(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

(19) Cong hoa xa hgi chi nghia Viét Nam (VN) (11)
CUC SO HU'U TRI TUE
1-0047934

C12N 15/31; C12N 1/21; C12P 13/08; (13) B

(51)202001
CI2N 15/63; CO7K 14/245

(21) 1-2021-07810 (22) 09/09/2020
(86) PCT/KR2020/012154 09/09/2020 (87) W02021/049866 18/03/2021
(30) 10-2019-0111509 09/09/2019 KR
(45) 25/06/2025 447 (43) 25/05/2022 410A
(73) CJ CHEILJEDANG CORPORATION (KR)
330, Dongho-ro, Jung-gu, Seoul 04560, Republic of Korea
(72) SEO, Chang Il (KR); KIM, Hyo Jin (KR); LEE, Ji Sun (KR); CHOI, Sol (KR).
(74) Cong ty TNHH Séang ché ACTIP (ACTIP PATENT LIMITED)

(54) BIEN THE PROTEIN SAN SINH L-THREONIN VA PHUGNG PHAP SAN XUAT
L-THREONIN SU DUNG BIEN THE NAY



(21) 1-2021-07810
(57) Séng ché @& cap dén bién thé protein san sinh L-threonin, vi sinh vét bao gbm bién

thé nay, va phuong phép san xuét L-threonin st dung vi sinh vét nay.


CVH140
Textbox
(57)

CVH140
Textbox
(21)  1-2021-07810


47934 1/87

Linh vue ki thuat dwoc dé cap

Sang ché dé cap dén bién thé protein san sinh L-threonin va phuong phap san xudt

L-threonin bing cach sit dung bién thé nay.
Tinh trang ky thuit ciia sing ché

L-threonin (L-Thr) 13 axit amin thiét yéu da duge sir dung rdng rai nhu chét phu
gia thirc dn chin nudi hodc twong tu, va cling dugc sir dung rong rai lam nguyén liéu tho
cho cac san phém duoc phém, chéng han nhu dung dich tiém truyén, va nguyén li¢u cho

thwe phim stc khoe.

Hién nay, qué trinh lén men tryc tiép sir dung céc vi sinh vét chu yéu duoc sir dung
dé san xuét L-threonin. Ddi vé6i cac vi sinh vat duoc st dung dé san xuét L-threonin,
ban déu, cdc ching dugc chon loc biéu hién tinh khang chit twong tu thong qua dot bién
hoa hoc hodc vat Iy chu yéu duogc st dung, nhung céc Vchﬁng tai tb hop stir dung cong
nghé k¥ thuét gen chu yéu duoc str dung do sy phat trién nhanh chéng ctia cong nghé

tai td hop gen va thiét 1ap cic co ché diéu chinh cp do phan tir vao nhitng ndm 1990.

Trong khi d6, sy biéu hién clia gen c6 khéa nang san sinh axit amin cu thé da gop
phan lam ting ning suét axit amin twong tmg & cac vi sinh vét. Sy ting cudng gen san
sinh L-lysin (lysE) trong vi sinh vét thudc chi Corynebacterium sp. da cai thién nang
suét lysin (cong bd don qubc t& s6 WO 9723597 A2). Patent chau Au s6 EP 1016710
B1 di boc 16 ndng suét axit L-glutamic, L-lysin, L-threonin, L-alanin, L-histidin, L-
prolin, L-arginin, L-valin va L-isoleuxin dugc cai thién bang cach ting cudng cic gen

yahN, yea$S, yfiK va yggA, trong d6 cac chiic ndng chua dugc xéac dinh ¢ E. coli.
Ban chit k§ thuit ciia sing ché

Céc téc gia sang ché da lya chon rhtC dot bién d€ cai thién kha ning sén sinh L-
threonin ctia gen san sinh L-threonin (RhtC) dugc ma hoéa boi thtC, va xac minh ring
luong sén sinh L-threonin da duogc cdi thién dang ké thong qua dot bién, do d6 hoan

thanh sang ché.

Muc dich cia sang ché 1a dé xuét bién thé san sinh L-threonin bao gom thay thé

bé‘mg axit amin khac & vi tri twong (mg véi vi tri thit 53 hodc 62 trong trinh ty axit amin
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SEQ ID NO: 1, c6 su tuong ddng trinh tw khong nho hon 80% va duéi 100% v6i trinh
tu axit amin SEQ ID NO: 1 va c6 hoat tinh san sinh L-threonin.

Muc dich khéc ciia sang ché 1a dé xuét polynucleotit ma héa bién thé san sinh L-

threonin.
Muc dich khac cta sang ché 1a dé xuét vecto bao gdm polynucleotit.

Khia canh khac cia sang ché 1a d& xuét vi sinh vat san sinh L-threonin, vi sinh vt
bao gdm bét ky mot hodc nhiéu bién thé san sinh L-threonin, polynucleotit mi héa bién

thé va vecto bao gdm polynucleotit.

Khia canh khéc nita cia sang ché 13 dé xut phuong phap san xuét L-threonin,

phuong phap bao gbm nudi cAy vi sinh vit trong moi trudong nudi cy.
Hiéu qua dat dugc cua sang ché

Viéc nudi cy vi sinh vat san sinh L-threonin bang cach sir dung cac bién thé san
sinh L-threonin c6 thé tao ra L-threonin cao so véi vi sinh vét c6 protein khong sira d6i
hién c6.
Mo ta chi tiét sang ché

Sang ché s& dugc mo ta cy thé nhu sau. M&i phan mo ta va phuong an dugc bdc
16 trong sang ché nay ciing c6 thé duogc 4p dung cho céc phin mo ta va phuong an khéc.
Tic 13, tht ca cac sy két hop clia cac yéu td khac nhau dugc boc 19 trong sang ché déu
thudc pham vi cla sang ché. Hon nia, pham vi cia sang ché khong bi gidi han béi phf?m
mé ta chi tiét bén dudi.

Theo mot khia canh ctia sang ché dé dat dugc muc dich néu trén, dé xuét bién thé
san sinh L-threonin bao gdm it nhit mot thay thé axit amin trong trinh ty axit amin SEQ
ID NO: 1.

Cu thé, sang ché dé xuét bién thé protein trong d6 i) axit amin thi 53 dugc thay
thé bang axit amin khic va/hodc ii) axit amin thir 62 dugc thay thé bang axit amin khéc
trong trinh ty axit amin SEQ ID NO: 1. Thay thé axit amin c6 thé bao gbm i) thay thé
axit amin thir 53 bang threonin, hogc ii) thay thé axit amin thtr 62 bang axit amin dugc
chon tir serin, arginin, alanin, axit aspartic, lysin, prolin, Xystein, glyxin, threonin,
isoleuxin, tyrosin, valin, histidin, phenylalanin, methionin, glutamin, asparagin, axit

glutamic hodc tryptophan.
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Nhu duge st dung & day, thuat ngit “threonin (Thr)” dé cap dén mot trong nhitng |
axit amin thiét yéu khong dugc tbng hop trong co thé va chi c6 thé dugc cung cip qua
thirc an, trong d6 threonin tao thanh dich nhay nhur chét bao vé biéu mo rudt, va sy thiéu
hut ctia threonin c6 thé 1am gidm su phat trién va gy giam can. Threonin dugc sir dung
rong rai nhu chét phy gia thitc &n chan nudi, nguyén liéu thd cho cac san pham dugc
pham nhu dung dich tiém truyén, nguyén liéu cho thyc phim strc khoe, va loai twong
tu. Gidng nhu c4c axit amin khéc, threonin ciing c6 cac ddng phan 1ap thé dang Dva L,
va hiu hét cac dang threonin ty nhién ton tai duéi dang L-threonin (L-Thr) 1a ddng phan
1ap thé dang L. O day, threonin (Thr) c6 thé duoc st dung thay thé cho L-threonin (L-
Thr).

Nhu duge sir dung & day, thudt ngir “chét san sinh L-threonin” ho#c “protein bom
dAy L-threonin” dé cap dén protein 1am trung gian cho viéc san sinh L-threonin ra khoi
té bao, trong d6 protein duoc biét dén nhu protein mang trong c6 nam mién xuyén mang.
Phén tich cAu tric lién két thuc nghiém cho thiy rang dau C ctia L-threonin c6 trong té
bao chit (Daley DO et al., Phan tich cAu trc lién két toan dién cia hé protein mang
trong ctia Escherichia coli, Science 2005, ngay 27 thang 5 ndm 2005; 308 (5726): 1321—
3.). Vidu, chét san sinh L-threonin c6 thé 12 protein bao gém trinh tu axit amin SEQ ID
NO: 1, SEQ ID NO: 113 hogc SEQ ID NO: 115. Protein bao gdm trinh ty axit amin
SEQ ID NO: 1, SEQ ID NO: 113 hodc SEQ ID NO: 115 ¢6 thé dugc str dung thay thé
cho nhau véi protein ¢6 trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc SEQ
ID NO: 115 hodc protein chtra trinh ty axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc
SEQ ID NO: 115. Trong sang ché nay, chét san sinh L-threonin c6 thé dugc st dung
thay thé cho protein RhtC hodc RhtC.

& day, SEQ ID NO: 1, SEQ ID NO: 113, hoic SEQ ID NO: 115 ¢ cap dén ma
nhan biét cta trinh tu axit amin c6 kha nang san sinh L-threonin. Cy thé, SEQ ID NO:
1, SEQ ID NO: 113 hodc SEQ ID NO: 115 la ma nhén biét cua trinh tu cta protein c6
kha ning san sinh L-threonin dugc ma héa boi gen rhtC. Trinh tu axit amin SEQ ID
NO: 1, SEQ ID NO: 113 hodc SEQ ID NO: 115 ¢6 san thong qua NCBI GenBank, 1a co
s& dit lieu da biét. Vi du, SEQ ID NO: 1 ¢ thé c6 ngudn gbc tir Escherichia coli (E. |
coli), SEQ ID NO: 13 c6 thé c6 ngudn gbc tir Shegella flexneri va SEQ ID NO: 115 ¢6
thé c6 ngudn gdc tir Escherichia fergusonii, nhung céc trinh tw nay khong bi giéi han 6

day, va bat ky trinh tu axit amin nao dbi vai protein c6 hoat tinh gidng nhu c4c protein
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bao gdm cac trinh ty axit amin nay c6 thé dugc bao gdm nhung khong gidi han. SEQ
ID NO: 113 hoic SEQ ID NO: 115 ¢6 thé c6 do twong ddng 99% véi SEQ ID NO: 1,
nhung sang ché khong giéi han & do.

Mic du protein c6 kha ning san sinh L-threonin theo sang ché dugc dinh nghia 12
protein bao gdm trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc SEQ ID NO:
115, né s& hién nhién d6i véi ngudi c6 hiéu biét trung binh trong cung linh vyrc k¥ thudt
rang cAc protein nhu vy khong loai trir dot bién c6 thé xay ra do thém trinh ty v nghfa
phia tru6c hodc phia sau cia trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc
SEQ ID NO: 115, hodc dot bién x4y ra ty nhién, hodc dot bién cam trong d6 va protein
nhu vy tuong g vé6i protein ¢6 kha nang san sinh L-threonin theo sang ché, mién 1a
protein ¢6 hoat tinh twong duong hodc twong tng véi protein bao gbm trinh tu axit amin
SEQ ID NO: 1, SEQ ID NO: 113 hogc SEQ ID NO: 115. Cu thé, protein c6 hoat tinh
san sinh L-threonin theo sang ché c6 thé 13 protein bao gbm trinh ty axit amin SEQ ID
NO: 1, SEQ ID NO: 113 hogc SEQ ID NO: 115, hodc trinh ty axit amin c0 it nhét 80%,
it nhét 85%, it nhAt 90%, it nhat 95%, it nhit 96%, it nhat 97%, it nhét 98% hofc it nhét
99% twong dong hoic ddng nhat v6i nd. Ngoai ra, ro rang la bét ky protein ndo ¢6 trinh
ty axit amin bi xda, stra dbi, thay thé hoic thém vao mot phﬁn cua ching ciing ¢6 thé
nam trong pham vi céc protein theo sang ché bi dot bién, mién 1a protein c6 trinh ty axit

amin twong ddng hodc ddng nhét va thé hién téc dung twong tmg véi protein bén trén.

Tte 13, mic di duge mb ta 1a “protein hodc polypeptit c6 trinh tw axit amin dugc
thé hién bang sb trinh tu cu thé” hodc “protein hodc polypeptit bao gbm trinh tu axit
amin dugc thé hién bang sd trinh tw cu thé” trong sang ché, protein c6 trinh tu axit amin
bi x0a, stra dbi, thay thé hoac thém vao mot phﬁn cua chung ciing co thé dugc str dung
theo sang ché, mién 1a protein c6 hoat tinh dbng nhit hodc tuong ung véi hoat tinh ciia
polypeptit bao gbm trinh ty axit amin c6 s6 trinh ty twong tng. Vi du, 13 rang 12 dbi véi
“polypeptit bao gbm trinh tu axit amin SEQ ID NO: 17, bét ky polypeptit ndo cling c6
thé nam trong “polypeptit bao gbm trinh ty axit amin SEQ ID NO: 17 mién 12 polypeptit
c6 trinh tu twong Gng v6i ma nhan biét SEQ ID NO: 1 hodc trinh ty ¢6 hoat tinh dong

nhét hodc twong g v6i noé.

Nhu dugc st dung & day, thudt ngir “bién th8” dé cap dén protein trong do it nhét
mot axit amin ¢ dang thay thé bao thu va/hoic sira ddi khic véi axit amin cua trinh ty

néu trén nhung van duy tri cdc chic nang hodc dic tinh clia né. Bién the khéc biét véi
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trinh tu dugc xac dinh béi mot s6 thay thé, x6a hodc thém axit amin. Thong thuong,
bién thé nhu vay c6 thé duge xac dinh bang cach stra d6i mot hodc nhiéu axit amin trong
trinh ty axit amin cta protein va danh gia cac ddc tinh cua protein da sira d6i. Tac 13,
kha ning cua bién thé co thé tang 1én, khong thay dbi hodc giam xubng so v6i kha nang
clia protein tu nhién ctia nd. Ngoai ra, mot sb bién thé c6 thé bao gﬁ‘)m cac bién thé trong
d6 it nhat mot ph?ln (vi dy, trinh tu dan diu dau N hoic mién xuyén mang) duoc loai bo.
Céc bién thé khic c6 thé bao gém cic bién thé trong d6 mdt phan ctia dau N va/hoic
dau C cua protein trudng thanh duoc loai bd. Thuét ngir “bién thé” cling co thé duoc st
dung thay thé cho “stra d6i”, “protein sta d6i”, “polypeptit stra d6i», “dot bién”,
“mutein”, “phén ly” hodc tuong tu, va bét ky thuét ngit nao duoc st dung theo nghia bi
dot bién c6 thé dugc st dung ma khong bi gi¢i han. Theo muc dich cta sang ché, bién
thé c6 thé d& cap dén nhiing bién thé trong d6 hoat tinh ctia protein dot bién dugc ting
16n so v6i hoat tinh cua protein kiéu hoang dai ty nhién hodc khong bi stra d6i, nhung
bién thé khong bi gi6i han & do.

Nhu dugc st dung & day, thudt ngit “thay thé bao thi” d& cap dén sy thay thé mot
axit amin bé‘mg axit amin khac c6 ciu tric va/hodc tinh chét héa hoc twong tu. Vi dy,
bién thé c6 thé c6 mot hodc nhiéu sy thay thé bao thu trong khi van giit dwgc mot hodc
nhiéu hoat tinh sinh hoc. Su thay thé axit amin nhu vy thudng co6 thé xay ra dua trén
su tuong déng vé do phan cyc, dién tich, tinh hoa tan, tinh ky nudc, tinh wa nuéc va/hodc
tinh chét ludng tinh cla cac gbc. Vi dy, trong sb céc axit amin tich dién, cac axit amin
(tinh bazo) tich dién duong bao gbm arginin, lysin va histidin; va cac axit amiﬁ (tinh
axit) tich dién tich am bao gbm axit glutamic va axit aspartic; va trong sb céc axit amin
khong tich dién, cac axit amin khong phén cuc bao gbm glyxin, alanin, valin, leuxin,
isoleuxin, methionin, phenylalanin, tryptophan va prolin; axit amin phén cyc hodc ua
nuéc bao gdm serin, threonin, Xystein, tyrosin, asparagin va glutamin; va trong sd cac

axit amin phan cuc, cdc axit amin thom bao gdm phenylalanin, tryptophan va tyrosin.

Ngoai ra, bién thé c6 thé bao gdbm x6a hodc thém céc axit amin c6 anh hudng tbi
thidu dén cac dic didm va ciu tric bac hai cua polypeptit. Vi du, polypeptit co thé dugc
lién hop véi trinh tu tin hiéu (hogc trinh tu dan dau) clia dau N cua protein ¢6 lién quan
dén viéc chuyén ddng dich ma hogc sau dich mi céc protein. Ngoai ra, polypeptit cling
¢6 thé duoc lién hop véi trinh ty hodc trinh ty lién két khac dé dugc xac dinh, tinh sach

hoic téng hop.
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“Thay thé bing axit amin khac” khong bi géi han mién 13 axit amin khac v6i axit
amin trudce khi thay thé. Tic 13, khi alanin 13 axit amin thit 53 dugc thay thé bang axit
amin khac véi alanin, hoic leuxin 13 axit amin thit 62 dugc thay thé béng axit amin khac
v6i leuxin trong trinh ty axit amin SEQ ID NO: 1, SEQ ID NO: 113, hodac SEQ ID NO:
115, su thay thé nhu vay khong bi gi6i han. Nhu dbi v6i cum tir “axit amin cu thé dugc
thay thé” trong séng ché, rd rang rang axit amin dugc thay thé bang axit amin khéc véi
axit amin trudc khi thay thé, ngay ca khi n6 khong dugc md ta cu thé ring axit amin da

duoc thay thé bang axit amin khac.

Bién thé c6 thé 12 bién thé trong d6 it nhit mot axit amin thtr 53 hodc axit amin thi
62 dugc thay thé bang axit amin khic v6i axit amin truée khi thay thé. Ngoai ra, bién
thé ¢6 thé 12 bién thé c6 axit amin khong thay ddi, trong d6 axit amin da thay thé 1a khac

v6i axit amin trude khi thay thé, nhung séng ché khong gi6i han ¢ day.

Cu thé, bién thé c6 thé 12 bién thé trong d6 i) axit amin tht 53 duoc thay thé béng
axit amin khac hodc ii) axit amin tht 62 dugc thay thé bang axit amin khac trong trinh
tw axit amin SEQ ID NO: 1, SEQ ID NO: 113, hodc SEQ ID NO: 115. Vigc thay thé
bang axit amin khéc c6 thé bao gbm i) thay thé axit amin tht 53 bang threonin, hodc ii)
thay thé axit amin tht 62 bang axit amin dwgc chon tir serin, arginin, alanin, axit aspartic,
lysin, prolin, xystein, glyxin, threonin, isoleuxin, tyrosin, valin, histidin, phenylalanin,
methionin, glutamin, asparagin, axitglutamic hodc tryptophan. Cu thé hon, bién thé c6
thé 12 bién thé trong d6 i) axit amin thir 53 dugc thay thé bang threonin, hojc ii) axit
amin th 62 dugc thay thé bé“mg axit amin dugc chon tir serin, arginin, alanin, axit
aspartic, lysin, prolin, Xystein, glyxin, threonin, isoleuxin, tyrosin, valin, histidin,
phenylalanin, methionin, glutamin, asparagin, axitglutamic hoac tryptophan trong trinh

tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hogc SEQ ID NO: 115.

Bién thé san sinh L-threonin duoc dé xuét theo séng ché c6 thé dé cap dén bién thé
trong d6 kha ning san sinh L-threonin dugc ting 1én so vdi protein trude khi dot bién
bang cach thay thé axit amin & vi tri cu thé, trong s6 cac protein c6 kha nang san sinh L-
threonin néu trén.

Bién thé ¢6 i) thay thé axit amin thir 53 bang threonin va ii) thay thé axit amin thir
62 bang axit amin khac trong trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc
SEQ ID NO: 115 ¢6 thé 1a bién thé bao gom bat ky trinh tu axit amin nao SEQ ID NO:
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93 dén SEQ ID NO: 112, SEQ ID NO: 114 va SEQ ID NO: 116, cu thé 1a chit yéu bao
gdm bét ky trinh ty axit amin nao SEQ ID NO: 93 dén SEQ ID NO: 112, SEQ ID NO:
114 va SEQ ID NO: 116, va cy thé hon 12 bao gdm bét ky trinh ty axit amin nao SEQ
ID NO: 93 dén SEQ ID NO: 112, SEQ ID NO: 114 va SEQ ID NO: 116.

Bién thé c6 thé 1a bién thé bao gdm thay thé bing axit amin khac tai vi tri tuong
{tng v6i vi tri thir 53 hodc 62 trong trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113
hoic SEQ ID NO: 115, ¢6 it nhit 80%, 90%, 95%, 96%, 97%, 98%, hodc 99%, hodc
dudi 100% su tuong ddng trinh ty véi trinh tu axit amin SEQ ID NO: 1, SEQ ID NOF:
113, hodc SEQ ID NO: 115, va c6 hoat tinh san sinh L-threonin.

Ngoai ra, bién thé c6 thé bao gdm bit ky trinh ty axit amin nao SEQ ID NO: 93
dén SEQ ID NO: 112, SEQ ID NO: 114 va SEQ ID NO: 116, hoac trinh ty axit amin
trong do it nhit mot axit amin dugc chon tir axit amin thir 53 hodc 62 trong trinh tu axit
amin 13 ¢b dinh va ¢6 it nhit 80% sy twong ddng hogc dong nhat véi trinh tw axit amin,
nhung sang ché khong giéi han & d6. Cu thé, bién thé cua sang ché c6 thé bao gébm
polypeptit 6 it nhat 80%, 90%, 95%, 96%, 97%, 98% hodc 99% su tuong ddng hoic
ddng nhit véi bat k¥ trinh tw axit amin nao SEQ ID NO: 93 dén SEQ ID NO: 112, SEQ
ID NO: 114 va SEQ ID NO: 116. Rd rang la bét ky protein nao c6 trinh tur axit amin bi
x0a, stra dbi, thay thé hoac thém vao mot phén cua trinh tu khac véi céac vi tri axit amin
thir 53 hodc 62 cling c6 thé nim trong pham vi clia sang ché, mién 12 trinh tu axit amin

¢6 su twong dong hodc ddng nhit nhu vy va thé hién hoat tinh twong (g véi protein.

Nhu duoc st dung & day, thuat nglt “tuong ddng” hoic “ddng nhét” dé cap dén
mitc do lién quan gitta hai trinh tu axit amin hogc trinh tyr nucleotit nhat dinh va né cé
thé duoc biéu thi bang phan tram. Cac thuft ngft tuong dong va dong nhit thuong c6 thé

duge st dung thay thé cho nhau.

Tuong ddng hoidc ddng nhét trinh ty cia cac polynucleotit hodc polypeptit bao ton
c6 thé dugc xac dinh béng céch str dung thuét toan can chinh tiéu chudn va cac ham phat
khoang tréng mic dinh dugc thiét 1ap béi chuong trinh can st dung c6 thé dugc st dung
cung nhau. Vé co ban, cic trinh tu tuong ddng hoic dong nhét c6 thé thuong lai véi
nhau doc theo it nhét khoang 50%, 60%, 70%, 80%, hodc 90% hodc toan bo chiéu dai
cla cac trinh ty trong cac didu kién vira phai hoc nghiém ngat cao hon. Trong phép lai,

céc polynucleotit c6 chtra (don vi ma héa) thoai bién thay vi codon cling dugc xem Xét.
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Xem xét bét ky hai trinh tu polynucleotit hodc polypeptit c6 su twong dong, twong
tu, hodc déng nhét c6 thé dugc xac dinh béng cach sir dung céac thuat todn may tinh da
biét trong cung linh vuc k¥ thuat, vi dy, chuong trinh “FASTA” st dung cic tham sb
mic dinh dugc gi6i thiéu boi Pearson et al. (1988) [Proc. Natl. Acad. Sci. USA 85:
2444]. Ngoai ra, thuat toan Needleman-Wunsch (1970, J. Mol. Biol. 48: 443-453) dugc
thuc hién trong chuong trinh Needleman cta b phén mém mé sinh hoc phan tir chau
Au cua goi EMBOSS (Rice et al., 2000, Trends Genet. 16: 276-277) (phién ban 5.0.0
ho#c phién ban cao hon) c6 thé duoc st dung dé xac dinh twong tu (bao gbm goi chuong
trinh GCG (Devereux, J., et al., Cdc axit nucleic Research 12: 387 (1984)), BLASTP,
BLASTN, FASTA (Atschul, [S.] [F.,] [ET AL., J MOLEC BIOL 215]: 403 (1990);
Huéng din cho cac may tinh 16n, Martin J. Bishop, [ED.,] Academic Press, San Diego,
1994, va [CARILLO ETA/.](1988) SIAM J Applied Math 48: 1073). Vi dy, sy tuong
déng, tuong tu, hodc déng nhét c6 thé dugc xac dinh b%mg cach sir dung BLAST tu co

s& dir liéu thong tin cdng nghé sinh hoc trung tdm qudc gia hogc ClustalW.

Su tuwong dong, twong tu, hodc dbng nhit gitta cac polynucleotit hodc céc
polypeptit co thé duogc xéac dinh, vi du, bang céach so sanh thong tin trinh ty thong qua
chuong trinh méy tinh GAP, chéing han nhu chuong trinh dugc gidi thi¢u béi Needleman
et al. (J Mol Biol. 48: 443 (1970)), nhu dugc boc 10 béi Smith va Waterman (4dv. Appl.
Math (1981) 2: 482). Tém lai, chuong trinh GAP dinh nghia sy tuong déng, tuong tu,
hoic ddng nhit 14 s6 ky tu duge cén chinh twong tu (tic 1a, cac nucleotit hodc cac axit
amin) dugc chia cho tbng sd cac ky tu trong trinh tu ngin hon trong hai trinh tu. Cac
tham s6 mac dinh dbi v6i chuong trinh GAP ¢6 thé bao gém: (1) ma trén so sanh don
phén (bao gbm gia tri 1 db6i v6i ddng nhit va gia tri 0 dbi voi khong dong nhét) va ma
tran so sanh trong s6 cua Gribskov et al., (Nucl. Acids Res. 14: 6745 (1986)) nhu dugc
mo ta bdi Schwartz va Dayhoff, eds. (Ban dd trinh ty va ciu tric protein, Quy nghién
ctru y sinh qudc gia, trang 353-358 (1979) hodc ma trén thay thé EADNFULL (phién
ban EMBOSS ctia NCBI NUC4.4)); (2) ham phat bing 3,0 dbi v6i mdi khoang trong va
ham phat bd sung 0,10 dbi voi mdi ky tu trong mdi khoang tréng (hodc ham phat m¢
khoang trong bang 10 va ham phat m¢ rong khoang tréng bang 0,5); va (3) khong co6
ham phat d6i v6i cac khoang trbng cubi. Do d6, nhu duge sir dung trong sang ché, thuat

ngit “twong dong” hodc “dong nhat” the hién muc dd lién quan gitra céc trinh tu.

Ngoai ra, xem X¢€t bét k¥ hai trinh ty polynucleotit hodc polypeptit co twong dong,
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tuong tu hodc ddng nhét hay khong c6 thé duoc xac nhin bang cach so sanh cac trinh
tu ndy thong qua cac thi nghi¢m lai Southern dugc thuc hién trong cac diéu kién nghiém
ngat d3 x4c dinh, va cac diéu kién lai thich hop can x4c dinh c6 thé dugc xac dinh trong
pham vi cta cung linh vyc k¥ thuat va bang phuong phéap da biét dén v6i ngudi co hiéu
biét trung binh trong cung linh vuc k¥ thuét (vi du, J. Sambrook et al., Nhan ban phan
tir, S8 tay huéng dan phong thi nghiém, An ban 13n tht 2, Nha xuit ban Phong thi
nghiém Cold Spring Harbour, Cold Spring Harbour, New York, 1989; FM Ausubel ef
al., Cac giao thirc hién tai trong sinh hoc phan tr, John Wiley & Sons, Inc., New York).

Nhu duge st dung & day, thuét ngit “bién thé cuia chét san sinh L-threonin” ¢6 th_é
duoc st dung thay thé cho polypeptit da sira ddi c6 kha ning san sinh L-threonin,
polypeptit da sira ddi tao ra L-threonin, polypeptit dd sira dbi san sinh L-threonin,
polypeptit da sira dbi c6 hoat tinh san sinh L-threonin, bién thé c6 hoat tinh san sinh L-
threonin, bién thé san sinh L-threonin, RhtC d6t bién, va bién thé RhtC, chét san sinh L-
threonin dot bién hoidc twong tu. Protein c6 thé c6 ngudn gbc tir Escherichia coli (E.

coli), nhung sang ché khong gi6i han & do.

Bién thé san sinh L-threonin c6 thé bao gém dot bién & vi tri thir 53 va/hodc thir
62 trong trinh ty axit amin SEQ ID NO: 1, SEQ ID NO: 113 hoac SEQ ID NO: 115 hodc
bét ky bién thé nao c6 trinh tu axit amin c6 thém hodc x6a axit amin trong trinh ty axit
amin SEQ ID NO: 1, SEQ ID NO: 113 hozc SEQ ID NO: 115 cling co thé nim trong
pham vi cta sang ché, mién 12 bién thé bao gbm su thay thé axit amin & vi tri tuwong Ung
véi axit amin tht 53 va/hodc thr 62 tir dau N SEQ ID NO: 1, SEQ ID NO: 113 hodac
SEQ ID NO: 115. Bién thé cita chét san sinh L-threonin ¢6 thé 1a bién thé trong d6 axit
amin tht 53 va/hodc thir 62 dugc thay thé bang axit amin khac trong trinh ty axit amin
SEQ ID NO: 1, SEQ ID NO: 113 hoic SEQ ID NO: 115, hofic ¢6 thé 1a chat san sinh L-
threonin dot bién, bao g6m trinh ty axit amin SEQ ID NO: 1, SEQ ID NO: 113, hodc
SEQ ID NO: 115 hodc ¢6 hoat tinh ting cuong so vé6i vi sinh vét hoang dai co ngudn
gbc tir chét san sinh L-threonin trudc khi dot bién. Bién thé san sinh L-threonin nhu vay
d& cap dén bién thé trong do trong trinh tw axit amin SEQ ID NO: 1, SEQ ID NO: 113
hodc SEQ ID NO: 115 hodc trinh tu axit amin co it nhat 80%, 85 %, 90%, 95%, 96%,
97%, 98%, hoac 99% sy tuong ddng hodc dong nhét véi trinh ty axit amin SEQ ID NO:
1, SEQ ID NO: 113 hodc SEQ ID NO: 115, axit amin & vi tri twong Gng véi vi tri thir
53 hoic 62 SEQ ID NO: 1, SEQ ID NO: 113, hogc SEQ ID NO: 115 bi dét bién.

9
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Dot bién cla axit amin th 53 hodc 62 ¢6 thé 1a i) thay thé axit amin thtr 53 bing
threonin, hodc ii) thay thé axit amin thir 62 béng axit amin dugc chon tir serin, arginin,
alanin, axit aspartic, lysin, prolin, xystein, glyxin, threonin, isoleuxin, tyrosin, valin,

histidin, phenylalanin, methionin, glutamin, asparagin, axit glutamic hodc tryptophan.

" Cu thé, bién thé san sinh L-threonin c6 thé 13 bién thé trong d6 trong trinh tu axit
amin SEQ ID NO: 1, SEQ ID NO: 113 hogc SEQ ID NO: 115, i) axit amin thr 53 duoc
thay thé bang threonin, hodc ii) axit amin thir 62 dugc thay thé bang axit amin dugc
chon tir serin, arginin, alanin, axit aspartic, lysin, prolin, Xystein, glyxin, threonin,
isoleuxin, tyrosin, valin, histidin, phenylalanin, methionin, glutamin, asparagin, axit
glutamic, hodc tryptophan, va co thé 13 bién thé c6 hoat tinh ting cudng so véi protein
bao gf‘)m trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113, hoic SEQ ID NO: 115

hodc vi sinh vt hoang dai ¢ nguén géc tr chét san sinh L-threonin trude khi dot bién.

Theo muc dich cia sang ché, vi sinh vat bao gém bién thé san sinh L-threonin cho
thdy su gia ting lugng san sinh L-threonin. Diéu nay c6 y nghia & chd, lugng san sinh
L-threonin ¢6 thé dugc ting 1&n boi bién thé san sinh L-threonin theo sang ché, trong
khi vi sinh vat hoang dai khong thé san xuit L-threonin, ho#c, ngay ca khi c6 thé, n6 chi

6 thé san sinh mot lugng rat nho L-threonin.

Theo mdt khia canh khac ctua sang ché, dé xuét polynucleotit ma hoa bién thé san

sinh L-threonin.

L-threonin, protein bao gdm trinh ty axit amin SEQ ID NO: 1 va ¢ hoat tinh san

sinh L-threonin, va bién thé ctia chung nhu dugc md ta bén trén.

Nhu duge st dung & day, thuat ngit “polynucleotit” dé cap dén polyme cia cac
don vi nucleotit dugc lién két trong mot loai chudi thong qua lién Kkét cdng hoa tri, va
v6i chudi ADN hoic ARN ¢6 chiéu dai dinh trudc hodc dai hon. 'Cu thé hon, thuat ngit

nay dé cap dén doan polynucleotit ma hoa bién thé.

Polynucleotit ma hoa bién thé san sinh L-threonin theo sang ché c6 thé bao gdm
nhung khong giéi han & bét ky trinh tu polynucleotit ma héa polypeptit da sira ddi 6
hoat tinh san sinh L-threonin theo sang ché. Theo sang ché, gen ma hoa trinh ty axit
amin cua chét san sinh L-threonin 1a gen rhtC, ¢6 thé ¢6 ngudn gbc tir Escherichia coli
(E. coli), Shigella flexneri hodc Escherichia fergusonil, nhung séng ché khong gi6i han

& d6. Ngoai ra, gen ¢ thé 1 trinh tu nucleotit ma héa trinh ty axit amin SEQ ID NO: 1,
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SEQ ID NO: 113 hoic SEQ ID NO: 115, vacu thé hon 13 trinh tu nucleotit m hoa trinh
tu axit amin SEQ ID NO: 1 ¢o thé 12 trinh tu bao gém trinh tu nucleotit SEQ ID NO: 2,
nhung sang ché khong gi6i han & do.

Cu thé, polynucleotit theo sang ché c6 thé duoc stra d6i khac nhau trong ving ma
hoéa clia n6 trong pham vi ma trinh ty axit amin cla polypeptit khong stra d6i, xét dén
su thodi bién codon hoc céc codon dugc sinh vat ua thich trong do polypeptit duoc biéu
hién. Cu thé, bit ky trinh tu polynucleotit ndo cling c6 thé dugc bao gdbm ma khong gidi
han mién 13 trinh ty polynucleotit ma héa bién thé san sinh L-threonin, trong d6 axit
amin th(r 53 hoac 62 dugc thay thé bang axit amin khéc trong trinh ty axit amin SEQ ID
NO: 1, SEQ ID NO: 113 hodc SEQ ID NO: 115.

Ngoai ra, bét ky trinh tu nao ciing ¢6 thé dugc bao gdm nhung khong giéi han
mién 13 trinh tu ma hoa protein c6 hoat tinh san sinh L-threonin, trong d6 axit amin thir
53 hodc 62 dugc thay thé bé‘mg axit amin khac trong trinh ty axit amin SEQ ID NO: 1,
SEQ ID NO: 113, hodic SEQ ID NO: 115, bing céch lai v6i ddu do c6 thé duge dicu ché
tur trinh tu gen da biét, vi du, trinh tu bd sung cho toan bd hodc mot ph'?ln cua trinh tu
nucleotit, trong cac diéu kién nghiém ngjt. “Piéu kién nghiém ngat” dé cap dén cac didu
kién cho phe’p lai dic hiéu gifra cac polynucleotit. Cac diéu kién nhu vay duge mo ta cu
thé trong tai liéu (tham khao Sambrook ef al., supra, 9.50-9.51, 11.7-11.8). Vi du, cac
diéu kién c6 thé bao gbém cac diéu kién trong d6 cac gen c6 su tuong dong hoic ddng
nhét cao, chéng han nhu céac gen co it nhét 40%, cu thé 13 it nhét 90%, cu thé hon 12 it
nhit 95%, cu thé hon nita 12 it nhat 97%, va cu thé nhét 12 it nhat 99% tuong dong hodc
ddng nhét dugc lai hoa véi nhau, trong khi céc gen c6 tuong ddng hoic ddng nhét thap
hon cta ching khong dugc lai héa véi nhau; hodce cac diéu kién rira thong thuong dé lai
hoa southern (tic 1a, c;éc diéu kién dé rira mot 1an, va cu thé hai hoic ba lan duéi n?)ng
d6 mudi va nhiét do tuong Gng la 60°C, 1xSSC, va 0,1% SDS; cu thé 60°C, 0,1xSSC,
va 0,1% SDS; va cu thé hon 68°C, 0,1xSSC, va 0,1% SDS).

Qua4 trinh lai hoa doi héi hai axit nucleic phai ¢6 trinh tu ) sung, méc du co thé
xay ra su khong khop giita cac bazo tuy thude vao mirc d6 lai hoa. Thuét ngir “bd sung”
duoc st dung dé mo ta mbi quan hé gifta cac bazo nucleotit c6 thé lai v6i nhau. Vi du,
d6i v6i ADN, adenosin bd sung cho thymin, va xytosin bd sung cho guanin. Do d6, sang
ché c6 thé khong chi bao gém cac trinh tu axit nucleic vé co ban tuong tu nhau, ma con

bao gdm céac doan axit nucleic riéng biét bo sung cho toan bd trinh tu.
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Cu thé, cac polynucleotit ¢ tuong ddng hoac dong nhét c6 thé dugc phat hién &
giatri Tm1a 55°C bang cach st dung cac didu kién lai bao gbm budc lai va sir dung cac
diéu kién dugc mo ta & trén. Ngoai ra, gid tri Tm ¢ thé 12 60°C, 63°C hoic 65°C, nhung
sang ché khong bi gi6i han & d6 va ¢6 thé dugc diéu chinh thich hgp bdi ngudi c6 hiéu

biét trung binh trong cung linh vyc ky thudt tuy theo myc dich.

Mirc o nghiém ngét thich hop dé 1ai hoa cac polynucleotit phu thudc vao do dai
cua polynucleotit va mirc do bd sung ctia chung, va céac bién thé cta chiing da dugc biét

dén nhiéu trong cung linh vuc k¥ thut (vi du, Sambrook et al., supra).

Theo khia canh khéc cta sang ché, @ xuit vecto bao gdm polynucleotit ma hoa

bién thé san sinh L-threonin.

L-threonin, protein bao gém trinh ty axit amin SEQ ID NO: 1 va c6 hoat tinh san

sinh L-threonin, va bién thé cua ching nhu dugc mo ta & trén.

Nhu duoc st dung ¢ day, thudt ngit “vecto” dé cap dén cAu trac ADN chura trinh
tu nucleotit ciia polynucleotit ma héa protein dich, dugc lién két chtrc ning véi trinh ty
kidm soat thich hop d& protein dich c6 thé dugc biéu hién trén vét chii thich hep. Trinh
tw kidm soat c6 thé bao gdm promoto c6 kha nang bt d4u phién ma, trinh ty didu khién
bét ki d& kiém soat phién ma, trinh ty ma héa vi trf lién két ribosom cia mARN thich
hop va trinh tu kiém soét su két thuc phién ma va dich ma. Sau khi vecto dugc dich ma
vao trong té bao chu thich hop, né c6 thé sao chép hoic hoat dong doc 1ap véi bo gen

vat chu, va c6 thé duge tich hgp vao trong bd gen cuia nd.

Vecto dugce str dung trong sang ché khong bi giéi han cu thé va c6 thé st dung bét
ky vecto nao da biét trong cliing linh vuc k¥ thudt. Cac vi du vé vecto thuong dugc st
dung c6 thé bao gbm plasmit ty nhién hodc tai td hop, cosmid, virut va thuc khuén. Vi
du, pWE15, M13, MBL3, MBLA4, IXII, ASHII, APII, t10, t11, Charon4A, Charon21A
va loai tuong tu ¢0 thé dugc st dung lam vecto phage hodc vecto cosmid, va cac vecto
gbc pBR, gbc pUC, gbc pBluescriptll, vecto gbec pGEM, gbc pTZ, gbc pCL va gbc pET
c6 thé dugc st dung lam vecto plasmit. Cu thé, pDZ, pACYC177, pACYC184, pCL,
pECCG117, pUC19, pBR322, pMW118, pCCI1BAC hodc loai tuong ty co thé st dung.

Vi du, polynucleotit ma héa protein stta dbi dich trong nhiém séc thé co thé dugc
thay thé véi polynucleotit stra dbi thong qua vecto dé chén nhidm séc thé trong ndi bao.

Viéc chén polynucleotit vao trong nhidm séc thé c6 thé duoc thuc hién béng cach st
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dung bit ky phuong phép da biét trong cling linh vuc k¥ thuét, vi du, tai t6 hop twong
dong, nhung phuong phap khong bi gidi han ¢ ddy. Vecto co thé con bao gdm chi ddu
Iva chon dé x4c nhan n6 c6 chén thanh céng vao trong nhidm séc th. Chi ddu lya chon
duoc st dung dé lya chon céc té bao dugc bién nap véi vecto, tirc 13, dé x4c nhan xem
phén tr axit nucleic dich dd duoc chén, va cac chi diu tao ra céc kiéu hinh c6 thé lua
chon, chéng han nhu, khang thudc, khuyét dudng, khang cac tic nhan giy doc té bao,
biéu hién cla cic protein bé mit ¢6 thé duoc str dung. Trong trudng hop khi céc tac
nhan lva chon duogc xtr 1y, chi cac té bao c6 kha niang biéu hién céac chi déu lya chon ¢6
thé tdn tai hosic biéu hién céc tinh trang kidu hinh khac, sao cho c4c té bao dugc bién

nap co thé duge lua chon.

Theo khia canh khac cta sang ché, dé xuat vi sinh vat san sinh L-threonin bang

céch bao gdm bién thé san sinh L-threonin hogc polynucleotit ma hoa bién thé.

Nhu dugc st dung & diy, thuat nglt “vi sinh vat bao gbm polypeptit stra d6i” hodc
“vi sinh véat bao gém bién thé san sinh L-threonin” dé cap dén vi sinh vat thu duoc béng
cach truyén kha ning san sinh L-threonin cho vi sinh vét c6 khé néng san Xuét L-threon
suy giam tu nhién hodc ching bd me khdng ¢6 kha nang san sinh L-threonin. Cu thé, vi
sinh vat c6 thé 12 vi sinh vét bidu hién bién thé san sinh L-threonin bao gdm it nhat mot
dot bién axit amin c6 trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hodc SEQ ID
NO: 115, trong d6 d6t bién axit amin c6 thé bao gbém su thay thé axit amin thtr 53 hodc
62 tir ddu N bing axit amin khac. Cy thé, vi sinh vat c6 thé 13 vi sinh vat biéu hién
polypeptit da sua dbi trong d6 axit amin thit 53 hodc 62 dugc thay thé bang axit amin
khac trong trinh tu axit amin SEQ ID NO: 1, SEQ ID NO: 113 hoic SEQ ID NO: 115

va ¢6 hoat tinh san sinh L-threonin, nhung sang ché khong giéi han ¢ do.

L-threonin, protein bao gém trinh tu axit amin SEQ ID NO: 1 va c6 hoat tinh san

sinh L-threonin, va bién thé ciia chiing nhu dugc mo ta & trén.

Nhu dugc st dung & ddy, thuat ngit “duoc biéu hién/biéu hién” dbi véi protein dé
cip dén trang théi trong d6 protein dich dugc dua vao vi sinh vat hodc protein dich dugc
sira @i dé duge biu hién trong vi sinh vat. Khi protein dich 1a protein c6 trong vi sinh
vat, thudt nglt nay dé cap dén trang thai trong d6 hoat tinh ctia protein dugc tang cuong
so v6i hoat tinh ndi sinh hodc hoat tinh truéce khi stra déi cua protein. Theo muyc dich

clia sang ché, “protein dich” ¢6 thé 1a bién thé protein néu trén c6 kha nang san sinh L-

13



47934 14187

threonin.

Cu thé, thuat ngit “dua vao protein” chi ra réng vi sinh vét biéu hién hoat tinh cia
protein cu thé vén khong dugc s& hitu ban dAu ctia n6 hodc thé hién hoat tinh ting cudng
so voi hoat tinh noi sinh hodc hoat tinh trudc khi stra dbi protein trong Ung. Vi du, thuat
ngilt nay co thé chi ra rang mot polynucleotit ma hoéa protein cu thé dugc dua vao nhiém
sic thé cta vi sinh vat hodc vecto bao gdm polynucleotit ma hoéa protein cu thé dugc
dwa vao vi sinh vat, do d6 thé hién hoat tinh ctia protein cu thé. Thuat ngit “tdng cudng
hoat tinh” chi ra ring hoat tinh cta protein cu thé dugc ting cudng so véi hoat tinh ndi
sinh hodc hoat tinh trudc khi stra dbi ctia protein cu thé trong vi sinh vét. “Hoat tinh ndi
sinh” dé cap dén hoat tinh cta protein cu thé ban diu dugc sé hitu béi ching bd me
truée khi sira ddi ching khi vi sinh vat bi bién déi do dot bién gen gdy ra béi céc yéu t6

tu nhién hodc nhan tao.

Cu thé, viéc ting cuong hoat tinh theo séngvché c6 thé dat duoc bﬁng mot hodc
nhiéu phuong phap bét ky dugc chon tir nhém bao gdm: phuong phép ting s6 luong ban
sao ndi bao cuia gen ma hoa bién thé protein; phuong phap dwa dot bién vao trinh tu
kidm soat biéu hién ctia gen ma hoa bién thé protein; phuong phép thay thé trinh ty kiém
soat biéu hién cia gen ma hoa bién thé protein c6 hoat tinh san sinh L-threonin bang
trinh tu c6 hoat tinh manh; phuong phép thay thé gen ma hoa protein tu nhién c6 hoat
tinh san sinh L-threonin trén nhim séc thé bing gen ma hoa bién thé protein; phuong
phap dua thém dot bién vao gen ma hoa protein c6 hoat tinh san sinh L-threonin dé tang
cuong hoat tinh cia bién thé protein; va phuong phap dua bién thé protein vao vi sinh

vat, nhung sang ché khong gi6i han & do.

Theo cach trén, viéc ting s6 luong ban sao cia gen co thé dugc thuc hién theo cach
ma gen d6 dugc lién két chitc ning véi vecto hodc bang cach chén gen vao nhim sic
thé ctia t& bao chu, nhung séng ché khong gidi han & d6. Cu thé, vecto ma polynucleotit
ma hoéa protein theo sang ché dugc lién két chiic ning va co thé sao chép va hoat dong
khong phu thudc vao té bao chu, co thé duoc dua vao té bao chi. Ngoai ra, vecto ma
polynucleotit dugc lién két chirc ning va c6 thé chén polynucleotit vao nhidm sic thé
ciia té bao chi, c6 thé dugc dua vao nhiém sic thé cua té bao chu. Viéc dua polynucleotit
vao nhidm séc thé c6 thé dat dugc bing bat ky phuwong phap nao da biét trong cling linh
vuce k¥ thuat, vi duy, tai td hop tuong déng.
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Tiép theo, viéc sira dbi trinh ty kiém soat bidu hién dé tang su biéu hién cta
polynucleotit ¢c6 thé dugc thuc hién bang cach giy dot bién trinh ty ctia axit nucleic
thong qua x6a, chen, thay thé bao thi hodc khong béo thu, hodc két hop chiing dé ting
cuong hon nira hoat ddng cia trinh tur kiém soat biéu hién, hoic b%mg cach thay thé trinh
tu kiém soat biéu hién béng trinh tu axit nucleic ¢6 hoat tinh manh hon, nhung sang ché
khong han ché cu thé & d6. Trinh tu kiém soét sy biéu hién c6 thé bao gom trinh tw khoi
dong, trinh ty vén hanh, trinh tu ma hoéa vi tri lién két ribosom, céc trinh tu kiém soat

két thuc phién ma va dich ma, va tuong tu, nhung sang ché khong giéi han & do.

Promoto manh, thay vi promoto ty nhién, ¢ thé dugc lién két véi vung phia truéc
ctia don vi biéu hién polynucleotit, nhung séng ché khéng gi6i han & d6. Cac vi du da
biét v& promoto manh c6 thé bao gdbm promoto cjl dén ¢j7 (Patent Han Québc s6 10-
0620092), promoto lac, promoto trp, promoto trc, promoto tac, promoto lambda phage ‘
PR, promoto PL, promoto tet, promoto gapA, promoto SPL7, promoto SPL13 (sm3)
(Patent Han Quédc sé 10-1783170), promoto O2 (Patent Han Québc so 10-1632642),

promoto tkt, promoto yccA, va twong tu, nhung sang ché khong giéi han & do.

Hon nita, viéc stra ddi trinh ty polynucleotit trén nhidm sic thé c6 thé duogc thuc
hién bang cach gy dot bién trén trinh tu kidm soat biéu hién thong qua x6a, chén, thay
thé bao thi hodc khong bao thu, hodc két hop cua chiing dé tang cudong hon nita hoat
tinh cua trinh tu polynucleotit, hodc bang cach thay thé trinh tu polynucleotit bang trinh
tu polynucleotit da stra dbi dé c6 hoat tinh manh hon, nhung sang ché khong giéi han

cu thé & do.

Viéc dua vao va ting cuong hoat tinh cia protein néi chung co6 thé 1am ting hoat
tinh hodic ndng do ciia protein twong tng 1én it nhit 1%, it nhét 10%, it nhat 25%, it nhét
50%, it nhét 75%, it nhét 100%, it nhat it nht 150%, it nhét 200%, it nhat 300%, it nhat
400%, hodc it nhét 500% va lén dén 1.000% hoic 2.000% so véi hoat tinh hoéc néng
dd cua protein trong chiing vi sinh vat khong stra dbi hodc hoang dai, nhung sang ché
khéng gidi han & do.

Nhu duoc st dung & day, thuat ngit “vi sinh vat khong stra d6i” dé cap dén ban
than ching ty nhién, vi sinh vét khong chira bién thé san sinh L-threonin hodc vi sinh
vét khong bién nap véi vecto bao gdm polynucleotit ma hoa bién thé san sinh L-threonin,

va khong loai trir ching chira dot bién c6 thé xuét hién tu nhién trong vi sinh vét.
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Theo sang ché, vi sinh vét chtra bién thé san sinh L-threonin hodc bién thé ma hoa
polynucleotit c6 thé 12 vi sinh vat tai td hop dugc diéu ché bang cach bién nap véi vecto

bao gém polynucleotit, nhung sang ché khéng gidi han ¢ do.

Nhu dugc str dung ¢ day, thuat ngir “bién nap” chira ring vecto chira polynucleotit
ma hoa protein dich dugc dua vao té bao chu dé biéu hién protein dugc ma hoa boi
polynucleotit trong té bao chu. Polynucleotit dugc bién nap c6 thé 1a bét ky polypeptit
ndo mién 1a polypeptit d6 c6 thé duoc biéu hién trong té bao chi, bét ké polynucleotit
dwoc chén vao va nam trén nhiém shc thé cia té bao chu hay nam hgoéi nhidm sic thé.
Ngoai ra, polynucleotit bao gdbm ADN va ARN ma héa protein dich. Polynucleotit ¢6
thé dugc dua vao bét ky hinh dang nao mién 13 polynucleotit c6 thé duoc dua vao va
bidu hién trong té bao chi. Vi dy, polynucleotit ¢6 thé dugc dua vao dudi dang catxet
biéu hién, 1a ciu tric gen chta tAt ca céc yéu t6 can thiét dé tu biéu hién. Catxet biéu
hién c6 thé bao gém promoto, tin hi¢u két thic phién ma, vi tri lién két ribosom va tin
hiéu két thiic dich m4, ¢6 thé dugc lién két chirc niang vé6i polynucleotit. Catxet biéu hién
¢6 thé 13 vecto bidu hién cho phép tu sao chép. Ngoai ra, polynucleotit c6 thé dugc dua
vao trong té bao chu dé duoc lién két chic ning véi cac trinh tu can thiét dé biéu hién

trong t€ bao chii, nhung sang ché khéng gidi han & do.

Ngoai ra, thuat ngit “duoc lién két chirc nang” d& cap dén lién két chirc ning giita
trinh tu gen va trinh ty promoto dé khoi dong va lam trung gian phién ma cua

polynucleotit ma hoa polypeptit mong muén theo sang ché.

Nhu duge st dung & day, thuat ngit “vi sinh vat san sinh L-threonin” bao gém tat
ca c4c vi sinh vat ¢ bién d6i gen xay ra tu nhién hodc nhin tao va dé cap dén vi sinh
vét trong d6 co ché cu thé bi suy giam hogc ting cudng do chén gen ngoai sinh hodc
ting cuong hodc lam bAt hoat hoat tinh ctia gen ndi sinh, trong d6 vi sinh vat c6 dot bién
gen hodc tang cuong hoat tinh @8 san sinh L-threonin mong mudn. Theo myc dich cta
séng ché, vi sinh v4t san sinh L-threonin ¢ thé chi ra vi sinh vat c6 thé tao ra L-threonin
mong mudn vugt qua tix ngudn cacbon trong mdi trudng, so véi vi sinh vét khong sira
dbi hodc hoang dai, bang cach chua bién thé san sinh L-threonin. Theo sang ché, “vi
sinh vt san sinh L-threonin” ¢ thé dugc st dung thay thé cho “vi sinh vat c6 kha nang

san sinh L-threonin” hodc “L-threonin dugc san sinh bédi vi sinh vat”.

Vi sinh vt san sinh L-threonin co thé 13 vi sinh vt tai t6 hop. Vi sinh vat tai tb
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hop dugc mo ta & trén.

Vi sinh v4t san sinh L-threonin khong gi¢i han cu thé & céc loai ciia chiing mién 1a
vi sinh Vit d6 c6 thé san sinh L-threonin. Cy thé, vi sinh vat san sinh L-threonin c6 thé
bao gom vi sinh vat thudc Corynebacterium sp., Escherichia sp., Enterobacter sp.,
Erwinia sp., Serratia sp., Providencia sp., va Brevibacterium sp., va cu thé hon 14 vi

sinh vat thudc Corynebacterium sp. hodc Escherichia sp.

Cu thé hon, vi sinh vat Escherichia sp. ¢ thé 13 Escherichia coli; va vi sinh vt
Corynebacterium sp. c¢O thé  Corynebacteriumglutamicum,  ammoniagenes
Corynebacterium, Corynebacterium crudilactis, Corynebacterium deserti, efficiens
Corynebacterium,  Corynebacterium callunae,  Corynebacterium  stationis,
Cbrynebacrerium singulare, halotolerans Corynebacterium, Corynebacterium striatum,
Corynebacterium pollutisoli, imitans Cxorynebacterium, Corynebacterium testudinoris,
flavescens Corynebacterium, hodc tuong ty, va cu thé Corynebacteriumglutamicum.
Tuy nhién, bét ky vi sinh vat ndo thudc Escherichia sp. hodc Corynebacterium sp. €O
th8 bao gdm nhung khong gidi han, mién 13 vi sinh vat c6 thé ting lugng san sinh L-
threonin théng qua viéc dua vao hodc ting cuong protein co hoat tinh san sinh L-

threonin.

Theo séng ché, ching bd me cta vi sinh vat san sinh L-threonin, dugc bién dbi dé
bidu hién protein c6 hoat tinh san sinh L-threonin hodc bién thé protein khong bi gidi
han cu thé mién 1a ching bd me 1a vi sinh v4t san sinh L-threonin. Vi sinh vét san sinh
L-threonin c6 thé 13 vi sinh vat trong do, dé ting lugng san sinh L-threonin, con duong
sinh téng hop L-threonin dugc ting cudng, sy e ché phan hdi ddi véi L-threonin bi loai
bo, gen lam suy giam con duong sinh téng hgp L-threonin bi bat hoat, hoat dong cua
operon L-threonin tang 1én va/hodc kha nang chdng lai chét tuong tu L-threonin dugc
truyén lai.

Cu thé, dé ting cudng con duong sinh téng hgp L-threonin, vi du, sy biéu hién cia
gen thrC mi héa threonin synthaza, gen ppc ma héa phosphoenolpyruvat carboxylaza,
gen galP lién quan dén hip thu glucoza, gen lysC ma hoéa aspartokinaza 3 nhay cam
lysin, gen hom ma hoa homoserin dehydroaza, hodc gen pyc gdy ra su gia tang ngudn

oxaloaxetat c6 thé dugc ting cuong hodc tang 1én trong vi sinh vat.

D& loai bd su trc ché phan hoi doi véi L-threonin, vi du, dot bién gen doi voi gen
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lysC, gen hom, gen thrA c6 dac tinh chirc ndng kép cia aspartokinaza/homoserin

dehydroaza 1, hodc tuong tu cé thé dugc dua vao vi sinh vét.

Vi du, dbi véi viéc bt hoat gen lam suy giam con dudng sinh téng hop L-threonin,
su biéu hién cia gen pckA lién quan dén viec chuyén ddi oxaloaxetat (OAA), chét trung
gian trong qué trinh sinh tdng hop L-threonin, thanh phosphoenolpyruvat (PEP); gen
tyrR Grc ché gen lysC; gen galR tc ché su biéu hién cta gen galP lién quan dén viéc hip
thu glucoza, hodc gen mcbR, bd diéu hoa kép phién ma lién két ADN, c6 thé bi suy giam

hodc bat hoat & vi sinh vat.

D4i v6i su ting hoat tinh cia operon L-threonin, plasmit bao gbm operon threonin
chira cac gen ma hoéa aspartokinaza, homoserin dehydroaza, homoserin kinaza va
threonin synthaza (Cong bd Patent Nhat Ban sb 2005-227977), operon threonin c6
nguén géc ti E. coli, v.v., c6 thé 1a dugc dua vao trong vi sinh vat (TURBAE, et al.,
Agric. Biol. Chem. 53: 2269-2271, 1989), va nho d6, biéu hién ciia operon threonin c6

thé tang lén bén trong vi sinh vét.

Ngoai ra, vi sinh vét ¢ thé khang céc chét twong ty L-threonin nhu a-amin-f-

hydroxy valeric axit hogc D,L-threonin hydroxamat.

Tuy nhién, khdng gi6i han & kha nang san sinh L-threonin ¢6 thé dugc ting cudng

bang phwrong phap kiém soat biéu hién gen da dugc biét dén trong linh vyc k¥ thuét nay.

Nhu dugce st dung trong sang ché, thuat ngit “ting cudng/tang™ 1a khai niém bao

gdm tAt ca cic hoat dong tang hoat tinh clia gen so v6i hoat tinh ndi sinh cua no.

Viéc ting cuong hodc ting nhu vay ctia hoat tinh gen c6 thé dat duogc b%mg cach
ap dung cac phuong phép khic nhau da dugc biét dén trong ciing linh vuc k§ thuat. Viéc
tang cuong hodc ting co thé dat duoc bang bit ky mot hodc nhiéu phuong phép duge
chon tir nhém bao gébm: phuong phap ting sb lugng ban sao ndi bao cla gen; phuong
phép dua dot bién vao trinh tu kiém soat biéu hién cia gen; phuong phap thay thé trinh
tu kiém so4t biéu hién cia gen bang trinh tu c6 hoat tinh manh; phuong phap dua thém
dot bién vao gen dé ting cuong hoat tinh clia gen twong ng; va phuong phép dua gen
ngoai sinh vao vi sinh vét, va ¢6 thé dat dugc bang su két hop cuia chiing, nhung sang
ché khong gidi han & d6.

Nhu dugc st dung ¢ day, thuat ngit “bat hoat” bao gém khai ni€ém gém tAt ca su
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suy giam cta hoat tinh hodc khong c6 hoat tinh so v&i hoat tinh ndi sinh.

Viéc bét hoat hoat tinh gen nhu vay c6 thé dat dugc bang cach ap dung cac phuong
phép khéac nhau dugc biét dén trong cung linh vyc k¥ thuat. Vi du v& cac phuong phéap
c6 thé bao gdm: phuong phap xda toan b hodc mot phan gen trén nhidm sic thé, bao
gbm loai bd hoat tinh ctia gen; phurong phép thay thé gen ma hoa protein trén nhidm sic
thé bang gen dot bién dé giam hoat tinh cta protein; phuong phap dua dot bién vao trinh |
tu kiém soat biéu hién ctia gen trén nhidm sic thé ma héa protein; phuwong phép thay thé
trinh tu kim so4t biéu hién ctia gen ma hoa protein bang trinh ty suy gidm hodc khong
hoat tinh (vi du, phuong phép thay thé promoto cua gen bang promoto yéu hon promoto
ndi sinh); phuong phap xda toan bd hodc mot phan gen trén nhi®m séc thé ma héa
protein; phuong phép dua oligonucleotit antisenza (vi du, antisenza ARN) li€n két bd
sung vao phién mi cla gen trén nhidm sic thé va e ché su dich ma tr mARN vao
protein; phuong phap lam cho su gén vao ribosom khong thé thyc hién dugc bang cach
thém nhAn tao trinh tu bd sung vao trinh tw SD phia trude cua trinh ty SD ciia gen ma
hoéa protein dé tao thanh ciu tric thir cip; va phuong phap k¥ thuét phién ma nguoc
(reverse transcription engineering: RTE) thém promoto vao dau 3' cta khung doc mé
(open reading frame: ORF) clia trinh tu tuong (ng dé dugc phién ma nguoc. Su bét hoat
cua hoat tinh gen co thé dat duoc bang su két hop ctia cac phuong phap, nhung sang ché

khong giéi han cu thé & do.

Theo khia canh khac cua sang ché, d xuét phuong phap san Xudt L-threonih,
phuong phép nay bao gdm budc nudi cdy vi sinh vat sén sinh L-threonin trong méi

truong nudi cay.

L-threonin, protein bao gbm trinh tu axit amin SEQ ID NO: 1 va ¢ hoat tinh san

sinh L-threonin, bién thé ctia nd, bi€u hién cua protein va vi sinh vat dugc mo ta & trén.

Nhu dugce st dung & day, thuat ngt “nudi chy” dé cap dén viéc nudi cdy vi sinh
VAt trong cac diéu kién mdi truong duoc diéu chinh thich hgp. Quy trinh nuéibcéy theo
sang ché co thé duoc thuc hién theo céac diéu kién moi trudng hodc mdi trudong nudi chy
thich hop da biét trong cung linh vuc k¥ thudt. Quy trinh nudi cdy nhu vay c6 thé dé
dang dugc diéu chinh theo chung da chon béi ngudi co hiéu biét trung binh trong cing
linh vuc k¥ thuét. Cu thé, cac vi du vé nudi céy 6 thé bao gé)m nudi cdy hang loat, nudi

cy lién tuc va nudi cay mé c6 cap dinh dudng, nhung sang ché khong gidi han ¢ do.
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Nhu dugce st dung & dy, “moi truong” dé cap dén hdn hop chura cac thanh phan
chinh 14 céc chét dinh dudng can thiét cho qua trinh nudi cdy vi sinh vat, trong d6 moi
trudng cung clp céac chét dinh dudng, cac yéu t§ tang truéng va tuong tu, bao gbm ca
nudce, can thiét cho su ton tai va phat trién. Cu thé, ddi v6i moi trudng va cac diéu kién
nudi cdy khac dugc st dung dé nuoi cdy vi sinh vat theo sang ché, bit ky moi trudng
nao dugc st dung dé nuoi céy vi sinh vat chuin déu c6 thé dugc st dung ma khong co
gidi han cu thé. Tuy nhién, cac vi sinh vt theo sang ché c6 thé dugc nudi cdy trong didu
kién hiéu khi trong méi truong thong thuong c6 chia ngudn cacbon thich hop, ngudn
nito, ngudn phospho, cac hop chit v6 co, cac axit amin va/hodc cac vitamin, trong khi

nhiét do, 40 pH, va diéu kién tuong tu dugc diéu chinh.

Theo sang ché, ngudn cacbon c6 thé bao gdm carbohydrat, ching han nhu glucoza,
fructoza, sacaroza va mantoza; rugu dudng, chéng han nhu manitol va sorbitol; axit hitu |
co, chéng han nhu axit pyruvic, axit lactic va axit xitric; cac axit amin chéng han nhu
axit glutamic, methionin va lysin; va tuong tu. Ngoai ra, cO thé str dung céc ngudn dinh
dudng hitu co ty nhién, chéng han nhu dich thiy phan tinh bdt, mat duong, mat dudng
den, cam gao, sén, ba mia va dich chiét ngo, va cy thé 13, carbohydrat chéng han nhu
glucoza va mat dudong tién xu ly vo tring (tirc 13, mat ri chuyén thanh dudng khir) cb
thé duoc sir dung va cé thé st dung lugng thich hop céac ngudn cacbon khac ma khong
bi gidi han. Cac ngudn cacbon nay c6 thé dugc st dung don 1¢ hodc két hop hai hoic

nhiéu hon, nhung séng ché khong gidi han & do.

Vi nguén nito, cac nguén nito vo co chéng han nhu amoniac, amoni sulfat, amoni
clorua, amoni axetat, amoni phosphat, amoni cacbonat va amoni nitrat; axit amin chéng
han nhu axit glutamic, methionin va glutamin; va cac ngudn nito hiru co, chéng han nhu
pepton, NZ-amin, chiét xuét thit, chiét xuét nAm men, chiét xuét mach nha, dich chiét
ngo, chét thuy phan casein, ca hodc cic san phim phan huy cta chuing, banh ddu nanh
d3 khtr chét béo hodic cdc san phidm phéan hity cua nd, va loai tuong tu ¢6 thé dugc sir
dung. Céc nguén nito nay co thé dugc st dung mdt minh hodc két hop hai hodc nhiéu
hon, nhung sang ché khong gi¢i han ¢ do.

Céac ngudn phosphat c6 thé bao gdm kali phosphat héa tri mot, kali phosphat hoa
tri hai, va céac mudi chta natri twong ung. Péi véi cac hop chét vo co, co thé sir dung
natri clorua, canxi clorua, sat clorua, magie sunfat, sat sunfat, mangan sunfat, canxi

cacbonat, va loai twong tw, va bén canh do, co thé bao gom axit amin, cdc vitamin
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va/hodc cac tién chat phit hop. Cac ngudn hogc tién chat nay co thé dugc bo sung vao
mdi truong theo mé hogc lién tuc. Tuy nhién, mdi truong cla sang ché khong bi gidi

han & do.

Theo sang ché, d6 pH ctia moi trudng co thé duoc diéu chinh bang cach thém céc
hop chét, chiing han nhu amoni hydroxit, kali hydroxit, amoniac, axit phosphoric va axit
sulfuric, vao moi trudng theo cach thich hgp trong qua trinh nudi cAy vi sinh vat. Ngoai
ra, cO thé thém chét khir bot chéng han nhu este polyglycol axit béo, dé ngdn chan sy
hinh thanh bot. Ngoai ra, oxy hodc khi chira oxy co thé dugc bom vao mdi truong dé
duy tri trang thai hiéu khi ctia moi truong, hodc khi nito, hydro hodc cacbon dioxit hodc
khong khi c¢6 thé duge bom vao dé duy tri trang thai ky, khi hodc khong hiéu khi ctia méi
trudong, nhung moi trudng khong bi gisi han ¢ do.

Nhiét d6 ciia moi truong c6 thé 1a 20°C dén 50°C, va oy thé 1a 30°C dén 37°C,
nhung sang ché khong gi¢i han & d6. Thoi gian nudi cly c6 thé tiép tuc cho dén khi thu
dugc lugng mong muén cta chat hiru ich duoc tao ra, va cu thé c6 thé 12 10 dén 100 gio,

nhung sang ché khong gi6i han ¢ do.

L-threonin dugc tao ra bdi qua trinh nudi cdy c6 thé dugc giai phong vao moi

trrong hodc co thé & lai trong té bao ma khong dugc gii phong.

Phuong phap san xuét L-threonin c6 thé bao gdm budc thu hdi L-threonin tir vi

sinh vat hodc méi trudng nuodi cay.

Viéc thu hdi L-threonin dugc tao ra trong budc nudi cly c6 thé thu gom L-threonin
mong mudn tir qua trinh nudi cdy bang cach st dung phuong phap thich hop da biét
trong linh vuc k¥ thuat theo phuwong phap nudi cdy. Vi du, ¢6 thé str dung ly tam, loc,
sic ky trao d6i anion, két tinh, HPLC, va cac phuwong phap tuong tu, va L-threonin mong
mubn c6 thé dugc thu hdi tir mdi trudng hodc vi sinh vt bang cach st dung phuong

phap thich hop da biét trong cting linh vuc k¥ thuat.

Ngoai ra, budce thu hdi c6 thé bao gdm qua trinh tinh ché va co6 thé dugc thuc hién
bang phwong phép thich hop da biét trong ciing linh vyuc k¥ thuét. Do d6, L-threonin thu
hdi c6 thé & dang tinh khiét hodc ¢ dang moi truong 1én men vi sinh vat c¢6 chia L-

threonin (Gidi thiéu vé& Cong nghé sinh hoc va K§ thuat di truyén, A. J. Nair, 2008).

Vi du thwe hién cia sang ché
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Sau déy, sang ché s& dugc mo ta chi tict voi sy tham chiéu dén cac vi du sau day.
Tuy nhién, cac vi du nay chi nham muc dich minh hoa va pham vi bao ho cua sang ché
khong bi gi6i han béi cac vi du nay.

Vi du 1: Xay dung cac thu vién dot bién clia chat san sinh L-threonin va céc plasmit

D& diéu ché mach khuon can st dung trong PCR tao 161 ngau nhién, cac doan trinh
tu nucleotit thu dugc tir ADN bd gen clia Escherichia coli W3110 bing c4ch thyc hién
PCR sir dung cip mdi SEQ ID NO: 43 va SEQ ID NO: 44,

SEQ ID NO: 43 (thtC F)
GTCGACTCTAGAGGATCCCCGCTGATTCGTGCGCATGTTG
SEQ ID NO: 44 (thtC R)
TGAATTCGAGCTCGGTACCCTCACCGCGAAATAATCAAAT

PCL1920 dugc phén cit bing enzym gidi han Smal (Nucleic Acids Research, 18,
(1990) 4631) va cac doan ADN thu dugc dugce tach dong bing phuong' phéap tach dong
Gibson d& thu duge pCL1920-Pn_rhtC nhu plasmit téi to hop. Nhan dong dugc thyc
hién bing cach tron thudc thir taich dong Gibson va tirng doan gen theo s6 mol da tinh

toan, sau d6 duoc bao quan ¢ 50°C trong 1 gio.

PCR tao 15i ngﬁu nhién duoc thuc hién trén rhtC hoang dai ma hoa chét san sinh
L-threonin cho hé thdng gay dot bién ngau nhién, va trong PCR tao 161 ngiu nhién, bd
kit gay dot bién nglu nhién PCR da dang hoa (Takara) da dugc sir dung. Déi vai viée
Ira chon céc didu kién ty 1& dot bién, PCR tao 18i nglu nhién dugc thuc hién theo ndng
d6 MnSOs trong hai diéu kién nhu dudi day. PCL1920-Pn_rhtC noi trén dugc st dung
lam mach khuén ADN dé tao dot bién. Thanh ph?m ctia ché phém dbi voi PCR tao 161
ngau nhién dugc thé hién trong bang 1. Cac diéu kién cho PCR nhu sau: bién tinh &
95°C trong 30 phat, 25 chu ky bién tinh & 95°C trong 30 phut, & dé gin mdi & 55°C
trong 30 gidy, va kéo dai & 68°C trong 30 gidy, va kéo dai & 68°C trong 60 gidy. SEQ
ID NO: 43 va SEQ ID NO: 44 dugc st dung cho cap moi.

Béang 1
Truong hop # 1 (ub) 2 (uL)
Dung dich dém taq titan 10X 5 5
MnSO4 (8 mM) 1 2

22



47934 23/87

dGTP (2 mM) 1 1
Hon hop 50 X ANTP 1 1
Polymeraza Taq Titan 1 1
DPoan mdi xudi (5 pmol) 2 2
Poan mbi ngugc (5 pmol) 2 2
Mach khuén ADN 1 1
dH20 36 35
Tbng cong 50 50

Thu vién plasmit dot bién tai t6 hop thu dugc thong qua phuwong phap tach dong
Gibson st dung ADN, tir d6 plasmit mach khu6n duge loai bd bﬁng cach dua cac san
pham ctia phan ing PCR tao 161 ngau nhién dugc thuc hién trong cac diéu kién ctia bang
1, dé xtt Iy Dpnl, va pCL1920 dugc phan cit bang enzym gi6i han Smal. Thu vién dot
bién pCL1920-Pn_rhtC va pCL1920 thu dugc thong qua cac phuong phép néu trén dugc
bién nap vao céac t& bao Escherichia coli K12, va cac té bao dugc chy chuyén trén dia
mdi trudng LB chia 50 pg/L spectinomyxin. Nam muoi khuén lac duogc chon tir K12
duge bién nap vé6i thu vién dot bién, va giai trinh ty dugc thyc hién dé xac dinh ty 1& dot
bién va su xuét hién hodc khong xuét hién cta dot bién & céc vi tri khac nhau. Theo két
qua cia giai trinh tu, ty 1€ dot bién 1a 1,2 kb! trong diéu kién truong hop 1 va 2,0 kb!
trong diéu kién trudng hop 2. Ca hai trwong hop 1 va 2 déu dugc xac dlnh la théa man
ty 16 dot bién phy hop dé dam bao thu vién dot bién, va do d6 viée Iya chon dot bién
hiéu qua dugc thuc hién béng cach sir dung thu vién dugc didu ché trong cac diéu kién
néu trén. Sau khi 300 L mai trudng tdi thiéu M9 c¢6 chira 60 g/L L-threonin dugc phin
phdi trén dia 96 giéng sau, cac khuén lac K12/pCL1920-Pn_rhtC, K12/pCL1920 va
K 12/thu vién dot bién da bién nap truée d6 dwoc cdy chuyén. Céc té bao dugc nudi cay
trong diéu kién 1200 vong/phut/15gio/37°C, sau d6 do OD & budce séng 600 nm. Luu y
rang ching c6 kha nang san sinh threonin dugc cai thién dang ké c6 thé phat trién &
ndng d6 L-threonin 1a 60 g/L vi chiing E. coli K12 hoang dai thudng bi wc ché ting
trudng trong moi truong M9 ¢ khoang 30 g/L, la ndng do tc ché tbi thiéu L-threonin
(MIC). Hau hét cac thu vién ching dot bién thé hién su phat trién it trong céc dia giéng
sdu nhu cac chung ddi chimg (K12/pCL1920 va K12/pCL1920-Pn_rhtC), nhung bbn
loai ching, trong d6 su phat trién duoc quan sat trai ngugc véi cac chung ddi chung, da

duge chon va OD cho mdi ching da dugc ghi lai.

Béang 2
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Tén chung OD
K12/pCL1920 0,15
K12/pCL1920-Pn_rhtC 0,16
Thu vién dot bién K12/pCL1920-Pn_rhtC (3-1 C5) 1,41
Thu vién dot bién K12/pCL1920-Pn_rhtC (3-2 D11) 2,60
Thu vién dot bién K12/pCL1920-Pn_rhtC (3-4 E3) 2,46
Thu vién d6t bién K12/pCL1920-Pn_rhtC (3-4 G2) 2,57

Sau khi plasmit dot bién pCL1920-Pn_rhtC duoc chiét xuét tir bdn lodi cuia cac
chung dot bién d3 chon, gidi trinh tu dugc thuc hién dé kiém tra dot bién, va sy XuAt
hién ctia dot bién da dugc x4ac nhan trong trinh ty ma hoa (CDS) nhung khdng phai vung
promoto. C4c plasmit dot bién dugc thé hién trong bang 2 dugc dit tén la pCL1920-
Pn_rhtC (ml), pCL1920-Pn_rhtC (m2), pCL1920-Pn_rhtC (m3) va pCL1920-Pn_rhtC
(m4) & trén.

Dé so sanh va danh gia hoat tinh cta rhtC dot bién trong chung Corynebacterium,
cac plasmit dé chén duoc diu ché thong qua phuong phap sau day. |

DP&i vai tai to hop tuong dong, cac ving phia trudc va phia sau cua Negl2533 dugc
khuéch dai bing cach st dung cap mdi SEQ ID NO: 45 va 46 va SEQ ID NO: 51 va 52,
tuong tmg. Dé st dung promoto gap A nhu promoto clia thtC dot bién, PCR dugce thyc
hién bang cach sit dung ADN bo gen clia Corynebacterium glutamicum ATCC13032
lam mach khudn cung v6i cap mdi SEQ ID NO: 47 va SEQ ID NO: 48. Pé dam bao céc
doan cda rhtC dot bién di chon trong bang 2, cdc doan rhtC, rhtC (m1), rhtC (m2), rhtC
(m3) va rhtC (m4) dugc thu riéng ré bang cach s dung cap mdi SEQ ID NO: 47 va
SEQ ID NO: 48.

SEQ ID NO: 45 (Ncgl2533 1én F)
TCGAGCTCGGTACCCCAGCAAGATCTAGTCATCAA
SEQ ID NO: 46 (Ncgl2533 1én R)
GTCGTTTTTAGGCTTCCGCTGGAAAACATTTTGCA
SEQ ID NO: 47 (PgapA F)
AATGTTTTCCAGCGGAAGCCTAAAAACGACCGAGC

SEQ ID NO: 48 (PgapA R)
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AAATAACATCAACATGTTGTGTCTCCTCTAAAGAT
SEQ ID NO: 49 (rhtC_m F)
TAGAGGAGACACAACATGTTGATGTTATTTCTCAC
SEQ ID NO: 50 (rhtC_m R)
TAAGCAGGTTGATTTTCACCGCGAAATAATCAAAT
SEQ ID NO: 51 (Ncgl2533 dn F)
ATTATTTCGCGGTGAAAATCAACCTGCTTAGGCGT
SEQ ID NO: 52 (Ncgl2533 dn R)
CTCTAGAGGATCCCCTATAGCTACCATCTGGGTGG

Céac doan PCR thu duoc thong qua quy trinh néu trén va vecto pDZ dé bién nap
nhidm sic thé dugc phan cét bing enzym gi6i han Smal da dugc tach dong bang phuong
phéap tach dong Gibson dé thu dugc plasmit kiéu dai va 5 plasmit tai td hop rhtC dot
bién. Qua trinh tach dong dugc thuc hién bé‘mg cach tron thudc thir tach dong Gibson va
timg doan gen theo s6 mol tinh toan, sau d6 dugc bao quan & 50°C trong 1 gio. Cac
plasmit da diéu ché dugc dit tén 1an lugt 1a pDZ-PgapA_rhtC, pDZ-PgapA_rhtC (m1),
pDZ-PgapA_rhtC (m2), pDZ-PgapA_rhtC (m3) va pDZ-PgapA_rhtC (m4).

Vi dy 2: Didu ché cac chiing san sinh L-threonin

2-1: Bién nap aspartokinaza 3 (LysC) nhay cdm véi lysin dot bién

Viéc tang cudng su biéu hién cua gen lysC tuong (mg v6i aspartokinaza 3 nhay
cam voi lysin va tinh trang dot bién (L377K) dé loai bo su tc ché phan hdi d6i véi L-
lysin va L-threonin (Cong b6 don Patent Han Qudc s6 10-2019-0003019) dugc gidi
thiéu. Cu thé, ving phia trudc ctia promoto lysC dé tai t6 hop tuong ddng trén nhiém
sdc thé va ving phia sau cua dot bién thtr 377 cta lysC da dugc thu lai, va thong qua
PCR st dung ADN bd gen cua Corynebacterium glutamicum ATCC13032 lam mach
khudn, doan gen ciia vung phia trudc ciia promoto lysC thu dugc thong qua cap mdi
SEQ ID NO: 3 va SEQ ID NO: 4, va doan gen cta vung phia sau cta dot bién thir 377
cua lysC thu dugc thong qua cap mdi SEQ ID NO: 9 va SEQ ID NO: 10.

SEQ ID NO: 3 (promoto lysC Ién 1)

TCGAGCTCGGTACCCGACAGGACAAGCACTGGTTG
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SEQ ID NO: 4 (promoto lysC 1én 2)
AGTAGCGCTGGGATGTTTCTCTTTGTGCACCTTTC
SEQ ID NO: 9 (lysC xuéng 1)
GAACATCGAAAAGATTTCCACCTCTGAGAT

SEQ ID NO: 10 (lysC xuéng 2) |
CTCTAGAGGATCCCCGTTCACCTCAGAGACGATTA

Ngoai ra, doan promoto Pcj7 thu dugc thong qua PCR su dung plasmit
pECCG117-P¢j7-GFP (Patent Han Quéc s6 10-0620092) lam mach khudn cling véi cap
mdi SEQ ID NO: 5 va SEQ ID NO: 6.

SEQ ID NO: 5 (Pcj7 1)
GAAAGGTGCACAAAGAGAGAAACATCCCAGCGCTACT
SEQ ID NO: 6 (Pcj7 2)
TACGACCAGGGCCATGAGTGTTTCCTTTCGTTGGG

Poan gen cta ving phia trudc cta dot bién lysC L377K thu dugc thong qua PCR
st dung ADN bo gen cua vi khuan Corynebacterium glutamicum ATCC13032 lam
mach khuon cung v6i cap mdi SEQ ID NO: 7 va SEQ ID NO: 8.

SEQID NO: 7 (lysC 1)

CGAAAGGAAACACTCATGGCCCTGGTCGTACAGAA

SEQ ID NO: 8 (lysC 2)

GGTGGAAATCTTTTCGATGTTCACGTTGAC

PCR dugc thuc hién bang céch st dung SolgTM Pfu-X ADN polymeraza lam
polymeraza va cac didu kién sau: bién tinh & 95°C trong 5 phut; 30 chu ky bién tinh &
95°C trong 30 gidy, i dé gén mdi & 60°C trong 30 gidy, vakéo dai & 72°C trong 60 gidy;
va kéo dai & 72°C trong 5 phut.

Bén doan PCR thu duoc thong qua quy trinh néu trén va vecto pDZ dé bién nap
nhidm sic thé dugc phén cit bing enzym gioi han Smal (Patent Han Qubc sb 10-
1126041) dugc tach dong bang phuong phap tach dong Gibson (DG Gibson et al., Cac
phuong phap tu nhién, Tép 6 s6 5, thang 5 nam 2009, NEBuilder HiFi ADN Assembly
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Master Mix) dé thu dugc plasmit téi to hop, duge dit tén 1a pDZ-Pcj7_lysC L377K. Qua
trinh tach dong duogc thuc hién bing cach tron thudc thtr tach dong Gibson va tirng doan
gen theo s6 mol tinh toan, sau d6 dugc bao quan ¢ 50°C trong 1gio.

Vecto pDZ-Pcj7 lysC L377K duge xdy dung da dugc bién nap vao chung vi khuin
Corynebacteriumglutamicum ATCC13032 hoang dai bang dién bién nap (Appl.
Microbiol. Biotechnol. (1999) 52: 541-545) va sau do trai qua trao dbi chéo thir cap dé
thu duoc ching trong gen lysC d6 hoang dai dugc thay thé bang gen Pcj7_lysC L377K
dot bién trén nhiém sic thé. Thao tac di truyén twong ing da dugc xac nhan thong qua
giai trinh ty gen va PCR sur dung cap mdi SEQ ID NO: 11 va SEQ ID NO: 12 ¢6 kha
nang khuéch dai trong ng céc vi tri bén ngoai cua cac vung phia truge va phia sau cua

qua trinh tai t6 hop twong ddng tai d6 gen tuong tmg dugc chen vao.
SEQ ID NO: 11 (x4c nhéan lysCl)
ACATTCCACCCATTACTGCA
SEQ ID NO: 12 (xac nhan lysC 2)
TCTTCATCGGTTTCGAAGGT
Chung bién nap thu dugc duoc dat tén la Cgl-TH-1.
2-2: Bién nap homoserin dehydroaza (Hom) dot bién

Dé loai bo co ché didu hoa mebR 1a co ché didu hoa kép phién ma lién két Vi
ADN, va dé ting mtc do biéu hién cua hom twong ting v6i homoserin dehydroaza,
promoto hom di duoc thay thé bang promoto Pcj7. Hon nita, viéc san xuét L-threonin
da duoc ting 1én bing cach ap dung dbi voi Cgl-TH-1, cc dot bién (G378E, R398Q)
dé 1oai bo su i ché phan hdi ctia hom trén L-threonin. D& bién nap hom dot bién, pDZ-
Pcj7_hom (G378E, R398Q) da dugc xdy dung. Dé thay thé promoto Pcj7 cho promoto
hom, ving phia trudc clia promoto hom dé tai td hop tuong dong da thu dugc. Cu thé,
doan ctia ving phia trudc cua promoto hom dugc thu thong qua PCR sir dung ADN bo
gen cua Corynebacteriumglutamicum 13032 lam mach khudn cung voi cap mdi SEQ

ID NO: 14 va SEQ ID NO: 55.
SEQ ID NO: 14 (Ién F)

TCGAGCTCGGTACCCTGTCTCCGTATGCAGTGAGC
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SEQ ID NO: 55 (1én R)
GGATGTTTCTTTGGAGCTTCGCTCAATCAT

Poan promoto Pcj7 thu dugc thong qua PCR st dung plasmit pECCG117-Pcj7-
GFP (Patent Han Qudc s6 10-0620092) lam mach khudn ciing v6i cap mdi SEQ ID NO:
13 va SEQ ID NO: 56.

SEQ ID NO: 13 (cj7 F)
GAAGCTCCAAAGAAACATCCCAGCGCTACT

SEQ ID NO: 56 (¢j7 R)
AGATGCTGAGGTCATGATTGTTCTCCTATAATCGC

Pé 4p dung céc dot bién hom (G378E, R398Q), vung phia truéc cla trinh tu ma
héa hom axit amin thit 1 dén 378, trinh tu bao gSm cac dot bién G378E/R398Q va trinh
tu phia sau ctia R398Q.

Cu thé, doan cua trinh tw ma héa hom axit amin thir 1 dén 378 thu dugc thong qua
PCR st dung ADN b gen ctia Corynebacterium glutamicum 13032 lam mach khudn
cung véi cdp mdi SEQ ID NO: 17 va SEQ ID NO: 18. Bing phuong phép tuong tu,
PCR duge thuc hién bang cach sir dung ADN bd gen ctia Corynebacterium glutamicum
13032 lam mach khu6n cung voi cap mdi SEQ ID NO: 15 va SEQ ID NO: 20, va doan
cua trinh tu bao gém cac dot bién G378E/R398Q hom. Ngoai ra, PCR dugc thyuc hién
bang cach st dung ADN bd gen cta Corynebacterium glutamicum 13032 lam mach
khudn cung véi cdp mdi SEQ ID NO: 19 va SEQ ID NO: 21, va thu dugc doan cua trinh
tu phia sau cua R398Q hom dé tai t6 hop tuong dong.

SEQID NO: 17 (hom F)

TATAGGAGAACAATCATGACCTCAGCATCTGCCCC

SEQ ID NO: 18 (G378E R)

GCCAAAACCTCCACGCGATCTT

SEQID NO: 15 (G378E I)

AAGATCGCGTGGAGGTTTTGGC

SEQ ID NO: 20 (R398Q R)
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GCGCTCTTCCTGTTGGATTGTACGC

SEQ ID NO: 19 (R398Q F)

GCGTACAATCCAACAGGAAGAGCGC

SEQ ID NO: 21 (hom R)

CTCTAGAGGATCCCCGACTGCGGAATGTTGTTGTG

Nim doan PCR thu duoc thong qua quy trinh bén trén va vecto pDZ dé bién nap
nhidm sic thé duoc phan cit bang enzym gidi han Smal dugc tach dong bang phuong
phap tach dong Gibson dé thu duoc plasmit tai td hop, dugc dit tén 1a pDZ-Pcj7_hom
(G378E, R398Q). Qua trinh tach dong dugc thuc hién bé‘mg cach tron thudc thtr tach
dong Gibson va tung doan gen theo sd mol tinh toan, sau d6 dugc bao quan ¢ 50°C trong
1gio.

Vecto pDZ-Pcj7_hom (G378E, R398Q) da diéu ché dugc bién nap vao ching Cgl-
TH-1 bing dién bién nap va sau do trai qua trao ddi chéo thtr cip dé thu dugc ching
trong d6 gen hom hoang dai dugc thay thé bang gen Pcj7_hom (G378E, Gen R398Q)
dot bién trén nhim sic thé. Thao tac di truyén tuong Gng duoc xac nhan thong qua giai
trinh tu bd gen va PCR st dung cap mdi SEQ ID NO: 22 va SEQ ID NO: 23 ¢6 kha
nang khuéch dai twong g céc vi tri bén ngoai cia cac vung phia trudc va phia sau cia
tai t& hop tuong ddng tai d6 gen tuong tng duge chen vao.

SEQ ID NO: 22 (hom conf'F)

TGGGTAGGTCGAGTTGTTAA

SEQ ID NO: 23 (hom conf R)

CAGCGCAGTCGCACGAATAT

Chiing bién nap thu dugc duge dat tén la Cgl-TH-2.

2-3: Ung dung ctia dot bién dé tang cuong biéu hién pyruvate carboxylaza (Pyc)

V6i muc dich cai thién san sinh L-threonin thong qua tang nhom oxaloaxetat, su
bidu hién cua gen pyc tuong Ung véi pyruvat carboxylaza dugc ting 1én. Dé ting biéu
hién pyc, promoto ctia gen pyc da dugc thay thé bang promoto Pcj7. Doan promoto Pcj7

thu dugc thong qua PCR st dung plasmit pECCG117-Pcj7-GFP (Patent Han Qubc s6
10-0620092) 1am mach khudn cung véi cap mdi SEQ ID NO: 24 va SEQ ID NO: 16.
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SEQ ID NO: 24 (CJ7 F)

CAACCTTTGCAAGGTGAAAAAGAAACATCCCAGCGCTACT

SEQID NO: 16 (CJ7 R)

TGTGTGAGTCGACATGAGTGTTTCCTTTCGTTGGG

Vung phia trude ctia promoto pyc thu dugce cho tai t6 hop twong ddng dé thay thé
promoto Pcj7 cho promoto pyc. Cu thé, doan cua ving phia trugc clia promoto pyc thu
duoc thong qua PCR st dung ADN bd gen cua Corynebacterium glutamicum 13032
lam mach khuo6n cung voi ¢dp mdi SEQ ID NO: 25 va SEQ ID NO: 26.

SEQ ID NO: 25 (F phia trudc)

TCGAGCTCGGTACCCTGACAGTTGCTGATCTGGCT

SEQ ID NO: 26 (R phia truéc)

AGTAGCGCTGGGATGTTTCTTTTTCACCTTGCAAAGGTTG

Pé thu dugce dau N cua trinh tu ma hoa pyc, duoc sit dung nhu viung twong dong
phia sau cta promoto Pcj7, PCR dugc thue hién bang cach sit dung ADN bd gen cla
Corynebacterium glutamicum 13032 lam mach khudn cung v6i cap mdi SEQ ID NO:
25 va SEQ ID NO: 26, va doan phia sau ctia promoto pyc thu dugc.

SEQ ID NO: 27 (pyc F)

GGAATAATTACTCTAATGTCGACTCACACATCTTC

SEQ ID NO: 28 (pyc R)

CTCTAGAGGATCCCCGGCATTTTCAGACAGGAAGC

Ba doan PCR thu duoc thong qua quy trinh bén trén va vecto pDZ d& bién nap
nhiém séc thé duogc phan cit bang enzym gidi han Smal dugc tach dong bang phuong
phap tach dong Gibson dé thu duoc plasmit tai t6 hop, dugc dat tén 1a pDZ-Pcj7_pyc.
Qué trinh tach dong dugc thuc hién bing céch tron thude thir tich dong Gibson va timg
doan gen theo s6 mol tinh toan, sau d6 dugc bao quan & 50°C trong 1gio.

Vecto pDZ-Pcj7_pyc duge xdy dung da duoc bién nap vao ching Cgl-TH-2 bang
dién bién nap va sau do trai qua trao ddi chéo thir cdp dé thu duge chung trong d6 gen

pyc kidu dai duoc thay thé bang gen Pcj7_pyc dot bién trén nhidm sic thé. Thao tac di
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truyén tuong ing da dugc x4c nhan thong qua giai trinh tu b6 gen va PCR st dung cép
mdi SEQ ID NO: 29 va SEQ ID NO: 30 ¢6 kha ning khuéch dai twong Gng cac vi tr
bén ngoai ctia cac vung phia trude va phia sau cua sy tai t6 hop tuong ddng tai d6 gen
twong tng dugc chen vao.

SEQ ID NO: 29 (pyc conf IF)

ACGCACTCGGTGAAGGCGTG

SEQ ID NO: 30 (pyc conf R)

CGCTTCAGCTTCACGAGATG

Chung bién nap thu dugc dugc dit tén la Cgl-TH-3.

2-4: Chén mot ban sao cia protein (ThrA (S352P) BC) ¢6 operon L-threonin dot

bién, x6a Ncgl0179, va chirc nang kép cua aspartokinaza/homoserin dehydroaza 1

Dé ting cuong sinh tong hop L-threonin, operon L-threonin ¢6 ngudn gbc tir E.
coli d3 dugc ap dung. Cu thé, trong gen thrA c6 chuc ning kép cula
aspartokinaza/homoserin dehydroaza 1, thrA (S352P) (J Bacteriol. 1993 Feb; 175 (4):
959-65) da duoc ap dung dé loai b6 su te ché phan hdi doi véi L-threonin. Ngoai ra, sy
biéu hién ctia operon L-threonin dugc tang lén bang cach st dung promoto SPL7 (Patent
Han Quéc s6 10-1783170).

Pé chen SPL7_thrA (S352P) BC vao vi tri Negl0179, céc doan cua cac vang twong
ddng & phia trude va phia sau ciia Ncgl0179 duoc khuéch dai trinh tu nucleotit bang
cach st dung ADN bd gen ctia Corynebacterium glutamicum ATCC13032 lam mach
khuon cung véi cac cap mdi SEQ ID NO: 31 va 32 va SEQ ID NO: 37 va 38, tuong ung.
Ngoai ra, SPL7 dugc khuéch dai bang cach str dung promoto SPL7 tdng hop 1am mach
khuén cing voi cap mdi SEQ ID NO: 33 va SEQ ID NO: 34.

Céc vung phia trudc va phia sau cla axit amin thir 352 cua thrA (S352P) trai qua
khuéch dai trinh tu nucleotit béng cach st dung cac cap mdi SEQ ID NO: 35 va 36 va
SEQ ID NO: 39 va 40, tuong Gng.

SEQ ID NO: 31 (Ncgl0179 lén F)

TCGAGCTCGGTACCCTTTTGAGTAATTGGTAATAC

SEQ ID NO: 32 (Ncgl0179 1én R)
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TGAAGCGCCGGTACCCGCTTAAACGGGCGATTAT
SEQ ID NO: 37 (Ncgl0179 xubng F)
ATGAATCATCAGTAATTAATGGCCCTCGATTTGGC
SEQ ID NO: 38 (Ncgl0179 xudng R)
TCTAGAGGATCCCCTGGAATAATCAGACTCTGGA
SEQ ID NO: 33 (SPL7 F)
ATCGCCCGTTTAAGCGGGTACCGGCGCTTCATGT

SEQ ID NO: 34 (SPL7 R)
CTTCAACACTCGCATGATATCTGTTTTGATCTCCT
SEQ ID NO: 35 (S352P lén F)
ATCAAAACAGATATCATGCGAGTGTTGAAGTTCGG
SEQ ID NO: 36 (S352P 1én R)
TACTGTATTCGGAAGATGGTTGCGTAATCAGCACCAC
SEQ ID NO: 39 (S352P xudng F)
GTGGTGCTGATTACGCAACCATCTTCCGAATACAGTA
SEQ ID NO: 40 (S352P xudng R)
AAATCGAGGGCCATTAATTACTGATGATTCATCATC

Nim doan PCR thu duge thong qua quy trinh bén trén va vecto pDZ dé bién nap
nhiém séc thé dugc phan cit bing enzym gidi han Smal da duge tach dong bang phuong
phép téch dong Gibson dé thu duoc plasmit téi t0 hop, duge dat tén la pDZ-SPL7_thrA
(S352P) BC. Qua trinh tach dong dugc thuc hién bang cach tron thubc thir tich dong
Gibson va tirng doan gen theo sb mol tinh toan, sau d6 dugc bao quan ¢ 50°C trong
1gio.

Vecto pDZ-SPL7 thrA (S352P) BC da didu ché dugc bién nap vao ching Cgl-
TH-3 bing dién bién nap va sau do trai qua trao dbi chéo thu cip dé thu dugc ching
trong d6 operon SPL7_thrA (S352P) BC dugc chen trén nhi®m sic thé. Thao tac di
truyén twong (mg da dugc xic nhan thong qua giai trinh tu bd gen va PCR sur dung cap

mdi SEQ ID NO: 41 va SEQ ID NO: 42 ¢6 kha nang khuéch dai twong tmg céc vi tri
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bén ngoai cuia cac ving phia trude va phia sau cua sy tai to hop tuong dong tai d6 gen

tuong tng dugc chen vao.

SEQ ID NO: 41 (thr confF)

GATTCACATCACCAATGTC

SEQ ID NO: 42 (thr conf R)

GACACCATCGCAGCCCGAC

Chiing bién nap thu dugc duoe dat tén la Cgl-TH-4.

Ching Cgl-TH-4 duoc dat tén la CJ09-5010. Chung nay da dugc ndp luu ching
tai Trung tdm nudi cdy vi sinh vat Han Qubc (KCCM), 1a co quan luu chung qubc té

theo Hiép u6c Budapest, vao ngay 31 thang 5 nam 2019, va duoc xac nhin sd luu ching
KCCM12537P.

2-5: San xuét L-threonin bing chat san sinh L-threonin dot bién (RhtC) dugc dua
vao chung Corynebacterium

Céac vecto pDZ-PgapA rhiC, pDZ-PgapA rhtC (ml), pDZ-PgapA_rhtC (m2),
pDZ-PgapA_rhtC (m3) va pDZ-PgapA_rhtC (m4) duoc xdy dung trong vi du 1 dugc
bién nap vao ching Cgl-TH-4 bang dién bién nap va sau do trai qua trao dbi chéo thir
cap dé thu dugc cac ching trong d6 gen rhtC hoang dai va bbn gen rhtC dugc chén vao
nhidm séc thé, tuong tmg. Thao tc di truyén twong Gng dd dugc xdc nhan thong qua
giai trinh ty b gen va PCR st dung cédp mdi SEQ ID NO: 53 va SEQ ID NO: 54 ¢6 kha
ning khuéch dai twong img céc vi tri bén ngoai cua cac vung phia trude va phia sau cia
su tai td hop tuong ddng tai d6 gen twong ung duoc chén vao.

SEQ ID NO: 53 (HR bén ngoai )

AAGGAATATCCCGGAGAACC

SEQ ID NO: 54 (HR bén ngoai R)

TTGCGTTTGAAAAGCCCTCG

Céc chiing bién nap thu dugc lan luot duge dat tén 1a Cgl-TH-5, Cgl-TH-5 (ml),
Cgl-TH-5 (m2), Cgl-TH-5 (m3) va Cgl-TH-5 (m4).

Hon nita, dé khao sat anh hudng cia viéc dua rhtC 4ot bién vao ching

Corynebacterium, cac ching Cgl-TH-5, Cgl-TH-5 (ml), Cgl-TH-5 (m2), Cgl-TH-5
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(m3), va Cgl-TH-5 (m4) da diéu ché dugc nuodi ciy thong qua phuong phép sau day dé
so sanh luong san sinh L-threonin. Mbi ching dugc cdy gidng vao binh ciu c6 vach
ngin goéc 250 mL chira 25 mL mdi truong chy gidng (20 g glucoza, 10 g pepton, 5 g
chiét xuit nAm men, 1,5 g ure, 4 g KH>PO4, 8 g KoHPO4, 0,5 g MgSO4-7TH20, 100 pg
biotin, 1.000 pg thiamin HCI, 2.000 pg canxi pantothenat, 2.000 ug nicotinamit, do pH
7,0 (trén 1 L nude cit) va dugc nudi ldc & 30°C & 200 vong/phut trong 20 gio. Sau do,
1 mL dich nudi cay gidng duge cdy truyén vao binh céu c6 vach ngin goc 250 mL chira
25 mL mdi trudong san xuat (30 g glucoza, 15 g (NH4)2804, 1,2 g MgSO4+7H20, 1 g
KH,POq, 5 g dich chiét nAm men, 900 pg biotin, 4.500 pg thiamin hydroclorit, 4.500 pg
canxi pantothenat, 30 g CaCO;3 va do pH 7,0 (trén 1 L nudc cit) va duge nudi lic 330°C
& 200 vong/phut trong 24 gid. Sau khi hoan thanh nubi cdy, lugng sén sinh L-threonin
dugc do thong qua HPLC, va két qua duge thé hién trong bang 3.

Béang 3
Tén ching Luogng sén sinh L-threonin | Luong san sinh L-threonin
(g/L) (*100 g/g, %)

Cgl-TH-4 11,1 15,9

Cgl-TH-5 14,0 20,0
Cgl-TH-5(ml) 17,9 25.6
Cgl-TH-5(m2) 24,0 343
Cgl-TH-5(m3) 21,8 31,1
Cgl-TH-5(m4) 17,9 25.6

Nhu duoc thé hién trong bang 3, Cgl-TH-4 dugc diéu ché theo phuong phép trong
vi du 2-4, cho thdy két qua san sinh L-threonin la 11,1 g/L, va Cgl-TH-5 c6 tinh trang
PgapA_rhtC hoang dai dugc dua vao trong do san sinh L-threonin & 14,0 g/L. Ngoai ra,
Cgl-TH-5 (m1), Cgl-TH-5 (m2), Cgl-TH-3 (m3) va Cgl-TH-5 (m4) c6 céc tinh trang
PgapA_rhtC (m) dot bién duogc dua vao trong do lan luot san sinh L-threonin 1a 17,9
g/L, 24,0 g/L, 21,8 g/L va 17,9 g/L. Péi véi nang suét 1én men L-threonin, Cgl-TH-5
thé hién tang 4,1%p so voi Cgl-TH-4, trong khi cac chung Cgl-TH-5 (m1), Cgl-TH-5
(m2), Cgl -TH-5 (m3) va Cgl-TH-5 (m4) ¢6 cac dot bién duogc ap dung thé hién muc
ting lan luot la 9,7%p,‘ 18,4%p. 15,3%p va 9,7%p so voi Cgl-TH-4. Cu thé, su tdng
nang sudt déi véi Cgl-TH-5 (m2) va Cgl-TH-5 (m3) 1én hon khoang 4 1an so véi Cgl-
TH-5. RhtC dot bién dugc ap dung cho Cgl-TH-5 (m2) ¢o6 trinh tu axit amin SEQ ID
NO: 94 vi bao gdm dot bién (L62S) trong do leuxin (Leu) dugc sira di thanh serin (Ser)
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& vi tri axit amin thir 62. RhtC dot bién duogc 4p dung cho Cgl-TH-5 (m3) ¢6 trinh ty
axit amin SEQ ID NO: 93 va bao gbm dot bién (A53T) trong d6 alanin (Ala) dugc sira
dbi thanh threonin (Thr) & vi tri axit amin thir 53.

Hai ching Cgl-TH-5 (m2) va Cgl-TH-5 (m3) dugc dét tén 14n lugt 14 CA09-5012
va CA09-5036. Céc ching nay da dugc nop luu ching tai Trung tm nudi cly vi sinh
vat Han Qudc (KCCM), 1a co quan luu chiing qudc té theo Hiép wdc Budapest, vao ngay
31 thang 5 ndam 2019, va dugc xdc nhan s6 luvu ching KCCM12538P va KCCM12539P.

Vidu 3: San xuét L-threonin bf?lng chét san sinh L-threonin dot bién duogc dua vao

ching E. coli

Vecto tréng pCL1920 va pCL1920-Pn_rhtC da didu ché va bdn plasmit dot bién
dugc chon trong vi du 1 dugc bién nap vao ching E. coli TF4076 (KFCC10718, Don
patent Han Qudc sb 90-22965) dé diéu ché TF4076/pCL1920, TF4076/pCL1920-
Pn rhtC, TF4076/pCL1920-Pn_rhtC (ml), TF407 6/pCL1920-Pn_rhtC  (m2),
TF4076/pCL1920-Pn_rhtC (m3) va TF4076/pCL1920-Pn_rhtC (m4), tuong rng. Dé so
sanh luong san sinh L-threonin gitta cac chiing da diéu ché, viéc danh gia trong binh da
duoc thuc hién. Dbi véi thir nghiém trong binh, timg chung dugc xép trén dia LB c6
chtra 50 pg/mL cloramphenicol va duoc nuoi cdy trong ti 4m & 33°C trong 16 gid. Sau
d6, khuén lac don dugc cdy vao 2 mL mdi truong LB, va sau d6 dugce nudi ciy trong ti
4m & 200 vong/phut/33°C trong 12 gid. Ngoai ra, 25 mL moi trudng binh san xuét
threonin ¢6 thanh phan dugc thé hién trong bang 4 dudi day dugc cho vao binh 250 mL,
va 500 pL mdi trudng nudi cdy thu dugc thong qua 1an nudi cdy trudc d6 duge thém
vao. Sau d6, binh dugc U trong ti 4m & 200 vong/phit/33°C trong 48 gid, va sau do
lugng threonin thu dugc tir mdi chiing dugc so sanh biang HPLC, va két qua duoc thé

hién trong bang 5 duéi day.

Béang 4
Thanh phan Ham lugng (trén lit)

Glucoza 70 g
Amoni sulfat ' 25¢g
KH2PO4 lg

MgSO4- 7TH20 0,5¢
FeSO4-7H,0 5 mg
MnSOs-8H20 5 mg
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ZnSOg4 5 mg

Canxi cacbonat 30g

Chiét xuit nAm men 2g

Methionin 0,15¢g

bo pH 6,8

Bang 5
Luong san sinh L- Luong san sinh L-
Tén chiing threonin threonin
(¢L) (*100 g/g, %)

TF4076 25,7 36,7
TF4076/pCL1920 25,9 37,0
TF4076/pCL1920-Pn_rhtC 29,9 42,6
TF4076/pCL1920-Pn_rhtC(m1) 33,4 47,7
TF4076/pCL1920-Pn_rhtC(m?2) 40,4 57,7
TF4076/pCL1920-Pn_rhtC(m3) 38,8 55,4
TF4076/pCL1920-Pn_rhtC(m4) 33,8 48,3

Nhu dugc thé hién trong bang 5, viéc dua cac plasmit rhtC dot bién vao chung E.

coli ¢6 kha nang san sinh L-threonin da lam tang nhiéu lugng san sinh L-threonin. Cu

thé, viéc 4p dung pCL1920-Pn_rhtC (m2) va pCL1920-Pn_rhtC (m3) cho thay san

luong L-threonin da ting lén dang ké.

Vi du 4: Sy dot bién bdo hoa clia axit amin tht 62 leuxin cta chét san sinh L-

threonin

Vi rhtC (L62S) dot bién cho thdy hiéu qua ting nang suét cao so v6i loai hoang dai

nhu dugc thé hién trong cac bang 3 va 5, gia tri cai thién cua viéc san sinh L-threonin &

vi tri thit 62 phai dugc xac nhan bang cach gy dot bién axit amin thit 62 leuxin thanh

axit amin khac trong RhtC. Dé dot bién leuxin thanh 19 axit amin khac v6i leuxin, gay

dot bién vi tri truc tiép duoc thyc hién thong qua phwong phép sau déy sir dung pDZ-

PgapA-rhtC duogc didu ché trong vi du 1 lam mach khuén.

Béang 6
Thanh phan Ham luong (uL)
Dung dich dém 10X pfu-X 5
Hbén hop 10 mM dNTP 1
pfu-X Polymeraza 1
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Doan mdi xudi gy dot bién (5 pmol) 2
Doan mdi nguoc gy dot bién (5 pmol) 2
pDZ-PgapA_rhtC (ADN mach khuon, 200 ng/uL) 1
dHO 38
Téng cong 50
Bang 7
S6 chu ky Nhiét do Thoi gian
1 95°C 5 phut
95°C 30 giay
18 60°C 1 phut
68°C 10 phut

Dé thay thé axit amin thi 62 leuxin (L) bang axit amin khac trong RhtC, ché phdm
duoc thé hién trong bang 6 dugc didu ché, va PCR duoc thuc hién theo cac diéu kién
dugc thé hién trong bang 7. Trong PCR, mdi doan mdi gay dot bién dugc thiét 1ap trong
bang 8 da dugc st dung. Sau khi hoan thanh PCR, 1 pL. enzym gidi han Dpnl duge bd
sung, sau d6 i & 37°C trong mdt gid. Cac plasmit pDZ-PgapA_rhtC dot bién thu dugc
bang cach bién nap 3 pL ADN duoc xit Iy bang Dpnl vao cic té bao kha bién DH5a, va

mdi dot bién duoc thé hién trong bang 8 da dugc xac nhan béng giai trinh tu.

Béang 8
Plasmit thtC dot bién SEQ ID NO Trinh tu nucleotit
TGGCCTGCATCGTATT
pDZ-PgapA rhtC SEQID NO: 57 ?ggmﬁ%G%C CATCOTATIA
LR g s SOSCATTTITICATATACOATGC
CTGCATGCGATTA
I SEQ ID NO: 59 ”?ggCTG(_:TTGTC(}}% CTCG CGATT
et 00| SOCCATTTICOATANTCGCATGC
CGCTGCTTGGCCTGCATGACATTA
pDZ-PgapA_thtC SEQID NO: 61 gCGgAAAAATGGCC
GCGCTGCTTGGCCTGCATAAAATTA
DZ-PeapA_thiC |02 ID}NO: ©lt CCSgAAAAAAG raaee |
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SEQ ID NO:

65

GCGCTGCTTGGCCTGCATCCGATTA

pDZ-PgapA_rhtC TCGAAAAAATGGCC
L62P
Qo8 G e Mol o
pDZ-PgapA_rhtC SEQID NO: 67 ? ggm%%%%TCGCATTGCATTA
L62C
oDZ-PgapA_thtC SEQ ID NO: 69 gggcTGCTT%%gﬁi?CATGGCATTA
L62G
oDZ-PgapA_thiC SEQID}K)71 ?ggCTGCTTﬁiﬁii?CATACGATTA
L62T
oDZ-PaapA thiC SEQ ID NO: 73 ?ggCTGCTTﬁiggi?CATATTATTA
L621
T P
oDZPaapA e | P NOT SCoAnaATaGCe AT
L62Y
2 QDN 76 e AeAGeaE
C CTTG TGCATGTGAT
pDZ-PgapA_rhtC SEQID NO:77 (T}ngiAzTAAT%CG%C CATGTGATIA
R e
TGGCCTGCATCATAT
pDZ-PgapA_rhtC SEQID NO: 79 ggggziiiAégéCCC: CATATIA
L62H
CTGCTTGGCCTGCATTTCAT
pDZ-PgapA_rhtC SEQID NO: 81 gggAiiAAAT%GCCC y ATTA
2
e eV
CGCTGCTTGGCCTGCATATGATTA
pDZ-PgapA_rhtC SEQID NO: 83 gCGAAiAAATGGCC
oo 0 et
lﬁlgzzéPgapA_rhtC SEQID NO: 85 gggMGTGG%%TCGCATCAGATTA
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GGCCATTTTTTCGATAATCTGATGC
AGGCCAAGCAGCGC

GCGCTGCTTGGCCTGCATAACATTA
SEQ ID NO: 87 |
pDZ-PgapA_rhtC Q TCGAAAAAATGGCC

L62N | GGCCATTTTTTCGATAATGTTATGC
SEQIDNO: 88 | | sGCCAAGCAGCGC

GCGCTGCTTGGCCTGCATGAAATTA
SEQID NO: 89
pDZ-PgapA_rhtC Q TCGAAAAAATGGCC

L62E — TGGCCATTTTTTCGATAATTTCATGC
SEQIDNO:90 | | GcCAAGCAGCGC

GCGCTGCTTGGCCTGCATTGGATTA
SEQID NO: 91 -
pDZ-PgapA_rhtC Q TCGAAAAAATGGCC

L62W GGCCATTTTTTCGATAATCCAATGC
SEQIDNO: 92| \\ 56cCAAGCAGCGC

Céac vecto pDZ-PgapA rhtC L62R, pDZ-PgapA_rhtC L62A, pDZ-PgapA_rhtC
162D, pDZ-PgapA rhtC L62K, pDZ-PgapA rhtC L62P, pDZ-PgapA_rhtC L62C,
pDZ-PgapA _rhtC L62G, pDZ-PgapA rhtC L62T, pDZ-PgapA_rhtC L62I, pDZ-
PgapA rhtC L62Y, pDZ-PgapA rhtC L62V, pDZ-PgapA_rhtC L62H, pDZ-
PgapA rhtC L62F, pDZ-PgapA rhtC L62ZM, pDZ-PgapA_rhtC L62Q, pDZ-
PgapA_rhtC L62N, pDZ-PgapA_rhtC L62E, va pDZ-PgapA_rhtC L62W dugc xay

SEQID NO: 86

dung nhu thé hién trong bang 8 dugc bién nap vao ching Cgl-TH-4 bang phuong phap
trong vi du 2-5 thong qua dién bién nap, va sau d6 trai qua trao ddi chéo thi cip dé thu
duogc 19 loai ching trong d6 cac gen rhtC dot bién dugc chén vao nhiém séc thé, tuong
ung. Thao tac di truyén twong Gmg da duoc xac nhan thong qua giai trinh tu b gen va
PCR st dung cédp mdi SEQ ID NO: 53 va SEQ ID NO: 54 ¢6 kha nang khuéch dai twong
g céc vi tri bén ngoai clia cac ving phia trudc va phia sau cta su tai td hop tuong
ddng tai d6 gen twong tmg dugc chén vao.

SEQ ID NO: 53 (HR bén ngoai F)

AAGGAATATCCCGGAGAACC

SEQ ID NO: 54 (HR bén ngoai R)

TTGCGTTTGAAAAGCCCTCG

Cac ching bién nap thu dugc 1an lugt duge dat tén 1a Cgl-TH-5(L62R), Cgl-TH-
5(L62A), Cgl-TH-5(L62D), Cgl-TH-5(L62K), Cgl-TH-5(L62P), Cgl-TH-5(L62C),
Cgl-TH-5(L62G), Cgl-TH-5(L62T), Cgl-TH-5(L62D), Cgl-TH-5(L62Y), Cgl-TH-
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5(L62V), Cgl-TH-5(L62H), Cgl-TH-5(L62F), Cgl-TH-5(L62M), Cgl-TH-5(L62Q),
Cgl-TH-5(L62N), Cgl-TH-5(L62E), va Cgl-TH-5(L62W).

18 loai chung dugc diéu ché theo phuong phap néu trén va cac ching Cgl-TH-4,

Cgl-TH-5, va Cgl-TH-5 (m2) da diéu ché trude d6 dugc nudi cdy bang mdi trudong binh

san xudt L-threonin va phuong phéap nudi cdy trong vi du 2-5. Sau khi hoan thanh qua

trinh nudi cdy, lugng san sinh L-threonin dugc do thong qua HPLC, va két qua duoc thé

hién trong bang 9.
Bang 9
Luong san | Nang suét L- Céi thién néng
Tén chung rhtC form sinh L- threonin suat so vai loai
threonin (g/L) (g/g, %) hoang dai (A,%p)

Cgl-TH-4 - 11,3 16,1 -
Cgl-TH-5 g;tic hoang 14,0 20,0 -
Cgl-TH-5(m2) rhtC L62S 24,0 34,3 14,3
Cgl-TH-5(L62R) | rhtC L62R 24,9 35,6 15,6
Cgl-TH-5(L62A) | rhtC L62A 23,5 33,5 13,5
Cgl-TH-5(L62D) | rhtC L62D 17,5 24.9 4.9
Cgl-TH-5(L62K) | rhtC L62K 24,0 34,3 14,3
Cgl-TH-5(L62P) | rhtC L62P 23,3 33,2 13,2
Cgl-TH-5(L62C) | rhtC L62C 15,8 22,6 2,6
Cgl-TH-5(1.62G) | rhtC L62G 19,8 28,3 8,3
Cgl-TH-5(L62T) | rhtC L62T 25,8 36,9 16,9
Cgl-TH-5(L621) rhtC L621 17,5 249 4.9
Cgl-TH-5(L62Y) |rhtCL62Y 16,4 23,4 3,4
Cgl-TH-5(L62V) | thtC L62V 22,5 32,2 12,2
Cgl-TH-5(L62H) | rhtC L62H 23,8 34,0 14,0
Cgl-TH-5(L62F) | rhtC L62F 16,5 23,6 3,6
Cgl-TH-5(L62M) | rhtC L62M 19,1 27,3 7,3
Cgl-TH-5(L62Q) | rhtC L62Q 20,0. 28,6 8,6
Cgl-TH-5(L62N) | rhtC L62N 21,8 31,2 11,2
Cgl-TH-5(L62E) | rhtC L62E 18,2 26,0 6,0
Cgl-TH-5(L62W) | rhtC L62W 20,7 29,6 9,6

Nhu dugc thé hién trong bang 9, tat ca 19 loai dot bién c6 dot bién cua axit amin

thtr 62 trong protein RhtC dad dugc 4p dung, cho thdy ning suét 1én men cai thién 3,4—
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16,9%p so v6i Cgl-TH-5 c¢6 thtC hoang dai dé duoc chén vao trong do.
Vi du 5: Sang loc dong khang AHV thong qua dot bién nhan tao

Kha nang khang 2-amin-3-hydroxy-valerat (AHV) 1a chét twong tu L-threonin, da
duoc truyén cho Corynebacterium glutamicum KFCC10881 (Patent Han Qubc sb
0159812) lam ching bd me.

Su dot bién dugc giy ra bang cach gay dot bién nhén tao st dung N-metyl-N'-
nitro-N-nitrosoguanidin (NTG). Chung KFCC10881 dugc nudi cdy trong moi trudng
cdy gibng & vi dy 2-5 trong 18 gio duge cdy chuyén vao 4 mL moi truong chy gidng, va
sau d6 duoc nudi cdy cho dén khi ODeso dat khoang 1,0. Qué trinh nudi cdy duge ly tim
d& thu hdi cac té bao, va sau d6 cac té bao dugc rira hai 1An bang dung dich dém Tris-
malat 50 mM (do pH 6,5) va cudi cing tao huyén phu trong 4 mL cua cung dung dich
dém. Dung dich NTG (2 mg/mL trong dung dich dém Tris-malat 0,05 M (d6 pH 6,5)
duge thém vao huyén phu té bao dé c6 ndng dd cudi cing 12 150 mg/L, va sau d6 dé yén
& nhiét dd phong trong 20 phut. Sau do, cac té bao duogc thu hdi bang cach ly tAm va rira
hai 14n vé6i cung dung dich dém dé 1oai bd NTG. Céc té bao rira sach cubi ciing dugc tao
huyén pht trong 4 mL dung dich glyxerol 20% va sau do dugc bao quan & -70°C trude
khi str dung. Céc ching da xt Iy NTG duge cdy trén trén dia mdi trudng tbi thiéu chira
3 g/ AHV, va sau d6 155 ching dot bién KFCC10881 khang AHV dugc thu lai théhg

qua quy trinh trén.

Vi du 6: Lua chon céc chiing san sinh L-threonin tr cac ching KFCC10881 khang
AHV

Thir nghiém kha ning san sinh L-threonin dugc thuc hién trén 155 ching khéang
AHV thu dugc trong vi du 5. 155 ching, mdi ching dugc cAy chuyén vao binh ¢6 vach
ngin goc 250 mL chira 25 mL moi truong cdy gibng trong vi du 2-5, va sau d6 nudi cy
lic & 30°C véi tde do 200 vong/phit trong 20 gid. Sau khi 1 mL mdi truong chy gidng
dugc dwa vao binh c6 vach ngan goc 250 mL chtra 24 mL mdi trudng san xuét L-
threonin (30 g glucoza, 2 g KHaPOq4, 3 g ure, 40 g (NH4)2804, 2,5 g pepton, 5 g CSL
(Sigma) (10 mL), 0,5 g MgS04-7H:0, 400 mg leuxin, 20 g CaCOs, d0 pH 7,2 (trén 1 L

nude cét) va sau d6 duge nudi lac & 30°C & 200 vong/phut trong 48 gio.

Sau khi hoan thanh quaé trinh nudi ciy, lugng axit amin dugc tao ra duge do bang

HPLC. Ndng do clia c4c axit amin trong mdi truong nudi cdy cia 22 ching hang dau,
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thé hién kha ning san sinh L-threonin tdt, trong 6 155 ching dugc thir nghiém, duoc
thé hién trong bang 10. 22 ching dé lya chon dugc xac nhan thong qua quy trinh bén
trén 1a dat tén KFCC10881-1 dén KFCC10881-22.

Bang 10
Tén chung OD L-threonin (g/L) Homoserin (g/L)
KFCC10881 58,5 0,0 0,1
KFCC10881-1 60,1 2,0 1,5
KFCC10881-2 57,1 3,0 2,2
KFCC10881-3 473 2,8 2,3
KFCC10881-4 51,7 3,2 2,1
KFCC10881-5 58,4 3,1 2,2
KFCC10881-6 52,6 3.4 2,5
KFCC10881-7 14,2 0,4 0,2
KFCC10881-8 55,8 3,0 2,0
KFCC10881-9 443 3,2 2,8
KFCC10881-10 47,5 3,7 3,0
KFCC10881-11 57,0 2,7 1,8
KFCC10881-12 51,8 3,3 3,5
KFCC10881-13 49.8 3,0 2,3
KFCC10881-14 62,7 24 2,1
KFCC10881-15 62,4 2,9 2,7
KFCC10881-16 59,6 2,8 2,5
KFCC10881-17 24,1 0,1 0,2
KFCC10881-18 60,5 2,6 2,5
KFCC10881-19 60,0 3,0 1,9
KFCC10881-20 65,8 2,7 2,0
KFCC10881-21 17,3 0,3 0,3
KFCC10881-22 60,1 3,5 1,9

Nhu thé hién trong bang 10, 22 loai chiing khang AHV thé hién két qua san sinh
L-threonin, khong quan sat thiy & nhom dbi ching (KFCC10881). Trong s6 céac chung
khang AHV, KFCC10881-10 dugc chon lam ching sén sinh L-threonin tt nhat.

Vi du 7: San xuét L-threonin béi cac chung KFCC10881-10 duge dua vao chét san
sinh L-threonin dot bién

Céc vecto pDZ-PgapA_thtC, pDZ-PgapA rhtC(m2), va pDZ-PgapA_rhtC(m3)
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duoc xdy dung trong vi du 1 va céac vecto pDZ-PgapA_rhtC L62R, pDZ-PgapA_rhtC
L62A, pDZ-PgapA thtC L62D, pDZ-PgapA rhtC L62K, pDZ-PgapA_rhtC L62P,
pDZ-PgapA_rhtC L62C, pDZ-PgapA rhtC L62G, pDZ-PgapA_rhtC L62T, pDZ-
PgapA rhtC L1621, pDZ-PgapA rhtC L62Y, pDZ-PgapA_rhtC L62V, pDZ-
PgapA rhtC L62H, pDZ-PgapA rhtC L62F, pDZ-PgapA_rhtC L62M, pDZ-
PgapA_rthtC 162Q, pDZ-PgapA rhtC LO62N, pDZ-PgapA_rhtC L62E, pDZ-
PgapA_thtC L62W duoc xdy dung nhu thé hién trong bang 8 trong vi du 4 dugc bién
nap vao ching KFCC10881-10 bang dién bién nap va sau do trai qua trao dbi chéo thir
cép dé thu dugc 22 loai trong do cac gen rhtC dot bién 14n lugt dugc dua vao nhidm sic
thé. Thao tac di truyén twong tng da dugc xac nhan thong qua giai trinh ty bd gen va
PCR str dung cip mdi SEQ ID NO: 53 va SEQ ID NO: 54 c6 kha ning khuéch dai twong
ng cac vi tri bén ngoai cua cac vung phia trude va phia sau clia su tai td hop tuong

ddng tai d6 gen twong tng duogc chén vao.
SEQ ID NO: 53 (HR bén ngoai F)
AAGGAATATCCCGGAGAACC
SEQ ID NO: 54 (HR bén ngoai R)
TTGCGTTTGAAAAGCCCTCG

Céc chung bién nap thu dwgc duoc dit tén la KFCC10881-10(rthtC WT),
KFCC10881-10(thtC L62S), KFCC10881-10(thtC A53T), KFCC10881-10(thtC
L62R), KFCC10881-10(rthtC L62A), KFCC10881-10(thtC L62D), KFCC10881-
10thtC  L62K), KFCC10881-10(rhtC  L62P), KFCC10881-10(rhtC  L62C),
KFCC10881-10(thtC L62G), KFCC10881-10(rthtC L62T), KFCC10881-10(rhtC L621),
KFCC10881-10(rhtC L62Y), KFCC10881-10(rhtC L62V), KFCC10881-10(rhtC
L62H), KFCC10881-10(rhtC L62F), KFCC10881-10(thtC L62M), KFCC10881-
10thtC  L62Q), KFCC10881-10(thtC L62N), KFCC10881-10(rhtC L62E), va
KFCC10881-10(rhtC L62W), tuong Ung.

Thao tac di truyén tuong ing dd dugc xac nhan thong qua giai trinh ty bd gen va
PCR st dung cip mdi SEQ ID NO: 53 va SEQ ID NO: 54, c6 kha nang khuéch dai
twong Gng céc vi tri bén ngoai cia cac vung phia trude va phia sau cua sy tai t6 hop

tuong dong tai d6 cac gen twong Gmg da chen vao.
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22 loai chung da didu ché bang phuong phap néu trén dugc nudi cdy str dung moi

truong san xuit L-threonin va phuong phap nudi ciy trong vi du 6. Sau khi hoan thanh

nudi cdy, lwong san sinh L-threonin dugc do qua HPLC va két qua dugc thé hién trong

bang 11.
Bang 11
Luong san sinh | Néang suét L- | Cai thién nang sut
Tén ching L-threonin threonin (g/g, | so v6i rhtC hoang
(L) %) dai (A,%p)

KFCC10881-10 3,8 12,7 -
KFCC10881-10(rthtC WT) 5,5 18,3 -
KFCC10881-10(rhtC A53T) 9,0 30,0 11,7
KFCC10881-10(rhtC L62S) 10,1 33,5 15,2
KFCC10881-10(rhtC L62R) 10,0 33,2 14,9
KFCC10881-10(rhtC L62A) 9,8 32,5 14,2
KFCC10881-10(rhtC L62D) 6,6 22,1 3,8
KFCC10881-10(rhtC L62K) 10,2 34,1 15,8
KFCC10881-10(rhtC L62P) 10,0 33,2 14,9
KFCC10881-10(rhtC L62C) 5,9 19,8 1,5
KFCC10881-10(rhtC L62G) 7,8 26,1 7,8
KFCC10881-10(rhtC L62T) 10,2 34,0 15,7
KFCC10881-10(rhtC L62I) 6,3 20,9 2,6
KFCC10881-10(rhtC L62Y) 6,8 22,5 4,2
KFCC10881-10(rhtC L62V) 9,2 30,5 12,2
KFCC10881-10(rhtC L62H) 9,8 32,8 14,5
KFCC10881-10(rhtC L62F) 6,4 21,3 3,0
KFCC10881-10(rhtC L62M) 7,3 24,2 5,9
KFCC10881-10(rhtC L62Q) 7.9 26,3 8,0
KFCC10881-10(rhtC L62N) 8.9 29,5 11,2
KFCC10881-10(rhtC L62E) 7,4 24,5 6,2
KFCC10881-10(rhtC L62W) 8,5 28,2 9.9

Nhu dugc thé hién trong bang 11, ¢6 thé quan sét thay mirc tdng ning suét cao khi

dua RhtC dot bién vao KFCC10881-10 so véi RhtC hoang dai, nhu trong két qua duge

thé hién trong céac vi du 3 va 4.

Vi du 8: San xuét L-threonin béi céc chung TF4076 duoc dua chét san sinh L-

threonin dot bién
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Dot bién theo sang ché duge dua vao rhtC ¢d ngudn gbe tir chung khac c6 do twong
ddng cao voi protein rhtC c6 ngudn gde tir E. coli W3110 (SEQ ID NO: 1) dé khao sét

két qua san sinh L-threonin.

Cu thé, cac doan trinh ty nucleotit (eco rhtC, sfe rhtC, efe thtC) dugc tim dugc tir
ADN b0 gen ctia E. coli W3110, Shegella flexneri va Escherichia fergusonii bang cach
thue hién PCR tuong Gng va mdi thtC dot bién, dot bién L62S dwoe dua vao trong do,
duoc diu ché bang phuong phép cua vi du 1. RhtC dot bién da didu ché hodc rhtC hoang
dai ctia mdi ching dugc tach dong thanh pCL1920 dé tim ra cac plasmit tai td hop
pCL1920-Pn_rhtC.eco, pCL1920-Pn_rhtC.eco L62S, pCL1920-Pn_rhtC. sfe,
pCL1920-Pn_rhtC.sfe L62S, pCL1920-Pn_rhtC.efe, va pCL1920-Pn_rhtC.efe L62S.

Céc plasmit tai td hop duge xay dung nhu bén trén dugc bién nap vao TF4076, 1a
ching E. coli c6 kha ning san sinh L-threonin, va do d6 TF4076/pCL1920,
TF4076/pCL1920-Pn_rhtC.eco, TF4076/pCL1920-Pn_rhtC.eco L62S, TF4076/Cac
chiing pCL1920-Pn_rhtC.sfe, TF4076/pCL1920-Pn_rhtC.sfe L62S, TF4076/pCL1920-
Pn_rhtC.efe va TF4076/pCL1920-Pn_rhtC.efe L62S dugc didu ché. Dé so sanh lugng
san sinh L-threonin gitta cac chung da diéu ché, danh gia trong binh dugc thuc hign va

két qua dugc thé hién trong bang 12.

Bang 12
Luong san sinh L- Ning suat L-
Tén ching threonin threonin
(gL) (*100 g/g, %)
TF4076 25,7 36,7
TF4076/pCL1920 25,9 37
TF4076/pCL1920-Pn_rhtC.eco 29.9 42,6
TF4076/pCL1920-Pn_rhtC.eco L62S 40,4 57,7
TF4076/pCL1920-Pn_rhtC.sfe 31,1 44,43
TF4076/pCL1920-Pn_rhtC.sfe L62S 41,5 59,29
TF4076/pCL1920-Pn_rhtC.efe 29,1 41,57
TF4076/pCL1920-Pn_rhtC.efe L62S 38,2 54,57

Khi RhtC 4ot bién thu dugc béng cach dua dot bién 1628 vao RhtC c6 nguén géc
tir E. coli W3110, Shegella flexneri va Escherichia fergusonii dugc dua vao TF4076,
muc tdng nang suit cao hon so v6i RhtC hoang dai, nhu trong két qua duogc thé hién

trong cacvidu 3,4 va7.
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Do d6, c6 thé thiy rang mic du trinh ty tham chiéu 13 khac nhau, viéc thay thé
bang axit amin khac & vi tri twong ng véi vi tri thir 53 hodc 62 theo sang ché c6 thé cai

thién kha ndng san sinh L-threonin.

Tir phan mo t bén trén, ngudi co hiéu biét trung binh trong cung linh vuc k¥ thuat
cta sang ché co thé hidu rang sang ché co thé dugc thuc hién theo céc dang cu thé khac
ma khong thay doi cac nguyén ly k§ thuét hodc cac dic diém co ban cua sang ché. Theo
d6, cac phuong an vi du dugc boc 16 ¢ day chi nham muc dich minh hoa va khong dugc
hiéu 14 gii han pham vi bao hd ctia sang ché. Nguoc lai, séng ché khong chi d& cép dén
cic phuong an vi du ma con cac thay thé, sra dbi, tvong duong khac nhau, va cac
phuong 4n khac ¢o thé nam trong nguyén ly va pham vi bdo ho cua sang ché dugc xac

dinh boi cac yéu cau bao ho kém theo.
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YEU CAU BAO HO
1. Bién thé protein san sinh L-threonin bao gdm sy thé bang threonin & vi tri twong mg
véi vi tri thir 53 trong trinh tu axit amin SEQ ID NO: 1 hodc thé bang axit amin khéc &
vi tri tuong Gng véi vi tri thir 62 trong trinh ty axit amin SEQ ID NO: 1, ¢6 su ddng nhat
trinh ty khong it hon 90% va dudi 100% v6i trinh tu axit amin SEQ ID NO: 1, va ¢6

hoat tinh san sinh L-threonin.

2. Bién thé protein theo diém 1, trong d6 axit amin khac dugc chon tur serin, arginin,
alanin, axit aspartic, lysin, prolin, xystein, glyxin, threonin, isoleuxin, tyrosin, valin,

histidin, phenylalanin, methionin, glutamin, asparagin, axit glutamic, hodc tryptophan.

3. Bién thé protein theo diém 1, trong d6 bién thé protein bao gbm trinh tu axit amin c6

bét ky trinh tr axit amin dugc chon tir SEQ ID NO: 93 dén SEQ ID NO: 112.
4. Polynucleotit ma hoa bién thé protein theo diém bat ky tir 1 dén 3.
5. Vecto bao gdbm polynucleotit theo diém 4.

6. Vi sinh vt san sinh L-threonin, vi sinh vat bao gém bat ky mdt hodc nhiéu bién thé
chit san sinh L-threonin, polynucleotit md hoa cho bién thé, va vecto bao gdm
polynucleotit, trong do6 bién thé chét san sinh L-threonin bao gdm su thé bang threonin
tai vi tri twong tmg vé6i vi tri tht 53 trong trinh ty axit amin SEQ ID NO: 1 hodc thé bang
axit amin khéac & vi tri twong ing véi vi tri thir 62 trong trinh tu axit amin SEQ ID NO:
1, va ¢6 su dong nhat trinh tu khong it hon 90% va du¢i 100% véi trinh tw axit amin

SEQ ID NO: 1.

7. Vi sinh véat theo diém 6, trong d6 vi sinh vat ndy 1a vi sinh vat thudc chi

Corynebacterium sp. hodc Escherichia sp.

8. Phuong phép san xuét L-threonin, phuong phap nay bao gbm nudi ciy vi sinh vat bao
gdm bét ky mot hodc nhiéu bién thé protein san sinh L-threonin, polynucleotit ma hoa
bién thé, va vecto bao gdbm polynucleotit trong moi truong nudi cdy, trong d6 bién thé
protein san sinh L-threonin bao gbm su thé bang threonin & vi tri twong Gmg vé&i vi tri
thir 53 trong trinh tu axit amin SEQ ID NO: 1 hofc thé bang axit amin khac & vi tri
tuong 1’Ing Vi vi tri thtr 62 trong trinh ty axit amin SEQ ID NO: 1, va c6 su dong nhat
trinh tu khong it hon 90% va dudi 100% véi trinh tu axit amin SEQ ID NO: 1.

9. Phuong phép theo diém 8, trong d6 phuong phap nay bao gdm viéc thu héi L-threonin
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tir moi trudng nudi cdy hodc vi sinh vét.
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<210> 2

<211> 621

<212> ADN

<213> Chua biét
<220>

<223> rhtC hoang dai

<400> 2
atgttgatgt

cccgatttct
ggcgtgctgg
catttgatta
tatctctgct
gcacctgcgc
accaatctcg
ggtgataacg
ctggcgtggt
caacgtctgg

catttgatta

<210> 3

<211> 35
ADN
Trinh tu nhén tao

<212>
<213>

<220>
<223>

<400> 3

tatttctcac
tttttgtctc
gcattacctg
tcgaaaaaat
ggatgggtta
cacaggtcga
ctaatccgaa
ttggcactac
ttaccgtcgt
cgaagtggat

tttcgcggtg

cgtcgccatg
tcagaccgcet
cggcgtaatg
ggcctggctg
ccagatgcta
gctggcgaaa
agcgattatc
cgcgcgectgg
tgccagcectyg
tgatggtttt

a

lysC promoto lén 1

gtgcacattg
gtcagtcgtt
gtttgggctg
catacgctga
cgtggtgcac
agtgggcgca
tactttggcect
ggcatttttg

tttgcecctge

gccggggcegt

tcgagctcgg tacccgacag gacaagcact ggttg

<210> 4

<211> 35

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> lysC promoto 1lén 2
<400> 4

agtagcgctg ggatgtttct ctttgtgcac ctttc

<210> 5

50

tggcgcttat
cccgtaaaga
ggattgcgct
ttatggtggg
tgaaaaaaga
gtttcctgaa
cggtgttctc
cgctgatcat
cgcaaatgcg

tatttgccgg

gagccceggt
agcgatgatg
gcttggcctg
cggtggcctg
ggcggtttct
aggtttactg
attgtttgtc
tgtcgaaacg
ccgtggttat

atttggcatt

50/87

60
120
180
240
300
360
420
480
540
600

621

35

35



<211>
<212>
<213>

<220>
<223>

<400>

47934

35
ADN
Trinh ty nhan tao

Pcj7 1

5

gaaaggtgca caaagagaaa catcccagcg ctact

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

<220>
<223>

<400>

6

35

ADN

Trinh ty nhén tao

Pci7 2

6

tacgaccagg gccatgagtg tttecttteg ttggg

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

<220>
<223>

<400>

7
35

ADN

Trinh ty nhén tao

lysC 1

7

cgaaaggaaa cactcatggc cctggtcgta cagaa

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

<220>
<223>

<400>

8

30

ADN

Trinh tyu nhé&n tao

lysC 2

8

ggtggaaatc ttttcgatgt tcacgttgac

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

<220>
<223>

<400>

9

30

ADN

Trinh ty nhdn tao

1lysC xudng 1

9

gaacatcgaa aagatttcca cctctgagat

51
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<210> 10

<211> 35

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> lysC xubng 2

<400> 10

ctctagagga tccccgttca cctcagagac gatta 35
<210> 11

<211> 20

<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> lysC 1 x&c nhan

<400> 11

acattccacc cattactgca 20
<210> 12

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> lysC 2 x&c nhan

<400> 12

tcttcatcgg tttcgaaggt 20
<210> 13

<211> 30

<212> ADN

<213> Trinh tu nhadn tao

<220>

<223> cj7T F

<400> 13

gaagctccaa agaaacatcc cagcgctact 30
<210> 14

<211> 35

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> 1lén F

<400> 14

tcgagctcgg taccctgtct ccgtatgcag tgage 35

52



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

<220>
<223>

<400>

47934

15

22

ADN

Trinh tu nhdn tao

G378E F

15

aagatcgcgt ggaggttttg gc

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

<220>
<223>

<400>

16

35

ADN

Trinh tu nhén tao

CJ7 R

16

tgtgtgagtc gacatgagtg tttcctttcg ttggg

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

<220>
<223>

<400>

17

35

ADN

Trinh tu nhén tao

hom F

17

tataggagaa caatcatgac ctcagcatct gcccc

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

<220>
<223>

<400>

18

22

ADN

Trinh tu nhan tao

G378E R

18

gccaaaacct ccacgcgatc tt

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

<220>
<223>

<400>

19

25

ADN

Trinh tu nhdn tao

R398Q F

19

gcgtacaatc caacaggaag agcgc
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<210> 20

<211> 25

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> R398Q F

<400> 20
gcgctcttece tgttggattg tacgce

<210> 21

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> hom R

<400> 21

ctctagagga tccccgactg cggaatgttg ttgtg

<210> 22

<211> 20

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> hom x&c nhén F
<400> 22

tgggtaggtc gagttgttaa

<210> 23

<211> 20

<212> ADN

<213> Trinh tyu nhén tao
<220>

<223> hom x&c nhan R
<400> 23

cagcgcagtc gcacgaatat

<210> 24

<211> 40

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> cJ7 F

<400> 24

54
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caacctttgc aaggtgaaaa agaaacatcc cagcgctact

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

<220>
<223>

<400>

25

35

ADN

Trinh tu nhé&n tao

ngugc dong F

25

tcgagctcgg taccctgaca gttgctgatc tggct

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

<220>
<223>

<400>

26
40
ADN
Trinh ty nhén tao

nguoc dong R

26

agtagcgctg ggatgtttct ttttcacctt gcaaaggttg

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

<220>
<223>

<400>

27

35

ADN

Trinh ty nhén tao

pyc F

27

ggaataatta ctctaatgtc gactcacaca tcttc

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

<220>
<223>

<400>

28

35

ADN

Trinh ty nhdn tao

pyc R

28

ctctagagga tccccggcat tttcagacag gaagce

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

<220>
<223>

29

20

ADN

Trinh tyu nhén tao

pyc x&c nhén F
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<400> 29
acgcactcgg tgaaggcgtg

<210> 30

<211> 20

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pyc xa&c nhédn R
<400> 30

cgcttcaget tcacgagatg

<210> 31

<211> 35

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> Ncgl01l79 1én F

<400> 31
tcgagctcgg tacccttttg agtaattggt aatac

<210> 32

<211> 34

<212> ADN

<213> Trinh tyu nhan tao
<220>

<223> NcglO0l79 1én R

<400> 32
tgaagcgccg gtacccgcectt aaacgggcga ttat

<210> 33

<211> 34

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> SPL7 F

<400> 33

atcgccegtt taagcgggta ccggegette atgt

<210> 34

<211> 35

<212> ADN

<213> Trinh tu nhé8n tao
<220>

<223> SPL7 R
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<400> 34
cttcaacact cgcatgatat ctgttttgat ctcct

<210> 35

<211> 35

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> S352P 1én F

<400> 35

atcaaaacag atatcatgcg agtgttgaag ttcgg

<210> 36

<211> 37

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> S352P 1én R

<400> 36

tactgtattc ggaagatggt tgcgtaatca gcaccac

<210> 37

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> Ncgl0179 xubng F

<400> 37
atgaatcatc agtaattaat ggccctcgat ttggc

<210> 38

<211> 34

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> Ncgl0179 xubng R

<400> 38
tctagaggat cccctggaat aatcagactc tgga

<210> 39

<211> 37

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> $352P xudbng F

57

57/87

35

35

37

35

34
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<400> 39
gtggtgctga ttacgcaacc atcttccgaa tacagta

<210> 40

<211> 36

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> S352P xubng R
<400> 40

aaatcgaggg ccattaatta ctgatgattc atcatc

<210> 41

<211> 19

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> thr xdc nhén F
<400> 41

gattcacatc accaatgtc

<210> 42

<211> 19

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> thr xac nhén R
<400> 42

gacaccatcg cagcccgac

<210> 43

<211> 40

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> rhtC F

<400> 43

gtcgactcta gaggatcccc gctgattcgt gcgcatgttg

<210> 44

<211> 40

<212> ADN

<213> Trinh ty nhan tao
<220>

58
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36

19

19

40
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<223> rhtC R

<400> 44

tgaattcgag ctcggtaccc tcaccgcgaa ataatcaaat

<210> 45

<211> 35

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> Ncgl2533 1lén F

<400> 45
tcgagctcgg taccccagca agatctagtc atcaa

<210> 46

<211> 35

<212> ADN

<213> Trinh tyu nhén tao
<220>

<223> Ncgl2533 1én R

<400> 46
gtcgttttta ggcttccget ggaaaacatt ttgca

<210> 47

<211> 35

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> PgapA F

<400> 47

aatgttttcc agcggaagcc taaaaacgac cgagc

<210> 48

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> PgapA R

<400> 48

aaataacatc aacatgttgt gtctcctcta aagat

<210> 49

<211> 35

<212> ADN

<213> Trinh ty nhan tao

59
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35
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<220>
<223> rhtC m F
<400> 49

tagaggagac acaacatgtt gatgttattt ctcac

<210> 50

<211> 35

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> rhtC m R

<400> 50

taagcaggtt gattttcacc gcgaaataat caaat

<210> 51

<211> 35

<212> ADN

<213> Trinh tyu nhén tao
<220>

<223> Ncgl2533 dn F

<400> 51
attatttcgc ggtgaaaatc aacctgctta ggcgt

<210> 52

<211> 35

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> Ncgl2533 dn R

<400> 52
ctctagagga tcccctatag ctaccatctg ggtgg

<210> 53

<211> 20

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> HR bén ngoai F
<400> 53

aaggaatatc ccggagaacc

<210> 54

<211> 20

<212> ADN

<213> Trinh ty nhan tao
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35
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<220>
<223> HR bén ngoai R
<400> 54

ttgcgtttga aaagccctcg

<210> 55
<211> 30
<212> ADN

<213> Trinh ty nhan tao
<220>
<223> up R

<400> 55
ggatgtttct ttggagcttc gctcaatcat

<210> 56

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> cj7 R

<400> 56
agatgctgag gtcatgattg ttctcctata atcge

<210> 57

<211> 39

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> pDZ-PgapA rhtC L62R F

<400> 57
gcgctgcttg gecctgcatcg tattatcgaa aaaatggcc

<210> 58

<211> 39

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> pDZ-PgapA rhtC L62R R

<400> 58
ggccattttt tcgataatac gatgcaggcc aagcagcge

<210> 59
<211> 39
<212> ADN
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39

39
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<213> Trinh tye nhé&n tao
<220>
<223> pDZ-PgapA rhtC L62A F

<400> 59
gcgctgettg gcctgcatge gattatcgaa aaaatggcc

<210> 60

<211> 39

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> pDZ-PgapA rhtC L62A R

<400> 60
ggccattttt tcgataatcg catgcaggcc aagcagcgce

<210> 61

<211> 39

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> pDZ-PgapA rhtC L62D F

<400> 61
gcgctgettg gcecctgcatga cattatcgaa aaaatggcc

<210> 62

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62D R

<400> 62
ggccattttt tcgataatgt catgcaggcc aagcagcge

<210> 63

<211> 39

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> pDZ-PgapA rhtC L62K F

<400> 63
gcgctgettg gecctgcataa aattatcgaa aaaatggcc

<210> 64
<211> 39

62
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39
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<212> ADN

<213> Trinh tyu nhédn tao
<220>

<223> pDZ-PgapA rhtC L62K R
<400> 64

ggccattttt tcgataattt tatgcaggcc aagcagcge

<210> 65
<211> 39
<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62P F
<400> 65

gcgctgettg gectgcatce gattatcgaa aaaatggcc

<210> 66

<211> 39

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> pDZ-PgapA rhtC L62P R

<400> 66
ggccattttt tcgataatcg gatgcaggcc aagcagcge

<210> 67

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> pDZ-PgapA rhtC L62C F

<400> 67
gcgctgcttg gectgcattg cattatcgaa aaaatggcc

<210> 68

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> pDZ-PgapA rhtC L62C R

<400> 68
ggccattttt tcgataatgc aatgcaggcc aagcagcge

<210> 69

63
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<211> 39
<212> ADN
<213> Trinh ty nhan tao

<220> :
<223> pDZ-PgapA rhtC L62G F

<400> 69
gcgctgcettg gectgecatgg cattatcgaa aaaatggcc

<210> 70

<211> 39

<212> ADN

<213> Trinh tu nhén tao
<220>

.<223> pDZ-PgapA rhtC L62G R

<400> 70
ggccattttt tcgataatgc catgcaggcc aagcagcgce

<210> 71

<211> 39

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> pDZ-PgapA rhtC L62T F

<400> 71
gcgctgcettg gectgcatac gattatcgaa aaaatggcc

<210> 72

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> pDZ-PgapA rhtC L62T R

<400> 72
ggccattttt tcgataatcg tatgcaggcc aagcagcgc

<210> 73
<211> 39

<212> ADN
<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62I F

<400> 73
gcgctgecttg gcctgeatat tattatcgaa aaaatggcc
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39
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<210> 74

<211> 39

<212> ADN

<213> Trinh tuy nhén tao
<220>

<223> pDZ-PgapA rhtC L62I R
<400> 74

ggccattttt tcgataataa tatgcaggcc aagcagcegce

<210> 75

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62Y F

<400> 75
gcgcectgettg gectgcatta tattatcgaa aaaatggcc

<210> 76

<211> 39

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> pDZ-PgapA rhtC L62Y R
<400> 76

ggccattttt tcgataatat aatgcaggcc aagcagcgce

<210> 77

<211> 39

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> pDZ-PgapA rhtC L62V F
<400> 77

gcgctgcettg gectgcatgt gattatcgaa aaaatggcc

<210> 78

<211> 39

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> pDZ-PgapA rhtC L62V R
<400> 78

ggccattttt tcgataatca catgcaggcc aagcagcgce

65
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39

39

39

39
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<210> 79

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62H F

<400> 79
gcgetgcttg gectgcatca tattatcgaa aaaatggcc

<210> 80

<211> 39

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> pDZ-PgapA rhtC L62H R
<400> 80

ggccattttt tcgataatat gatgcaggcc aagcagcge

<210> 81

<211> 39

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> pDZ-PgapA rhtC L62F F

<400> 81
gcgctgcecttg gectgecattt cattatcgaa aaaatggcc

<210> 82

<211> 39

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> pDZ-PgapA rhtC L62F R

<400> 82
ggccattttt tcgataatga aatgcaggcc aagcagcgce

<210> 83

<211> 39

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> pDZ-PgapA rhtC L62M F

<400> 83
gcgctgettg gcctgcatat gattatcgaa aaaatggcc

66
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39
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<210> 84

<211> 39

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> pDZ-PgapA rhtC L62M R

<400> 84
ggccattttt tcgataatca tatgcaggcc aagcagcgce

<210> 85

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> pDZ-PgapA rhtC L62Q F

<400> 85
gcgctgettg gecctgcatca gattatcgaa aaaatggcc

<210> 86

<211> 39

<212> ADN

<213> Trinh ty nhadn tao

<220>
<223> pDZ-PgapA rhtC L62Q R

<400> 86
ggccattttt tcgataatct gatgcaggcc aagcagcgce

<210> 87

<211> 39

<212> ADN

<213> Trinh tyu nhédn tao
<220> .

<223> pDZ-PgapA rhtC L62N F

<400> 87
gcgctgettg gcctgcataa cattatcgaa aaaatggcc

<210> 88

<211> 39

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> pDZ-PgapA rhtC L62N R

<400> 88

67/87
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ggccattttt tcgataatgt tatgcaggcc aagcagcge

<210> 89

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA rhtC L62E F

<400> 89
gcgctgettg gcctgecatga aattatcgaa aaaatggcc

<210> 90

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> pDZ-PgapA_rhtC L62E R

<400> 90
ggccattttt tcgataattt catgcaggcc aagcagcgce

<210> 91

<211> 39

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> pDZ-PgapA rhtC L62W F

<400> 91
gcgetgettg gectgeattg gattatcgaa aaaatggcc

<210> 92

<211> 39

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> pDZ-PgapA rhtC L62W R

<400> 92
ggccattttt tcgataatcc aatgcaggcc aagcagcege

<210> 93

<211> 206

<212> PRT

<213> Trinh ty nhan tao
<220>

<223> rhtC AS53T

68
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<400>

Met

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Leu

Ser

Ser

Val Met

50

93
Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

94

206
PRT

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Phe

Pro

Glu

Thr

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh tu nhan tao

rhtC L62S

94
Met

Pro

Arg

35

Val

Leu Phe Leu Thr

5

Gly Pro Asp Phe

20

Lys Glu Ala Met

Trp Ala Gly Ile

55
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Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala
Phe
25

Gly

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

Met
10
Val

Val

Leu

69

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu
60

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Val

Ala

30

Thr

Leu

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val
Ala
30

Thr

Ser

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala
15
Val

Cys

Ile

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile
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Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

95

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

206

PRT

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh ty nhén tao

rhtC L62R

95
Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val
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Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

70

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Arg

Gly

Leu

Lys

110

Pro

Asp

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val
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130

Gly Thr

145

Leu

Arg

Ala

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

Thr

Trp

Gly

Phe
195

96

Ala

Phe

Tyr

180

Ala

206
PRT
Trinh ty nhan tao

Arg
Thr
165

Gln

Gly

rhtC L62A

96
Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Trp
150
Val

Arg

Phe

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

135

Gly

Val

Leu

Gly

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly
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Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala
Leu
170

Trp

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

71

Leu
155
Phe

Ile

Ile

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Ala

Gly

Leu

Lys

110

Pro

Asp

val

Pro

Phe

190

Arg

Glu
Gln
175

Ala

Ala

15

vVal

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Thr
160
Met

Gly

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

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

<220>
<223>

<400>

Met

1

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

97
206
PRT

Trinh ty nhé&n tao

rhtC L62D

97
Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

98
206
PRT

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh ty nhan tao

rhtC L62K

98

47934

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

72

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

val

140

Ile

Ala

Asp

Ile

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Val

Ala

30

Thr

Asp

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly
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Met

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Val

Glu

Leu

Ser

Ser

Met

50

Lys

Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

99

206
PRT

Leu

Gly

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh ty nhén tao

rhtC L62P

99

Met Leu Phe

5

Pro Gly Pro

20

Arg Lys Glu

35

Val Trp Ala

Met Ala Trp

Leu

Asp

Ala

Gly

Leu

Thr

Phe

Met

Ile

55

His

47934

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

Met

10

Val

Val

Leu

Ile

73

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

Met

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

vVal

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Val

Ala

30

Thr

Lys

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Pro

Gly

Ala

15

vVal

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala

15

Val

Cys

Ile

Gly

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile

Leu

73/87



65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile
130

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

100
206
PRT
Trinh tyu nhan tao

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

rhtC L62C

100

Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val
135

47934

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

74

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val
140

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Cys

Gly

Leu

Lys

110

Pro

Asp

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val
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47934 75/87

Gly Thr Thr Ala Arg Trp Gly Ile Phe Ala Leu Ile Ile Val Glu Thr
145 150 155 160

Leu Ala Trp Phe Thr Val Val Ala Ser Leu Phe Ala Leu Pro Gln Met
165 170 175

Arg Arg Gly Tyr Gln Arg Leu Ala Lys Trp Ile Asp Gly Phe Ala Gly
180 185 190

Ala Leu Phe Ala Gly Phe Gly Ile His Leu Ile Ile Ser Arg
195 200 205

<210> 101
<211> 206

<212> PRT

<213> Trinh ty nhé&n tao
<220>

<223> rhtC L62G

<400> 101
Met Leu Met Leu Phe Leu Thr Val Ala Met Val His Ile Val Ala Leu

Met Ser Pro Gly Pro Asp Phe Phe Phe Val Ser Gln Thr Ala Val Ser
20 25 30

Arg Ser Arg Lys Glu Ala Met Met Gly Val Leu Gly Ile Thr Cys Gly
35 40 45

val Met Val Trp Ala Gly Ile Ala Leu Leu Gly Leu His Gly Ile Ile
50 55 60

Glu Lys Met Ala Trp Leu His Thr Leu Ile Met Val Gly Gly Gly Leu
65 70 75 80

Tyr Leu Cys Trp Met Gly Tyr Gln Met Leu Arg Gly Ala Leu Lys Lys
85 90 95

Glu Ala Val Ser Ala Pro Ala Pro Gln Val Glu Leu Ala Lys Ser Gly
100 105 110

Arg Ser Phe Leu Lys Gly Leu Leu Thr Asn Leu Ala Asn Pro Lys Ala
115 120 125

Ile Ile Tyr Phe Gly Ser Val Phe Ser Leu Phe Val Gly Asp Asn Val
130 135 140

Gly Thr Thr Ala Arg Trp Gly Ile Phe Ala Leu Ile Ile Val Glu Thr
145 150 155 160

Leu Ala Trp Phe Thr Val Val Ala Ser Leu Phe Ala Leu Pro Gln Met
165 170 175

Arg Arg Gly Tyr Gln Arg Leu Ala Lys Trp Ile Asp Gly Phe Ala Gly
180 185 190

Ala Leu Phe Ala Gly Phe Gly Ile His Leu Ile Ile Ser Arg
195 200 205

75



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

<220>
<223>

<400>

Met

1

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>
Met Leu Met Leu Phe Leu Thr Val Ala Met Val His Ile Val Ala Leu

102

206
PRT
Trinh tu nhan tao

rhtC L62T

102
Met

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

103
206
PRT

Leu

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Phe

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Leu

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Thr

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh ty nhén tao

rhtC L6211

103

47934

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

76

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Val

Ala

30

Thr

Thr

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

76/87



Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>

Met

Met

Arg

Val

Glu
65

Leu

Ser

Ser

Met

50

Lys

Pro

Arg

35

Val

Met

Cys

Val

Phe

115

Tyr

Thr

Trp

Gly

Phe
195

104
206
PRT

Gly

20

Lys

Trp

Ala

Trp

Ser

100

Leu

Phe

Ala

Phe

Tyr

180

Ala

Pro

Glu

Ala

Trp

Met

85

Ala

Lys

Gly

Arg

Thr

165

Gln

Gly

Asp

Ala

Gly

Leu

70

Gly

Pro

Gly

Ser

Trp

150

Val

Arg

Phe

Phe

Met

Ile

55

His

Tyr

Ala

Leu

Val

135

Gly

Val

Leu

Gly

Trinh tyu nhén tao

rhtC L62Y

104

Met

Pro

Arg

35

Val

Leu
Gly
20

Lys

Trp

Met Ala

Phe

Pro

Glu

Ala

Trp

Leu

Asp

Ala

Gly

Leu
70

Thr

Phe

Met

Ile

55

His

47934

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

Ala

Leu

170

Trp

Leu

Met

10

Val

Val

Leu

Ile

77

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

Met
75

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

Val

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

30

Thr

Ile

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Tyr

Gly

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala

15

Val

Cys

Ile

Gly

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile

Leu
80

77187



Tyr Leu

Glu Ala

Arg Ser

Ile Ile
130

Gly Thr
145

Leu Ala

Arg Arg

Ala Leu

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

<400>
Met Leu

Met Ser

Arg Ser

Val Met
50

Glu Lys
65

Tyr Leu

Glu Ala

Arg Ser

Ile Ile
130

Cys Trp Met Gly Tyr
85

Val Ser Ala Pro Ala
100

Phe Leu Lys Gly Leu
115

Tyr Phe Gly Ser Val
135

Thr Ala Arg Trp Gly
150

Trp Phe Thr Val Val
165

Gly Tyr Gln Arg Leu
180

Phe Ala Gly Phe Gly
195

105
206
PRT
Trinh tyu nhé&n tao

rhtC L62V

105
Met Leu Phe Leu Thr

Pro Gly Pro Asp Phe
20

Arg Lys Glu Ala Met
35

Val Trp Ala Gly Ile
55

Met Ala Trp Leu His
70

Cys Trp Met Gly Tyr
85

Val Ser Ala Pro Ala
100

Phe Leu Lys Gly Leu
115

Tyr Phe Gly Ser Val
135

47934

Gln

Pro

Leu

120

Phe

Ile

Ala

Ala

Ile
200

Val

Phe

Met

40

Ala

Thr

Gln

Pro

Leu

120

Phe

Met

Gln

105

Thr

Ser

Phe

Ser

Lys

185

His

Ala

Phe

25

Gly

Leu

Leu

Met

Gln

105

Thr

Ser

Leu

90
Val
Asn
Leu
Ala
Leu
170

Trp

Leu

Met

10

Val

Val

Leu

Ile

Leu

90

Val

Asn

Leu

78

Arg

Glu

Leu

Phe

Leu

155

Phe

Ile

Ile

Val

Ser

Leu

Gly

Met

75

Arg

Glu

Leu

Phe

Gly

Leu

Ala

Val

140

Ile

Ala

Asp

Ile

His

Gln

Gly

Leu

60

Val

Gly

Leu

Ala

Val
140

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Phe

190

Arg

Val

Ala

30

Thr

Val

Gly

Leu

Lys

110

Pro

Asp

Lys

95

Ser

Lys

Asn

Glu

Gln

175

Ala

Ala

15

Val

Cys

Ile

Gly

Lys

95

Ser

Lys

Asn

Lys

Gly

Ala

Val

Thr

160

Met

Gly

Leu

Ser

Gly

Ile

Leu

80

Lys

Gly

Ala

Val

78/87
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Gly Thr Thr Ala Arg Trp Gly Ile Phe Ala Leu Ile Ile Val Glu Thr
145 150 155 160

Leu Ala Trp Phe Thr Val Val Ala Ser Leu Phe Ala Leu Pro Gln Met
165 170 175

Arg Arg Gly Tyr Gln Arg Leu Ala Lys Trp Ile Asp Gly Phe Ala Gly
180 185 190

Ala Leu Phe Ala Gly Phe Gly Ile His Leu Ile Ile Ser Arg
195 200 205

<210> 106
<211> 206

<212> PRT
<213> Trinh ty nhé&n tao
<220>

<223> rhtC L62H

<400> 106
Met Leu Met Leu Phe Leu Thr Val Ala Met Val His Ile Val Ala Leu

Met Ser Pro Gly Pro Asp Phe Phe Phe Val Ser Gln Thr Ala Val Ser
20 25 30

Arg Ser Arg Lys Glu Ala Met Met Gly Val Leu Gly Ile Thr Cys Gly
35 40 45

val Met Val Trp Ala Gly Ile Ala Leu Leu Gly Leu His His Ile Ile
50 55 60

Glu Lys Met Ala Trp Leu His Thr Leu Ile Met Val Gly Gly Gly Leu
65 70 75 80

Tyr Leu Cys Trp Met Gly Tyr Gln Met Leu Arg Gly Ala Leu Lys Lys
85 90 95

Glu Ala Val Ser Ala Pro Ala Pro Gln Val Glu Leu Ala Lys Ser Gly
100 105 110

Arg Ser Phe Leu Lys Gly Leu Leu Thr Asn Leu Ala Asn Pro Lys Ala
115 120 125

Ile Ile Tyr Phe Gly Ser Val Phe Ser Leu Phe Val Gly Asp Asn Val
130 135 140

Gly Thr Thr Ala Arg Trp Gly Ile Phe Ala Leu Ile Ile Val Glu Thr
145 150 155 160

Leu Ala Trp Phe Thr Val Val Ala Ser Leu Phe Ala Leu Pro Gln Met
165 170 175

Arg Arg Gly Tyr Gln Arg Leu Ala Lys Trp Ile Asp Gly Phe Ala Gly
180 185 190

Ala Leu Phe Ala Gly Phe Gly Ile His Leu Ile Ile Ser Arg
195 200 205
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met

1

Met

Arg

Val

Glu

65

Tyr

Glu

Arg

Ile

Gly

145

Leu

Arg

Ala

Leu

Ser

Ser

Met

50

Lys

Leu

Ala

Ser

Ile

130

Thr

Ala

Arg

Leu

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

<220>
<223>

<400>
Met Leu Met Leu Phe Leu Thr Val Ala Met Val His Ile Val Ala Leu

1

107
206
PRT

Trinh tu nhédn tao

rhtC L62F

107
Met Leu

Pro Gly
20

Arg Lys
35

Val Trp

Met Ala

Cys Trp

Val Ser

100

Phe Leu
115

Tyr Phe
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Ile Ile

Leu

Gly

Ser
205

Ile

Thr

Ile

45

His

Gly

Ala

Ala

Asn

125

Gly

Ile

Leu

Gly

Ser
205

Pro
Cys
190

Arg

Val

Ala

30

Thr

Ser

Gly

Leu

Lys

110

Pro

Asp

Val

Pro

Cys

190

Arg

Gln Met
175

Ala Gly

Ala Leu
15

Val Ser

Cys Gly

Ile Ile

Gly Leu
80

Lys Lys
95

Ser Gly

Lys Ala

Asn Val

Glu Thr
160

Gln Met
175

Ala Gly
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