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Linh vue ky thuit dwoc dé cip

Sang ché lién quan dén polypeptit sta dbi trong d6 hoat tinh cta meso-
diaminopimelat dehydrogenaza bi suy yéu, va phuong phép san xuét L-threonin sit dung
polypeptit nay.
Tinh trang ky thuit cta sing ché

Vi sinh véat thudc chi Corynebacterium, cu thé 1a Corynebacterium glutamicum, 1a
vi sinh vat gram duong dugc st dung rong rdi trong viéc san xuét cac L-axit amin va
cac vét liéu hitu ich khac. Pé san xuit cac L-axit amin va cac vat liéu hitu ich khac, cac
nghién ctru khac nhau da duoc thyc hién dé phat trién cong nghé qua trinh 1én men va
cac vi sinh vat c¢6 kha nang san xuét hiéu qua cao cac vat liéu nay. Vi duy, cac cach tiép
can vat liéu dac hiéu dich (vi du phuong phap dé tang biéu hién gen ma héa enzym lién
quan dén sinh t6ng hop L-lysin, phuong phép @& 1oai bd gen khong can thiét cho sinh
téng hop L-lysin, v.v.) chi yéu dugc str dung (Patent Hoa Ky s6 8,048,650).

Trong khi d¢6, trong s6 cac L-axit amin, L-lysin, L-threonin, L-methionin, L-
isoleuxin, va L-glyxin la céc axit amin c6 ngudn gde tir aspartat, va mirc do tong hop
cua oxaloaxetat (ttc 1a, tién chit cla aspartat) co thé anh huoéng dén cac muc do tong

hop cua cac L-axit amin nay.

Meso-diaminopimelat dehydrogenaza la enzym quan trong chuyén dbi piperodein
2,6-dicarboxylat, dugc tao ra trong qua trinh san xuét lysin trong vi sinh vat, thanh meso-

2,6-diaminopimelat, va c¢b dinh ngudn nito trong con dudng san sinh lysin.

Cac chi tiét dbi véi su thay ddi trong kiéu hinh cua ching san sinh L-threonin do
x6a gen ddh (tic 14, gen ma hoa meso-diaminopimelat dehydrogenaza) va gen lysE (ttc
14, gen san sinh L-lysin) d& dugc béo céo trong tai liéu dé c6 (X Dong, Y Zhao, J Hu, Y
Li, X Wang — Cdng nghé vi khudn va enzym, 2016). Tuy nhién, do x6a gen [ysE ¢ tac
dong tiéu cuc la lam chdm t8c d0 sinh truéng ctia chung va giam lugng san sinh threonin,
va do x6a gen ddh trc ché su phat trién cta ching, van cin tién hanh cac nghién ciru tap

trung vao ca ting kha ning san xuat hiéu qua cac L-axit amin va sinh truéng cua chung.

Ban chit k§ thuit ciia sing ché
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Céc téc gia sang ché da nd luc dé tang san sinh L-threonin trong khi gidm san sinh
L-lysin ma khong lam chidm t6c d9 sinh truong cua ching. Két qua 14, ho da phat hién
ra ring khi polypeptit stta ddi méi trong d6 hoat tinh cla meso-diaminopimelat
dehydrogenaza bi suy yéu dén mirc 46 nhét dinh duoc st dung, khong chi co thé duy tri
sinh truéng cta vi sinh vat, ma con ¢ thé ting luong san xuét L-threonin, nhd d6 hoan

thanh sang ché.

Muc dich cta sang ché 13 dé xuét polypeptit stra ddi cua meso-diaminopimelat

dehydrogenaza c6 ngudn gbc tir Corynebacterium glutamicum.

Muc dich khéac ctua sang ché 1a dé xuét polynucleotit ma hoa polypeptit stra dbi.

Muc dich khac nita cua sang ché 1a d& xuét vi sinh vat thudc chi Corynebacterium,
chira polypeptit sua d6i cia meso-diaminopimelat dehydrogenaza hodc polynucleotit ma
héa polypeptit stra doi.

Muc dich khéc nita clia sang ché 1a d& xuit phuong phap san xuét L-threonin gdm
6 budc nudi cdy vi sinh vat trong méi truong nudi cdy.

Muc dich khac nita cia sang ché 1a d& xuét st dung vi sinh vat dé san xuét L-

threonin.
Hiéu qua dat dugc cua sang ché

Khi st dung polypeptit sua d4i méi clia sang ché, trong d6 hoat tinh ctia meso-
diaminopimelat dehydrogenaza bi suy yéu, c6 thé ting cuong hon nita lugng san sinh
L-threonin. Vi vay, céc hiéu qua vé ning suét cao va thun tién c6 thé mong doi vé khia
canh cong nghié€p.

M3 ta chi tiét sing ché

Sang ché dugc mo ta chi tiét dudi day. Trong khi do, cac phin mb ta va cac phuong
an twong ing dugc mo ta trong sang ché 6 thé duoc ap dung cho cac phan mo ta va céc
phuong an khac. Tc la, tAt ca cac su két hop cua céac chi tiét khac nhau duoc bdc 10
trong sang ché ndm trong pham vi bao ho cla sang ché. Hon nita, pham vi bao ho cta
sang ché khong bi gioi han bai phan md ta cu thé bén dudi.

Pé dat dugc cac muc dich néu trén, mot khia canh cua sang ché d& xuét polypeptit
stra dbi ctia meso-diaminopimelat dehydrogenaza c6 ngudn gbc tir Corynebacterium

glutamicum.
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Cu thé 1a, sang ché dé xuét polypeptit sua ddi cta meso-diaminopimelat
dehydrogenaza, trong d6 axit amin thir 169 trong trinh tur axit amin SEQ ID NO: 1 duoc
thé bang axit amin khac, va cu thd hon 1a dé& xuét polypeptit sira d6i cua meso-
diaminopimelat dehydrogenaza, trong d6 axit amin thir 169 trong trinh ty axit amin SEQ

ID NO: 1 duoc thé bang leuxin, phenylalanin, glutamat, hodc xystein.

Nhu duge st dung & ddy, thuat ngit “meso-diaminopimelat dehydrogenaza™ dé
cap dén men khtt phu thugc NADPH xtc téc qué trinh trung gian cho sinh tdng hop
lysin. Meso-diaminopimelat dehydrogenaza la enzym quan trong chuyén dbi piperodein
2,6-dicarboxylat, dugc tao ra trong qud trinh sén xuét lysin trong vi sinh vat, dé tao ra
meso-2,6-diaminopimelat, va ¢b dinh ngudn nito trong con duong san sinh lysin. Cu thé
14, meso-diaminopimelat dehydrogenaza 1a meso-2,6-diaminopimelat synthaza, vano co
vai trd diu chinh tdc do trong budc thir ba clia con dudng san sinh lysin. Ngoai ra,
enzym xtic tAc phan tmg ¢ dinh nhém amino vao trong piperodien 2,6-dicarbosylat va

nhd d6 tao thanh meso-2,6-diaminopimelat.

Theo sang ché, thudt ngit “meso-diaminopimelat dehydrogenaza” c6 thé sir dung

thay thé cho xitrat synthaza, meso-diaminopimelat dehydrogenaza, va DDH.

Theo sang ché, trinh tu clia meso-diaminopimelat dehydrogenaza c6 thé thu duoc
tir Ngan hang gen NCBI, 1a co s¢ dit liu chung. Vi du, trinh tu clia meso-diaminopimelat
dehydrogenaza co thé 12 trinh tu ctia meso-diaminopimelat dehydrogenaza co ngudn gbc
tir Corynebacterium sp., va cu thé hon 13, polypeptit/protein chira trinh tu axit amin SEQ
ID NO: 1, nhung trinh tu ctia meso-diaminopimelat dehydrogenaza khong bi gi6i han 6
day. Ngoai ra, bét ky trinh ty ndo c6 hoat tinh giéng v6i hoat tinh cta trinh tu axit amin
néu trén c6 thé bao gdbm ma khong bi gidi han. Ngoai ra, trinh tu axit amin cua meso-
diaminopimelat dehydrogenaza c6 thé bao gdm trinh ty axit amin SEQ ID NO: 1 hodc
bét ky trinh tu axit amin c6 sw tuong ddng hoic ddng nhit t8i thiéu 80% véi trinh ty axit
amin SEQ ID NO: 1, nhung trinh tu axit amin khong bi gidi han ¢ day. Cu thé, trinh tu
axit amin c6 thé bao gdm trinh ty axit amin SEQ ID NO: 1 va bét ky trinh ty axit amin
¢6 su tuong ddng hodc ddng nhat it nhat 80%, 85%, 90%, 95%, 96%, 97%, 98%, hodc
99% hoic hoidc 16n hon véi trinh ty axit amin SEQ ID NO: 1. Ngoai ra, rd rang rang bét
ky protein 6 trinh tu axit amin, trong d6é mot phén cua trinh tu axit amin bi x6a, sua d6i,
thay thé, hodc thém, cling c6 thé ndm trong pham vi bao h cua sang ché mién 14 trinh

tu axit amin c6 sy tuong ddng hoic ddng nhét cua trinh tu axit amin véi trinh ty axit
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amin cua protein néu trén va bieu hién hiéu qua tuong tmg véi protein néu trén.

Nhu duge st dung trong sang ché, thuat ngit “bién thé&” d& cap dén polypeptit,
trong d6 it nhat mot axit amin ¢ dang thay thé bao thu va/hodc stra d6i 1a khéc v6i trinh
tu néu trén, nhung céc chiic ndng hogc cac dic tinh ctia protein duge duy tri. Bién thé
khéac biét véi trinh ty dugce xac dinh boi mot s6 thay thé, x6a, hodc thém axit amin.
Thong thuong, bién thé nhu vy c6 thé xac dinh bing sy sira d6i mot axit amin trong
trinh ty axit amin cua polypeptit bén trén va béng cach danh gid cac ddc tinh cla
polypeptit stra ddi bén trén. Tirc 13, kha ning cta bién thé c6 thé tang 1én, khong thay
dbi, hodc giam xudng so véi kha ndng clia protein tu nhién cia no. Ngoai ra, mot s6 bién
thé c6 thé bao gdm cac bién thé trong d6 mot hodc nhidu phan (vi dy, trinh tu din dau

dau N hodc mién xuyén mang) dugc loai bo.

Nhu duoc st dung trong sang ché, thuat ngit “thay thé bao thu” dé cap dén thay
thé clia mot axit amin voi axit amin khdc ma c6 cac ddc tinh hoa hoc va/hodc cAu truc
tuong tu. Bién thé c6 thé co, vi du, mot hodc nhiéu thay thé bao thu trong khi van giit
mot hodc nhidu hoat tinh sinh hoc. Céc su thay thé axit amin nhu vay c6 thé thuong xuét
hién dua trén su giéng nhau vé& d6 phan cuyc, dién tich, tinh hoa tan, tinh ky nudc, tinh
wa nuéc va/hodc ban chat ludng tinh cua cac gbc. Vi dy, céc axit amin (tinh bazo) dién
tich duong bao gém arginin, lysin, va histidin; cdc axit amin (tinh axit) dién tich am bao
gdm axit glutamic va axit aspartic; cac axit amin thom bao gdm phenylalanin,
tryptophan, va tyrosin; cac axit amin ky nudc bao gém alanin, valin, isoleuxin, leuxin,
methionin, phenylalanin, prolin, glyxin, va tryptophan. Thong thudng, thay thé bao thu
c6 it hodc khong anh hudng dén hoat tinh ctia polypeptit duoc tao ra.

Ngoai ra, bién thé c6 thé bao gdm x6a hodc thém céc axit amin c6 anh hudng tbi
thiéu dén cac dic tinh va cdu trac thu cAp cta polypeptit. Vi du, polypeptit co thé lién
hop vai trinh ty (hodc dan dau) tin hidu tai d4u N cua protein, ma truc tiép truyén ciing
dich ma hodc dich m sau cta protein. Ngoai ra, polypeptit co thé két hop véi trinh tu

khéc hogic doan ndi dé nhan dang, tinh sach, hodc téng hop ctia polypeptit.

Nhu dugc st dung trong sang ché, thuat ngit “polypeptit stra d6i cta meso-
diaminopimelat dehydrogenaza” d cap dén polypeptit sta d6i cua meso-
diaminopimelat dehydrogenaza bao gém mot hodc nhiéu sy thay thé axit amin trong

trinh ty axit amin cla polypeptit ma cé hoat tinh cia meso-diaminopimelat
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dehydrogenaza protein, va cac thay thé axit amin bao gdm thay thé trong d6 axit amin

thir 169 tir diu N duoc thé bang axit amin khac.

Cu thé, polypeptit stra d6i bao gdm polypeptit stra dbi, trong d6 axit amin tuong
Umg véi axit amin thi 169 trong trinh ty axit amin cla polypeptit ma cé hoat tinh cua
meso-diaminopimelat dehydrogenaza protein dugc thé bang axit amin khac. Vi du,
polypeptit stra d6i bao gdm polypeptit stra dbi, trong &6 dot bién xuét hién trén axit amin
tai vi tri 169 tir diu N trong trinh ty axit amin SEQ ID NO: 1. Cu thé hon, polypeptit
stra d6i c6 thé 1a protein, trong d6 axit amin twong ung v6i axit amin tha 169 SEQ ID

NO: 1 dugc thé bing axit amin khéc.

Thuat ngir “thay thé bing axit amin khac” khong bi giéi han mién 12 axit amin
duoc thé bing axit amin ma khac véi axit amin trudce khi thay thé. Cu thé, thay thé c6
thé 1a thay thé trong d6 axit amin dugc thé bang bét ky mot axit amin duoc lya chon tur
nhom bao gdm L-lysin, L-histidin, L-glutamat, L- axit aspartic, L-glyxin, L-alanin, L-
valin, L-leuxin, L-isoleuxin, L-methionin, L-phenylalanin, L-tryptophan, L-prolin, L-
serin, L-xystein, L-tyrosin, L-asparagin, va L-glutamin. Cu thé hon, polypeptit stra doi
c6 thé 1a polypeptit trong d6 axit amin thir 169 trong trinh tu axit amin SEQ ID NO: 1
12 bit ky mot axit amin dugc lua chon tir nhom bao gém L-leuxin, L-phenylalanin, L-

glutamat, va L-xystein, nhung polypeptit sira d6i khong bi gidi han ¢ day.

Ngoai ra, géc axit amin duogc thé co thé bao gém khong chi cac axit amin tu nhién
ma con céc axit amin khong tu nhién. Céc axit amin khong tu nhién ¢6 thé 13, vi du, cac
D-axit amin, cic homo-axit amin, cdc beta-homo-axit amin, cac N-metyl axit amin, cac
alpha-metyl axit amin, cc axit amin khac thuong (vi dy, xitrullin, naphthyl alanin, v.v.),

nhung cac axit amin khong tw nhién khong bi giéi han ¢ day.

Trong khi d6, khi duoc bidu didn “axit amin cu thé dugc thé” trong sang ché, 15
rang la axit amin dugc thé bang axit amin khac v6i axit amin trude khi thay thé, ngay

ca khi n6 khong dugc chi ra mot cach riéng biét rang n6 duoc thé bang axit amin khac.

Nhu duoc st dung trong sang ché, thuat ngit “twong tng véi” dé cap dén gbc axit
amin tai vi trf c6 trong protein hodc peptit, hodc gdc axit amin ddng nhét hogc twong
tmg véi gde c6 trong protein hodc peptit. Nhur dugce sir dung trong sang ché, thuat ngt
“yung tuong ung” thuong dé cap dén vi tri gidng nhau trong protein lién quan hodc

protein tham chiéu.
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Theo sang ché, viéc danh s6 cu thé 6 thé duoc str dung cho cac vi tri géc axit amin
trong polypeptit dugc sir dung trong sang ché. Vi du, c6 thd danh sb lai cac vi tri tuong
Uung voi cac vi tri gbc axit amin cta polypeptit cla sang ché bing cach cin chinh

polypeptit chu thé cén so sanh véi trinh tu polypeptit ctia séng ché.

Bién thé ctia meso-diaminopimelat dehydrogenaza dugc d2 xuét theo sang ché sao
cho axit amin tai vi tri cu thé trong meso-diaminopimelat dehydrogenaza mo ta bén trén
duoc thé, va do d6 kha nang san xuét L-threonin c6 thé tang 1én so v&i polypeptit trudc
khi stra doi.

Polypeptit stra d6i ¢6 the 1a polypeptit, trong d6 axit amin tha 169 tir dau N trong
trinh tu axit amin SEQ ID NO: 1 dugc md ta bén trén va/hodc trinh ty axit amin, c6 su
tuong ddng hodc ddng nhat it nhat 80%, 85%, 90%, 95%, 96%, 97%, 98%, hodc 99%
hodic nhidu hon vé6i trinh ty axit amin SEQ ID NO: 1 duoc sira doi.

Ngoai ra, polypeptit sta dbi c6 thé 1a polypeptit, trong d6 axit amin thir 169 tur dAu
N trong trinh ty axit amin SEQ ID NO: 1 duoc md ta bén trén va/hoic trinh ty axit amin
¢6 sw tuong ddng hodc ddng nhét it nhét 80%, 85%, 90%, 95%, 96%, 97%, 98%, hodc
99% hogc nhiéu hon véi trinh ty axit amin SEQ ID NO: 1 duoc stra ddi; c6 do tuong
ddng trinh ty it nhit 80%, 90%, 95%, 96%, 97%, 98%, 99% hodc nhiéu hon, va it
hon 100% véi trinh ty axit amin SEQ ID NO:1; va ¢ hoat tinh cua meso-

diaminopimelat dehydrogenaza.

Hoat tinh ctia meso-diaminopimelat dehydrogenaza clia polypeptit stra dbi co thé
yéu hon hoat tinh clia meso-diaminopimelat dehydrogenaza c6 trinh ti axit amin SEQ

ID NO: 1, 1a kiéu dai.

Dbi véi muc dich cua sang ché, vi sinh vét bao gbm polypeptit sira dbi ctia meso-
diaminopimelat dehydrogenaza khac biét & chd lugng cac L-axit amin san xuét ting lén
so véi vi sinh vat tai do polypeptit stra ddi cta meso-diaminopimelat dehydrogenaza
khong c6 mit. Polypeptit sua d6i ctia meso-diaminopimelat dehydrogenaza khac biét &
chd c6 hoat tinh kiém soat gen aé téngbkhé ning san xuat L-axit amin so v&i meso-
diaminopimelat dehydrogenaza kiéu dai tu nhién hodc khéng sta dbi. N6 c6 y nghia
quan trong 13 Iuong san xuit L-axit amin c6 thé ting 1én thong qua vi sinh vét, trong d6
polypeptit sua dbi cua meso-diaminopimelat dehydrogenaza dugc dua vao. Cu thé, L-

axit amin c6 thé 1a L-threonin hodc axit amin c6 ngudn gdc tlr L-threonin, nhung batky
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L-axit amin, c¢6 thé duoc tao ra bing cach dua polypeptit sira d6i cta meso-
diaminopimelat dehydrogenaza hodc béng cach bao gbm polypeptit sta d6i ctia meso-

diaminopimelat dehydrogenaza, c6 thé dugc bao gdm ma khong bi gidi han.

Axit amin c6 ngudn goc tir L-threonin dé cép dén axit amin co thé dugc sinh tong
hop béng céch sir dung L-threonin lam tién chat, va axit amin 6 ngudn gbc tir L-threonin

khong bi gidi han mién 1a ¢6 thé sinh tong hop tir L-threonin.

Polypeptit sira ddi ctia meso-diaminopimelat dehydrogenaza c6 thé 13, vi du,
polypeptit stra d6i bao gbm trinh ty axit amin, trong d6 axit amin tu’ong»l’mg véi axit
amin th@t 169 trong trinh tu axit amin SEQ ID NO: 1 dugc thé bﬁng axit amin khac, va
c6 thé 1a polypeptit bao gém trinh tu axit amin SEQ ID NO: 3. Bién thé, trong d6 axit
amin tuong Ung voi axit amin thi 169 trong trinh ty axit amin SEQ ID NO: 1 duogc thé
bing leuxin, c6 thé 1a bién thé bao gdm trinh tyr axit amin SEQ ID NO: 3, nhung bién
thé khong bi giéi han & ddy. Ngoai ra, polypeptit sira ddi cua meso-diaminopimelat
dehydrogenaza cé thé bao gbm trinh tu axit amin SEQ ID NO: 3 hodc trinh tu axit amin,
ma co su tuong ddng hoic déng nhét 80% hodc 16n hon v6i trinh tu axit amin SEQ ID
NO: 3, nhung polypeptit sta dbi ciia meso-diaminopimelat dehydrogenaza khong bi gisi
han & ddy. Cu thé, polypeptit stra ddi ctia meso-diaminopimelat dehydrogenaza cua sang
ché c6 thé bao gdm protein c6 trinh tu axit amin SEQ ID NO: 3 hodc protein c6 sy tuwong
ddng hodc ddng nhét it nhat 80%, 85%, 90%, 95%, 96%, 97%, 98%, hodc 99% hodc 16n
hon véi trinh tu axit amin SEQ ID NO: 3. Ngoai ra, rd rang rang bit ky protein c6 trinh
tu axit amin c6 sy x6a, sua dbi, thay thé, hodc thém trong mot sb axit amin cta né cling
¢6 thé thudc pham vi bao ho cla sang ché ngoai axit amin twong g véi axit amin thir
169 SEQ ID NO: 1, mién 14 protein ¢6 trinh ty axit amin ¢6 su tuong ddng hozc ddng

nhét nhu vy va biéu hién hiéu qua twong Gmg véi protein bén trén.

Tuc 13, ngay ca khi duge mo ta 1a “protein c6 trinh tu axit amin SEQ ID NO cu
thd”, & rang ring protein c6 trinh ty axit amin v6i x6a, sta dbi, thay thé, thay thé bao
tha, hodc thém trong mot phan cta trinh ty cling ¢6 thé duogc st dung trong sang ché
mién 12 protein c6 hiéu qua ddng nhét hodc tliong g véi protein bao gdm trinh ty axit
amin SEQ ID NO tuong Gng. Vi du, mién 1a protein c6 hoat tinh ddng nhét hoic twong
mg vé&i hoat tinh cua protein stra ddi, thém trinh tu khong 1am thay d6i chiic ning clia
protein phia trudc hodc phia sau cla trinh ty axit amin, cdc dot bién xay ra khong tu

nhién, cac d6t bién cam ling, hodc cac thay thé bao thi cia né khong bi loai trir. RG rang
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ring ngay ca khi protein c6 thém trinh tu nhu vay hogc dot bién, n ciing nim trong

pham vi bao h¢ cua sang che.

Nhu duge st dung trong sang ché, thuat ngit “tuong ddng” hoic “ddng nhat” dé
cap dén mirc @6 lién quan gitta hai trinh tu axit amin hodc trinh tu nucleotit, va nd cé

thé dugc biéu dién bing phan trim.

Céc thuat nglt “tuong dong” va “ddng nhit” nay c6 thé thuong duge st dung thay
thé cho nhau.

Su twong ddng hoic dong nhét trinh tu ctia cac polynucleotit hodc céc polypeptit
bao tdn c6 thé duoc xac dinh béng thuét toan cin chinh tiéu chudn, va cic ham phat
khoang trng mic dinh duoc thiét 1ap boi chuong trinh can st dung c6 thé dugc sir dung
cng nhau. Thye té, céc trinh tw twong ddng hogc ddng nhét ¢6 thé dugc lai voi nhau
doc theo toan bd chiéu dai hogc it nhit khoang 50%, 60%, 70%, 80%, hodc 90% hoac
nhiéu hon cta toan bd trinh tu dudi céac didu kién vira phai hodc nghiém ngit cao hon.
Trong lai hoa, cac polynucleotit bao gbm codon (don vi m4 héa) thodi bién thay vi codon

cling duoc xem Xét.

Xem xét bt ky hai trinh ty polynucleotit hodc polypeptit co su tuong ddng, tuong
tw, hodc ddng nhat c6 thé duoc xdc dinh bing cach st dung céc thuét toan mdy tinh da
biét trong cting linh vyc k¥ thuét, vi du, chuong trinh “FASTA” st dung céc tham sO
miic dinh duoc gidi thiéu boi Pearson et al. (1988) [Proc. Natl. Acad. Sci. USA 85: 2444].
Ngoai ra, thuét toan Needleman-Wunsch (1970, J. Mol. Biol. 48: 443-453) duoc thuc
hién trong chuong trinh Needleman cua bd phin mém mé sinh hoc phén tir chau Au ctia
g6i EMBOSS (Rice et al., 2000, Trends Genet. 16: 276-277) (phién ban 5.0.0 hodc phién
ban cao hon) c¢6 thé duoc st dung 8 xac dinh twong tu (bao gdbm géi 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 1on, Martin J. Bishop, [ED.,] Academic Press, San Diego, 1994, va
[CARILLO ETA/.](1988) SIAM J Applied Math 48: 1073). Vi du, su twong ddng, tuong
tu, hodc déng nhét ¢6 thé dugc xac dinh b?lng cach st dung BLAST tir co s& dit liéu
thong tin cong nghé sinh hoc trung tam qudc gia hogc ClustalW.

Su twong ddng, twong tu, hodc ddng nhit gitta cac polynucleotit hodc cac

polypeptit co thé duoc xac dinh, vi dy, bang céch so sanh thong tin trinh tw da cho bang
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cach st dung chuong trinh mdy tinh GAP, chéng han nhu chuong trinh duoc gi6i thiéu
boi Needleman et al. (J Mol Biol. 48: 443 (1970)), nhu dugc boc 16 bdi Smith and
Waterman (Adv. Appl. Math (1981) 2: 482). Tém lai, chwong trinh GAP dinh nghia su
tuong dong, twong tu, hodc ddng nhit 14 s6 ky tu dugc can chinh twong tu (tic la, céc
nucleotit hodc cac axit amin) dugc chia cho téng sb cac ky tu trong trinh tu ngén hon
trong hai trinh tu. Cac tham s6 mic dinh d6i voi chuong trinh GAP ¢6 thé bao gdm: (1)
ma trén so sanh don phén (bao gdm gié tri 1 d8i v6i ddng nhat va gia tri 0 d6i v6i khong
ddng nhat) va ma tran so sanh trong sb cua Gribskov, et al., (Nucl. Acids Res. 14: 6745
(1986)) nhu duge mé ta bai Schwartz va Dayhoff, eds. (Ban do trinh tu va cAu tric
protein, Qu¥ nghién clru y sinh qudc gia, trang 353-358 (1979) hodc ma trén thay thé
EDNAFULL (phién ban EMBOSS cua NCBI NUC4.4)); (2) ham phat bang 3,0 d6i véi
mdi khoang tréng va ham phat bd sung 0,10 d6i véi mdi ky tu trong mdi khoang trong
(hodc ham phat m¢ khoang tréng bang 10 va ham phat mé rong khoang trbng bang 0,5);
va (3) khong c6 ham phat ddi véi cc khoang trbng cudi. Do d6, nhu duoc st dung trong
sang ché, thuat ngit “tuong ddng” hodc “ddng nhét” thé hién muc dd lién quan gifta cac

trinh tu.

Khia canh khac nita clia sing ché dé xuit polynucleotit ma hoa polypeptit stra d6i

cta meso-diaminopimelat dehydrogenaza.

Nhu dugce st dung trong sang ché, thuat ngt “polynucleotit” dé cap dén chudi
ADN hojc ARN c6 chiéu dai hon chiéu dai nhét dinh dudi dang nucleotit polyme, la
chudi dai cta cac monome nucleotit dwoc ndi v6i nhau bang lién két cong hoa tri, va cu

thé hon 1a d& cép dén doan polynucleotit ma hoa protein stra d6i dugc mo ta bén trén.

Polynucleotit mi hoa polypeptit stra ddi cuia meso-diaminopimelat dehydrogenaza
cta sang ché, co thé bao gdm bét ky trinh tu polynucleotit ma héa polypeptit sira d6i ctia
meso-diaminopimelat dehydrogenaza cua sang ché ma khong gi6i han. Polynucleotit ma
hoa polypeptit stra ddi ctia meso-diaminopimelat dehydrogenaza cia sang ché, co thé
bao gbm ma khong giGi han & bét ky trinh tu polynucleotit that ma hda protein stra ddi,
trong d6 axit amin thit 169 trong trinh tu axit amin SEQ ID NO: 1 dugc thé bing axit
amin khac. Cu thé, polynucleotit c6 thé bao gbm trinh ty polynucleotit ma hoa bién thé,
trong d6 axit amin thir 169 trong trinh tu axit amin SEQ ID NO: 1 dugc thé bing leuxin.
Vi du, polynucleotit ma hoa polypeptit sta dbi ctia meso-diaminopimelat dehydrogenaza

cta sang ché co thé 1a trinh tu polynucleotit mé héa trinh tu axit amin SEQ ID NO: 3,
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nhung polynucleotit khong bi gi¢i han ¢ day. Cu thé hon, polynucleotit c6 thé 1a
polynucleotit gdm c6 trinh tu polynucleotit SEQ ID NO: 4, nhung polynucleotit khong
bi gi6i han ¢ ddy. Xem xét thoai bién codon va cic codon dugc wu tién trong to chuc
sinh hoc tai d6 protein dugc biéu hién, c4c stra d6i khac nhau c6 thé thuc hién trong
ving ma hoa clia polynucleotit trong pham vi khong lam thay dbi trinh tur axit amin cia
protein. Theo do, rd rang rang bat ky polynucleotit c6 thé dugc dich ma thanh polypeptit
bao gdm trinh tu axit amin SEQ ID NO: 3 hogc thanh polypeptit c6 su tuong ddng hoic
ddng nhét vdi trinh ty axit amin SEQ ID NO: 3, cling ¢6 thé bao gdm trong sang ché.

Ngoai ra, bat ky trinh ty ma hoéa polypeptit sira dbi cua meso-diaminopimelat
dehydrogenaza, trong d6 axit amin thir 169 trong trinh tu axit amin SEQ ID NO: 1 duoc
thé bang axit amin khéc, béang cach lai hoa voi bét ky doan do ma duoc diéu ché tir cac
trinh tu gen da biét (vi du, c4c trinh tu bd sung cho toan b hodc mot phﬁn cua trinh tu

nucleotit bén trén) dudi cac didu kién nghiém ngat ¢6 thé bao gom ma khong gidi han.

Thuét ngit “céc didu kién nghiém ngat” @& cap dén céc diéu kién ma cho phép lai
hoa dic hiéu gifta cac polynucleotit. Cac diéu kién nhu vay dugc mo ta cu thé trong tai
liéu tham khao (vi dy, J Sambrook et al., supra). Vi du, céc diéu kién nghiém ngt c6
thé bao gdm céc didu kién ma dudi cac diéu kién nay céc gen co tuong ddng hoic dong
nhét cao nhét (vi du, 80% hoic 16n hon, 85% hodc 16n hon, cu thé 90% hoic 16n hon,
cu thé hon 95% hodc 16n hon, cu thé hon nita 97% hodc 1én hon, va cu thé hon nira 99%
ho#c 16n hon) duge lai hda voi nhau, trong Khi cac gen co tuong déng hodc dong nhét
thap hon cua ching khong duoc lai héa véi nhau; hodc cac didu kién rira thong thuong
dé 1ai hoa southern (ttc 13, cac didu kién dé rira mot 14n, va cu thé hai hoic ba 1an dudi
ndng d6 muéi va nhiét do twong tmg 1a 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).

Mic du su khong phu hgp giita cic nucleotit co thé xay ra do sy nghiém ngit cua
lai hoa, n6 yéu cAu hai axit nucleic c6 trinh ty bd sung. Thuat ngit “bd sung” dugc st
dung dé mo ta mbi quan hé giita cac bazo nucleic c6 thé lai héa voi nhau. Vi dy, d6i véi
ADN, adenosin dugc bd sung v6i thymin va xytosin dugc bd sung véi guanin. Theo do,
sang ché co thé bao gdm khong chi céc trinh tur axit nucleic vé co ban twong tw, ma con

céc doan axit nucleic da phan lap dugc bd sung cho toan bd trinh tu.

Cu thé, polynucleotit c6 sy twong ddng hodc dong nhét c6 thé duoc x6a bang cach

10
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st dung cac diéu kién lai héa bao gdm budc lai hoa & gia tri Tm 1a 55°C va cac diéu kién
duoc mo ta bén trén. Ngoai ra, gid tri Tm c6 thé 12 60°C, 63°C, hodc 65°C, nhung khong
bi gi¢i han & ddy, va c6 thé dugc diéu chinh thich hop bdi ngudi c6 hiéu biét trung binh

trong cung linh vyc tiy theo muc dich.

Tinh nghiém ngit thich hop cua lai hoa cac polynucleotit phu thude vao chiéu dai
va muc d6 bd sung cua cac polynucleotit, va cac bién thé da duoc biét dén trong clng

Iinh vuc k¥ thuat (tham khao Sambrook et al., supra, 9.50-9.51 va 11.7-11.8).

Nhu dugce stir dung trong sang ché, thuat ngit “vecto” dé cap dén cAu tric ADN bao
gdm trinh tu nucleotit ctia polynucleotit ma héa protein duoc stra ddi dich lién két hoat
dong voi trinh tu kidm soat thich hop dé cho phép biéu hién protein dugc stra dbi dich
trong t& bao chi thich hop. Trinh tu kiém soat ¢4 thé bao gbm promoto (ving khoi dong)
c6 kha nang bat d4u phién ma, bét ky trinh tu van hanh dé kidm soat phién ma nhu vy,
trinh ty ma hoa mién lién két ribosom mARN thich hop, va trinh tu kiém soat két thuc
phién ma va dich ma. Sau khi vecto dugc dich ma vao trong té bao chu thich hop, n6 cé
thé sao chép hodc hoat dong ddc lap vdi bo gen vat chu, va cé thé dugc tich hop vao

trong b gen cua no.

Vecto duge st dung trong sdng ché khong bi gi6i han cu thé, mi&n 14 n6 c6 thé sao
chép trong té bao vat chil, va bat ky vecto da biét trong cung linh vuc k¥ thudt co thé
duoc sir dung. Cac vi du clia cac vecto thudng co thé bao gém plasmit tai t6 hop hodc
tu nhién, cosmit, virut, va thuc khuén. Vidu, pWE15, M13, MBL3, MBL4, IXII, ASHII,
APIL t10, t11, CharondA, Charon21A, v.v. c6 thé dugc sit dung lam vecto thuc khudn
hodc vecto cosmit; va cac vecto gbc pBR, pUC, pBluescriptll, pGEM, pTZ, pCL, pET,
v.v. c6 thé duoc st dung lam vecto plasmit. Cu thé, cac vecto chéng han nhu pDZ,
pACYC177, pACYC184, pCL, pECCG117, pUCIY, pBR322, pMW118, pCC1BAC,

v.v. c6 thé dugc st dung.

Vi dy, polynucleotit ma héa protein sua dbi dich trong nhiém sic thé c6 thé duge
thé véi polynucleotit stra d6i thong qua vecto d8 cheén nhi®m séc thé trong ndi bao. Viéc
chén polynucleotit vao trong nhidm sic thé c6 thé duge thuc hién béang cach st dung bét
ky phuong phap da biét trong cung linh vuc k¥ thuét (vi dy, tai td hop twong dong),
nhung phuong phép khong bi gi6i han & déy. Vecto c6 thé con bao gdm chi diu lya

chon dé x4c nhan n6 c¢6 chen thanh cdng vao trong nhiém sic thé. Chi dau lya chon dugc

11
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stt dung d lua chon cac té bao dugce bién nap vai vecto, tic 1a, dé x4c nhan xem phéan |
tir axit nucleic dich da duoc chén, va cac chi d4u tao ra cac kiéu hinh c6 thé lua chon (vi
du, khang thubc, khuyét dudng, khang cac tac nhan gy doc té bao, biéu hién ctia céc
protein bé mit, v.v.) c6 thé dugc st dung. Trong trudng hop khi cac tac nhén lya chon
duoc xit 1Y, chi céc t& bao ¢6 kha ning biéu hién céc chi déu lya chon c6 thé ton tai hodc
biéu hién c4c tinh trang kiéu hinh khac, va do d6, céc té bao duoc bién nap c6 thé duoc

lIua chon.

Khia canh khac nita ctia sdng ché dé xuét vi sinh vat bao g@)m protein sua ddi hozc
polynucleotit ma hoa protein stra ddi, va do d6 c6 kha ning san xudt L-threonin. Cu thé,
vi sinh vat bao gdm bién thé protein hodc polynucleotit ma héa protein sira d6i, c6 thé
1a vi sinh vat duoc diéu ché bang cach bién nap véi vecto chira polynucleotit ma hoa

protein sira dbi, nhung vi sinh vét khong bi gi¢i han ¢ day.

Nhu dugc st dung trong sang ché, thuat ngit “bién nap” dé cap dén viéc dua vecto,
ma bao gdm polynucleotit ma hoa protein dich vao trong t€ bao chu sao cho protein
duoc mi hda boi polynucleotit duoc biéu hién trong té bao vat chu. Mién 1 polynucleotit
duoc bién nap c6 thé dugc bidu hién trong & bao vét chu, né ¢6 thé dugc tich hop vao
trong va dugc dat trong nhi®m séc thé cua t€ bao vat chu, hodc né co thé 1a duogc dit
ngoai nhidm séc thé, hoic khong phén biét ctia chiing. Ngoai ra, polynucleotit bao gbm
ADN va ARN ma hoa protein dich. Polynucleotit c6 thé 13 dugc dua vao ¢ dang bat ky,
midn 12 n6 ¢6 thé dugc dua vao trong té bao vat chi va duge biéu hién trong d6. Vi du,
polynucleotit c6 thé duoc dua vao trong t& bao vét chii & dang catxet biéu hién, 1a ciu
tric gen bao gom tat ca cac yéu t6 cin thiét d8 tu bidu hién cua nd. Thong thuong, catxet
bidu hién c6 thé bao gdm promoto duoc lién két hoat dong véi polynucleotit, cdc tin
hiéu két thiic phién ma, cc vi tri lién két ribosom, va cdc tin hi¢u két thic dich ma.
Catxet biéu hién c6 thé & dang vecto biéu hién tu sao chép. Ngoai ra, polynucleotit ¢6
thé 14 polynucleotit dugc dua vao trong té bao vat chu va lién két hoat dong véi trinh tur
doi hoi dé bidu hién trong té bao vat chi, nhung polynucleotit khong bi gioi han ¢ day.

Nhu duoc sir dung trong sang ché, thuat ngit “lién két hoat dong” c¢6 nghia 1a trinh
tu ving khoi dong, khoi diu va lam trung gian phién ma ctia polynucleotit md hoa
protein dugc stra dbi dich ctia sang ché, dugc lién két hoat dong véi trinh tu gen néu

trén.

12
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Khia canh khac nita cua sang ché d& xuét vi sinh vat thudc chi Corynebacterium,
ma bao gdm polypeptit sua ddi cta meso-diaminopimelat dehydrogenaza hodc

polynucleotit ma hoa polypeptit.

Nhu duoc st dung trong sang ché, thuat ngft “vi sinh vét bao gdm polypeptit stra
dbi ctia meso-diaminopimelat dehydrogenaza hodc polynucleotit ma hoa polypeptit” co
thé d& cap dén vi sinh vat ti t6 hop ma duge didu ché sao cho polypeptit stra doi clia
meso-diaminopimelat dehydrogenaza ctia sang ché duge bidu hién. Vi dy, n6 6 thé de
cip dén té bao cht hodc vi sinh vat, ma bao gbm polynucleotit ma héa polypeptit sira
ddi cta meso-diaminopimelat dehydrogenaza hodc dugc bién nap véi vecto chira
polynucleotit ma hoéa polypeptit stra ddi cua meso-diaminopimelat dehydrogenaza, va
do do cé kha ndng biéu hién bién thé. V&i muc dich cla sang ché, cu thé, vi sinh vat 1a
vi sinh vat biéu hién polypeptit stra ddi ctia meso-diaminopimelat dehydrogenaza, bao
gdm mot hodc nhiéu céc thay thé axit amin bén trong trinh ty axit amin SEQ ID NO: 1,
va vi sinh vét c6 thé 1a vi sinh vat bidu hién protein sira doi trong d6 axit amin thir 169
tr d4u N trong trinh ty axit amin SEQ ID NO: 1 dugc thé bang leuxin va do d6 c6 hoat
tinh ctia polypeptit sira dbi ctia meso-diaminopimelat dehydrogenaza, nhung vi sinh vat
khong bi gidi han ¢ day.

Vi sinh vét bao gém poljrpeptit stra ddi ctia meso-diaminopimelat dehydrogenaza
hodc polynucleotit ma héa polypeptit, c6 kha néng la bét ky vi sinh vat nao bao gdm
polypeptit stra d6i ctia meso-diaminopimelat dehydrogenaza hodc polynucleotit ma hoa
polypeptit va do d6 cé kha nang san xudt L-axit amin (vi du, L-threonin), nhung vi sinh
vat khéng bi gi6i han & day. Vi du, vi sinh vét bao gbm polypeptit stra d6i ctia meso-
diaminopimelat dehydrogenaza hodc polynucleotit ma hoa polypeptit, co thé 1a vi sinh
vat tai tb hop, dugc didu ché bing cach dua polynucleotit ma hoa polypeptit stua dbi cua
meso-diaminopimelat dehydrogenaza vao trong vi sinh vat hoang dai ty nhién hodc vi
sinh vat san xudt L-axit amin, va do d6 c6 kha nang biéu hién polypeptit sira d6i ctia
meso-diaminopimelat dehydrogenaza va c6 kha néng tang cuong san sinh L-axit amin.
Vi sinh vat tai t hop c¢6 kha ning san sinh L-axit amin dugc tang cudng c6 thé 1a vi sinh
vat c6 kha ning ting cuong san sinh L-axit amin so Vi vi sinh vat hoang dai tu nhién
hodc vi sinh vét khong stra dbi, va L-axit amin c6 thé la L-threonin, nhung chiing khong
bi gidi han & day.

Nhu dugce st dung trong sang ché, thuat ngit “vi sinh vat san xuét L-axit amin”

13
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bao gdm ca vi sinh vat hoang dai va vi sinh vat trong d6 sta ddi tw nhién hodc nhan tao
xuét hién, va n6 c6 thé 1a vi sinh vat, trong d6 co ché cu thé bi suy yéu hodc ting cuong
do viéc chén gen ngoai lai, do ting cuong hodc bt hoat hoat tinh ciia gen ndi sinh, v.v.,
trong d6 bién thé di truyén xuét hién hodc hoat tinh dugc ting cudng dé san sinh L-axit
amin mong mudn. Vi sinh vét chii thé c6 thé 14 vi sinh vét dugc sira ddi vé& mit di truyén
thong qua bat ky mot hodc nhidu dugc lya chon tir nhém bao gdm polypeptit sira d6i,
polynucleotit ma héa polypeptit stra ddi, va vecto chira polynucleotit; vi sinh vat duoc
stra dbi d& bidu hién polypeptit stra d6i hodc polynucleotit ma héa polypeptit sira d6i; vi
sinh vat tai td hop, biéu hién polypeptit stra dbi hodc polynucleotit md héa polypeptit
stra dbi; hodc vi sinh vat tai t& hop, cé hoat tinh cua polypeptit stra d6i, nhung vi sinh
vat khong bi gioi han ¢ day.

Vi sinh vat san xudt L-axit amin c6 thé 12 vi sinh vat bao gdm polypeptit sta d6i
hodc polynucleotit ma hdéa polypeptit sua ddi, hodc vi sinh vat trong d6 vecto chira
polynucleotit dugc dua vao dé c6 kha ning ting cudng san xut L-axit amin mong mudn.

Cu thé, viéc dua c6 thé dat dugc bang cach bién nap nhung khong bi gidi han ¢ day.

Ngoai ra, trong sang ché, vi sinh vat san xuAt L-axit amin hodc vi sinh vat c6 kha
ning san xudt L-axit amin c6 thé 13 vi sinh vat, trong d6 mot phan trong cac gen lién
quan dén con dudng sinh tbng hop L-axit amin dugc ting cudng hodc suy yéu, hodc vi
sinh vat, trong d6 mot phan trong c4c gen lién quan dén con dudng sinh tong hop L-axit

amin duoc ting cudng hodc suy yeu.

Véi muc dich cta sang ché, vi sinh vét c6 thé bao gdm bét ky vi sinh vét, bao gdm
polypeptit sta dbi va do d6 c6 kha ning san sinh L-threonin hodc axit amin c6 ngudn
gdc tir L-threonin.

Thuét ngit “vi sinh vat khong sira d6i” d& cap dén ching ty nhién cta n6; vi sinh
vat khong chira polypeptit sira ddi cua meso-diaminopimelat dehydrogenaza; hodc vi
sinh vat khong duoc bién nap véi vecto chira polynucleotit ma hoa polypeptit sta di
clia meso-diaminopimelat dehydrogenaza. “Vi sinh vét” c¢6 thé bao gdm vi sinh vét nhin
so hodc vi sinh vat nhan thuc, midn 12 vi sinh vat c6 thé san xuét L-axit amin. Vi dy, “vi
sinh vat” ¢6 thé bao g@)m céc vi sinh vat thudc chi Escherichia, chi Erwinia, chi Serratia,
chi Providencia, chi Corynebacterium, va chi Brevibacterium. Cu thé, vi sinh vat c6 thé

14 vi sinh vat thudc chi Corynebacterium, va cu thé hon 1a Corynebacterium glutamicum,
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nhung vi sinh vt khong bi gi6i han ¢ déy.

Cu thé, dé ting cuong con dudng sinh tdng hop L-threonin trong vi sinh vat thude
chi Corynebacterium, vi du, biéu hién ctia gen thrC ma héa threonin synthaza; gen ppc
gen mi héa phosphoenolpyruvat carboxykinaza; gen galP lién quan dén su hip thu
glucoza; gen /ysC ma hoa aspartokinaza 3 nhay cam lysin; gen hom ma héa homoserin
dehydrogenaza; gen pyc gdy ting nhom oxaloaxetat, v.v. c6 thé ting cudong hodc ting

bén trong vi sinh vat.

Dé giai phong e ché phan hdi @i véi L-threonin, vi dy, gen stra dbi c6 thé duoc
dua vao trong gen IysC, gen hom, gen thrd (c6 dic tinh chic nang kép cua

aspartokinaza/homoserin dehydrogenaza 1), v.v..

Dé bit hoat cac gen lam suy yéu con duong sinh téng hop L-threonin, vi du, biéu
hién cua gen pckA lién quan dén chuyén d6i clia oxaloaxetat (OAA) (tuc 1a, chét trung
gian cta sinh tdng hop L- threonin) thanh phosphoenolpyruvat (PEP); biéu hién ctia gen
tyrR e ché biéu hién cta gen lysC; biéu hién ctia gen galR uc ché biéu hién cua gen
galP lién quan dén hip thu glucoza; biéu hién ctia gen mcbR (tic 13, bo diéu hoa kép

phién ma lién két ADN); v.v. c6 thé bi suy yéu hodc bit hoat bén trong vi sinh vat.

D4 ting hoat tinh cta operon cua L-threonin, plasmit bao gdm operon threonin,
bao gém céc gen méa hoa aspartokinaza, homoserin dehydrogenaza, homoserin kinaza,
va threonin synthaza (Cong bb don patent Nhat Ban s6 2005-227977), operon threonin
co nguén géc tir 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 ctia operon threonin ¢
thé ting 1én bén trong vi sinh vét.

Ngoai ra, tinh d khang c6 thé duoc quy cho cac chét tuong tu L-threonin (vi du,
a-amin-B-hydroxy valeric axit, D,L-threonin hydroxamat, V.V.).

Ngoai ra, cac gen téc dong trén con dudng sinh tbng hop L-lysin va ¢6 tién chét
chung v&i L-threonin (vi du, dihydrodipicolinat synthaza (dapA) (tuc la, 4-hydroxy-
tetrahydrodipicolinat ~ reductaza), diaminopimelat ~ decarboxylaza (lys4), va
diaminopimelat dehydrogenaza (ddh)), c6 thé bi yéu di.

Tuy nhén, cac phuong phap bidu hién gen khong bi gidi han & day, va kha ning

san sinh L-threonin c6 thé dugc ting cudng bang phuong phép kiém so4t biéu hién gen

15



47936 16/75

d3 biét trong cuing linh vuc k¥ thuét.

Nhu duoc st dung trong sang ché, thuat ngit “ting cuong/ting” la khai niém bao

gOm tat ca cac sy tang ve hoat tinh clia gen so véi hoat tinh ndi sinh cua né.

Su ting cudng hodc ting nhu vy cla hoat tinh gen c6 thé dat duoc bang cach 4p
dung céc phuong phap khic nhau da biét dén trong cung linh vuc k¥ thuat. Su ting
cuong hodc tang vé hoat tinh gen c6 thé dat dugc bang mot hodic nhiéu cac phuong phéap
duoc lua chon tir nhém bao gdm phuong phép ting s6 lugng ban sao cua gen trong té
bao; phuong phap dua vao stra dbi trén trinh tu kiém soat biéu hién cta gen; phuong
phap thay thé trinh tu kiém soét biéu hién cta gen véi trinh tw c6 hoat tinh manh hon;
phuong phap dua vao sua d4i thém trén gen tuong tmg dé ting hoat tinh cla gen; va
phuong phép dua vao gen ngoai lai trong vi sinh vat, va c6 thé dat duoc bing cach két

hop céc phuong phap nay, nhung cac phuong phap khong bi gidi han cu thé & day.

Nhu duoc st dung trong sang ché, thuét ngit “bit hoat” 1a khai niém bao gdm
truong hop tai d6 hoat tinh cua gen bi suy yéu so v&i hoat tinh ndi sinh ctia nd va truong

hop tai d6 gen khong c6 hoat tinh.

Su bét hoat hodc suy yéu hoat tinh ctia gen ¢6 thé 1a dat duoc bang cach ap dung
cac phuong phap khac nhau da biét trong cung Iinh vyc k¥ thuat. Cac vi du cua cac
phuong phap nay bao gbdm: phuong phéap x6a toan bd hodc mot phdn gen trén nhiém sic
thé, bao gdm truong hop tai d6 hoat tinh ctia gen bi loai bd; phuong phép thay thé gen
ma hoa protein tuong Umg trén nhiém sic thé bang gen dot bién @ giam hoat tinh cua
protein twong (mg; phuong phap dua vao sira @bi trén trinh tu kiém soét biéu hién cta
gen trén nhiém sic thé, ma hoa protein; phuong phép thay thé trinh tu kiém soat biéu
hién ctia gen mé hda protein bé“xng trinh tu c6 hoat tinh yéu hon hodc khong c6 hoat tinh
(vi du, phuong phap thay thé ving khoi dong clia gen voi ving khoi dong c6 hoat tinh
yéu hon so v6i ving khoi dong néi sinh cta nd); phuong phéap x6a toan by hodc mot
phin gen trén nhiém sic th® ma hoa protein; phuwong phdp dua vao antisenza
oligonucleotit (vi du, antisenza ARN), li€n két bd sung voi phién ma cua gen trén nhiém
sic thé, ma hoa protein, va nho d6 e ché dich ma cia mARN vao trong protein; phuong
phap thém nhén tao trinh tu, dugc bd sung v6i trinh ty Shine-Dalgarno (SD), véi vung
phia trude cua trinh tu SD ctia gen trén nhiém séc thé, ma héa protein, va tao thanh cAu

trac thi cdp do d6 tao ra phan kém theo ctia ribosom khéng thé c6 dugc; phuong phap
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k¥ thuat phién ma ngugc (reverse transcription engineering: RTE), trong d6 vung khoi
dong dugc thém vao dau 3' ciia khung doc mé (open reading frame: ORF) cua trinh ty
tuong Ung can phién mi nguoc; v.v.. Ngoai ra, su bat hoat hodc lam yéu cua hoat tinh
clia gen c6 thé dat duoc bang cach két hop cac phuong phap nay, nhung cdc phuong
phap khong bi gi6i han cu thé & day.

Vi dy, ting cuong céc hoat tinh cua cac gen lysC, hom, va pyc c6 thé 1a dat dugc
bang phuong phép ting s6 luong ban sao clia gen trong té bao; phuong phap dua vao
stra dbi trén trinh tu kiém soat biéu hién ctia gen; phuong phép thay thé trinh tu kiém
soat bidu hién clia gen v6i trinh ty ¢6 hoat tinh manh hon; phuong phap dua vao sua dbi
thém trén gen tuong ung dé tang cudng hoat tinh cta gen; phuong phap dua vao gen
ngoai lai trong vi sinh vat; v.v., nhung cac phuong phap khong bi gidi han cu thé o day
va bit ky phwong phap da biét dé tang cuong hodc tang hoat tinh gen c6 thé duogc st

dung ma khong gidi han.

Vi du, viée suy yéu cac hoat tinh cua dapA, ddh, va lysGens c6 thé dat duoc bang
phuong phép x6a toan b hodc mot phén gen trén nhiém sic thé, bao gdm trudng hop
tai d6 hoat tinh ctia gen bi loai bo; phuong phap thay thé gen ma hoa protein tuong img
trén nhidm séc thé véi gen dot bién dé gidm hoat tinh ciia protein twong Umg; phuong
phap dua vao stra dbi trén trinh ty kim soat biéu hién ctia gen trén nhiém séc thé, ma
héa protein; phuong phéap thay thé trinh tu kiém soat biéu hién cua gen ma hoéa protein
v&i trinh tu 6 hoat tinh yéu hon hogc khong c6 hoat tinh (vi dy, phwong phap thay thé
ving khoi dong clia gen véi ving khoi dong c6 hoat tinh yéu hon so vé&i vung khoi dong
nodi sinh ctia né); phuong phap x6a toan by hodc mot phén gen trén nhiém sic thé, ma
héa protein; v.v., nhung cac phuong phép khong bi gii han & day va bét ky phuong
phap da biét ¢ lam suy yéu hoat tinh gen c6 thé duoc st dung ma khong gidi han.

Ngoai ra, theo sang ché, vi sinh vt bao gdm polypeptit sira d6i cta meso-
diaminopimelat dehydrogenaza co thé con bao gdm mot hodc nhiéu dugc lva chon tur
cac polypeptit sira ddi sau day, hodc mot hodc nhiéu dugc Iva chon tir cac polynucleotit
ma hoa cac polypeptit sira d6i sau.

Polypeptit stra dbi c6 thé con bao gdbm mot hodc nhiéu duoc lya chon tir polypeptit
sta ddi cua dihydrodipicolinat reductaza (dapB) (tuc la, 4-hydroxy-

tetrahydrodipicolinat reductaza), trong d6 axit amin thir 13 trong trinh tu axit amin SEQ
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ID NO: 81 1a arginin dugc thé bing asparagin; polypeptit stra dbi cua diaminopimelat
decarboxylaza (lysA), trong d6 axit amin thir 408 trong trinh tu axit amin SEQ ID
NO: 82 12 methionin duoc thé bang alanin; va polypeptit sira dbi cua dihydrodipicolinat
synthaza (dapA), trong d6 axit amin thr 119 trong trinh tyr axit amin SEQ ID NO: 83 1a

tyrosin dugc thé bang phenylalanin.

Trinh tu axit amin ctia polypeptit stra ddi cua dihydrodipicolinat reductaza, trong
d6 axit amin tht 13 trong trinh tu axit amin SEQ ID NO: 81 la arginin, dugc thé bang
asparagin SEQ ID NO: 66, nhung trinh ty axit amin khong bi gidi han ¢ day. Theo sang
ché, viéc dua vao polypeptit sira dbi hodc polynucleotit m& héa polypeptit co thé giam

luong san xuat lysin trong khi ting luong san sinh threonin.

Trinh tu axit amin ctia polypeptit stra d6i ctia diaminopimelat decarboxylaza, trong
d6 axit amin thir 408 trong trinh ty axit amin SEQ ID NO: 82 la methionin dugc thé
bing alanin SEQ ID NO: 71, nhung trinh tu axit amin khong bi gidi han & day.
Piaminopimelat decarboxylaza 1a enzym cudi ciing tic dong trén sinh tdng hop lysin,
va su thay thé ctia axit amin thir 408 tir methionin thanh alanin c6 thé giam luong san

sinh lysin trong khi ting luong san sinh threonin.

Trinh tu axit amin cta polypeptit stra ddi cua dihydrodipicolinat synthaza, trong
d6 axit amin thit 119 trong trinh tu axit amin SEQ ID NO: 83 la tyrosin, duoc thé bang
phenylalanin SEQ ID NO: 76, nhung trinh tur axit amin khong bi giéi han & day.
bihydrodipicolinat synthaza 1a enzym dé sinh tdng hop lysin tir aspartyl semialdehyt
(ttrc 13, tién chét chung dbi véi lysin va threonin), va thay thé cla axit amin thir 119 tir
tyrosin thanh phenylalanin ¢6 thé giam luong san sinh lysin trong khi tang luong san

sinh threonin.

Khia canh khac nfta cua sang ché d& xuat phuong phap dé san xuét threonin hogc
L-axit amin c6 nguén gbc tir threonin, bao gbém budc nudi ciy trong mdi truong nudi
chy vi sinh vat thudc chi Corynebacterium bao gdm polypeptit sira dbi c6 hoat tinh cua
meso-diaminopimelat dehydrogenaza.

L-axit amin ¢ ngudn gbc tir threonin ¢6 thé bao gdm khong chi cac L-axit amin
c6 ngudn gbe tir threonin, ma con cc dan xudt clia n6. Vi dy, L-axit amin ¢6 ngudn gbc
tir threonin c6 thé 1a L-threonin, L-isoleuxin, O-axetyl-L-homoserin, O-suxinyl-L-

homoserin, O-phospho-L-homoserin, L-methionin, va/hodc L-glyxin, nhung L-axit
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amin ¢4 ngudn gbc tir threonin khong bi gi6i han & day. Cu thé hon, L-axit amin c6
ngudn gbc tlr threonin ¢6 thé 13 L-threonin, L-isoleuxin, O-acxtyl-L-homoserin, O-
suxinyl-L-homoserin, va/hogc L-methionin, nhung L-axit amin c6 ngudn gbec tir

threonin khong bi gi6i han ¢ day.

Trong phuong phép bén trén, budc nudi cAy vi sinh vat khong bi gidi han cu thé,
nhung cé thé duoc thuc hién nudi cAy hang loat, nudi ciy lién tuc, nudi céy mé cb cap
dinh dudng, v.v. da biét trong cung linh vuc k§ thuat. Cu thé, cac diéu kién nuéi chy
khong bi giéi han cu thé, nhung tly chon d6 pH (vi dy, 6 pH 5 dén 9, cu thé do pH 6
dén 8, va cu thé hon d6 pH 6,8) c6 thé dugc diéu chinh bang cach sir dung hop chét bazo
(vi du, natri hydroxit, kali hydroxit, hodc amoni) hodc hop chat axit (vi du, axit
phosphoric hodc axit sulfuric), va trang thai hiu khi ¢6 thé duoc duy tri bang cach dua
oxy hosc hdn hop khi chira oxy vao moéi trudng nudi cdy, nhung cac diéu kién nudi cdy
khong bi gi6i han ¢ day. Nhiét d6 nudi cdy c6 thé 1a duge duy tri & 20°C dén 45°C, va
cu thé 25°C dén 40°C, va nudi cdy c6 thé duge thuc hién trong khoang 10 gio dén
khoang 160 gid, nhung cac diéu kién nay khong bi gi¢i han ¢ ddy. Ngoai ra, L-axit amin
duoc san xuat bing nudi cdy c6 thé duogc tiét vao trong moi trudong nudi chy hoic giit lai

trong céc t€ bao.

Hon nita, v6i ngudn cacbon can stt dung mdi trudng nudi chy dé nubi cdy, cac
sacarit va c4c carbohydrat (vi dy, glucosza, sucroza, lactoza, fructoza, maltoza, cac
molasza, tinh bot, va xenuloza), cac dau va chat béo (vi du, diu dau nanh, dau huéng
duong, dau lac, va dAu dira), cac axit béo (vi du, axit palmitic, axit stearic, va axit
linoleic), rugu (vi du, glyxerol va etanol), cac axit hitu co (vi dy, axit axetic), v.v. co thé
dugc st dung mdt minh hodc két hop, nhung ngudn cacbon khong bi giéi han & day.
Véi nguén nito, cac hop chét hitu co chira nito (vi du, pepton, chiét xuét nAm men, nudc
thit, chiét xuat mach nha, dich chiét ngd, bot dau, va ure), va hop chét hitu co (vi du,
amoni sulfat, amoni clorua, amoni phosphat, amoni cacbonat, v amoni nitrat), v.v. ¢
thé duoc str dung mot minh hodc két hop, nhung ngué)n nito khong bi gidi han & day.
Vi ngudn phospho, kali dihydro phosphat, dikali hydrophosphat, cac mudi chira natri
twong ung cta chung, v.v. ¢6 thé duoc str dung mot minh hodc két hop, nhung ngudn
phospho khong bi giéi han ¢ ddy. Ngoai ra, moi truong nudi cdy c6 thé bao gdm céc
nguyén liéu thuc day tang trudng thiét yéu, ching han nhu cac mubi kim loai (vi du,

magie sulfat hodc sat sulfat), cac axit amin, va cac vitamin.
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Budc nudi cay vi sinh vat ctia sang ché c6 thé con bao gom bude thu hdi L-threonin

hodc cac L-axit amin c6 ngudn goc tir L-threonin tir mdi trurdng nubi cdy va vi sinh vat.

Dbi voi phuong phép thu hdi L-threonin ho#c c4c L-axit amin c6 ngudn gde tir L-
threonin dugc san sinh trong budc nudi ciy, L-threonin hogc cac L-axit amin c6 ngudn
gdc tir L-threonin mong mudn c6 thé duge thu gom tr dung dich nudi chy bang cach st
dung phuong phép d biét thich hop trong cling linh vyc k¥ thuat theo phuong phap nudi
cAy. Vi du, ly tam, loc, séc ky trao d6i anion, két tinh, sic ky long hiéu ning cao (High-
performance liquid chromatography: HPLC), v.v. ¢6 thé duoc st dung, va L-threonin
hoiic céc L-axit amin c6 ngudn gbc tlr L-threonin mong mudn c6 thé dugce thu héi tur
mdi trudong nudi cdy hodc vi sinh vat béng cach st dung phuong phap da biét thich hop

trong cung linh vuc k¥ thuat.

Budc thu hdi ¢6 thé bao gdm budc tinh ché ¢6 thé duoc thuc hién bing cach st
dung phuong phap da biét thich hop trong cung linh vyc k¥ thuat. Do do, L-threonin
hoic cac L-axit amin c6 ngudn gdc tir L-threonin d thu hdi ¢6 thé & dang da tinh sach
hodc chét 1ong 1én men cua vi sinh vét bao gdm L-axit amin (Introduction to

Biotechnology and Genetic Engineering, A. J. Nair., 2008).

Khia canh khéc nita ctia sang ché 1a dé xuét ché phim dé san xuét L-threonin, bao
gbém: vi sinh vat chitra polypeptit sira dbi cua sang ché cé hoat tinh cua meso-
diaminopimelat dehydrogenaza, polynucleotit ma héa polypeptit stra dbi, va vecto chira

polynucleotit, hodc bét ky mot trong s6 chung; hodc dung dich nudi cAy chira vi sinh vat.

Meso-diaminopimelat dehydrogenaza, polypeptit sta dbi ctia nd, polynucleotit,

vecto, va vi sinh vat giong v4i mo ta bén trén.

Vi sinh vat c6 thé 1a vi sinh vat thudc chi Corynebacterium, va cu thé 1a
Corynebacterium glutamicum, nhung vi sinh vét khong bi gidi han & day. Vi sinh vat
gidng véi mo ta bén trén.

Ché phim d& san xuit L-threonin c6 thé dé cap dén ché phim cé kha néng san Xuét
L-threonin b&i polypeptit stra ddi ma c6 hoat tinh cla meso-diaminopimelat
dehydrogenaza. Ché pham c6 thé bao gdbm ma khong giéi han & polypeptit stra d6i c6
hoat tinh ctia meso-diaminopimelat dehydrogenaza hodc cAu tric c6 kha ning hoat dong
polypeptit stra d6i c6 hoat tinh cua meso-diaminopimelat dehydrogenaza. Polypeptit stra

ddi c6 hoat tinh cta meso-diaminopimelat dehydrogenaza c6 thé & dang tai d6 n6 chtra
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trong vecto dé biéu hién gen lién két hoat dong voi nd te bao chu, noi n6 dugc dua vao.

Ché pham c6 thé con bao gém lyoprotectant hodc ta duge. Lyoprotectant hodc ta
duoc c6 thé 1a vat lidu khong c6 trong tu nhién hodc vat liéu co trong tu nhién, nhung
khong bi gidi han ¢ day. Trong phuong an cu thé cta sang ché, lyoprotectant hodc ta
duoc c6 thé 1a vat liéu ma vi sinh vat khong tiép xuc mot cach tu nhién, hodc vat liéu
khong cé trong tu nhién ddng thoi véi vi sinh vat, nhung sdng ché khéng bi gi6i han &
day.

Khia canh khac nita cua sang ché dé xuét str dung vi sinh vat chira polypeptit sira
ddi cua meso-diaminopimelat dehydrogenaza cia sang ché, polynucleotit ma hoa
polypeptit stra ddi, vecto chira polynucleotit, hodc bat ky mdt trong s6 ching, dé san
xudt L-threonin ho#c cac L-axit amin c6 ngudn gdc tir L-threonin.

Vi du thwe hién sdng ché

Sau day, sang ché s& duoc md ta chi tiét hon vdi su tham chiéu dén cac vi du sau
day. Tuy nhién, cac vi du nay chi nham muc dich minh hoa va pham vi bao h ctia séng
ché khong bi gi6i han boi cac vi du nay.

Vi du 1: Pidu ché thu vién vecto dé dua vao sira doi bén trong ORF ctia gen ddh

D& kham pha ra cac bién thé trong d6 muc do biéu hién cua gen ddh cla
Corynebacterium glutamicum hodc hoat tinh ctia n6 giam xubng, thur vién duge diéu ché
bing phuong phép dugc thé hién bén dudi.

Trude tién, dé dua vao tir 0 dén 4,5 stra ddi trén 1 kb ctia doan ADN (963 bp) chira
gen ddh (963 bp), bo kit gay dot bién ngéu nhién genmorphlI (Stratagene) dugc st dung.
PCR tao 13i ngAu nhién dugc thuc hién bing cach st dung ADN nhiém sic thé cua
Corynebacterium glutamicum ATCC13032 (WT) lam mach khudn cung véi cdp mdi
SEQ ID NO: 5 va SEQ ID NO: 6. Cu thé, dung dich phan tmg chira ADN nhiém séc thé
cua chuing WT (500 ng), cap mdi SEQ ID NO: 5 va SEQ ID NO: 6 (mdi loai 125 ng),
chit dém phan ing Mutazyme II (1X), hdn hop ANTP (40 mM), va Mutazyme Il ADN
polymeraza (2,5 U), trai qua cac didu kién sau: bién tinh & 94°C trong 2 phut; 25 chuky
bién tinh & 94°C trong 1 phit, & dé gén mdi & 56°C trong 1 phut, va kéo dai ¢ 72°C
trong 3 phut; va kéo dai & 72°C trong 10 phut.

Poan gen da khuéch dai duoc lién két véi vecto pCRII bang cach sir dung bo kit
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nhan ban TOPO TA (Invitrogen), va vecto thu duoc dugc bién nap vao trong E. coli
DHS5a, va cac thé bién nap dugc cdy chuyén trén dia moi truong ran LB chira kanamyxin
(25 mg/L). Sau khi lya chon 20 loai céc khudn lac da bién nap, plasmit dugc thu tir mdi
khudn lac d3 bién nap. Két qua phan tich cac trinh tu nucleotit, ¢6 thé thdy rang céc sira
d6i duoc dua vao cac vi tri khéc nhau & thn s 0,5 dot bién/kb. Cudi cing, khoéng
10.000 khuAn lac E. coli da bién nap dugc thu gom dugce chiét xuét tir d6. Cac khuéan lac

duoc dit tén la thu vién pTOPO-ddh(mt).
Vi du 2: Didu ché ching x6a ddh va sang loc thu vién dot bién ngau nhién

Pé x4c nhan anh hudéng cta viée x6a ddh dbi vai viec san xuét L-lysin, ching
Corynebacterium glutamicum KCCM11016P (Patent Han Quéc s6 10-0159812) duoc
st dung. D& diéu ché ching Corynebacterium glutamicum KCCM11016P (trong d6 gen
ddh bi x6a) vecto pDZ-Addh (trong d6 gen ddh bi x6a) duoc diéu ché nhu sau.

Cu thé, vecto duogc didu ché & dang sao cho cac doan ADN (mdi doan 600 bp)
duoc dit tai cac ddu 5' va 3' ctia gen ddh, mdi doan duoc lién két v6i vecto pDZ (Cong
b6 don Patent Han Qudc sb 2009-0094433). Dya trén trinh tw nucleotit cua gen ddh
duoc bao cdo (SEQ ID NO: 2), cédp moi SEQ ID NO: 7 va SEQ ID NO: 8 (trong d6 vi
tri nhan dang clia enzym gi6i han Xbal dugc chén vao tai doan 5' va doan 3', tuong ung)
va ciip mdi SEQ ID NO: 9 va SEQ ID NO: 10 duoc tach tir SEQ ID NO: 7 va SEQ ID
NO: 8 bang 663 bp, twong ing) dugc tbng hop (Bang 1). Poan gen dAu 5' dugc diéu ché
bang PCR bing cach str dung ADN nhiém sic thé cta Corynebacterium glutamicum
ATCC13032 lam mach khudn cung v6i cap mdi SEQ ID NO: 7 va SEQ ID NO: 9. Theo
cach tuong tu, doan gen duoc dat tai du 3' ctia gen ddh duoc diéu ché bing PCR bang
cach s dung cap mdi SEQ ID NO: 8 va 1 SEQ ID NO: 10. PCR dugc thuc hién nhu
sau: bién tinh & 94°C trong 2 phit; 30 chu k¥ bién tinh & 94°C trong 1 phit, i dé gan
mdi & 56°C trong 1 phut, va kéo dai & 72°C trong 40 gidy; va kéo dai & 72°C trong 10
phut.

Trong khi d4, vecto pDZ (dugc phén cht bang enzym gidi han Xbal va sau d6 trai
qua xtt Iy nhiét & 65°C trong 20 phut) dugc lién két v6i doan ADN cheén dugc khuéch
dai thong qua PCR béng cach str dung kit nhan dong Infusion, va vat liéu thu duoc dugc
bién nap vao E. coli DH50, va cac thé bién nap duoc ciy chuyén trén dia méi trudong

rin LB chira kanamyxin (25 mg/L). Sau khi lua chon cac khuén lac duoc bién nap véi
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vecto, trong do cic gen mong mudn dugc chén vao thong qua PCR bang cach st dung
cidp mdi SEQ ID NO: 7 va SEQ ID NO: 8, plasmit duoc thu lai bing phuong phap chiét
xuét plasmit thong thuong da biét trong cung linh vyc k¥ thudt, va plasmit thu dugc

duoc dit tén la pDZ-Addh.

Bang 1

SEQ ID NO Trinh tu (5'->3")
SEQ ID NO: 7 CGGGGATCCTCTAGATGACCAACATCCGCG
SEQ ID NO: 8 CAGGTCGACTCTAGATTAGACGTCGCGTGCG
SEQ ID NO: 9 CGGTGAAATCGGCGACATCAAAGACTG
SEQ ID NO: 10 GATGTCGCCGATTTCACCGCTTCCTC

Vecto da diéu ché pDZ-Addh dugc bién nap vao trong ching Corynebacterium
glutamicum KCCM11016P bang dién bién nap (Van der Rest et
al., Appl. Microbiol. Biotecnol. 52:541-545, 1999), va sau d6 chung trong do gen ddh bi
x6a dwoc didu ché bing tai t5 hop nhidm séc thé twong ddng. Ching da diéu ché trong
d6 gen ddh bi x6a dugc dat tén 1a Corynebacterium glutamicum WT::Addh.

Ngoai ra, thu vién pTOPO-ddh(mt) dugc diéu ché trong vi du 1 bén trén dugc bién
nap vao trong ching KCCM11016P::4ddh bing dién bién nap, va cac thé bién nap duoc
chy chuyén trén dia moi trudng cly chuyén phtic chira kanamyxin (25 mg/L), va khoang
20.000 khuan lac thu duge trén d6. Mdi khuén lac duoc cdy truyén vao trong méi trudng
chon loc sau day (300 uL) va sau d6 dugc nudi ciy trong dia 96 giéng sau &
1.000 vong/phut & 32°C trong khoang 24 gid.

MBai trudng chon loc (46 pH 8,0)

10 g glucosza, 5,5 g amoni sulfat, 1,2 g MgSOs4-7TH20, 0,8 g KH2PO4, 16,4 g
K>HPO4, 100 pg biotin, 1 mg thiamin HCI, 2 mg canxi pantothenat, 2 mg nicotinamit
(trén 1 L nude cit)

Luong L-lysin dugc san sinh dung dich nudi cdy dugc phan tich béng céach st
dung phuong phap ninhydrin (Moore, S., Stein, W.H., phuong phap ninhydrin quang do
d sir dung cho séc ky cuia cac axit amin. J. Biol. Chem. 1948, 176, 367-388).

Sau khi hoan thanh viéc nudi cdy, phan ndi trén bé mit nudi cay (10 pL) va dung
dich phan tmg ninhydrin (190 pL) dugc phan tng ¢ 65°C trong 30 phut, va do hap thu

duoc do ¢ bude song 570 nm bang cach st dung may quang phd. Ching WT va chung
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WT::4ddh duoc st dung 1am céc nhém ddi chimg. Sau muoi loai ching da cho thiy do
hAp thu thip hon so véi ching WT (ttrc 13, kiéu dai) trong khi lai cho thét d0 hap thu cao
hon so véi chung WT::A4ddh, dugc lya chon.

60 loai chiing d3 lya chon dugc nudi céy lai theo cach twong tu nhu mo ta bén trén,
va phan tmg ninhydrin dugc thuc hién 13p lai. Két qua 13, 5 loai ching dt bien hang dAu
cho thdy kha ning ting cudng san sinh L-lysin so v6i chung KCCM11016P::4ddh
nhung giam kha ning san sinh L-lysin so véi ching KCCM11016P, duogc lya chon.
5loai ching di lga chon dugc dit tén la KCCMI 1016P::ddh(mt)-1 dén
KCCM11016P::ddh(mt)-5 (Bang 2), twong Ung.

Béang 2: Ndng d6 L-lysin san sinh boi 5 loai ching dot bién ngéu nhién duge lua

chon
Chuing Kha ning hip thu (572 nm)
Mél | Mé2 | Mé3 | Trung binh
Nhém 461 KCCM11016P 0,228 | 0205 | 0,216 0215
chung
1 KCCM11016P::ddh(mt)-1 | 0,214 | 0,193 | 0,205 0,204
2 KCCM11016P::ddh(mt)-2 | 0,185 | 0,181 | 0,179 0,182
3 KCCM11016P::ddh(mt)-3 | 0,164 | 0,163 | 0,145 0,157
4 KCCM11016P::ddh(mt)-4 | 0,135 | 0,141 | 0,128 0,135 -
5 KCCM11016P::ddh(mt)-5 | 0,198 | 0,201 | 0,189 0,196
Nhém doi KCCM11016P::Addh 0,106 | 0,112 | 0,098 0,105
chung

Vi du 3: Xé4c nhan c4c trinh ty nucleotit ctia 5 loai ching sua ddi ctia ddh

Pé x4c nhan c4c trinh tw nucleotit ciia gen ddh ctia 5 loai chung duoc lua chon (tic
la, KCCM11016P::ddh(mt)-1 dén KCCM11016P::ddh(mt)-5), cac doan ADN bao gbm
gen ddh trong nhidm séc thé duge khuéch dai bing PCR bing cach st dung cip mdi
duoc thé hién trong vi du 1 (SEQ ID NO: 5 va SEQ ID NO: 6). PCR dugc thuc hién nhu
sau: bién tinh & 94°C trong 2 phut; 30 chu ky bién tinh & 94°C trong 1 phit, & dé gén
mdi & 56°C trong 1 phut, va kéo dai & 72°C trong 40 gidly; va kéo dai & 72°C trong 10
phut.

Bang 3
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SEQ ID NO Trinh tu (5'->3")
SEQID NO: 5 ATGACCAACATCCGCGTAGC
SEQ ID NO: 6 TTAGACGTCGCGTGCGATCAG

K&t qua phan tich céc trinh ty nucleotit ctia céc gen dugc khuéch dai, co thé thay
ring 5 loai chung 1a: 1) bién thé, trong d6 sta ddi duoc dua vao trong trinh tu nucleotit
duoc dit tai vi tri thir 37 phia sau ctia codon bat ddu ORF ctia gen ddh, va do dd, trinh
tyr ban diu ‘AAC’ duge chuyén déi thanh ‘GAC’ (tic 14, axit amin thit 13 tir dau N (tic
1a, asparagin) dugc thé bang axit aspartic); ii) bién thé, trong d6 ba sta d6i dugc dua
vao trong trinh tu nucleotit bao gdm cac nucleotit thir 106 dén 108 phia sau codon bét
dAu ORF cita gen ddh, va do d6, trinh ty ban ddu ‘CGC’ duge chuyén doi thanh ‘ATG’
(titc 1, axit amin thir 36 tir dAu N (tuc 13, arginin) duoc thé bang methionin); iii) bién
thé, trong d6 hai stra ddi duge dua vao trong trinh tu nucleotit bao gdm cac nucleotit thir
448 dn 449 phia sau ctia codon bit diu ORF cua gen ddh, va do do, trinh tu ban dau
‘CAG’ duoc chuyén dbi thanh ‘ATG’ (tc 13, axit amin thir 150 tir dau N (ttc 13,
glutamin) dugc thé bang methionin); iv) bién thé, trong d6 hai sira dbi duoc dua vao
trong trinh tu nucleotit bao gdm céc nucleotit thir 505 dén 506 phia sau ctia codon bét
dAu ORF ctia gen ddh, va do do, trinh tu ban ddu ‘ACC’ dugc chuyén dbi thanh ‘CTC’
(tire 13, axit amin thr 169 tu dau N (tic 13, threonin) duoc thé bang leuxin); va v) bién
thé, trong d6 hai sira d6i dugc dua vao trong trinh tu nucleotit bao gdm céc nucleotit thir
584 dén 585 phia sau ctia codon bat ddu ORF cua gen ddh, va do do, trinh tw ban dau
‘CGC’ duoc chuyén dbi thanh ‘CAA’ (tirc 13, axit amin thir 195 tir dau N (ttrc 13, arginin)
duoc thé bang glutamin).

Vi du 4: Didu ché cac ching ATCC13032 trong d6 5 loai stra doi ddh duoc dua
vao, va dénh gia kha ning ctia ching trong viéc san sinh threonin va lysin

Péi voi 5 loai stra d6i dd x4c nhén trong vi du 3 bén trén, dé cudi ciing chon ra béc
chtng ma kha ning san sinh L-lysin duge giam xudng c6 thé tai tao trong khi kha nang
san sinh L-threonin ting 1én, cac ching co6 ngudn gbc hoang dai trong d6 sira d6i duoc
dua vao duoc didu ché.

Pé didu ché cac chung trong d6 gen ddh da sua ddi duge dua vao trong ching
Corynebacterium glutamicum ATCC13032, 5 loai vecto, trong do6 gen ddh da sira d6i
c6 thé duoc dua vao (tuc 1a, pDZ::ddh m1 dén pDZ::ddh m5), dugc didu ché nhu sau.
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Cu thé, vecto dugc diéu ché & dang sao cho cac doan ADN (mdi doan 963 bp)
duoc dat tai cac du 5' va 3' ctia gen ddh, mdi doan lién két vi vecto pDZ (Patent Han
Quéc sb 2009-0094433). Dya trén trinh tw nucleotit ctia gen ddh dugce bao cdo (SEQ ID
NO: 2), doan mdi SEQ ID NO: 11 (trong d6 vi tri nhén dang ctia enzym gidi han Xbal
duoc chén vao tai doan 5'va doan 3', twong Umg) va doan mdi SEQ ID NO: 12 (duoc

phan tach tir SEQ ID NO: 11 bang 931 bp, tuong Ung) duoc téng hop.

Céc doan ADN di stra ddi duge diéu ché bing PCR bang céch st dung ADN nhiém
sic thé cia KCCM11016P::ddh(mt)-1 d&&n KCCM11016P::ddh(mt)-5 d4 xac nhén trong
vi du 3 bén trén cung voi cap mdi SEQ ID NO: 11 va SEQ ID NO: 12. PCR duogc thuc
hién nhu sau: bién tinh & 94°C trong 2 phut; 30 chu ky bién tinh & 94°C trong 1 phut, &
d ghn mdi & 56°C trong 1 phit, va kéo dai & 72°C trong 40 gidy; va kéo dai ¢ 72°C
trong 10 phut.

Trong khi do, vecto pDZ (dugc phan c4t bang enzym gidi han Xbal va sau do trai
qua xu ly nhiét & 65°C trong 20 phut) duge lién két v6i cac doan ADN d sira ddi duge
khuéch dai thong qua PCR bing cach st dung kit nhan dong Infusion, va mdi vecto thu
duoc duoc bién nap vao trong E. coli DHSa, va cac thé bién nap duge cAy chuyén trén
dia moi truong rén LB chtta kanamyxin (25 mg/L). Sau khi lya chon cac khuén lac dugc
bién nap véi vecto, trong d6 gen mong mubn duge chén vao thong qua PCR bing cach
stt dung cip mdi SEQ ID NO: 11 va SEQ ID NO: 12, céc plasmit duoc thu lai bang
phuong phap chiét xuét plasmit thong thuong da biét trong clng linh vuc k¥ thuét, va
cac plasmit thu duge duoc dit tén la pDZ::ddh(mt)1 dén pDZ::ddh(mt)5, twong Ung.

Tung vecto da diéu ché (tic 13, pDZ::ddh(mt)1 dén pDZ::ddh(mt)5) duoc bién nap
vao trong chiing Corynebacterium glutamicum ATCC13032 bing dién bién nap, va sau
do trai qua qué trinh trao dbi chéo thu cép, va nhd d6 céc ching, trong mbi phan ctia
trinh tu nucleotit ctia gen ddh dugc thé bang (cac) nucleotit da sira d6i trén nhidm sic
thé, duoc thu lai. Su thay thé ¢6 phi hop hay khong duge x4c dinh bang k§ thudt PCR
khuéch dai dic hidu alen dot bién (mutant allele specific amplification MASA) (Takeda
et al., Hum. Mutation, 2, 112-117 (1993)) bang cach st dung cap moi sau day, trong d6
cap mdi SEQ ID NO: 13 va SEQ ID NO: 14, phu hop véi cac trinh tu d3 stra dbi, su phu
hop cua thay thé duoc xé4c dinh 14n tht nhét bang cach lya chon chung cAn duoc khuéch

dai, va cac phan tich trinh ty ctia gen ddh cua chung dugc lua chon dugc xac nhan lan
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tht hai bing viéc phén tich céc trinh tu d& stra dbi bang cach st dung cip mdi SEQ ID
NO: 13 va SEQ ID NO: 15. Cac chiing da diéu ché, trong d6 mdi ching ¢6 gen ddh da
stra ddi duoc dua vao, duoc dit tén 1a Corynebacterium glutamicum ATCC13032::ddh

(mt)1 d&én Corynebacterium glutamicum ATCC13032::ddh(mt)5, tuong tmg.

Bang 4
SEQ ID NO Trinh tu (5'->3")
SEQID NO: 11 CGGGGATCCTCTAGATGACCAACATCCGCG
SEQ ID NO: 12 CAGGTCGACTCTAGATTAGACGTCGCGTGCG
SEQ ID NO: 13 CACAATTTTGGAGGATTAC
SEQID NO: 14 TGGGTGACCACGATCAGAT
SEQ ID NO: 15 GGAAACCACACTGTTTCC

DPbi véi 5 loai ching trong d6 5 loai stra ddi duoc dua vao, dé cudi cung lya chon
cac ching ma kha ning san sinh L-lysin dugc giam xudng c6 thé tdi tao trong khi kha
ning san sinh L-threonin ting 1én, nuoi ciy trong binh cdu duoc thuc hién bang cach
st dung moi truong sau ddy. Sau khi hoan thanh nu6i cly, céac ndng d6 cua L-lysin va
threonin trong dung dich nudi ciy duge phén tich béng cach str dung HPLC, va cac nong
dd cua L-lysin va threonin dugc san sinh trong mdi ching d6t bién dugc thé hién trong
cac bang 5 va 6 bén dudi.

Mbi trudmg nhan giéng (46 pH 7,0)

20 g glucoza, 10 g pepton, 5 g chiét xuit nAm men, 1,5 g ure, 4 g KHoPO4, 8 g
K2HPOq, 0,5 g MgSO4-7H,0, 100 pg biotin, 1 mg thiamin HCI, 2 mg canxi pantothenat,
2 mg nicotinamit (trén 1 L nudce cét)

Mdi trudng san xuét (d6 pH 7,0)

100 g glucoza, 40 g (NH4)2S04, 2,5 g protein dau lanh, 5 g dich chiét ngo, 3 g ure,
1 g KH2PO4, 0,5 g MgSO47H20, 100 pg biotin, 1 mg thiamin HCl, 2 mg canxi

pantothenat, 3 mg nicotinamit, 30 g CaCOs (trén 1 L nudc cét)

Bang 5: Cac noéng do cuia L-lysin duoc san sinh boi 5 loai ching dot bién ngiu

nhién duoc Iva chon

Chung L-lysin (g/L) Téc do tiéu
Trung | thu glucoza
binh (g/g10)

Mél | Mé2 | Mé3
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Nl;ﬁ?ﬂgm ATCC13032 125 | 120 | 1,19 | 1,21 4,33

1 ATCC13032:ddh (mt)l | 1,20 | 1,15 | 1,19 | 1,18 4,30

2 ATCC13032::ddh (mt)2 | 1,05 | 1,10 | 1,02 | 1,06 421

3 ATCC13032::ddh (mt)3 | 0,85 | 0,88 | 0,90 | 0,88 3,79

4 ATCC13032::ddh (mt)d | 0,75 | 0,79 | 0,76 | 0,77 3,71

5 ATCC13032::ddh (mt)5 | 1,11 | 1,08 | 1,13 | 1,11 4,12
N}C‘fu‘;ln‘é‘“ ATCC13032::Addh 0,70 | 0,68 | 0,71 | 0,70 3,56 B

Béang 6: Cac ndng d¢ ctia L-threonin dugc san sinh boi 5 loai ching d6t bién ngiu

nhién dugc lya chon

Ching L-threonin (g/L)
Mél | Mé2 | Mé3 | Trungbinh
Nhém ddi chimg ATCC13032 0,35 | 0,37 | 0,36 0,36
1 ATCC13032::ddh (mt)1 | 0,38 | 0,37 | 035 0,37
2 ATCC13032::ddh (mt)2 | 0,39 | 0,39 | 0,37 0,38
3 ATCC13032::ddh (mt)3 | 0,40 | 0,39 | 04l 0,40
4 ATCC13032::ddh (mt)4 | 0,42 | 0,43 | 0,42 0,42
5 ATCC13032::ddh (mt)5 | 0,37 | 0,38 | 0,37 0,37
Nhom ddi ching ATCC13032::4ddh 0,45 | 0,41 | 042 0,43

Trong sb 5 loai chung dot bién duoc lua chon, khi ching trong d6 kha néng san
sinh L-lysin dugc giam xudng dang ké trong khi kha nang san sinh L-threonin dugc tang

cudng, ching ATCC13032::ddh (mt)4 dugc lya chon.

Vi du 5: Diéu ché cac ching ATCC13869 trong d6 5 loai sta dbi ddh dugc dua
vio, va danh gi4 kha ning cia chung trong viéc san sinh threonin va lysin

Péi v6i 5 loai sira ddi xac nhan trong vi du 3 bén trén, dé cudi cuing lwa chon cac
ching ma kha ning san sinh L-lysin dugc giam xudng c6 thé tai tao trong khi kha ning
san sinh L-threonin ting 1én, cac ching co6 ngudn gbc hoang dai trong d6 sira d6i duoc
dwa vao duoc didu ché.

D& didu ché céc ching thanh timg ching trong d6 gen ddh da sua ddi duoc dua
vao trong chung Corynebacterium glutamicum ATCC13869, céc vecto duge diéu ché
trong vi du 4 (ttc 13, pDZ::ddh(mt)1 dén pDZ::ddh(mt)5) dugc bién nap vao trong ching

Corynebacterium glutamicum ATCC13869 bang dién bién nap, va cac thé bién nap trai
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qua trao ddi chéo thir cAp, va nhd d6 céc ching, mdi ching c6 mot phan cua trinh tu
nucleotit ciia gen ddh dugc thé bing (cac) nucleotit da stra ddi trén nhidm séc thé, duoc
thu lai. Su thay thé ¢6 phil hop hay khong duoc x4c dinh bang ky thuat PCR khuéch dai
dc hiéu alen dot bién (MASA) (Takeda et al., Hum. Mutation, 2, 112-117 (1993)) béng
céch st dung cip mdi sau ddy, trong d6 cap mdi SEQ ID NO: 13 va SEQ ID NO: 14,
phit hop véi cac trinh ty d4 stra ddi, su phit hop ctia thay thé duge xéc dinh lan tha nhét
bang lua chon ching dugc khuéch dai, va cac phan tich trinh ty ctia gen ddh cua chiing
duoc lya chon duoc xéc nhan 1an thir hai bing phan tich cac trinh tu dd stra doi bang
céch st dung cap mdi SEQ ID NO: 13 va SEQ ID NO: 15. Céc chiing da diéu ché, mbi
ching c6 genddh da sta ddi duoc dua vao, dugc dit tén 1a Corynebacterium
glutamicum  ATCC13869::ddh  (mt)1 dén  Corynebacterium  glutamicum
ATCC13869::ddh (mt)5, tuong Ung.

D6i v6i 5 loai chiing trong d6 5 loai stta dbi dugc dua vao, dé cudi cing lwa chon
cac ching ma kha ning san sinh L-lysin duogc giam xubng c6 thé tai tao trong khi kha
ning san sinh L-threonin ting lén, nudi cdy trong binh ciu dugc thyc hién bang cach
stt dung mai truong sau ddy. Sau khi hoan thanh nu6i cly, cac ndng do ctia L-lysin va
threonin trong dung dich nuéi ciy dugc phan tich béang céach sit dung HPLC, va céc ndng
d6 cua L-lysin va threonin dugc san sinh trong cac ching dot bién duoc thé hién trong
cac bang 7 va 8 bén dudi.

Mdi trudng nhan giéng (46 pH 7,0)

20 g glucoza, 10 g pepton, 5 g chiét xuAt nAm men, 1,5 g ure, 4 g KHoPOs4, 8 g
KoHPO4, 0,5 g MgSO4-7H20, 100 pg biotin, 1 mg thiamin HC, 2 mg canxi pantothenat,

2 mg nicotinamit (trén 1 L nudc cét)

Mbi trudng san xut (d6 pH 7,0)

100 g glucoza, 40 g (NHs)2SO4, 2,5 g protein dau lanh, 5 g dich chiét ngd, 3 g ure,
1 g KH,PO4, 0,5 g MgSO4-7H0, 100 pg biotin, 1 mg thiamin HCl, 2 mg canxi
pantothenat, 3 mg nicotinamit, 30 g CaCOs (trén 1 L nude cét)

Bang 7 Céc nong do cua L-lysin dugc san sinh boi 5 loai chung dot bién ngiu

nhién dugc Iwa chon

Chung L-lysin (g/L) Téc do ticu
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Mél | M&2 | Mé3 Tb‘ﬁf‘nr}llg th‘ig%gg()’za
N}C‘flﬁmn‘gim ATCC13869 121 | 122 | 122 | 1,22 4,03
| ATCC13869::ddh (mt)l | 1,19 | 1,19 | 1,20 | 1,19 3,98
2 ATCC13869::ddh (mt)2 | 1,08 | 1,07 | 1,10 | 1,08 3,89
3 ATCC13869::ddh (mt)3 | 0,88 | 0,87 | 0,85 | 0,87 3.75
4 ATCC13869::ddh (mt)4 | 0,73 | 0,77 | 0,76 | 0,75 3,68
5 ATCC13869::ddh (mt)5 | 1,09 | 1,11 | 1,12 | 1,11 3,89
N}gﬁﬁn ‘;01 ATCCI13032:4ddh | 0,71 | 0,69 | 0,71 | 0,70 3,47

Bang 8 Cac ndng do clia L-threonin duoc san sinh bdi 5 loai chung dot bién ngiu

nhién duoc lua chon

Chung L-threonin (g/L)
Mé1 | Mé2 | Mé3 | Trung binh
Nhém dbi ching ATCC13869 0,25 | 0,27 | 0,28 0,27
1 ATCC13869::ddh (mt)l | 0,27 | 0,29 | 0,27 0,28
2 ATCC13869::ddh (mt)2 | 0,30 | 0,31 | 0,31 0,31
3 ATCC13869::ddh (mt)3 | 0,35 | 0,33 | 0,36 0,35
4 ATCC13869::ddh (mt)4 | 0,38 | 0,39 | 0,38 0,38

5 ATCC13869::ddh (mt)5 | 0,31 | 029 | 0,32 0,31
Nhém dbi chimg ATCC13869::4ddh 0,40 | 0,41 | 0,39 0,40

Déi v6i chung ATCC13869::4ddh, trong d6 ddh bi x6a so véi ching ATCC13869

(ttc 13, chiing hoang dai), da xdc nhén rang tdc do tiéu thu glucoza dugc giam xubng
dang ké va do d¢6 uc ché sinh truong cua chung. Nguoc lai, dbi v6i 5 loai ching da lua
chon, da xac nhan rang lugng san sinh L-lysin bi giam Xuéng nhung luong san sinh L-
duoc tang 1én, trong khi tc do tieu thu glucoza dugce duy tri & mirc d6 twong duong voi
chung kiéu dai.

Trong s 5 loai dugc lya chon ctia cc ching dot bién, do chung trong d6 kha ning
san sinh L-lysin duoc giam xudng dang ké trong khi kha néng san sinh L-threonin dugc

tang cuong, ching ATCC13032::ddh ( mt)4 duogc lua chon nhu trong vi du 4.

Vi du 6: Didu ché cac ching trong d6 ddh da stra dbi duoc dua vao trong vi sinh
vat thudc chi Corynebacterium c6 kha ndng san sinh L-threonin va danh gia kha nang

san sinh L-threonin
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Chung san sinh L-threonin duoc phat trién tir chiing Corynebacterium glutamicum
ATCC13032 kiéu dai. Cu thé, dé giai phéng tc ché phan hoi ctia aspartat kinaza (lysC),
tac dong nhu enzym quan trong thir nhét trong con dudng sinh téng hgp L-threonin, axit
amin tht 377 ctia lysC (tic 13, leuxin) dugc thé bang lysin (SEQ ID NO: 16).

Cu thé hon, d& didu ché cac ching trong d6 mdi ching c¢6 stra ddi lysC (L377K)
duoc dua vao, PCR dugc thuc hién bing cich st dung ADN nhiém sic thé
cta Corynebacterium glutamicum ATCC13032 lam mach khudn cing v6i cép mbi SEQ
ID NO: 17 va SEQ ID NO: 18 hoc cip mdi SEQ ID NO: 19 va SEQ ID NO: 20, tuong
tmg. ADN polymeraza d¢ chinh xdc cao PfuUltra™ (Stratagene) dugc st dung lam
polymeraza cho phan tmg PCR. PCR dugc thuc hign nhu sau: 28 chu ky bién tinh &
95°C trong 30 gidy, u d& gin mdi & 55°C trong 30 gidy, va kéo dai ¢ 72°C trong 1 phut.

Két qua 13, d6i véi stra dbi ctia gen IysC, doan ADN 515 bp trong vung phia trude
5' va doan ADN 538 bp trong ving phia sau 3' dugc thu lai, tuong tmg. PCR dugc thuc
hién bing cach st dung hai doan ADN d khuéch dai lam c4c mach khuén cung véi cép
mdi SEQ ID NO: 17 va SEQ ID NO: 20. PCR dugc thuc hién nhu sau: bién tinh & 95°C
trong 5 phit; 28 chu ky bién tinh & 95°C trong 30 gidy, 0 dé gdn moi ¢ 55°C trong 30
gidy, va kéo dai & 72°C trong 2 phit; va kéo dai & 72°C trong 5 phut.

Bang 9
SEQ ID NO Trinh tu (5'->3")
SEQ ID NO: 17 TCGAGCTCGGTACCCGCTGCGCAGTGTTGAATAC
SEQID NO: 18 TGGAAATCTTTTCGATGTTCACGTTGACAT
SEQ ID NO: 19 ATGTCAACGTGAACATCGAAAAGATTTCCA
SEQ ID NO: 20 CTCTAGAGGATCCCCGTTCACCTCAGAGACGATT

Két qua 13, doan ADN 1.023 bp bao gdm stra ddi cua gen /ysC ma hoa bién thé
aspartokinaza ma axit amin thir 377 (tic 1a, leuxin) duoc thé bang lysin, dugc khuéch
dai. San phim da khuéch dai dugc tinh sach bing céch st dung bé kit tinh sach PCR
(QIAGEN) va dugc st dung lam doan ADN chen dé diéu ché vecto. Trong khi do, vecto
pDZ-L377K dé dua sira d6i L377K vao nhidm séc thé duoc diéu ché nhu sau: vecto
pDZ (dugc phan ct bing enzym giéi han Smal va sau do trai qua xir 1y nhigt ¢ 65°C
trong 20 phut) va doan ADN chen (duge khuéch dai bang PCR bén trén) dugc két hop
theo ti 16 ndng d6 mol (M) 1a 1:2, va tich dong duge thuc hién bang cach st dung bo kit
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nhan dong Infusion (TaKaRa) theo huéng dan dugc cung cép.

Vecto da didu ché dugc bién nap vio trong ching ATCC13032 béng dién bién nap,
va chung di bién nap trdi qua trao dbi chéo thir cap, va nhd d6, chung trong d6 mbi
nucleotit dugc thé béng nucleotit sira d6i trén nhidm sic thé duoc thu lai. Ching duoc
dit tén 1a CIP1. CIP1 duoc dat tén la CA01-2307 va dugc ndp luu chung tai trung tam
nudi ciy vi sinh vat Han Quéc (KCCM), 1a co quan luu ching qudc té theo Hiép udc

Budapest, vao ngay 29 thang 3 nam 2017, va dugc xac nhan s6 luu ching KCCM12000P.

D8 giai phong trc ché phan hdi ctia homoserin dehydrogenaza (hom), tac dong nhu
enzym quan trong thi hai trong san xuét L-threonin, axit amin thit 407 ctia hom (tirc 1a,

arginin) dugc thé bang histidin (SEQ ID NO: 21).

Cu thé hon, d& didu ché cac ching trong d6 mdi ching c6 stta d6i hom (R407H)
dugc dua vao, PCR dugc thuc hién bdng céch st dung ADN nhifm sic thé
ctia Corynebacterium glutamicum ATCC13032 lam mach khudn cung v6i cap moi SEQ
ID NO: 22 va SEQ ID NO: 23 hodc cip mdi SEQ ID NO: 24 va SEQ ID NO: 25, tuong
tmg. ADN polymeraza d¢ chinh xdc cao PfuUltra™ (Stratagene) dugc st dung lam
polymeraza cho phan tmg PCR. PCR dugc thyuc hién nhu sau: 28 chu ky bién tinh &
95°C trong 30 gidy, 1 dé gin mdi & 55°C trong 30 gidy, va kéo dai ¢ 72°C trong 1 phut.

Bang 10

SEQ ID NO Trinh ty (5'->3")
SEQ ID NO: 22 TCGAGCTCGGTACCCCGGATGATGTGTACTGCG
SEQ ID NO: 23 GACCACGATCAGATGTGCATCATCATCGCGC
SEQ ID NO: 24 GATGATGATGCACATCTGATCGTGGTCACCC
SEQ ID NO: 25 CTCTAGAGGATCCCCGAGTCAGCGGGAAATCCG

Két qua 13, d6i voi stra di ctia gen hom, doan ADN 533 bp trong vung phia trude
5° va doan ADN 512 bp trong vung phia sau 3’ dugc thu lai, twong ing. PCR duoc thuc
hién béng céach sir dung hai doan ADN da khuéch dai 1am cac mach khudn cling véi cap
mdi SEQ ID NO: 22 va SEQ ID NO: 25. PCR dugc thuc hién nhu sau: bién tinh & 95°C
trong 5 phat; 28 chu k¥ bién tinh & 95°C trong 30 gidy, 1 dé gan mdi & 55°C trong 30
gidly, va kéo dai & 72°C trong 2 phit; va kéo dai ¢ 72°C trong 5 phut.

Két qua 13, doan ADN 1.018 bp bao gdm stra d6i cua gen hom ma héa bién thé

aspartokinaza ma axit amin thir 407 (tGc 14, arginin) dugc thé bing histidin, duoc khuéch
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dai. San phém da khuéch dai duge tinh sach béng cach str dung bo kit tinh sach PCR
(QIAGEN) va duoc st dung 1am doan ADN chén dé diéu ché vecto. Trong khi d6, vecto
pDZ-R407H dé chén stra d6i R407H vao trong nhidm séc thé dugc didu ché nhu sau:
vecto pDZ (duoc phan cit bang enzym gi6i han Smal va sau d6 trai qua xtt 1y nhiét ¢
65°C trong 20 phut) va doan ADN chén (dugc khuéch dai bang PCR bén trén) duoc két
hop theo ti 1€ ndng d6 mol (M) 1a 1:2, va tach dong duoc thuc hién béng cach sir dung
bd kit nhan dong Infusion (TaKaRa) theo hudng dan duoc cung cp.

Vecto da didu ché duoc bién nap vao trong chung CJP1 bing dién bién nap, va
chung duogc bién nap trai qua trao ddi chéo thir cdp, va nho dé, chung trong dé mdi
nucleotit dugc thé bing nucleotit da stra d6i trén nhidm sic thé duoc thu lai. Chung duoc

dat tén 1a CA09-0900 (S8 luu ching KCCM12418P).

D& x4c nhan rd rang cac thay doi trong san sinh L-threonin va L-lysin cta ching
bén trén, stta ddi T169L thé hién san sinh L-threonin cao nhit va gidm cao nhat trong
san sinh L-lysin trong cac vi du 5 va 6 d6i voi gen ma hoa meso-diaminopimelat
dehydrogenaza (DDH), dugc dua vao trén do. Cu thé, dé chen sira d6i T169L vao trong
chiing CA09-0900, vecto pDZ::ddh(mt)4 duoc diéu ché trong vi du 5 dugc bién nap vao
trong chung CA09-0900 bang dién bién nap, va ching duoc bién nap trai qua trao doi
chéo thu cép theo cach twong tu nhu trong vi du 4, va nho do, chung trong dé nucleotit
duoc thé bing nucleotit da stta di trén nhiém séc thé duge thu lai. Chung thu duoc dugc

dat tén 1a CA09-0904.

Ching CA09-0904 dugc ndp luu ching tai trung tdm nudi ciy vi sinh vat Han
Quéc (KCCM), 1a co quan luu chiung qubc té theo Hiép wdc Budapest, vao ngay 25
thang 4 ndm 2019, va dugc xac nhan s6 luu chung KCCM12503P.

Béang 11: X4c nhén kha néng cua cac ching da diéu ché dé san sinh L-threonin va

L-lysin
Axit amin (g/L
Ching _ L)
Threonin Lysin
CA09-0900 1,50 2,67
CA09-0904 2,35 1,58

Két qua 13, chiing dugc dua vao vdi stra d6i cho thay giam san sinh L-lysin xudng

1,09 g/L va ting san sinh L-threonin 1én 0,85 g/L so v&i ching CA09-0900 (nhom dbi
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chimg) (bang 11). Do do, da xéc nhan ring hoat tinh ciia Ddh dugc giam xudng dang

k& va su suy yéu ctia con dudng sinh tong hop L-lysin 14 tich cuc cho sén sinh L-threonin.

Vi du 7: Diéu ché cac ching khac nhau trong d6 axit amin tha 169 (ttc la,

asparagin) cua gen ddh dugc thé bang axit amin khéc

Thong qua ching CA09-0904 da diéu ché trong vi du 6, d3 xé4c nhén rang ching
giam san sinh L-lysin ¢6 hiéu qua tich cyc cho san sinh L-threonin. Nd luc dugc thuc
hién dé x4c nhan xem bit ky thay thé clia axit amin thtr 169 (tirc 14, threonin) trong gen
ddh bang axit amin tao protein khac véi threonin cua kiéu dai c6 thé ting san sinh
threonin.

P& dua vao 19 loai stra dbi cua thay thé nucleotit khong dbng nhit bao gbm sira
i T169L da x4c nhan trong vi du 6, m&i vecto tai t& hop duoc diéu ché nhu sau,

Trudc tién, cip mdi (SEQ ID NO: 26 va SEQ ID NO: 27), trong d6 vi tri Xac nhén
enzym gidi han (Xbal) duoc chén vao trong doan 5' va doan 3, khoang 600 bp cach khoi
phia sau va phia trude tir cac vi tri nucleotit thir 505 dén 506 cta gen ddh, tuong ung,
dugc téng hop bang cach st dung ADN bd gen dugc chiét xudt tir ching WT lam mach
khuon. Dé dua vao 19 loai stra dbi thay thé nucleotit khong ddng nhat, cac doan moi
(SEQ ID NO: 28 dén SEQ ID NO: 65) dé thay thé c4c nucleotit thtt 505 dén 506 trong
céc trinh tu nucleotit ctia gen ddh duogc tdng hop (bang 12).

Cu thé, plasmit pDZ-ddh(T169A) duoc didu ché & dang sao cho cac doan ADN
(mdi doan 600 bp) dugc dat tai cac dau 5' va 3' cia gen ddh duoc lién két v6i vecto pDZ
(Patent Han Qudc s6 2009-0094433). Doan gen dau 5' ctia gen ddh dugc diéu ché bang
PCR bing céch sit dung ADN nhiém séc thé cta ching WT lam mach khuén cling véi
cap mdi SEQ ID NO: 26 va SEQ ID NO: 28. PCR dugc thuc hién nhu sau: bién tinh &
94°C trong 2 phit; 30 chu k¥ bién tinh & 94°C trong 1 phut, u dé gin moi ¢ 56°C trong
1 phat, va kéo dai & 72°C trong 40 gidy; va kéo dai ¢ 72°C trong 10 phut. Tuong tu,
doan gen dau 3’ ciia gen ddh dugc diéu ché bing PCR bang c4ch st dung cdp mdi SEQ
ID NO: 27 va SEQ ID NO: 29. Céac doan ADN da khuéch dai duoc tinh sach béng cach
sir dung bo kit tinh sach PCR (Qiagen) va dugc st dung lam céac doan ADN chén dé
didu ché cac vecto.

Trong khi d6, cac doan ADN chén duoc khuéch dai bing PCR va vecto pDZ, dugc

phén cét bing enzym gidi han (Xbal) va sau d6 dugc xtr ly nhiét & 65°C trong 20 phut,
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duoc lién két bing cach st dung kit nhan dong Infusion va sau d6 duoc bién nap vao
trong E. coli DH50. Ching thu duoc dugc cdy chuyén trén dia trén moi trudong LB rin
chira kanamyxin (25 mg/L). Céc khun lac d3 bién nap trong d6 gen dich dugc chén vao
trong vecto bang PCR bang cach str dung cip mdi SEQ ID NO: 26 va SEQ ID NO: 27
duoc lua chon, va plasmit duoc thu lai bing cach sir dung phuong phép chiét xuat

plasmit thong thudng d4 biét va dugc dit tén 1a pDZ-ddh(T169A).

Tuong tu, cac plasmit duoc didu ché nhu sau: pDZ-ddh(T169V) bang cach sir dung
cac cip mdi (SEQ ID NO: 26 va SEQ ID NO: 30 va SEQ ID NO: 27 va SEQ ID NO: 31);
pDZ-ddh(T169Q) bing cach st dung cac cdp mdi (SEQ ID NO: 26 va SEQ ID NO: 32
va SEQ ID NO: 27 va SEQ ID NO: 33); pDZ-ddh(T169H) bang cach sir dung cip mdi
(SEQ ID NO: 26 va SEQ ID NO: 34 va SEQ ID NO: 27 va SEQ ID NO: 35); pDZ-
ddh(T169R) bang céach str dung cp mdi (SEQ ID NO: 26 va SEQ ID NO: 36 va SEQ
ID NO: 27 vi SEQ ID NO: 37); pDZ-ddh(T169P) bing cach st dung cac cip mdi (SEQ
ID NO: 26 va SEQ ID NO: 38 va SEQ ID NO: 27 va SEQ ID NO: 39); pDZ-ddh(T169L)
bing cach st dung céc cip mdi (SEQ ID NO: 26 va SEQ ID NO: 40 va SEQ ID NO: 27
va SEQ ID NO: 41); pDZ-ddh(T169Y) bing cach st dung céc cdp mdi (SEQ ID NO: 26
va SEQ ID NO: 42 va SEQ ID NO: 27 va SEQ ID NO: 43); pDZ-ddh(T1695) bang cach
st dung céc cip mdi (SEQ ID NO: 26 va SEQ ID NO: 44 va SEQ ID NO: 27 va SEQ
ID NO: 45); pDZ-ddh(T169K) bing céch st dung cac cip mdi (SEQ ID NO: 26 va SEQ
ID NO: 46 va SEQ ID NO: 27 va SEQ ID NO: 47); pDZ-ddh(T169M) bing cach sit
dung cac cp mdi (SEQ ID NO: 26 va SEQ ID NO: 48 va SEQ ID NO: 27 va SEQ ID
NO: 49); pDZ-ddh(T169I) bing cach sir dung céc cp mdi (SEQ ID NO: 26 va SEQ ID
NO: 50 va SEQ ID NO: 27 va SEQ ID NO: 51); pDZ-ddh(T169E) béng céch sir dung
cée cip mdi (SEQ ID NO: 26 va SEQ ID NO: 52 va SEQ ID NO: 27 va SEQ ID NO: 53);
pDZ-ddh(T169D) bing cach sit dung céc cap mdi (SEQ ID NO: 26 va SEQ ID NO: 54
va SEQ ID NO: 27 va SEQ ID NO: 55); pDZ-ddh(T169G) bang cach st dung cac cap
mdi (SEQ ID NO: 26 va SEQ ID NO: 56 va SEQ ID NO: 27 va SEQ ID NO: 57); pDZ-
ddh(T169W) béng céch st dung cac cap mdi (SEQ ID NO: 26 va SEQ ID NO: 58 va
SEQ ID NO: 27 va SEQ ID NO: 59); pDZ-ddh(T169C) béng cach st dung céc cdp moi
(SEQ ID NO: 26 va SEQ ID NO: 60 va SEQ ID NO: 27 va SEQ ID NO: 61); pDZ-
ddh(T169F) bing cach st dung céc cip mdi (SEQ ID NO: 26 va SEQ ID NO: 62 va
SEQ ID NO: 27 va SEQ ID NO: 63); va pDZ-ddh(T169N) béng cach str dung cac cp

35



méi (SEQ ID NO: 26 va SEQ ID NO: 64 va SEQ ID NO: 27 va SEQ ID NO: 65).

47936

36/75

Bang 12
SEQ ID NO Trinh ty (5'->3")

SEQ ID NO: 26 CGGGGATCCTCTAGAATGACCAACATCCGCGTAG
SEQ ID NO: 27 CAGGTCGACTCTAGATTAGACGTCGCGTGCGATC
SEQ ID NO: 28 TCCAGTACGCTCTCCCATCCGAAGACGCCC
SEQ ID NO: 29 GGATGGGAGAGCGTACTGGACTGCCTTTTG
SEQ ID NO: 30 TCCAGTACGTCCTCCCATCCGAAGACGCCC
SEQ ID NO: 31 GGATGGGAGGACGTACTGGACTGCCTTTTG
SEQ ID NO: 32 TCCAGTACCAGCTCCCATCCGAAGACGCCC
SEQ ID NO: 33 GGATGGGAGCTGGTACTGGACTGCCTTTTG
SEQ ID NO: 34 TCCAGTACCACCTCCCATCCGAAGACGCCC
SEQ ID NO: 35 GGATGGGAGGTGGTACTGGACTGCCTTTTG
SEQ ID NO: 36 TCCAGTACCGACTCCCATCCGAAGACGCCC
SEQ ID NO: 37 GGATGGGAGTCGGTACTGGACTGCCTTTTG
SEQ ID NO: 38 TCCAGTACCCTCTCCCATCCGAAGACGCCC
SEQ ID NO: 39 GGATGGGAGAGGGTACTGGACTGCCTTTTG
SEQ ID NO: 40 TCCAGTACTTACTCCCATCCGAAGACGCCC
SEQ ID NO: 41 GGATGGGAGTAAGTACTGGACTGCCTTTTG
SEQ ID NO: 42 TCCAGTACTACCTCCCATCCGAAGACGCCC
SEQ ID NO: 43 GGATGGGAGGTAGTACTGGACTGCCTTTTG
SEQ ID NO: 44 TCCAGTACTCCCTCCCATCCGAAGACGCCC
SEQ ID NO: 45 GGATGGGAGGGAGTACTGGACTGCCTTTTG
SEQ ID NO: 46 TCCAGTACAAGCTCCCATCCGAAGACGCCC
SEQ ID NO: 47 GGATGGGAGCTTGTACTGGACTGCCTTTTG
SEQ ID NO: 48 TCCAGTACATGCTCCCATCCGAAGACGCCC
SEQ ID NO: 49 GGATGGGAGCATGTACTGGACTGCCTTTTG
SEQ ID NO: 50 TCCAGTACATCCTCCCATCCGAAGACGCCC
SEQ ID NO: 51 GGATGGGAGGATGTACTGGACTGCCTTTTG
SEQ ID NO: 52 TCCAGTACGAACTCCCATCCGAAGACGCCC
SEQ ID NO: 53 GGATGGGAGTTCGTACTGGACTGCCTTTTG
SEQ ID NO: 54 TCCAGTACGATCTCCCATCCGAAGACGCCC
SEQ ID NO: 55 GGATGGGAGATCGTACTGGACTGCCTTTTG
SEQ ID NO: 56 TCCAGTACGGTCTCCCATCCGAAGACGCCC
SEQ ID NO: 57 GGATGGGAGACCGTACTGGACTGCCTTTTG

SEQ ID NO: 58

TCCAGTACTGGCTCCCATCCGAAGACGCCC
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SEQ ID NO: 59 GGATGGGAGCCAGTACTGGACTGCCTTTTG
SEQ ID NO: 60 TCCAGTACTGCCTCCCATCCGAAGACGCCC
SEQ ID NO: 61 GGATGGGAGGCAGTACTGGACTGCCTITITG
SEQ ID NO: 62 TCCAGTACTTCCTCCCATCCGAAGACGCCC
SEQ ID NO: 63 GGATGGGAGGAAGTACTGGACTGCCTTTTG
SEQ ID NO: 64 - TCCAGTACAACCTCCCATCCGAAGACGCCC
SEQ ID NO: 65 GGATGGGAGGTTGTACTGGACTGCCTTTTG

M3i vecto di diéu ché dugc bién nap vao trong ching CA09-0901 bang dién bién

nap. 19 chiing trong d6 mdi sira d6i ctia thay thé nucleotit khong ddng nhat dugc dua
vao gen ddh dugc dit tén nhu sau: CA09-0900::ddh(T169A), CA09-0900::ddh(T169V),
CA09-0900::ddh(T169Q), CA09-0900::ddh(T169H), CA09-0900::ddh(T169R), CA09-

0900::ddh(T169P), CA09-0900::ddh(T169L),
0900::ddh(T169S), CA09-0900::ddh(T169K),
0900::ddh(T169T), CA09-0900::ddh(T169E),
0900::ddh(T169G), CA09-0900::ddh(T169W),
0900::ddh(T169F), va CA09-0900::ddh(T169N).

CA09-0900::ddh(T169Y), CA09-
CA09-0900::ddh(T169M), CA09-
CA09-0900::ddh(T169D), CA09-

CA09-0900::ddh(T169C), CA09-

Gen ddh trong chung CA09-0900 duoc x6a bang phuong phép dugc st dung trong
vi du 2, va chiing thu dugc duoc dat tén la CA09-0900::4ddh. Cac chung CA09-0900
va CA09-09004ddh duge st dung lam cdc nhom d6i chimg, va 19 loai chung da Iva

chon duoc nudi cdy bing phuong phap dugc thé hién bén dudi, va cac ndng do cua lysin

va threonin va tdc do tiéu thu glucoza cua chung dugc do.

Bang 13: C4c s6 do kha nang san sinh lysin, kha néng san sinh threonin, va cac toc

d6 tiéu thu glucoza

Chiing Nong d6 Threonin | Nong d6 Lysin | Tdc do tiéu thu

(g/L) (g/L) glucoza (g/gio)
CA09-0901 1,43 2,75 4,53
CA09-0900::4ddh 2,67 1,38 2,41
CA09-0900::ddh(T169A) 1,32 2,73 3,98
CA09-0900::ddh(T169V) 1,43 2,58 3,89
CA09-0900::ddh(T169Q) 1,38 2,62 3,91
CA09-0900::ddh(T169H) 1,67 2,63 4,23
CA09-0900::ddh(T169R) 1,72 2,41 2,44
CA09-0900::ddh(T169P) 1,81 2,25 3,16
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CA09-0900::ddh(T169L) 2,48 1,52 3,97
CA09-0900::ddh(T169Y) 1,50 2,66 4,51
CA09-0900::ddh(T169S) 1,62 2,33 428
CA09-0900::ddh(T169K) 1,91 1,50 2,22
CA09-0900::ddh(T169M) 1,02 1,75 2,38
CA09-0900::ddh(T1691) 1,97 1,68 3,08
CA09-0900::ddh(T169E) 1,54 1,66 2,59
CA09-0900::ddh(T169D) 1,99 1,87 3,65
CA09-0900::ddh(T169G) 1,42 2,61 4,07
CA09-0900::ddh(T169W) 1,53 2,58 3,99
CA09-0900::ddh(T169C) 1,91 1,74 3,78
CA09-0900::ddh(T169F) 1,80 1,18 4,03
CA09-0900::ddh(T169N) 1,44 2,77 4,35

Trong chiing ma gen ddh bi x0a, ndng d6 threonin tang 1én 1,24 g/L va ndng do
lysin giam xudng 1,37 g/L so v&i chung bb me. Xem xét rang glucoza duge giam xudng
bang 46,1% P, trong trudng hop tai d6 khong c6 hoat tinh DDH do x6a gen ddh, sinh
trudng cua chung bi e ché mic du san sinh THR tdng 1én va san sinh LY'S giam xubng,
do d6 gay kho khin cho str dung ching trong cong nghiép. Trong trudng hop cac chung
bao gdm polypeptit stra ddi, trong d6 axit amin thir 169 SEQ ID NO: 1 duoc thé bang
axit amin khéc, sy san sinh LYS giam xubng va su san sinh THR tang trong khi sinh
trudng cua chung duoc duy tri & muc do co thé dugc 4p dung tfong cong nghi€p. Tic
13, d3 x4c nhan rang khi gen ddh bi suy yéu, n6 gitip ting san sinh THR trong khi san
sinh LYS giam xubng, va gen ddh bi suy yéu do su thay doi axit amin thir 169 SEQ ID
NO: 1 (bang 13). Ngoai ra, d6i véi stra ddi cua axit amin thir 169, sira doi tai do threonin
duoc thé bang lysin din dén ting déng ké trong viéc giam san sinh lysin va ting san sinh
THR va tbc d6 tiéu thu glucoza & muc cé thé chép nhén vé mit thwong mai, va do do
duoc xé4c dinh hiéu qua nhét.

Vi du 8: Pidu ché va dénh gia cac chung trong d6 ddh d4 stra doi va dapB da sira
dbi dugc dua vao trong chiing vi sinh vét thudc chi Corynebacterium c6 kha nang san
sinh L-threonin

Tu ching CA09-0904 dugc diéu ché trong vi du 6, d& x4c nhén rang ching trong
d6 san sinh L-lysin giam xuéng c6 higu qua tich cuc v& san sinh ctia L-threonin. D& x4c

nhan xem kha ning san sinh L-threonin ¢4 thé dugc ting cuong hon nita bang viée suy
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yéu hon nita con dudng sinh tdng hop L-lysin trong chung bén trén, cdc chung dugc

phat trién.

Cu thé, d lam suy yéu hoat tinh cua enzym lién quan dén phan tmg thtt hai cta
con dudng sinh tong hop L-lysin (tuc 1, 4-hydroxy-tetrahydrodipicolinat reductaza
(dapB)), axit amin thit 13 ctia dapB (ttc 13, arginin) duoc thé bang asparagin (SEQ ID
NO: 66).

Cu thé hon, d& diéu ché cac chung trong d6 sta d6i dapB(R13N) dugc dua vao,
PCR dugc thyc hién bing cach sit dung ADN nhidm séc thé ctia chung ATCC13032 lam
mach khuén cung voi cép mdi SEQ ID NO: 67 va SEQ ID NO: 68 hodc cép mdi SEQ
ID NO: 69 va SEQ ID NO: 70, twong tmg. ADN polymeraza d¢ chinh xac cao
PfuUltra™ (Stratagene) dugc sit dung 1am polymeraza cho phan ung PCR. PCR duoc
thure hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, 1 dé gan mdi ¢ 55°C trong
30 gidy, va kéo dai ¢ 72°C trong 1 phut.

Két qua 13, d6i véi stra ddi clia gen dapB, doan ADN 512 bp trong ving phia trude
5° va doan ADN 514 bp trong viing phia sau 3’ duoc thu lai, twong tmg. PCR dugc thuc
hién bé“mg céach str dung hai doan ADN da khuéch dai lam cac mach khu6n cing voi cép
mbi SEQ ID NO: 67 va SEQ ID NO: 70. PCR duge thyc hién nhu sau: bién tinh ¢ 95°C
trong 5 phut; 28 chu ky bién tinh & 95°C trong 30 gidy, 0 dé gin mdi & 55°C trong 30
gidly, va kéo dai & 72°C trong 2 phit; va kéo dai & 72°C trong 5 phut.

Két qua 13, doan AND 1.001 bp bao gOm stra ddi ctia gen dapB ma hoa 4-hydroxy-
tetrahydrodipicolinat reductaza bién thé tai d6 axit amin thtr 13 (tic 13, arginin) duoc
thé bang asparagin, dugc khuéch dai. San phém da khuéch dai duoc tinh sach bang cach
st dung b6 kit tinh sach PCR (QIAGEN) va dugc sir dung 1am doan ADN chén dé didu
ché vecto. Trong khi d6, vecto pDZ-R13N 8 chén sira @i R13N vao trong nhiém sic -
thé duoc diéu ché nhu sau: vecto pDZ (dugc phan cit bing enzym gi6i han Smal va sau
d6 trai qua xir Iy nhiét & 65°C trong 20 phut) va doan ADN chén (duoc khuéch dai bang
PCR bén trén) duoc két hop theo ti 18 ndng do mol (M) la 1:2, va tach dongduoc thuc
hién bing céch sir dung bd kit nhan dong Infusion (TaKaRa) theo huéng dan duge cung
cép.

Vecto di didu ché duoc bién nap vio trong ching CA09-0904 bing dién bién nap,

va chung duoc bién nap trai qua trao doi chéo thir cap, va nho do, chiing trong d6 moi
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nucleotit dugc thé bing nucleotit d4 sira ddi trén nhidm sic thé dugce thu lai. Ching duoc

dat tén 14 CA09-0904-R13N.

Bang 14 Xac nhan kha ning clia cac ching da diéu che de san sinh L-threonin va

L-lysin
Ching éxlt amin (g/L) ’
Threonin Lysin
CA09-0900 1,52 2,70
CA09-0904 2,41 1,53
CA09-0904-R13N 3,03 1,08

Két qua 13, ching dugc dua vao voi stra d6i cho thy giam san sinh L-lysin xubng
1,62 g/L va ting san sinh L-threonin 1én 1,51 g/L so véi ching CA09-0900 (nhom d6i
chimg), trong khi cho thdy giam san sinh L-lysin xudng 0,48 g/L va tdng san sinh L-
threonin 1én 0,62 g/L so v6i chiing CA09-0904 (bang 14). Do d6, da xac nhan rang viéc

suy yéu ctia con dudng sinh tdng hop L-lysin 1a tich cuc cho san sinh L-threonin.

Vi du 9: Didu ché va danh gia cac chung trong d6 ddh da sira doi va Iys4 d4 sia
ddi duoc dua vao trong chiing vi sinh vat thudc chi Corynebacterium c6 kha néng san

sinh L-threonin

Tt ching CA09-0904 dugc diéu ché trong vi du 6, d& x4c nhén ring ching trong
d6 san sinh L-lysin giam xuéng c6 hiéu qua tich cuc cho san sinh L-threonin. Pé xé4c
nhan xem kha ndng san sinh L-threonin ¢6 thé dugc ting cudng hon nita bang viéc lam
suy yéu hon nita con dudng sinh tbng hop L-lysin trong chung bén trén, cac chung dugc
phat trién.

Cu thé, dé 1am suy yéu hoat tinh ctia enzym lién quan dén phan tng cudi cing cua
con dudng sinh tong hop L-lysin (tirc 1, diaminopimelat decarboxylaza (lysA)), axit
amin thir 408 cta lysA (tic 1a, methionin) duoc thé bang alanin (Biochemical va

Biophysical Research Communications, Tap 495, quyén 2, 8/1/2018) (SEQ ID NO: 71).

Cu thé hon, dé didu ché cac chung trong d6 stra d6i lysA(M408A) dugce dua vao,
PCR duoc thuc hién bing cach st dung ADN nhiém sic thé cua chung ATCC13032
lam mach khuén cung v6i cédp mdi SEQ ID NO: 72 va SEQ ID NO: 73 hodc cip moi
SEQ ID NO: 74 va SEQ ID NO: 75, twong tmg. ADN polymeraza d¢ chinh xac cao
PfuUltra™ (Stratagene) dugc st dung lam polymeraza cho phan tmg PCR. PCR dugc
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thuc hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, i dé gin mdi & 55°C trong
30 gidy, va kéo dai ¢ 72°C trong 1 phut.

Két qua 13, ddi voi stra ddi cuia IysGen, doan ADN 534 bp trong vung phia trudc 5°
va doan ADN 527 bp trong ving phia sau 3> dugc thu lai, trong ung. PCR duoc thuc
hién béng c4ch str dung hai doan ADN da khuéch dai lam c4c mach khuon cung véi cap
mbdi SEQ ID NO: 72 v SEQ ID NO: 75. PCR dugc thuc hién nhu sau: bién tinh & 95°C
trong 5 phut; 28 chu ky bién tinh & 95°C trong 30 gidy, i dé gén mdi & 55°C trong 30
gidy, va kéo dai & 72°C trong 2 phut; va kéo dai & 72°C trong 5 phut.

Béang 15
SEQ ID NO Trinh tu (5'->3")
SEQ ID NO: 72 TCGAGCTCGGTACCCGTTGGGCCTGTACTCACAG
SEQ ID NO: 73 TAGCGGGAGCTCGCGGCGTAGCAGTATGCGCC
SEQ ID NO: 74 TACTGCTACGCCGCGAGCTCCCGCTACAACGC
SEQ ID NO: 75 CTCTAGAGGATCCCGTGCAAGGTGAACCAACTG

Két quéa 13, doan ADN 1.035 bp bao gdm stra d8i clia lysGen ma héa bién thé
diaminopimelat decarboxylaza tai d6 axit amin thr 408 (tic la, methionin) dugc thé
bang alanin, dugc khuéch dai. San phém da khuéch dai duoc tinh sach bang cach sir
dung b kit tinh sach PCR (QIAGEN) va dugc st dung lam doan ADN chen dé didu
ché vecto. Trong khi d6, vecto pDZ-M408 dé dua sita dbi M408A vao trong nhiém séc
thé duoc diéu ché nhu sau: vecto pDZ (dugc phin c4t bing enzym gi¢i han Smal va sau
d6 trai qua xir ly nhiét & 65°C trong 20 phut) va doan ADN cheén (dugc khuéch dai bang
PCR bén trén) dugc két hop theo ti 18 ndng dd mol (M) 1a 1:2, va tach dong dugc thuc
hién bing cach sir dung b kit nhan dong Infusion (TaKaRa) theo huong dan dugc cung

cap.

Vecto da didu ché dugc bién nap vao trong ching CA09-0904 béng dién bién nap,
va chung dugc bién nap trai qua trao dbi chéo thi cip, va nho d6, chung trong d6 mdi
nucleotit duoc thé béng nucleotit d stra d6i trén nhiém séc thé duoc thu lai. Chung duoc

dat tén la CA09-0904-M408A.

Bang 16: X4c nhan kha ning cta cac ching da diéu ché dé san sinh L-threonin va

L-lysin
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. Axit amin (g/L)
Chung X .
Threonin Lysin
CA09-0900 1,61 2,51
CA09-0904 2,63 1,52
CA09-0904-M408A 3,08 1,10

Két qua 13, ching duoc dua vao voi sira ddi cho thiy giam san sinh L-lysin xudng
1,41 g/L va ting san sinh L-threonin 1én 1,33 g/L so v&i chung CA09-0900 (nhom d6i
chimg), trong khi cho thdy giam san sinh L-lysin xudng 0,42 g/L va tang sén sinh L-
threonin 1én 0,35 g/L so vé&i chung CA09-0904 (bang 16). Do d6, da xdc nhan rang viéc

suy yéu ctia con dudng sinh tdng hop L-lysin 14 tich cyc cho san sinh L-threonin.

Vi du 10: Diéu ché va danh gia cac chung trong d6 ddh d4 sira d6i va dapA da sira
ddi duoc dua vao trong ching vi sinh vat thudc chi Corynebacterium c6 kha nang san

sinh L-threonin

Tur chiing CA09-0904 dugc didu ché trong vi du 6, da x4c nhan ring chiing trong
d6 san sinh L-lysin gidm xudng c¢6 hiéu qua tich cuc cho san sinh L-threonin. Pé xac
nhan xem kha ning san sinh L-threonin cé thé duoc ting cudng hon nita bang viéc suy
yéu hon nita con dudng sinh tong hop L-lysin trong ching bén trén, cic chung duge
phat trién.

Cu thé, @& 1am suy yéu hoat tinh clia enzym lién quan dén phan tmg tht hai cta
con dudng sinh tong hop L-lysin (tirc 14, 4-hydroxy-tetrahydrodipicolinat synthaza
(dapA)), axit amin the 119 cta dapA (tuc la, tyrosin) dugc thé bing phenylalanin
(Journal of Molecular biology, Tap 338, quyén 2, 23/4/2004)) (SEQ ID NO: 76).

Cu thé hon, @& didu ché cac chung trong d6 sta d61 dapA(Y119F) duge dua vao,
PCR duoc thuc hién bing céch sir dung ADN nhiém séc thé ctia ching ATCC13032 lam
mach khun ciing véi cip mdi SEQ ID NO: 77 va SEQ ID NO: 78 hodc cdp mdi SEQ
ID NO:79 va SEQ ID NO: 80, tuong Umg. ADN polymeraza d0 chinh xac cao
PfuUltra™ (Stratagene) dugc st dung lam polymeraza cho phan ung PCR. PCR duoc
thue hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, U @ ghn mdi & 55°C trong
30 gidy, va kéo dai ¢ 72°C trong 1 phit.

Két qua 13, dbi voi stra ddi cua dapGen, doan ADN 538 bp trong ving phia trudce
5’ va doan ADN 528 bp trong ving phia sau 3” dugc thu lai, twong ing. PCR duoc thuc
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hién bang cach sir dung hai doan ADN da khuéch dai 1am c4c mach khudn ciing véi cap
mdi SEQ ID NO: 77 va SEQ ID NO: 80. PCR dugc thuc hién nhu sau: bién tinh & 95°C
trong 5 phut; 28 chu ky bién tinh & 95°C trong 30 gidy, u @8 gén moi & 55°C trong 30
gidy, va kéo dai & 72°C trong 2 phit; va kéo dai & 72°C trong 5 phut.

Bang 17
SEQ ID NO Trinh tu (5'->3")
SEQ ID NO: 77 TCGAGCTCGGTACCCTTCATATAGTTAAGACAAC
SEQ ID NO: 78 CGGCTTGGAGAAATAAGGAGTTACAACTAAAAG
SEQ ID NO: 79 TAACTCCTTATTTCTCCAAGCCGAGCCAAGAG
SEQ ID NO: 80 CTCTAGAGGATCCCGAGCCTCAAGTTCCTGCTC

Két qua 13, doan ADN 1.000 bp bao gdm sira d6i ctia dapGen ma hoa 4-hydroxy-
tetrahydrodipicolinat synthaza bién thé tai d6 axit amin thit 119 (tc 13, tyrosin) duoc
thé bang phenylalanin, duoc khuéch dai. San phém d3 khuéch dai duoc tinh sach bang
cach st dung bo kit tinh sach PCR (QIAGEN) va duoc sir dung lam doan ADN chen dé
didu ché vecto. Trong khi d6, vecto pDZ-Y119F dé dua stra d6i dapA(Y119F) vao trong
nhi®m séc thé dugce didu ché nhu sau: vecto pDZ (dugc phan cit bang enzym gi6i
han Smal va sau dé trai qua xir ly nhiét & 65°C trong 20 phut) va doan ADN cheén (dugc
khuéch dai bing PCR bén trén) duoc két hop & ty 1& ndng d6 mol 1a 1:2, va tach dong
duoc thuc hién béng cach sir dung bd kit nhan dong Infusion (TaKaRa) theo huéng dan
duogc cung cép.

Vecto dd diéu ché duoc bién nap vao trong chung CA09-0904 béng dién bién nap,
va chung dugc bién nap trai qua trao d6i chéo thir cap, va nho d6, ching trong dé mdi
nucleotit dugc thé bang nucleotit di sira d6i trén nhiém sdc thé duge thu lai. Chung duge

dat tén la CA09-0904-Y119F.

Bang 18: Xé4c nhan kha ning cua cac chung da diéu ché de san sinh L-threonin va

L-lysin
Ching . Axit amin (g/L) .
Threonin Lysin
CA09-0900 1,48 2,68
CA09-0904 2,52 1,57
CA09-0904-Y119F 3,31 0,82
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Két qua 13, ching duoc dua vao véi stra dbi cho thiy giam san sinh L-lysin xudng
1,86 g/L va tang san sinh L-threonin 1én 1,83 g/L so v&i ching CA09-0900 (nh6m dbi
ching), trong khi cho thiy giam san sinh L-lysin xubng 0,75 g/L va ting san sinh L-
threonin 1én 0,79 g/L so v6i chung CA09-0904 (bang 18). Do d6, da xdc nhan ring viéc

suy yéu ciia con dudng sinh tdng hop L-lysin 14 tich cyc cho san sinh L-threonin.

Cac két qua bén trén goi ¥ ring ching bao gdm polypeptit stra d6i cua meso-
diaminopimelat dehydrogenaza, trong d6 axit amin thir 169 trong trinh ty axit amin SEQ
ID NO: 1 ctia sang ché duoc thé béang leuxin, phenylalanin, glutamat, hodc xystein, cubi
cung c¢6 kha ning san sinh L-threonin dugc ting cuong thong qua giam luong san sinh

L-lysin va ting lugng san sinh L-threonin, so v&i cac ching khong stra doi.

Tir phdn mo ta bén trén, ngudi c6 hiéu biét trung binh trong ciing linh vuc k¥ thuat
ctia séng ché c6 thé hiéu ring sang ché c6 thé dugc thyc hién theo cac dang cu thé khac
ma khong thay dbi cc nguyén ly k¥ thudt hodc cac dac diém co ban ciia sang ché. Theo
d6, cac phuong an vi du dugc bdc 16 ¢ day chi nham muc dich minh hoa va khéng duoc
hiéu 13 gi6i han pham vi bao h¢ cua sang ché. Nguoc lai, séng ché khong chi dé cap dén
cac phuong an vi du ma con céc thay thé, stra ddi, twong duwong khac nhau, va cac
phuong 4n khac c6 thé ndm trong nguyén ly k¥ thuét va pham vi clia séng ché duoc xac

dinh boi cac yéu cau bao h kém theo.

44



47936 45/75

YEU CAUBAO HQ
1. Polypeptit stra ddi, trong d6 axit amin twong tmg véi axit amin thit 169 cia SEQ ID
NO: 1 duoc thé bing leuxin, phenylalanin, glutamat, hodc xystein, va cé do twong dong
trinh tu vdi trinh tu axit amin ctia SEQ ID NO: 1 tdi thidu 90% va nhé hon 100%, va c6

hoat tinh ctia meso-diaminopimelat dehydrogenaza,

trong d6 hoat tinh ctia meso-diaminopimelat dehydrogenaza ctia polypeptit stra dbi
yéu hon hoat tinh ctia meso-diaminopimelat dehydrogenaza kiéu dai c6 trinh tu axit
amin néu trong SEQ ID NO: 1.

2. Polynucleotit ma héa polypeptit sira ddi theo diém 1.

3. Polynucleotit theo diém 2, trong d6 polynucleotit ¢6 trinh tw nucleotit néu trong SEQ
ID NO: 4.

4. Vi sinh vat thudc chi Corynebacterium, trong d6 vi sinh vat bao gbm:

polypeptit stra dbi, trong d6 axit amin twong Ung v&i axit amin thit 169 ctia SEQ
ID NO: 1 duoc thé bing leuxin, phenylalanin, glutamat, hodc xystein, va c6 do twong
dbng trinh tw v6i trinh ty axit amin ctia SEQ ID NO: 1 t5i thiéu 90% va nho hon 100%,
va c6 hoat tinh cla meso-diaminopimelat dehydrogenaza; hodc polynucleotit chira
polypeptit stra ddi nay,

trong d6 hoat tinh ctia meso-diaminopimelat dehydrogenaza ctia polypeptit sira ddi
yéu hon hoat tinh ctia meso-diaminopimelat dehydrogenaza kiéu dai c6 trinh tu axit

amin néu trong SEQ ID NO: 1.

5. Vi sinh vat theo diém 4, trong d6 vi sinh vat thudc chi Corynebacterium con bao g@)m
mét hodc nhidu polypeptit stta ddi duoce lwa chon tir (1) dén (3) dugce thé hién bén dudi:

(1) polypeptit stra d6i, trong d6 hoat tinh cua dihydrodipicolinat reductaza (dapB)
bi suy yéu;

(2) polypeptit stra ddi, trong d6 hoat tinh cua diaminopimelat decarboxylaza (lysA)

bi suy yeu; va

(3) polypeptit stra dbi, trong d6 hoat tinh ctia dihydrodipicolinat synthaza (dapA)

bi suy yéu.

6. Vi sinh vat theo diém 5, trong d6 polypeptit stra ddi bao gdm mét hoic nhiéu
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polypeptit stra d6i duoc lua chon tir (1) dn (3) duoc thé hién bén dudi:

(1) polypeptit stra dbi cua dihydrodipicolinat reductaza (dapB), trong d6 axit amin
thi 13 trong trinh tu axit amin ctia SEQ ID NO: 81 la arginin (R) duoc thé bing
asparagin (N);

(2) polypeptit stra d6i ctia diaminopimelat decarboxylaza (lysA), trong d6 axit
amin thtr 408 trong trinh tu axit amin cia SEQ ID NO: 82 1a methionin (M) dugc thé
bang alanin (A); va

(3) polypeptit stra dbi ctia dihydrodipicolinat synthaza (dapA), trong d6 axit amin
thir 119 trong trinh tw axit amin cia SEQ ID NO: 83 la tyrosin (T) dugc thé bing
phenylalanin (F).

7. Vi sinh vat theo diém 4, trong d6 vi sinh vat c6 kha ning san sinh L-threonin dugc

ting cudng so voi ching khong stra d6i.
8. Vi sinh vt theo diém 4, trong d6 vi sinh vat 1a Corynebacterium glutamicum.

9. Phuong phép san xuét L-threonin bao gdm budc nudi cdy trong moi truong nudi cly
vi sinh vat thudc chi Corynebacterium chtra polypeptit sira db1, trong d6 axit amin twong
Umg v6i axit amin tht 169 cia SEQ ID NO: 1 duoc thé bing leuxin, phenylalanin,
glutamat, hodc xystein, va c6 do tuong déng trinh tu v&i trinh ty axit amin cua SEQ ID
NO: 1 téi thiéu 90% va nhd hon 100%, va c6 hoat tinh cua meso-diaminopimelat

dehydrogenaza,

trong d6 hoat tinh ctia meso-diaminopimelat dehydrogenaza cua polypeptit stra d6i
yéu hon hoat tinh ctia meso-diaminopimelat dehydrogenaza kiéu dai c6 trinh tu axit
amin néu trong SEQ ID NO: 1.
10. Phuong phép theo diém 9, trong d6 budc nudi cAy vi sinh vat con bao gdm budc thu

hoi L-threonin tir moi trudong nudi cay va vi sinh vat.
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DANH MUC TRINH TU

(meso-diaminopimelat dehydrogenaza)

Ile Val Gly Tyr Gly
10

Lys Gln Pro Asp Met
25 30

Leu Asp Thr Lys Thr
45

Ala Asp Asp Val Asp
60

Ile Pro Glu Gln Ala
75

Thr Tyr Asp Asn His
90

Glu Ala Ala Thr Ala

110

Asp Pro Gly Met Phe
125

Ala Glu His Gln Gln
140

His Ser Asp Ala Leu
155

<110> CJ CheilJedang Corporation
<120>
PHAP SAN XUAT L-THREONIN
<130> OPA20112
<150> KR 10-2019-0119058
<151> 2019-09-26
<160> 83
<170> KoPatentIn 3.0
<210> 1
<211> 320
<212> PRT
<213>  Chua biét
<220>
<223> DDH
<400> 1
Met Thr Asn Ile Arg Val Ala
1 5
Ser Val Glu Lys Leu Ile Ala
20
Ile Phe Ser Arg Arg Ala Thr
35 40
Val Ala Asp Val Asp Lys His
50 55
Cys Met Gly Ser Ala Thr Asp
65 70
Gln Phe Ala Cys Thr Val Asp
85
Arg His Arg Gln Val Met Asn
100
Ala Leu Val Ser Thr Gly Trp
115 120
Val Tyr Ala Ala Ala Val Leu
130 135
Gly Pro Gly Leu Ser Gln Gly
145 150
Gly Val Gln Lys Ala Val Gln

165

Tyr Thr Leu Pro Ser
170

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

180

185

190

His Lys Arg Gln Cys Phe Val Val Ala Asp Ala Ala

195

200

205

47

Asn Leu
15

Asp Leu

Pro Val

Val Leu

Pro Lys
80

Arg Asp

Ala Gly

Ser Ile

His Thr

Arg Arg
160

Glu Asp
175

Gly Lys

Asp His

Gly

Val

Phe

Phe

Phe

Ile

Asn

Asn

Phe

Ile

Ala

Gln

Glu

Arg
Gly
Asp
Leu
Ala
Pro
Val
Arg
Trp
Pro
Leu
Thr

Arg
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POLYPEPTIT SUA POI CUA MESO-DIAMINOPIMELAT dehydrogenaza VA PHUONG



Ile Glu
210

Val Glu
225

Gly Met
Phe Asn Hi

Phe Thr Al
275

Lys Gln Gln Gly

290

Tyr Leu Leu Ser

305

<210> 2
<211>
<212>
<213>
<220>
<223>
<400> 2
atgaccaaca
cttattgcca
gacacaaaga
gtgctgttcc
cagttcgcect
gtcatgaacg
ccaggaatgt
cacaccttct
ggcgttcaaa
cgcggcgaag
gccgacgcegg
gttggctacg
ggcatgccac
gtggaataca
ttcggtcgeg

gaagttgctc
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215

230

245

s Thr
260

a Ser

Asn Asp Ile Arg Thr Met Pro Asp Tyr

220

Val Asn Phe Ile Asp Glu Ala Thr Phe

235

Pro His Gly Gly His Val Ile Thr Thr

250

265

280

295

310

963
ADN
Chua biét

tccgcgtage
agcagcccga
cgccagtctt
tgtgcatggg
gcaccgtaga
aagccgccac
tctccatcaa
ggggcccagg
aggcagtcca
ccggcgacct
ccgatcacga
aagtcgaagt
acggtggcca
tcctcaaget
cagctcaccg

catacctgct

tatcgtgggce
catggacctt
tgatgtcgcc
ctccgceccacc
cacctacgac
cgcagccggce
ccgcgtctac
tttgtcacag
gtacaccctc
taccggaaag
gcgcatcgaa
caacttcatc
cgtgattacc
ggaccgaaac
catgaagcag

ctccccagag

Val Glu Tyr Ile Leu Lys Leu

285

300

315

tacggaaacc
gtaggaatct
gacgtggaca
gacatccctg
aaccaccgcg
aacgttgcac
gcagcggcag
ggccactccg
ccatccgaag
caaacccaca
aacgacatcc
gacgaagcaa
accggcgaca
ccagatttca
cagggccaaa

aacttggacg

48

Phe Val Gly
Asp Ser Glu
240

Gly Asp Thr
255

Asp Arg Asn
270

Ser Gln Ile Ala Phe Gly Arg Ala Ala His

Gln Ser Gly Ala Phe Thr Val Leu Glu Val

Pro Glu Asn Leu Asp Asp Leu Ile Ala Arg

320

gen DDH (meso-diaminopimelat dehydrogenaza)

tgggacgcag
tctcgcgeceg
agcacgccga
agcaggcacc
acatcccacg
tggtctctac
tcttagccga
atgctttgceg
acgccctgga
agcgccaatg
gcaccatgcc
ccttcgactc
ccggtggcett
ccgcttectce
gcggagcettt

atctgatcgce

Tyr Glu

His Thr

Gly Gly

Pro Asp

Arg Met

Ala Pro

Asp Val

cgtcgaaaag
ggccaccctc
cgacgtggac
aaagttcgcg
ccaccgccag
cggctgggat
gcaccagcag
acgcatccct
aaaggcccgc
cttcgtggtt
tgattacttc
cgagcacacc
caaccacacc
acagatcgct
caccgtcctc

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

960
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<210> 3

<211> 320

<212> PRT

<213> Chua biét

<220>

47936

<223> DDH sta ddi (meso-diaminopimelat dehydrogenaza)

<400> 3
Met Thr Asn Ile Arg Val
1 5

Ser Val Glu Lys Leu Ile
20

Ile Phe Ser Arg Arg Ala
35

Val Ala Asp Val Asp Lys
50 55

Cys Met Gly Ser Ala Thr
65 70

Gln Phe Ala Cys Thr Val
85

Arg His Arg Gln Val Met
100

Ala Leu Val Ser Thr Gly
115

Val Tyr Ala Ala Ala Val
130 135

Gly Pro Gly Leu Ser Gln
145 150

Gly Val Gln Lys Ala Val
165

Ala

Ala

Thr

40

His

Asp

Asp

Ile Val Gly Tyr Gly

10

Lys Gln Pro Asp Met

25

30

Leu Asp Thr Lys Thr

45

Ala Asp Asp Val Asp

60

Ile Pro Glu Gln Ala

75

Thr Tyr Asp Asn His

90

Asn Glu Ala Ala Thr Ala

Trp
120
Leu

Gly

Gln

105

110

Asp Pro Gly Met Phe

125

Ala Glu His Gln Gln

140

His Ser Asp Ala Leu

155

Tyr Leu Leu Pro Ser

170

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

180

185

190

His Lys Arg Gln Cys Phe Val Val Ala Asp Ala Ala

195

200

205

TIle Glu Asn Asp Ile Arg Thr Met Pro Asp Tyr Phe

210 215

220

Val Glu Val Asn Phe Ile Asp Glu Ala Thr Phe Asp

225 230

235

Gly Met Pro His Gly Gly His Val Ile Thr Thr Gly

245

250

Phe Asn His Thr Val Glu Tyr Ile Leu Lys Leu Asp

260

265

49

270

Asn Leu
15

Asp Leu

Pro Val

Val Leu

Pro Lys
80

Arg Asp
95

Ala Gly

Ser Ile

His Thr

Arg Arg

160

Glu Asp
175

Gly Lys

Asp His

Val Gly

Ser Glu
240

Asp Thr
255

Arg Asn

Gly

Val

Phe

Phe

Phe

Ile

Asn

Asn

Phe

Ile

Ala

Gln

Glu

Tyr

His

Gly

Pro

963

Arg

Gly

Asp

Leu

Ala

Pro

Val

Arg

Trp

Pro

Leu

Thr

Arg

Glu

Thr

Gly

Asp
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Phe Thr Ala Ser Ser Gln Ile Ala Phe Gly Arg Ala Ala His Arg Met

275

280

285

Lys Gln Gln Gly Gln Ser Gly Ala Phe Thr Val Leu Glu Val Ala Pro
295

290

300

Tyr Leu Leu Ser Pro Glu Asn Leu Asp Asp Leu Ile Ala Arg Asp Val

305

<210> 4
<211>
<212>
<213>
<220>
<223>
<400> 4
atgaccaaca
cttattgcca
gacacaaaga
gtgctgttcc
cagttcgcecct
gtcatgaacg
ccaggaatgt
cacaccttct
ggcgttcaaa
cgcggcgaag
gccgacgcgg
gttggctacg
ggcatgccac
gtggaataca
ttcggtcgceg
gaagttgctc
taa

<210> 5
<211> 20
<212>

<213>

<220>
<223>

310

963
ADN
Chua biét

tccgegtage
agcagcccga
cgccagtctt
tgtgcatggg
gcaccgtaga
aagccgccac
tctccatcaa
ggggcccagg
aggcagtcca
ccggcgacct
ccgatcacga
aagtcgaagt
acggtggcca
tcctcaagcet
cagctcaccg

catacctgcect

ADN
Trinh tyu nhén

doan mdi

tatcgtgggce
catggacctt
tgatgtcgcece
ctccgccacc
cacctacgac
cgcagccggce
ccgcgtcectac
tttgtcacag
gtacttactc
taccggaaag
gcgcatcgaa
caacttcatc
cgtgattacc
ggaccgaaac
catgaagcag

ctccccagag

tao

315

tacggaaacc
gtaggaatct
gacgtggaca
gacatccctg
aaccaccgcg
aacgttgcac
gcagcggcag
ggccactccg
ccatccgaag
caaacccaca
aacgacatcc
gacgaagcaa
accggcgaca
ccagatttca
cagggccaaa

aacttggacg

50

320

tgggacgcag
tctcgcgecg
agcacgccga
agcaggcacc
acatcccacg
tggtctctac
tcttagccga
atgctttgcg
acgccctgga
agcgccaatg
gcaccatgcc
ccttcgactc
ccggtggett
ccgcttcectce
gcggagcettt

atctgatcgc

gen cta DDH sua dbi (meso-diaminopimelat dehydrogenaza)

cgtcgaaaag
ggccaccctc
cgacgtggac
aaagttcgcg
ccaccgccag
cggctgggat
gcaccagcag
acgcatccct
aaaggcccgce
cttcgtggtt
tgattacttc
cgagcacacc
caaccacacc
acagatcgct
caccgtcctc
acgcgacgtc

963

50/75

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

960
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<400> 5
atgaccaaca tccgcgtagce 20
<210> 6
<211> 21

<212> ADN
<213> Trinh tyu nhén tao

<220>

<223> doan mdi

<400> 6

ttagacgtcg cgtgcgatca g 21
<210> 7

<211> 30

<212> ADN
<213> Trinh tu nhé&n tao

<220>

<223> doan mdi

<400> 7

cggggatcct ctagatgacc aacatccgceg 30
<210> 8

<211> 31

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 8

caggtcgact ctagattaga cgtcgcegtgc g 31
<210> 9

<211> 27

<212> ADN
<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 9

cggtgaaatc ggcgacatca aagactg 27
<210> 10

<211> 26

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

51
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<400> 10
gatgtcgcecg atttcaccge ttecte 26
<210> 11
<211> 30

<212> ADN
<213> Trinh tuy nhén tao

<220>
<223> doan mdi

<400> 11 .

cggggatcct ctagatgacc aacatccgceg 30
<210> 12

<211> 31

<212> ADN
<213> Trinh tu nhé&n tao

<220>
<223> doan mdi

<400> 12
caggtcgact ctagattaga cgtcgcgtgce g 31
<210> 13
<211> 19

<212> ADN
<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 13

cacaattttg gaggattac 19
<210> 14

<211> 19

<212> ADN
<213> Trinh tuy nhan tao

<220>

<223> doan mdi

<400> 14

tgggtgacca cgatcagat 19
<210> 15

<211> 18

<212> ADN
<213> Trinh tu nhan tao

<220>

52



<223> doan mdi

<400> 15
ggaaaccaca ctgtttcce

<210> 16
<211> 421
<212> PRT
<213> Chua biét

<220>

47936

<223> LysC strta d8i (aspartokinaza 3 nhay cam lysin)

<400> 16
Met Ala Leu Val Val Gln
1 5

Glu Arg Ile Arg Asn Val
20

Gly Asn Asp Val Val Val
35

Glu Leu Leu Glu Leu Ala
50 55

Glu Met Asp Met Leu Leu
65 70

Val Ala Met Ala Ile Glu
85

Gly Ser Gln Ala Gly Val
100

Ile Val Asp Val Thr Pro
115

Lys Ile Cys Ile Val Ala

130 135

Asp Val Thr Thr Leu Gly
145 150

Leu Ala Ala Ala Leu Asn
165

Lys

Ala

Val

40

Ala

Thr

Ser

Leu

Gly

120

Gly

Arg

Ala

Tyr Gly Gly Ser Ser
10

Glu Arg Ile Val Ala
25 30

Cys Ser Ala Met Gly
45

Ala Val Asn Pro Val
60

Ala Gly Glu Arg Ile
75

Leu Gly Ala Glu Ala
90

Thr Thr Glu Arg His
105 110

Arg Val Arg Glu Ala
125

Phe Gln Gly Val Asn
140

Gly Gly Ser Asp Thr
155

Asp Val Cys Glu Ile
170

Asp Gly Val Tyr Thr Ala Asp Pro Arg Ile Val Pro

180

Leu Glu Lys Leu Ser Phe
195

Ser Lys Ile Leu Val Leu

210 215

vVal Pro Leu Arg Val Arg
225 230

Ile Ala Gly Ser Met Glu
245

Glu
200
Arg

Ser

Asp

185 190

Glu Met Leu Glu Leu
205

Ser Val Glu Tyr Ala
220

Ser Tyr Ser Asn Asp
235

Ile Pro Val Glu Glu
250

53

Leu Glu
15

Thr Lys

Asp Thr

Pro Pro

Ser Asn
80

Gln Ser
95

Gly Asn

Leu Asp

Lys Glu

Thr Ala
160

Tyr Ser
175

Asn Ala

Ala Ala

Arg Ala

Pro Gly

240

Ala Val
255

Ser

Lys

Thr

Ala

Ala

Phe

Ala

Glu

Thr

Val

Asp

Gln

Val

Phe

Thr

Leu

Ala

Ala

Asp

Arg

Leu

Thr

Arg

Gly

Arg

Ala

Val

Lys

Gly

Asn

Leu

Thr

18

53/75
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Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu

260 265

270

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu

275 280

285

Ala Glu Ile Asn Ile Asp Met Val Leu Gln Asn Val Ser Ser

290 295

300

Asp Gly Thr Thr Asp Ile Thr Phe Thr Cys Pro Arg Ser Asp

305 310 315

320

Arg Ala Met Glu Ile Leu Lys Lys Leu Gln Val Gln Gly Asn

325 330

335

Asn Val Leu Tyr Asp Asp Gln Val Gly Lys Val Ser Leu Val

340 345

350

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu

355 360

365

Arg Asp Val Asn Val Asn Ile Glu Lys Ile Ser Thr Ser Glu

370 375

380

Tle Ser Val Leu Ile Arg Glu Asp Asp Leu Asp Ala Ala Ala

385 390 395

400

Teu His Glu Gln Phe Gln Leu Gly Gly Glu Asp Glu Ala Val

405 410

Ala Gly Thr Gly Arg
420

<210> 17

<211> 34

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 17

tcgagctcgg tacccgetge gcagtgttga atac

<210> 18

<211> 30

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 18
tggaaatctt ttcgatgttc acgttgacat

<210> 19
<211> 30
<212> ADN

415

54

Gly

Ala

Val

Gly

Trp

Gly

Ala

Ile

Arg

Val

Ile

Asp

Glu

Arg

Thr

Ala

Leu

Arg

Ala

Tyr

34

30

54/75



<213>

<220>
<223>

<400>

Trinh tu nhdn tao

doan mdi

19

47936

atgtcaacgt gaacatcgaa aagatttcca

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

<220>
<223>

<400>

20
34
ADN

Trinh tu nhén tao

doan mdi

20

ctctagagga tccccgttca cctcagagac gatt

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

<220>
<223>

<400>
Met Thr

Ser Ala

Val Met

Gly Gly

50

Pro
65

Arg
Leu Ile
Ile Glu

Ser Val

21
445
PRT
Chua biét

Hom sw@a ddi (homoserin dehydrogenaza)

21
Ser Ala Ser Ala
5

Val Gly Ile Ala
20

Arg Leu Met Thr
35

Pro Leu Glu Val
55

Glu Gly Val Ala
70

Glu Arg Glu Asp
85

Tyr Pro Arg Glu
100

Val Thr Ala Asn

115

Leu Ala
130

Ala Val
145

Ala Gly

Ala Glu
135

Asp Ala

Ala Ile
150

Ala Gly

Asp Gln Ile Gln

Pro

Leu

Glu

40

Arg

Pro

Val

Val Val Leu
105

Lys
120
Ala

Pro

Ser

Ser

Leu

25

Tyr

Gly

Glu

Asp

Ala

Ala

Val

Val

Phe Asn Pro Gly
10

Gly Phe Gly Thr
30

Gly Asp Glu Leu
45

Ile Ala Val Ser
60

Leu Leu Thr Glu
75

Ile Val Val Glu

90

Ala Ala Leu
110

Val Ala Ala
125

Leu

Asn Val Asp Leu

140

Val Gly Pro Leu
155

Met Gly Ile Val

55

Lys

15

Val

Ala

Asp

Asp

Val

95

Lys

His

Tyr

Arg

Asn Gly

Gly

Gly

His

Ile

Ala

80

Ile

Ala

Ser

Phe

Arg

160

Pro

Thr

Arg

Ser

Phe

Gly

Gly

Ala

Glu

Ser

Thr

Gly

Glu

Ile

Lys

Ala

Gly

Lys

Glu

Ala

Leu

Thr

30

34
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165

47936

170

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala

180

185

190

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu

195 200

205

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala

210 215

220

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp

225 230

235

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala

245

250

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys

260

Glu Gly Lys Ser Ala Ile Ser
275 280

Val Ser His Pro Leu Ala Ser
290 295

Val Glu Ala Glu Ala Ala Gly
305 310

Gly Gly Ala Pro Thr Ala Ser
325

265

270

Ala Arg Val His Pro

285

Val Asn Lys Ser

300

Arg Leu Met Phe

315

Ala Val Leu Gly

330

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro

340

Ala Asn Leu Pro Ile Ala Asp
355 360

Leu Asp Met Asp Val Glu Asp
370 375

Ser Leu Phe Ser Glu Gln Gly
385 390

Glu Arg Asp Asp Asp Ala His
405

345

Phe

Tyr

Asp

Gly
350

Phe Gly Glu Thr Thr

365

Arg Val Gly Val Leu

380

Ile Ser Leu Arg Thr

395

Leu Ile Val Val Thr

410

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys

420

425

430

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg

435 440
<210> 22
<211> 33

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 22

56

445

175

Asp Tyr

Ala Asp

Ala Ile

Val Tyr
240

Ala Gln
255

Phe Thr

Thr Leu

Asn Ala

Gly Asn
320

Val Val
335

Glu Ser

Thr Arg

Ala Glu

Ile Arg

400

His Ser
415

Ala Lys

Asp

Ala

Pro

Leu

Cys

Gln

Asn

Leu

Ile

Gly

Gly

Thr

Tyr

Leu

Gln

Ala

Pro

Asp

Thr

Ala

Glu

Ala

Lys

Pro

Phe

Ala

Ala

Tyr

His

Ala

Glu

Leu

Val

56/75
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tcgagctcgg taccccggat gatgtgtact gcg

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

<220>
<223>

<400>

23

31

ADN

Trinh ty nhan

doan mdi

23

gaccacgatc agatgtgcat

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

<220>
<223>

<400>

24

31

ADN

Trinh tu nhén

doan mdi

24

gatgatgatg cacatctgat

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

<220>
<223>

<400>

25

33

ADN

Trinh ty nhén

doan mdi

25

ctctagagga tccccgagtce

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

<220>
<223>

<400>

26

34

ADN

Trinh tu nhén

doan mdi

26

cggggatcct ctagaatgac

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

<220>
<223>

27

34

ADN

Trinh ty nhan

doan mdi

tao

catcatcgcg ¢

tao

cgtggtcacc ¢

tao

agcgggaaat ccg

tao

caacatccgc gtag

tao

57

57/75

33

31

31

33

34



<400> 217
caggtcgact ctagattaga

<210> 28

<211> 30

<212> ADN

<213> Trinh tu nhén

<220>
<223> doan mdi

<400> 28
tccagtacge tctcccatcce

<210> 29
<211> 30
<212> ADN
<213> Trinh ty nhén

<220>
<223> doan mdi

<400> 29
ggatgggaga gcgtactgga

<210> 30
<211> 30
<212> ADN
<213> Trinh tyu nhén

<220>
<223> doan mdi

<400> 30
tccagtacgt cctcccatcc

<210> 31

<211> 30

<212> ADN

<213> Trinh ty nhén

<220>

<223> doan mdi

<400> 31
ggatgggagg acgtactgga

<210> 32

<211> 30

<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdi

47936

cgtcgcgtge gatc

tao

gaagacgccce

tao

ctgccttttg

tao

gaagacgccc

tao

ctgccttttg

tao

58

34

30

30

30

30

58/75
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<400> 32
tccagtacca gctcccatcc gaagacgccc 30
<210> 33
<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 33

ggatgggagc tggtactgga ctgccttttg 30
<210> 34

<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mbi

<400> 34

tccagtacca cctcccatce gaagacgccce 30
<210> 35

<211> 30

<212> ADN
<213> Trinh ty nhédn tao

<220>

<223> doan mdi

<400> 35

ggatgggagg tggtactgga ctgccttttg 30
<210> 36

<211> 30

<212> ADN
<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 36

tccagtaccg actcccatcc gaagacgccce 30
<210> 37

<211> 30

<212> ADN
<213> Trinh tuy nhén tao

<220>
<223> doan mdi

59



47936 60/75

<400> 37
ggatgggagt cggtactgga ctgccttttg 30
<210> 38
<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 38

tccagtaccc tctcccatcc gaagacgccce 30
<210> 39

<211> 30

<212> ADN
<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 39

ggatgggaga gggtactgga ctgccttttg 30
<210> 40

<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 40

tccagtactt actcccatcc gaagacgccc 30
<210> 41

<211> 30

<212> ADN
<213> Trinh tu nhé&n tao

<220>

<223> doan mdi

<400> 41

ggatgggagt aagtactgga ctgccttttg 30
<210> 42

<211> 30

<212> ADN
<213> Trinh tu nhédn tao

<220>

60



47936

<223> doan mdi

<400> 42
tccagtacta cctcccatcc gaagacgccc

<210> 43

<211> 30

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> doan mdi
<400> 43

ggatgggagg tagtactgga ctgccttttg

<210> 44

<211> 30

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 44

tccagtactc cctcccatcc gaagacgccce

<210> 45

<211> 30

<212> ADN

<213> Trinh ty nhéan tao

<220>
<223> doan mdi
<400> 45

ggatgggagg gagtactgga ctgccttttg

<210> 46

<211> 30

<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> doan mdi
<400> 46

tccagtacaa gctcccatcc gaagacgccce

<210> 47

<211> 30

<212> ADN

<213> Trinh ty nhan tao

61

30

30

30

30

30
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<220>

<223> doan mdi

<400> 47

ggatgggagc ttgtactgga ctgccttttg 30
<210> 48 -

<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 48

tccagtacat gctcccatcc gaagacgccc 30
<210> 49

<211> 30

<212> ADN

<213> Trinh tyu nhé&n tao

<220>

<223> doan mdi

<400> 49

ggatgggagc atgtactgga ctgccttttg 30
<210> 50

<211> 30

<212> ADN
<213> Trinh tu nhé&n tao

<220>

<223> doan mdi

<400> 50

tccagtacat cctcccatcc gaagacgccce 30
<210> 51

<211> 30

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 51

ggatgggagg atgtactgga ctgccttttg 30
<210> 52

<211> 30

<212> ADN
<213> Trinh ty nhéan tao

62



47936 63/75

<220>

<223> doan mdi

<400> 52

tccagtacga actcccatcc gaagacgccc 30
<210> 53

<211> 30

<212> ADN
<213> Trinh tyu nhén tao

<220>

<223> doan mdi

<400> 53

ggatgggagt tcgtactgga ctgccttttg 30
<210> 54

<211> 30

<212> ADN
<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 54

tccagtacga tctcccatcce gaagacgcecce 30
<210> 55

<211> 30

<212> ADN
<213> Trinh tu nhan tao

<220>

<223> doan mdi

<400> 55

ggatgggaga tcgtactgga ctgecttttg 30
<210> 56

<211> 30

<212> ADN
<213> Trinh tu nhédn tao

<220>

<223> doan mbi

<400> 56

tccagtacgg tctcccatcc gaagacgccce 30
<210> 57

<211> 30

<212> ADN

63



<213> Trinh tuy nhén
<220>

<223> doan mdi
<400> 57

ggatgggaga ccgtactgga

<210> 58

<211> 30

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 58

tccagtactg gctcccatce

<210> 59

<211> 30

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 59

ggatgggagc cagtactgga
<210> 60

<211> 30

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 60

tccagtactg cctcccatcce

<210> 6l

<211> 30

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 6l

ggatgggagg cagtactgga

<210> 62
<211> 30

47936

tao

ctgccttttg

tao

gaagacgccc

tao

ctgccttttg

tao

gaagacgccc

tao

ctgccttttg

64/75

30

30

30

30

30
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<212> ADN
<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 62
tccagtactt cctcccatcc gaagacgccce 30
<210> 63
<211> 30

<212> ADN
<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 63
ggatgggagg aagtactgga ctgccttttg 30
<210> 64
<211> 30

<212> ADN
<213> Trinh tu nhé&n tao

<220>
<223> doan mdi

<400> 64
tccagtacaa cctcccatcc gaagacgccc 30
<210> 65
<211> 30

<212> ADN
<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 65

ggatgggagg ttgtactgga ctgccttttg 30
<210> 66

<211> 248
<212> PRT
<213> Chua biét

<220>
<223> DapB stra dbi (dihydrodipicolinat reductaza)

<400> 66
Met Gly Ile Lys Val Gly Val Leu Gly Ala Lys Gly Asn Val Gly Gln
1 5 10 15

Thr Ile Val Ala Ala Val Asn Glu Ser Asp Asp Leu Glu Leu Val Ala

65



Glu

Glu

Glu

65

Phe

Asp

Leu

47936

20 25 30

Ile Gly Val Asp Asp Asp Leu Ser Leu Leu Val
35 40 45

val Val Val Asp Phe Thr Thr Pro Asn Ala Val
50 55 60

Phe Cys Ile Asn Asn Gly Ile Ser Ala Val Val
70 75

Asp Asp Ala Arg Leu Glu Gln Val Arg Asp Trp
85 90

Asn Val Gly Val Leu Ile Ala Pro Asn Phe Ala
100 105 110

Thr Met Val Phe Ser Lys Gln Ala Ala Arg Phe
115 120 125

Glu Val Ile Glu Leu His His Pro Asn Lys Leu
130 135 140

Thr Ala Ile His Thr Ala Gln Gly Ile Ala Ala
145 150 155

Gly Met Asp Ala Gln Pro Asp Ala Thr Glu Gln
165 170

Arg Gly Ala Ser Val Asp Gly Ile Pro Val His
180 185

Gly Met Val Ala His Glu Gln Val Ile Phe Gly
195 200 205

Leu Thr Ile Lys Gln Asp Ser Tyr Asp Arg Asn
210 215 220

Val Leu Val Gly Val Arg Asn Ile Ala Gln His
225 230 235

Gly Leu Glu His Tyr Leu Gly Leu
245

<210> 67

<211> 33

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 67

tcgagctcgg taccccgacg gggaacccaa cgg

<210> 68

<211> 32

<212> ADN

<213> Trinh tuy nhédn tao

<220>

66

Asp

Ala

Ala

Ala

190

Thr

Ser

Pro

Asp

Met

Gly

Leu

95

Ile

Phe

Ala

Arg

Leu

175

Val

Gln

Phe

Gly

Asn

Gly

Thr

80

Glu

Ser

Glu

Pro

Lys

160

Glu

Arg

Gly

Ala

Leu
240

Gly

Asn

Thr

Gly

Ala

Ser

Ser

Glu

Gly

Met

Gln

Pro

Val

Ala

Leu

Gly

Lys

Val

Ala

Gly

Ala

Ser

Ser

Thr

Gly

Val

33
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<223>

<400>

47936

doan mdi

68

gtttgaccaa cgttgccttt ggctccgaga ac

<210> 69

<211> 32

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 69

gagccaaagg caacgttggt caaactattg tg

<210> 70

<211> 32

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> doan mdi

<400> 70
ctctagagga tccccttgcg ccacgggaac cc

<210> 71

<211> 445

<212> PRT

<213> Chua biét

<220>
<223> LysA sua dbi (diaminopimelat decarboxylaza)
<400> 71

Met Ala Thr Val Glu Asn Phe Asn Glu Leu Pro Ala

1 5 10

Arg Asn Ala Val Arg Gln Glu Asp Gly Val Val Thr

20 25

30

Pro Leu Pro Asp Leu Ala Glu Glu Tyr Gly Thr Pro

35 40

45

Asp Glu Asp Asp Phe Arg Ser Arg Cys Arg Asp

50 55

60

Gly Gly Pro Gly Asn Val His Tyr Ala Ser Lys

65 70 75

Thr Ile Ala Arg Trp Val Asp Glu Glu Gly Leu

85 90

Ser Ile Asn Glu Leu Gly Ile Ala Leu Ala Ala

100 105

67

Met

Ala

Ala

Gly
110

His

15

Val

Leu

Ala

Phe

Leu

95

Phe

Val

Ala

Phe

Thr

Leu

80

Asp

Pro

Trp

Gly

Val

Ala

Thr

Ile

Ala

Pro

Val

Val

Phe

Lys

Ala

Ser

32

32

32
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Arg Ile Thr Ala His Gly Asn Asn Lys Gly Val Glu
115 120 125

Leu Val Gln Asn Gly Val Gly His Val Val Leu Asp
130 135 140

Leu Glu Leu Leu Asp Tyr Val Ala Ala Gly Glu Gly
145 150 155

Val Leu Ile Arg Val Lys Pro Gly Ile Glu Ala His
165 170

Ile Ala Thr Ser His Glu Asp Gln Lys Phe Gly Phe
180 185 190

Gly Ser Ala Phe Glu Ala Ala Lys Ala Ala Asn Asn
195 200 205

Asn Leu Val Gly Leu His Cys His Val Gly Ser Gln
210 215 220

Glu Gly Phe Lys Leu Ala Ala Glu Arg Val Leu Gly
225 230 235

Ile His Ser Glu Leu Gly Val Ala Leu Pro Glu Leu
245 250

Gly Tyr Gly Ile Ala Tyr Thr Ala Ala Glu Glu Pro
260 265 270

Glu Val Ala Ser Asp Leu Leu Thr Ala Val Gly Lys
275 280 285

Leu Gly Ile Asp Ala Pro Thr Val Leu Val Glu Pro
290 295 300

Ala Gly Pro Ser Thr Val Thr Ile Tyr Glu Val Gly
305 310 315

Val His Val Asp Asp Asp Lys Thr Arg Arg Tyr Ile
325 330

Gly Met Ser Asp Asn Ile Arg Pro Ala Leu Tyr Gly
340 345 350

Ala Arg Val Val Ser Arg Phe Ala Glu Gly Asp Pro
355 360 365

Ile Val Gly Ser His Cys Glu Ser Gly Asp Ile Leu
370 375 380

Ile Tyr Pro Ser Asp Ile Thr Ser Gly Asp Phe Leu
385 390 395

Thr Gly Ala Tyr Cys Tyr Ala Ala Ser Ser Arg Tyr
405 410

Arg Pro Ala Val Val Ser Val Arg Ala Gly Ser Ser
420 425 430

Arg Arg Glu Thr Leu Asp Asp Ile Leu Ser Leu Glu
435 440 445

68

Phe Leu
Ser Ala

Lys Ile
160

Thr His
175

Ser Leu
Ala Glu
Val Phe

Leu Tyr
240

Asp Leu
255

Leu Asn
Met Ala
Gly Arg

Thr Thr
320

Ala Val
335

Ser Glu
Val Ser
Ile Asn
Ala Leu

400

Asn Ala
415

Arg Leu

Ala

Arg

Gln

Gln

Glu

Ala

Asn

Asp

Ser

Gly

Val

Ala

Ala

Lys

Asp

Tyr

Thr

Asp

Ala

Phe

Met

Ala

Glu

Asp

Phe

Ser

Leu

Ala

Gln

Gly

Ala

Glu

Ile

Asp

Gly

Asp

Arg

Glu

Ala

Thr

Leu
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<210> 72

<211> 34

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi
<400> 72

tcgagctcgg tacccgttgg gectgtactc acag

<210> 73

<211> 32

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi
<400> 73

tagcgggagce tcgcggcgta gcagtatgcg cc

<210> 74

<211> 32

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> doan mdi
<400> 74

tactgctacg ccgcgagctc ccgctacaac gc

<210> 75

<211> 33

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi
<400> 75

ctctagagga tcccgtgcaa ggtgaaccaa ctg

<210> 76
<211> 301
<212> PRT
<213> Chua biét

<220>

<223> DapA sua ddi (dihydrodipicolinat synthaza)

<400> 76

Met Ser Thr Gly Leu Thr Ala Lys Thr Gly Val Glu His Phe Gly Thr

1 5 10

69/75

34

32

32

33



val Gly Val

Ile Ala Ala

35

Ser Leu
50

Asp

Ala
65

Ala Glu
Asp Arg Ala

Val Glu
1

Ser

Val Val
115

Leu
Ala His Phe
130

Tyr Asp Ile
145

Arg Arg Leu
Gly Asp Leu
1

Trp Tyr Ser
195

Gly Ser Gly
210

Arg Glu Leu
225

Glu Ile Asn

Gly Gly Val
2

Val Gly Asp
275

Ala Met Val
20

Gly Arg Glu
Val Leu Ala
55

Lys Leu Glu
70

Lys Leu Ile
85

Leu Ala Glu
00

Thr Pro Tyr
Gly Ala Ile
135

Pro Gly Arg
150

Ser Glu Leu
165

Val Ala Ala
80

Gly Asp Asp
Phe Ile Ser
215

Tyr Thr Ser
230

Ala Lys Leu
245

Ser Leu Ala
60

Pro Arg Leu

47936

Thr Pro Phe

25

Val
40

Ala Ala
Gly Thr Thr

Leu Leu Lys

Thr Glu Ser
30

Tyr Leu Val
45

Gly Glu Ser
60

Ala Val Arg

75

Ala Gly Val

90

Ala Ala Ala
105

Phe Ser
120

Lys
Ala Ala Ala

Ser Gly Ile

Gly Thr Asn
Ser Ala Gly
110

Pro Ser Gln
125

Thr Glu Val
140

Pro Ile Glu

155

Pro Thr Ile
170

Thr Ser Leu
185

Pro Leu Asn

200

Val Ile Gly

Phe Glu Glu

Leu Ala Val
Ile Lys Glu
190

Leu Val Trp
205

His Ala Ala
220

Gly Asp Leu

235

Pro Leu
250

Ser
Lys Ala Ala
265

Pro Ile Met
280

Glu Ala Leu Arg Glu Asp Met Lys Lys

290

<210> 77
<211> 34
<212>
<213>

<220>
<223>

295

ADN
Trinh ty nhén tao

doan mdi

Val Ala Ala
Leu Arg Leu
270

Ala Pro Asn
285

Ala Gly Val
300

70

Gly Asp

Asp Lys

Pro Thr

Glu Glu

80
Asn Thr
95

Ala Asp

Glu Gly

Pro Ile

Ser Asp

160

Lys
175

Asp

Thr Gly

Leu Ala

Pro Thr

Val Arg
240

Gln
255

Gly
Gln Gly
Glu Gln

Leu

Ile

Gly

Thr

Val

Arg

Gly

Leu

Cys

Thr

Ala

Leu

Leu

Ala

Ala

Arg

Ile

Glu

Asp
Leu
Thr
Gly
Thr
Leu
Leu
Leu
Met
Lys
Ala
Gly
Leu
Arg
Leﬁ
Asn

Leu
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<400> 77
tcgagctcgg tacccttcat atagttaaga caac 34
<210> 78
<211> 33

<212> ADN
<213> Trinh tuy nhé&n tao

<220>

<223> doan mdi

<400> 78

cggcttggag aaataaggag ttacaactaa aag 33
<210> 79

<211> 32

<212> ADN
<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 79

taactcctta tttctccaag ccgagccaag ag 32
<210> 80

<211> 33

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 80
ctctagagga tcccgagect caagttcctg ctc 33
<210> 81

<211> 248
<212> PRT
<213> Chua biét

<220>
<223> DapB (dihydrodipicolinat reductaza)

<400> 81
Met Gly Ile Lys Val Gly Val Leu Gly Ala Lys Gly Arg Val Gly Gln
1 5 10 15

Thr Ile Val Ala Ala Val Asn Glu Ser Asp Asp Leu Glu Leu Val Ala
20 25 30

Glu Ile Gly Val Asp Asp Asp Leu Ser Leu Leu Val Asp Asn Gly Ala
35 40 45

71



Glu Val Val Val Asp Phe
50 55

Glu Phe Cys Ile Asn Asn
65 70

Phe Asp Asp Ala Arg Leu
85

Asp Asn Val Gly Val Leu
100

Leu Thr Met Val Phe Ser
115

Glu Val Ile Glu Leu His His Pro
130 135

Thr Ala Ile His Thr Ala Gln Gly

145 150

47936

Thr Thr Pro Asn Ala Val

60

Gly Ile Ser Ala Val Val
75

Glu Gln Val Arg Asp Trp

Ile

Lys
120

90

Ala Pro Asn Phe Ala

105

110

Gln Ala Ala Arg Phe

140

155

Gly Met Asp Ala Gln Pro Asp Ala Thr

165

170

Arg Gly Ala Ser Val Asp Gly Ile Pro

180

Gly Met Val Ala His Glu
195

Leu Thr Ile Lys Gln Asp

210 215

Val Leu Val Gly Val Arg
225 230

Gly Leu Glu His Tyr Leu
245

<210> 82

<211> 445

<212> PRT

<213> Chua biét

<220>

Gln
200
Ser

Asn

Gly

185

Val Ile

Tyr Asp

125

Asn Lys Leu Asp

Ile Ala Ala Ala

Glu Gln Ala

Val His Ala

190

Phe Gly Thr

205

Arg Asn Ser

220

Ile Ala Gln His Pro
235

Leu

<223> LysA (diaminopimelat decarboxylaza)

<400> 82
Met Ala Thr Val Glu Asn
1 5

Arg Asn Ala Val Arg Gln
20

Pro Leu Pro Asp Leu Ala
35

Asp Glu Asp Asp Phe Arg
50 55

Gly Gly Pro Gly Asn Val
65 70

Phe

Glu

Glu

40

Ser

His

Asn Glu
10

Asp Gly
25

Glu Tyr

Arg Cys

Leu Pro Ala

Val Val Thr

30

Gly Thr Pro

45

Arg Asp Met

60

Tyr Ala Ser Lys Ala

75

72

Met

Gly

Leu

95

Ile

Phe

Ala

Arg

Leu

175

Val

Gln

Phe

Gly

His

15

Val

Leu

Ala

Phe

Gly

Thr

80

Glu

Ser

Glu

Pro

Lys

160

Glu

Arg

Gly

Ala

Leu

240

Val

Ala

Phe

Thr

Leu
80

Asn

Thr

Gly

Ala

Ser

Ser

Glu

Gly

Met

Gln

Pro

Val

Trp

Gly

Val

Ala

Thr

Leu

Gly

Lys

Val

Ala

Gly

Ala

Ser

Ser

Thr

Gly

Val

Pro

Val

Val

Phe

Lys
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Thr Ile Ala Arg Trp Val Asp Glu Glu Gly Leu Ala

85

90

Ser Ile Asn Glu Leu Gly Ile Ala Leu Ala Ala Gly

100

105

110

Arg Ile Thr Ala His Gly Asn Asn Lys Gly Val Glu

115 120

125

Leu Val Gln Asn Gly Val Gly His Val Val Leu Asp

130 135

140

Leu Glu Leu Leu Asp Tyr Val Ala Ala Gly Glu Gly

145 150

155

Val Leu Ile Arg Val Lys Pro Gly Ile Glu Ala His

165

170

Ile Ala Thr Ser His Glu Asp Gln Lys Phe Gly Phe

180

Gly Ser Ala Phe Glu Ala Ala
195 200

Asn Leu Val Gly Leu His Cys
210 215

Glu Gly Phe Lys Leu Ala Ala
225 230

Ile His Ser Glu Leu Gly Val
245

Gly Tyr Gly Ile Ala Tyr Thr Ala Ala
265

260

Glu Val Ala Ser Asp Leu Leu Thr Ala

275 280

Leu Gly Ile Asp Ala Pro Thr Val Leu

290 295

185

190

Lys Ala Ala Asn Asn

205

His Val Gly Ser

220

Glu Arg Val Leu

Ala Leu

250

235

300

Pro Glu

Glu Glu

285

Gln

Gly

Leu

Pro
270

Val Gly Lys

Val Glu Pro

Ala Gly Pro Ser Thr Val Thr Ile Tyr Glu Val Gly

305 310

315

Val His Val Asp Asp Asp Lys Thr Arg Arg Tyr Ile

325

330

Gly Met Ser Asp Asn Ile Arg Pro Ala Leu Tyr Gly

340

Ala Arg Val Val Ser Arg Phe
355 360

Ile Val Gly Ser His Cys Glu
370 375

Ile Tyr Pro Ser Asp Ile Thr
385 390

Thr Gly Ala Tyr Cys Tyr Ala
405

345

350

Ala Glu Gly Asp Pro

365

Ser Gly Asp Ile Leu

380

Ser Gly Asp Phe Leu

395

Met Ser Ser Arg Tyr

410

73

Leu Asp
95

Phe Pro

Phe Leu

Ser Ala

Lys Ile
160

Thr His
175

Ser Leu

Ala Glu

Val Phe

Leu Tyr
240

Asp Leu
255

Leu Asn

Met Ala

Gly Arg

Thr Thr
320

Ala Val
335

Ser Glu

Val Ser

Ile Asn

Ala Leu

400

Asn Ala
415

Ile

Ala

Arg

Gln

Gln

Glu

Ala

Asn

Asp

Ser

Gly

Val

Ala

Ala

Lys

Asp

Tyr

Thr

Asp

Ala

Phe

Ala

Ser

Ala

Glu

Asp

Phe

Ser

Leu

Ala

Gln

Gly

Ala

Glu

Ile

Asp

Gly

Asp

Arg

Glu

Ala

Thr
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47936 s

Arg Pro Ala Val Val Ser Val Arg Ala Gly Ser Ser Arg Leu Met Leu
420 425 430

Arg Arg Glu Thr Leu Asp Asp Ile Leu Ser Leu Glu Ala
435 440 445

<210> 83
<211> 300
<212> PRT
<213> Chua biét

<220>
<223> DapA (dihydrodipicolinat synthaza)

<400> 83
Met Ser Thr Gly Leu Thr Ala Lys Thr Gly Val Glu His Phe Gly Thr
1 5 10 15

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

TIle Ala Ala Gly Arg Glu Val Ala Ala Tyr Leu Val Asp Lys Gly Leu
35 40 45

Asp Ser Leu Val Leu Ala Gly Thr Thr Gly Glu Ser Pro Thr Thr Thr
50 55 60

Ala Ala Glu Lys Leu Glu Leu Leu Lys Ala Val Arg Glu Glu Val Gly
65 70 75 80

Asp Arg Ala Lys Leu Ile Ala Gly Val Gly Thr Asn Asn Thr Arg Thr
85 90 95

Ser Val Glu Leu Ala Glu Ala Ala Ala Ser Ala Gly Ala Asp Gly Leu
100 105 110

Leu Val Val Thr Pro Tyr Tyr Ser Lys Pro Ser Gln Glu Gly Leu Leu
115 120 125

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

Tyr Asp Ile Pro Gly Arg Ser Gly Ile Pro Ile Glu Ser Asp Thr Met
145 150 155 160

Arg Arg Leu Ser Glu Leu Pro Thr Ile Leu Ala Val Lys Asp Ala Lys
165 170 175

Gly Asp Leu Val Ala Ala Thr Ser Leu Ile Lys Glu Thr Gly Leu Ala
180 185 190

Trp Tyr Ser Gly Asp Asp Pro Leu Asn Leu Val Trp Leu Ala Leu Gly
195 200 205

Gly Ser Gly Phe Ile Ser Val Ile Gly His Ala Ala Pro Thr Ala Leu
210 215 220

Arg Glu Leu Tyr Thr Ser Phe Glu Glu Gly Asp Leu Val Arg Ala Arg
225 230 235 240

Glu Ile Asn Ala Lys Leu Ser Pro Leu Val Ala Ala Gln Gly Arg Leu
245 250 255
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Gly Gly Val Ser Leu Ala Lys Ala Ala Leu Arg Leu Gln Gly Ile Asn
260 265 270

Val Gly Asp Pro Arg Leu Pro Ile Met Ala Pro Asn Glu Gln Glu Leu
275 280 285

Glu Ala Leu Arg Glu Asp Met Lys Lys Ala Gly Val
290 295 300
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