vecto chira polynucleotit.

5. Vi sinh vat theo diém 4, trong d6 vi sinh vat nay con c6 hoat tinh cta phosphoserin
phosphataza (SerB) duoc lam suy yéu thém so v6i hoat tinh ndi sinh cua no.
6. Vi sinh vat theo diém 4, trong d6 vi sinh vat nay con c6 hoat tinh cua phosphoglyxerat
dehydrogenaza (SerA) hodc phosphoserin amintransferaza (SerC) duoc tang cuong
thém so véi hoat tinh ndi sinh cua no.
7. Vi sinh vat theo diém 4, trong @6 vi sinh vat 1a Escherichia coli.
8. Phuong phép san xuét O-phosphoserin bao gdm viéc nudi cAy vi sinh vat san sinh O-
phosphoserin trong mdi tredng nudi cdy, trong d6 vi sinh vat chira bat ky mot hodc nhidu
polypeptit theo diém 1, polynucleotit ma hoa polypeptit, va vecto chtta polynucleotit.
9. Phuong phép theo diém 8, trong d6 phuong phap con bao gdm thu hdi O-phosphoserin
trong moi truong nudi cAy hodc vi sinh vat.
10. Phuong phép san xudt xystein hoac dan XuAt cua xystein, trong d6 phwong phap nay
bao gom:

a) san xuat O-phosphoserin (OPS) hodc moi truong chira OPS bang cach nudi ciy

vi sinh vat san sinh O-phosphoserin trong méi trudng nudi cay, trong do6 vi sinh vat chura
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bAt ky mot hoic nhidu polypeptit theo diém 1, polynucleotit ma hoa polypeptit, va vecto
chira polynucleotit; va

b) cho phan tmg O-phosphoserin hodc mdi truong chira O-phosphoserin dugc san
xuit & budc a) v6i sulfua, trong sw c6 mat cua O-phosphoserin sulfhydrylaza (OPSS)
hodc vi sinh vat biéu hién O-phosphoserin.
11. Phuong phép theo diém 10, trong d6 phuong phap nay con bao gbm chuyén doi
xystein duoc san xuit & budc b) thanh dan xuat xystein.
12. Phuong phép theo diém 10, trong d6 sulfua 14 it nhat mot chat dugc chon tir nhém
gdm c6 NazS, NaSH, (NHa)2S, HaS, va NazS20s.

58



