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Linh vuc ky thuit dwoc dé cap

Sang ché dé cap dén bién thé synthaza xitrat mdi, polynucleotit ma héa bién thé
nay, vi sinh vat chira bién thé nay, va ché phim va phuong phép san xuit cac L-axit

amin st dung vi sinh vat nay.
Tinh trang k¥ thuét ciia sang ché

D& san xut cac L-axit amin va cac chit c6 loi khéc, nhiéu nghién ctu da dugc
thuc hién dé phat trién cac vi sinh vat c6 san lugng va cong nghé cho qua trinh 1én men
hiéu qué cao. Vi dy, cdc phuong phép tiép can cu thé dbi véi vét lidu dich, chang han
nhu phuong phép tang biéu hién gen mi héa enzym tham gia vao qua trinh sinh tong
hop L-valin hodc phuong phap loai bo gen khong can thiét cho qua trinh sinh tdng hop,
da duoc st dung rong rai (patent Hoa Ky s6 US 8283152 B2, patent Han Qudc s6 KR
10-2153534 B1).

Trong khi d6, synthaza xitrat (citrate synthase: CS) la enzym tao ra xitrat bang
cach xtc téc qué trinh ngung tu axetyl-CoA va oxaloaxetat, dugc tao ra trong qua trinh
dudng phan cua vi sinh vat, va cling la enzym quan trong dé xac dinh dong cacbon di
vao con duong TCA.

Nhitng thay ddi vé kiéu hinh & c4c chiing san sinh L-lysin do viéc x6a gen gltA ma
héa synthaza xitrat dd dugc béo céo trong tai ligu trude dé (Ooyen et al., Biotechnol.
Bioeng., 109(8):2070-2081, 2012). Tuy nhién, nhiing chung bi x6a gen gltA nay co
nhuoc diém 13 khong chi su ting trudng bi tc ché ma ty 1¢ tiéu thu dudng cia ching
cling giam dang ké, do d6 déan dén san luong lysin trén don vi thoi gian thap. Theo do,
van can nghién ctru siu hon dé tinh dén ca viéc ting hiéu qua nang suét L-axit amin va

su phaét trién ctia céc chung.
Ban chit k¥ thuit ciia sing ché

Nho nhiing nd luc chuyén sau dé san xuat cac L-axit amin v4i hiéu suat cao, cac
tac gia sang ché d4 hoan thién sang ché bang cach xéc nhan rang bién thé synthaza xitrat

moi 1am ting kha ndng san sinh L-axit amin.
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Muc dich cta sang ché 12 d& xuit bién thé synthaza xitrat trong d6 lysin la axit
amin tuong tng véi vi trf 415 cua trinh ty axit amin ¢6 ma nhén biét SEQ ID NO: 1
duoc thay thé bang histidin.

Muc dich khéc cta sang ché 1a d& xuét polynucleotit ma hda bién thé theo sang
ché.

Muc dich khac nita cia sang ché 1a d& xuét vi sinh vat thudc chi Corynebacterium
chira bién thé theo sang ché hogc polynucleotit ma héa bién thé.

Muc dich khac nita ciia sang ché 12 d& xuat phuong phép san xuét cac L-axit amin
st dung vi sinh vét theo sang ché.

Muc dich khac nita cia sang ché 13 d& xuét ché phédm dé san xuét cac L-axit amin
chita vi sinh vat theo sang ché; méi truong nudi cdy trong d6 vi sinh vat theo sang ché

duogc phat trién; hodc su két hop ctia ching.
Hiéu qua dat dugc cua sang ché

Khi bién thé synthaza xitrat theo sang ché dugc st dung, cdc L-axit amin co6 thé
duoc san xudt véi hidu suét cao.
M5 ta chi tiét sang ché

Séang ché s& dugc mo ta chi tiét dudi day. Trong khi do, mdi phan md ta va phuong
an dugc boc 10 trong sang ché c6 thé dugc 4p dung tuong tmg cho phan mo ta va céac
phuong 4n khac véi cac dac tinh thong thuong. Ttc 13, tAt ca su két hop cta cac chi tiét
khac nhau dugc boc 10 trong sang ché déu thudc pham vi bao ho cua sang ché. Hon nita,
pham vi bao ho ctia sang ché khong chi bi gi6i han bdi cdc md ta chi tiét dudi day. Ngoai
ra, nhiéu bai b4o va tai liéu sang ché @i dugc trich dan trong ban mo ta nay. Noi dung
clia chc bai bao va tai liéu sang ché dugc dua vao ban mé ta ndy bang cch tham chiéu
toan b, va muc do linh vyc k¥ thudt ma sang ché ciing nhu ndi dung cta sdng ché s&
duoc mo ta rd rang hon.

Khia canh cua sang ché 13 d& xuit bién thé synthaza xitrat trong d6 lysin la axit
amin tuong Umg v6i vi tri 415 cta trinh tu axit amin ¢6 ma nhan biét SEQ ID NO: 1,
duoc thay thé bang histidin.

Bién thé theo sang ché c6 thé 13 bién thé, trong d6 axit amin tuwong tng véi vi tri

415 dya trén trinh ty axit amin ¢ ma nhén biét SEQ ID NO: 1 trong trinh tu axit amin
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¢6 ma nhan biét SEQ ID NO: 1 1a histidin, va c6 sy twong dong hoc ddng nhit it nhat
nhidu hon 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99,5%, 99,7% hodc
99,9% so véi trinh ty axit amin c6 ma nhan biét SEQ ID NO: 1. Vi dy, bién thé theo
sang ché ¢6 thé 1a bién thé, trong d6 axit amin twong Uing v6i vi tri 415 dya trén trinh tu
axit amin ¢ ma nhén biét SEQ ID NO: 1 trong trinh tu axit amin c6 ma nhan biét SEQ
ID NO: 1 12 histidin, va co thé ¢6 hodc bao gém trinh ty axit amin co sy tuong déng
hodc ddng nhét it nhét nhidu hon 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, 99,5%, 99,7% hodc 99,9% so v6i trinh tu axit amin c6 ma nhan biét SEQ ID NO:
1, hodc ¢cé thé chi bao gém hodc vé co ban chi bao gém trinh ty axit amin. Ngoai ra, r0
rang réng bat ky bién thé ¢o trinh tu axit amin, trong d6 mot phén cua trinh tu bi xda,
bién ddi, thay thé, hoic thay thé bao tht hodc thém vao, cling co thé thudc pham vi bao
hd cta sang ché mién 13 trinh tu axit amin cé sy tuong ddng hodc déng nhat ndy va biéu

hién hidu qua twong tmg vé6i hiéu qua cia bien thé theo sang che.

Viduy, c6 thé 1 truong hop trong do diu N, dau C va/hodc bén trong trinh tur axit
amin duogc thém vao hodc xdéa bang trinh ty khong lam thay ddi chirc ning cua bién thé

theo sang ché, dot bién xay ra tu nhién, dot bién cam, hogc thay thé bao thu.

Nhu dugc st dung & day, thuat ngit “thay thé bao thu” dé cap dén su thay thé axit
amin béng axit amin khac c6 cac tinh chit héa hoc va/hodc cu truc tuong tu. Su thay
thé axit amin nay thudng c6 thé xay ra dua trén sy gidng nhau vé d6 phan cuc, dién tich,
tinh hoa tan, tinh ky nuéc, tinh wa nudc, va/hodc ban chét ludng tinh cta céc géc. Cu
thé, cac thay thé bao thu co thé c6 it hodc khong c¢6 anh hudng dén hoat tinh ctia protein
hoac polypeptit.

Nhu duoc st dung ¢ day, thuat nglt “bién thé” d& cap dén polypeptit co mot hodc
nhidu trinh tu axit amin khac véi trinh tu axit amin ctia bién thé trude khi dot bién boi
su thay thé bao thu va/hodc bién ddi sao cho cac chirc nang va cac ddc tinh cua protein

~dugc gilt lai. Cac bién thé nay thudng c6 thé duogc x4c dinh bang cach bién ddi mot hodc
nhidu trinh tu axit amin néu trén ctia polypeptit va déanh gia cac dac tinh cta polypeptit
da bién ddi. Tac 13, kha ning cua céc bién thé c6 thé dugc ting cuong, khong thay d6i,
hodc giam di so vé6i polypeptit trude khi bién dbi. Hon nita, mot sd bién thé c6 thé bao
gbm nhiing bién thé trong d6 mot hoac nhiéu ving, ching han nhu trinh ty din dau dau
N hodc mién xuyén mang dugc loai bo. Ngoai ra, céc bién thé khac ¢6 thé bao gdbm

nhitng bién thé trong d6 mot ving da dugc loai bd khoi dau N va/hodc dau C cua protein

3
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truwong thanh. Thuat ngtr “bién thé” co thé duge st dung thay thé cho cac thuét ngft nhu
duwoc bién ddi, polypeptit bién dbi, protein bién doi, dot bién, mutein, phan k¥, v.v., mién
14 cac thuét ngt dugc st dung dé thé hién sy dot bién. Dbi véi muc dich cua sang ché,
bién thé c6 thé 12 bién thé trong d6 lysin (Lys, K), 1a axit amin tuong ung véi vi tri 415
cta trinh tu axit amin ¢6 md nhan biét SEQ ID NO: 1 dugc thay thé bang histidin (His,
H).

Ngodi ra, cac bién thé c6 th con bao gdm viée x6a hodc thém cac axit amin c6 anh
huéng t6i thidu dén céc tinh chét va chu trac bac hai ctia polypeptit. Vi dy, cdc bién thé
¢6 thé duoc lién hop voi trinh ty tin hiéu (hodc dan dau) & dau N tham gia vao chuyén
dich cta céc protein ddng dich ma hodc sau dich ma. Ngoai ra, cac bién thé con ¢6 thé
duge lién hop véi trinh tw hodc lién két khac dé xé4c dinh, tinh ché, hodc tong hop
polypeptit.

Nhu dugc st dung tai ddy, thuat nglr “tuong ddng” hodc “ddng nhit” c6 nghia la
mitc do két hop véi hai trinh tu axit amin hodc trinh tu nucleotit, va cé thé dugc bidu
hién dudi dang phan tram. Céc thudt ngft twong ddng va dong nhéat thudng c6 thé duge

str dung thay thé cho nhau.

Su twong dong hodc ddng nhét trinh ty cua cac polynucleotit hoac polypeptit bao
tht ¢6 thé dugc xac dinh bang thut toan cén chinh ti€u chudn va c6 thé dugc st dung
v6i ham phat khoang trong mac dinh duoc thiét 1ap boi chuong trinh duge st dung. Vé
co ban, cac trinh tu tuong ddng hoic dong nhét thuong dugc mong mudn c6 thé lai hoa
theo toan bo hodc mot phén cua céc trinh tu trong cac diéu kién nghiém ngdt cao hodc
trung binh. R0 rang rang viéc lai hoa véi céc polynucleotit chtra don vi ma hoa (codon)
thong thuong hodc thoai bién cac codon trong lai héa céc polynucleotit cling dugc xem

X€t.

Vi du, bat ky hai trinh tu polynucleotit hodc polypeptit c6 su tuong ddng, tuong
tu, hoac dong nhat ¢6 thé duoc xac dinh bang thuét toan mdy tinh da biét nhu thuat toan
“FASTA” (Pearson et al., (1988) [Proc. Natl. Acad. Sci. USA 85]: 2444) bang céch st
dung cac thong s6 mic dinh. Thay vao do, c6 thé xéac dinh béng thuat toan Needleman—
Wunsch (Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453) dugc thuc hién béng
cach st dung chuong trinh Needleman cua goi Bo phan mém mé sinh hoc phén tir chau

Au (The European Molecular Biology Open Software Suite: EMBOSS) Rice et al., 2000,
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Trends Genet. 16: 276-277) (t5t hon 13, phién ban 5.0.0 hodc cao hon) (go6i chuong trinh
GCG (Devereux, J., et al., Nucleic Acids Research 12: 387 (1984)), BLASTP, BLASTN,
FASTA (Atschul, [S.] [F.,] [ET AL.,J MOLEC BIOL 215]: 403 (1990); Guide to Huge
Computers, Martin J. Bishop, [ED.,] Academic Press, San Diego, 1994, and [CARILLO
ET AL.]J(1988) SIAM J Applied Math 48: 1073). Vi du, su tuong ddng, twong tu, hodc
ddng nhét c6 thé duge xac dinh bang cach s dung BLAST hoac ClustalW cua Trung
tam Thong tin Cong nghé Sinh hoc Quéc gia (National Center for Biotechnology
Information: NCBI).

Su twong dong, tuong tu, hodc ddng nhét gitta cac polynucleotit hodc polypeptit
c6 thé, vi dy, dugc xac dinh bé‘mg cach so sanh thong tin trinh tur st dung, vi du, chuong
trinh may tinh GAP chang han nhu Needleman et al. (1970), ] Mol Biol. 48: 443 nhu da
dua ra boi Smith va Waterman, Adv. Appl. Math (1981) 2:482. Tém lai, chuong trinh
mady tinh GAP xéc dinh sy tuong dbng, twong tu, hodc ddng nhat nhu gié tri thu duoc
béang cach chia sé lugng cac ky hiéu duoc can chinh (trc 13, cac nucleotit hodc axit amin)
giéng nhau cho tdng sb ky hiéu trong doan ngén hon cua hai trinh ty. Cac tham s6 mic
dinh cho chuong trinh GAP ¢6 thé bao gdm: (1) ma tran so sanh nhi phan (chtra gié tri
1 cho ddng nhét va 0 cho khong ddng nhét) va ma trén so sanh trong sb ctia Gribskov et
al. (1986), Nucl. Acids Res. 14:6745, nhu duge dua ra boi Schwartz va Dayhoff, eds.,
Atlas of Protein Sequence and Structure, National Biomedical Research Foundation, cac
trang tir 353 dén 358 (1979) (hoic ma trén thay thé EADNFULL (phién ban EMBOSS
ctia NCBI NUC4.4)); (2) ham phat 3,0 cho mai khoang tréng dich chuyén va ham phat
bd sung 0,10 cho mdi ky hiéu trong mdi khoang tréng dich chuyén (hogc ham phat m&
khoang tréng dich chuyén 10 va ham phat mé rong khoang tréng dich chuyén 0,5); va
(3) khong ¢6 ham phat cho cac khoang trng dich chuyén cudi cung.

Nhu dugc st dung & day, thudt ngit “tuong ing v6i” dé cap dén gbc axit amin &
vi trf duoc néu trong peptit, hodc gbc axit amin tuong tu, gidng nhau, hodc tuong dong
v6i gbe axit amin dugc néu trong peptit. Viéc x4c dinh axit amin & vi tri tuong Umg ¢d
thé 1a x4c dinh axit amin cu thé trong trinh tu dé cap dén trinh tu cu thé. Nhu dugc st
dung & day, “vung tuong Umg” thuong @& cap dén vi tri twong tu hodc tuong ung trong
protein lién quan hodc protein tham chiéu.

Vidu, bét ky trinh tu axit amin dugc can chinh theo SEQ ID NO: 1, va dya trén su

cin chinh nay, moi gdc axit amin cua trinh tu axit amin c6 thé dugc danh so theo vi tri

5
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s6 cua gdc axit amin tuong Umg vdi goc axit amin c6 ma nhan biet SEQ ID NO: 1. Vi
dy, thuat toan cén chinh trinh tur ching han nhu duge mo ta ¢ day ¢6 thé x4c dinh vi tri
clia axit amin hodic vi tri ma cac bién d6i nhu thay the, chén hoic x6a xdy ra so véi trinh

ty truy van (con duge goi 1a “trinh tu tham chiéu”).

Vi du vé viéc cin chinh ¢ thé dugc xac dinh boi thudt toan Needleman-Wunsch
(Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453), dugc thuc hién béng cach
str dung chuong trinh Needleman ctia gbi Bo phdn mém m& sinh hoc phén tir chau Au
(The European Molecular Biology Open Software Suite: EMBOSS, Rice et al., 2000,
Trends Genet. 16: 276-277), v.v., nhung sang ché khong bi gi¢i han ¢ do, va cac chuong
trinh can chinh trinh tu, chéng han nhu céc thudt toan so sanh trinh tu theo cap, v.v., da

biét trong cting linh vuc k¥ thuét co thé dugc st dung thich hop.

Nhu duoc st dung 6 déy, thuat ngf “synthaza xitrat” dé cap dén enzym tao ra xitrat
bang cach xuc tac qua trinh ngung tu axetyl-CoA va oxaloaxetat, dugc tao ra trong qua
trinh dudng phan cua vi sinh vat. Ngoai ra, synthaza xitrat x(c tdc phan ung ngung tu
cta hai géc cacbon axetat tir axetyl-CoA va phén tir ctia 4-cacbon oxaloaxetat dé tao ra
6-cacbon xitrat. Thuat ngt “synthaza xitrat” co thé duoc st dung thay thé cho “enzym
téng hop xitrat”, “CS”, “GItA protein”, hodc “GItA”. Theo sang ché, trinh tu cua GItA
¢6 thé thu duoc tir co s dit liéu da biét ctia ngan hang gen NCBI. Ngoai ra, GItA ¢6 thé
1a polypeptit c6 hoat tinh synthaza xitrat dugc ma héa boi gen gltd, nhung sang ché
khong bi gidi han & do.

Bién thé theo sang ché c6 thé c6 hoat tinh ting cuong kha ning san sinh L-axit
amin so vdi polypeptit kiéu dai.

Bién thé theo séng ché c6 thé ¢6 s ddng nhat trinh tw nhiéu hon 80% so vdi trinh
fir axit amin c6 ma nhan biét SEQ ID NO: 1.

Ngodi ra, bién thé theo sang ché c6 thé bao gbm polypeptit dugc thé hién boi trinh
tu axit amin c6 ma nhén biét SEQ ID NO: 3. Trinh tu axit amin c6 ma nhén biét SEQ
ID NO: 3 ¢6 thé 14 trinh tu axit amin trong d6 lysin tuong ng v6i vi tri 415 trong trinh
ty axit amin & vi tri tir 362 dén 415 tir dau N cua trinh tu axit amin ¢ ma nhan biét SEQ

ID NO: 1 duoc thay thé bing histidin.
Bién thé theo sang ché co thé bao gdm trinh ty axit amin c6 cong thic chung 1

dudi day:
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XN HGGDATX:FMN KVKNKEDGVR LMGFGHRVYK NYDPRAAIVK
ETAHEILEHL GGDDLLDLAI KLEEIALADD XGFISRKLYPN VDFYTGLIYR
AMGFPTDFFT VLFAIGRLPG WIAHYREQLG AAGNH (SEQ ID NO: 51);

trong d6 cong thire chung néu trén,
X 12 asparagin hogc serin;
X, 12 alanin ho#c axit glutamic; va
X3 1a tyrosin hodc xystein.

Bién thé theo sang ché c6 thé c6 su dong nhét trinh tur nhiéu hon 90% so véi trinh
tu axit amin c6 cac ma nhan biét SEQ ID NO: 8, SEQ ID NO: 10, hodc SEQ ID NO: 12.
Ngoai ra, bién thé theo sang ché c6 thé bao gdm, chi bao gbm, hodc v& co ban bao gdbm
trinh tu axit amin c6 sy déng nhét trinh tu nhiéu hon 90% so vdi trinh ty axit amin ¢
c4c ma nhan biét SEQ ID NO: 8, SEQ ID NO: 10, hoge SEQ ID NO: 12. Vidy, bién thé
theo sang ché c6 thé c6 su ddng nhit trinh tw 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99,5%, hodc 99,7% so véi trinh tur axit amin c6 cdc ma nhéan biét SEQ
ID NO: 8, SEQ ID NO: 10, hogc SEQ ID NO: 12, ¢6 thé bao gdm trinh ty axit amin c6
su dong nhét trinh tu, hodc cé thé chi bao gém hodc vé co ban bao gém trinh tu axit

amin c6 sy ddng nhét trinh tu.
Khia canh khéc theo sang ché d xuét polynucleotit ma hoa bién thé theo sang ché.

Nhu duoc st dung & ddy, thuat ngfr “polynucleotit” la polyme cta cac nucleotit c6
trong céc don phan nucleotit duoc lién két trong mach dai bang lién két cong hoa tri, 1a
soi ADN hodc ARN c6 do dai nhat dinh. Tot hon la, polynucleotit ¢6 thé d& cép dén

phén doan polynucleotit m& hoa bién thé.

Trong polynucleotit theo sang ché, c6 thé bao gdm c4c nucleotit trong tng véi cac
vi tri tr 1243 dén 1245 duya trén trinh ty axit nucleic c6 ma nhan biét SEQ ID NO: 2 1a
CAC, va bat ky polynucleotit dugc thé hién boi trinh tu axit nucleic co su twong dong
hodc ddng nhét it nhét nhidu hon 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, 99,5%, 99,7%, hodc 99,9% va it hon 100% so véi trinh tu axit nucleic c6 ma nhén
biét SEQ ID NO: 2. Ngoai ra, 18 rang rang bt ky polynucleotit duoc thé hién boi trinh
tu axit nucleic, trong d6 mot phén cta trinh tu bi x0a, bién ddi, thay thé, thay thé bao

thu hodc thém vao, cling co thé thudc pham vi bao ho ctia sang ché mién 13 trinh tu axit
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amin c6 su tuong dong hodc ddng nhét va ma hoa polypeptit hodc protein biéu hién hiéu

qué twong Ung v6i hiéu qua cua bien thé theo sang ché.

Polynucleotit theo sang ché 6 thé thuc hién céc bién d6i khac nhau trong ving ma

hoa trong pham vi khoéng 1lam thay ddi trinh ty axit amin cta bién thé theo sang ché, do

“su thoai bién codon hodc trong su xem xét cac codon dugc uu tién trong sinh véat trong
d6 bién thé theo sang ché dugc biéu hién. Trong phan mo ta nay, trong trinh ty c6 su

tuong dong hodc ddng nhat, codon ma hoa axit amin twong ung voi vi tri 415 ¢6 ma

nhan biét SEQ ID NO: 1 ¢6 thé 1a mot trong cac codon mé hoa histidin.

Ngoai ra, polynucleotit theo sang ché c6 thé bao gdm dau do ¢6 thé duoc didu ché
tur trinh tu gen da biét, vi du bét ky trinh tu ¢6 thé lai hoa véi trinh tu bd sung cho toan
bd hodc mot phan ctia trinh ty polynucleotit theo sang ché trong cac diéu kién nghiém
ngit ma khong bi gi6i han ¢ day. “Céc diéu kién nghiém ngat” d& cap dén cac didu kién
cho phép lai cu thé gitta cac polynucleotit. Cac diéu kién nay da dugc mo td cu thé trong
cac tai liéu (J. Sambrook et al., Molecular Cloning, A Laboratory Manual, t4i ban 1an
hai, 4n phdm Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989;
F.M. Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc.,
New York, 9.50-9.51, 11.7-11.8). Vi dy, cac diéu kién nghiém ngit c6 thé bao gém cac
diéu kién trong d6 cac polynucleotit c6 su tuong ddng hoic ddng nhét cao nhiéu hon
70%, nhidu hon 75%, nhidu hon 80%, nhiéu hon 85%, nhiéu hon 90%, nhiéu hon 95%,
nhidu hon 96%, nhidu hon 97%, nhiéu hon 98%, hodc 99% lai v6i nhau va cac
polynucleotit ¢6 sy tuong ddng hoic dong nhét thip hon su tuong ddng hodc dong nhét
néu trén khong lai véi nhau, hodc cac didu kién rira ctia lai Southern, tuc la, rira mot lan,
¢t hon 13, hai dén ba lin & ndng d6 mubi va nhiét do twong ng v&i 60°C, 1xSSC, 0,1%

SDS, tét hon 13, 60°C, 0,1xSSC, 0,1% SDS, va tdt nhét 13, 68°C, 0,1xSSC, 0,1% SDS.

Su lai hoa doi hoi hai axit nucleic chtra céc trinh tu bd sung, mic du tuy thudc vao
muc do nghiém ngat cua phép lai, sy khong khép gitra cac bazo 1a ¢o thé. Thuat ngt
“bd sung” duge st dung @& mo ta mdi quan hé gitta cac bazo cia nucleotit c6 thé lai vé6i
nhau. Vi duy, ddi véi ADN, adenosin dugc bd sung v6i thymin, va xytosin dugc b sung
v6i guanin. Do do, polynucleotit cia sang ché c6 thé bao gdm cac phan doan nucleotit
duoc tach chiét bd sung v6i toan bd trinh tu cling nhu cac trinh ty axit nucleic giong

nhau vé co ban.
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Cu thé, cac polynucleotit c6 sy tuong ddng hoic dong nhét véi polynucleotit theo
sang ché c6 thé duogc phat hién bang cach su dung cac diéu kién lai bao gdm budc lai
v6i gid tri T 6 nhiét do 55°C trong cac diéu kién néu trén. Ngoai ra, gia tri Tm cothé 1a
nhiét do 60°C, 63°C, hodc 65°C, tuy nhién sang ché khong bi gidi han ¢ day, va co thé
duoc kiém soat thich hgp boi nhitng ngudi ¢d hiéu biét trung binh trong cung linh vuc

k¥ thuét tuy thudc vao muc dich st dung.

Do nghiém ngit thich hop trong lai hoa céc polynucleotit tiry thudc vao chiéu dai
ctia cac polynucleotit va mre do bd sung, va cac thong sb cua chung da biét trong clng

[inh vuc k¥ thuat (vi du, Sambrook et al.).

Trong mot vi du, polynucleotit theo sang ché c6 thé bao gdm polynucleotit duoc
thé hién boi trinh tu axit nucleic & cc vi tri tir 1084 dén 1245 dya trén trinh tir axit
nucleic ¢6 cic ma nhan biét SEQ ID NO: 9, SEQ ID NO: 11 hodc SEQ ID NO: 13; hodc
polynucleotit dugc thé hién boi trinh ty axit nucleic ¢ cac ma nhan biét SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 13 hogc SEQ ID NO: 15.

Trong polynucleotit theo sang ché, bién thé di dugc md ta & trén trong cac khia

canh khac & trén.

Khia canh khac theo sang ché d& xuét vecto chira polynucleotit theo sang ché.
Vecto ¢6 thé 1a vecto biéu hién dé biéu hién polynucleotit trong té bao vat chu, nhung
sang ché khong bi gidi han & do.

Vecto theo sang ché c6 thé bao gdm cAu tric ADN chura trinh tu nucleotit cua
polynucleotit ma hoéa polypeptit dich dugc lién két chirc niang v6i trinh tu diéu hoa (trinh
tu diéu hoa biéu hién) thich hop dé c6 thé biéu hién polypeptit dich trong té bao vat chu
thich hgp. Trinh ty didu hoa bidu hién c6 thé bao gbm ving gen khéi dong c6 kha nang
bét dau phién ma, bét ky trinh tu toan tr dé didu hoa phién m4, trinh tu ma hoa vi tri lién
Kt ribosom mARN thich hop, va trinh tu dé didu hoa két thic phién mé va dich ma. Khi
té bao vat chu thich hop dugc bién nap véi vecto, vecto cO thé sao chép hodc hoat dong

doc lap voi bd gen vat chu, hodc ¢o thé tich hop vao bd gen cua ching.

Vecto duge st dung trong sang ché khong bi gidi han cu thé, va bat ky vecto da
biét trong cung linh vuc k¥ thuét co thé duge str dung. Céc vi du clia vecto thuong cd
thé bao gém céc plasmit, cosmit, virut va thé thuc khudn tai té hop hodc tu nhién. Vi du,

nhu vecto thé thue khudn hodc vecto cosmit, pWE1S, M13, MBL3, MBL4, IXII, ASHIL,
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APIL, t10, t11, Charon4 A, va Charon21A, v.v. c6 thé duoc st dung; va nhu vecto plasmit,
nhiing vecto dua trén pDZ, pBR, pUC, pBluescriptll, pGEM, pTZ, pCL va pET, v.v. co
thé duge sir dung. Cu thé, ¢6 thé sir dung pDZ, pDC, pDCM2, pACYC177, pACYC184,
pCL, pECCG117 (Biotechnology letters tap 13, s6 10, cac trang. 721-726(1991), don
patent Han Quéc s6 10-1992-0007401), vecto pUC19, pBR322, pMW1 18, pPCC1BAC,

V.V..

Trong mot vi du, polynucleotit ma hoa polypeptit dich ¢6 thé dugc chén vao nhiém
sic thé thong qua vecto 48 chén nhidm séc thé noi bao. Viéc chén polynucleotit vao
nhidm sic thé ¢ thé duge thyuc hién bing bat ky phuong phap da biét trong cung linh
vue k§ thudt, vi dy, téi td hop tuong dong, tuy nhién phuong phap khong bl giéi han &
day. Vecto co thé con bao gdm chi dAu chon loc dé x4ac nhan su chén vao nhim sic thé.
Chi déu chon loc 1 d& lua chon cac t& bao duge bién nap véi vecto, tic 1 d& xac nhan
xem phan tir axit nucleic dich da dugc cheén vao hay chua, va cac chi dAu cung cép cac
kiéu hinh c6 thé chon loc, chéng han nhu khang thubc, dinh dudng thu dong, khang cac
chét gay doc té bao, hodc biéu hién ctia céc polypeptit bé mit ¢6 thé dugc str dung. Chi
céc té bao bidu hién chi ddu chon loc c6 thé ton tai hodc bidu hién céc kiéu hinh khéc
nhau trong mdi truong duge Xt ly béng chét chon loc, va do do céc té bao da bién nap

c6 thé dugc chon.

Nhu dugc st dung ¢ ddy, thuat nglt “bién nap” d& cap dén viéc dua vecto chira
polynucleotit md hoa polypeptit dich vao té bao vat chi hodc vi sinh vat sao cho
polypeptit dugc ma hoéa boi polynucleotit ¢ thé dugc biu hién trong té bao vat chu.
Mién 13 polynucleotit da bién nap c6 thé dugc bieu hién trong té bao vat chu, khong
quan trong liéu polynucleotit da bién nap dugc chén vao nhidm sic thé cta té bao vat
chu va nim trong d6 hodc nim bén ngoai nhiém sic thé, va ca hai truong hop co thé
duoc bao gdm. Ngoai ra, polynucleotit c6 thé bao gdm ADN va/hodc ARN ma hoa
polypeptit dich. Polynucleotit co thé duogc dua vao o b4t ky dang nio mién la
polynucleotit dugc dua vao té bao vat chu va dugc biéu hién trong d6. Vi du,
polynucleotit c6 thé duoc dua vao té bao vét chu dudi dang catxet bidu hién 12 ciu tric
gen bao gdm tht ca céc yéu to can thict 4 bidu hién doc 1ap cua n6. Catxet biéu hién
thong thuong co thé bao gdm vung gen khoi dong duoc lien két chirc ning voi
polynucleotit, tin hi¢u két thic phién ma, vi tri lién két ribosom, hodc tin hig¢u két thuc

dich méa. Catxet biéu hién co thé ¢ dang vecto biéu hién tuy sao chép. Ngoai ra,
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polynucleotit ¢6 thé duogc dua vao té bao vat chu & dang ban dau va duoc lién két chie
ning dén céc trinh tu yéu cau ddi vé6i su biéu hién trong té bao vat chu, tuy nhién sang
ché khong bi gi¢i han & day.

Ngoai ra, nhu dugce stir dung ¢ day, thuat nglr “dugc lién két chtrc nang” c6 nghia
14 trinh tu polynucleotit dugc lién két chirc niang véi trinh tur ving gen khoi dong bat

dAu va lam trung gian phién ma cta polynucleotit ma hoa bién thé dich cua sang ché.

Trong vecto theo sang ché, bién thé va polynucleotit da dugc mo ta trong cac khia

canh khac ¢ trén.

Khia canh khac nita theo sang ché dé xuat vi sinh vat thudc chi Corynebacterium,

chura bién thé theo sang ché hoic polynucleotit theo sang ché.

Vi sinh vat theo sang ché c6 thé bao gdm bién thé theo sang ché, polynucleotit ma

héa bién thé, hodc vecto chia polynucleotit theo sang ché.

Nhu duoc st dung tai ddy, thuat ngft “vi sinh vét (hodc ching)” bao gbm tat ca vi
sinh vat kidu dai, hodc céc vi sinh vat bién doi gen tu nhién hogc nhén tao, va ¢6 thé 1a
vi sinh vét trong d6 co ché cu thé bi suy giam hoac tang cuong do chen gen ngoai sinh,
hodc do su tang cuong hodc bét hoat hoat tinh ctia gen ndi sinh, v.v., va ¢6 thé 14 vi sinh

vat bao gom sy bién doi gen dé san xuét polypeptit, protein hogdc san phdm mong muon.

Vi sinh vat theo séng ché c6 thé 12 vi sinh vat bao gom bét ky mot hogc nhiéu bién
thé theo sang ché, polynucleotit theo sang ché, va vecto chta polynucleotit theo sang
ché; vi sinh vat dugc bién dbi dé biéu hién bién thé theo sang ché hodc polynucleotit
theo sang ché; vi sinh vat (vi dy, ching tai t6 hop) biéu hién bién thé theo sang ché hogc
polynucleotit theo sang ché; hodc vi sinh vat (vi du, chung tai td hop) c6 hoat tinh bién
thé theo sang ché, nhung sang ché khong bi gi¢i han ¢ do.

Vi sinh vét theo sang ché c6 thé co kha ning san sinh L-axit amin. Cu thé, trong vi
sinh vat theo sang ché, kha ning san sinh L-axit amin ¢6 thé 1a L-valin hodc O-axetyl-
L-homoserin.

Vi sinh vat theo sang ché ¢6 thé 1a vi sinh vat c6 hoat tinh san sinh GItA hogc L-
axit amin tu nhién, hodc vi sinh vét duoc dua bién thé theo séng ché hoic polynucleotit
ma hoa bién thé nay (hodc vecto chita polynucleotit) vao chung bd me khong c6 kha

ning san sinh GItA hodc L-axit amin tu nhién, va/hodc vi sinh vét duoc dua vao kha
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nang san sinh GItA hodc L-axit amin, nhung sang ché khong bi gidi han & do.

Trong mdt vi dy, vi sinh vét theo sang ché 1a té bao hoac vi sinh vat duoc bién nap
v6i polynucleotit theo sang ché hodc vecto chtra polynucleotit theo sang ché @ bidu
hién bién thé theo séng ché, va cac muc dich theo sang ché, vi sinh vét theo sang ché ¢
thé bao gdm tat ca vi sinh vét c6 kha nang san sinh L-axit amin chtra bién thé theo sang
ché. Vi duy, chung theo sang ché ¢6 thé 1 chung tai td hop ma kha néng san sinh L-axit
amin ting lén bing cach dua polynucleotit mé hoa bién thé theo sang ché vao vi sinh vt
kiéu dai hodc vi sinh vét sén sinh L-axit amin. Chung tai t6 hop v6i kha nang san sinh
[ -axit amin tdng cudng co thé 12 vi sinh vat ¢6 kha ning san sinh L-axit amin ting cuong
so v&i vi sinh vat kiéu dai hodc vi sinh vat khong bién dbi ctia synthaza xitrat (tirc 13, vi
sinh vét biéu hién protein kiéu dai (SEQ ID NO: 1) hogc vi sinh vét khong biéu hién
bién thé theo séng ché), nhung séng ché khong bi gi6i han & d6. Vi dy, vi sinh vat khong
bién dbi ctia synthaza xitrat 1a chung dich dé so sanh su ting cudng kha nang san sinh
L-axit amin, cé thé 1a chung ATCC14067, chung ATCC13032, va chung ATCC13869,
ching Corynebacterium glutamicum CJTV, ching Corynebacterium glutamicum CI8V,

hodc ching CA08-0072, nhung sang ché khong bi gidi han ¢ do.

Trong mot vi dy, chiing tai td hop c6 kha nang san sinh tang cuong c6 thé c6 kha
ning san sinh L-axit amin ting cudng 1én dén khoang 1% hodc nhiéu hon, 5% hodc
nhiéu hon, khoang 7% hoac nhiéu hon, khoang 10% hodac nhiéu hon, khoang 20%, hodc
khoang 30% hoac nhiéu hon (gi6i han trén khong bi gi6i hancu thé, vi dy, khoang 200%,
khoang 150% hodc it hon, khoang 100% hodc it hon, khoang 50% hodc it hon, khoang
45% hodc it hon, khoang 40% hodc it hon, hodc khoang 30% hodc it hon) so voi kha
nang san sinh L-axit amin cua chung bd me trude vi sinh vat bién trudc ddi hodc vi sinh
vét khong bién dbi, nhung sang ché khong bi gidi han ¢ do, mién 14 c¢6 gia tri + ting so
v6i kha nang san sinh ctia chiing b me trude vi sinh vat trude dbi hodc vi sinh vat khong
bién d6i. Trong vi dy khéc, chung tai t6 hop c6 kha ning san sinh tang cuong c6 thé c6
kha ning san sinh L-axit amin ting cudng khoang 1,01 1an hodc nhiéu hon, khoang 1,05
1an hodc nhiéu hon, khoang 1,07 1an hodc nhiéu hon, khoang 1,1 14n hoic nhiéu hon,
khoang 1,2 14n hodc nhidu hon, hodc khoang 1,3 1an hodc nhidu hon (gidi han trén khong
bi gi6i han, vi du, khoang 10 1an hodc it hon, khoang 5 14n hodc it hon, khoang 3 lan
ho#c it hon, hodc khoang 2 14n hodc it hon) so v6i kha nang san sinh cua chung bb me

truGe vi sinh vat khong bien doi hodc vi sinh vat trude bién doi.
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Nhu dugc st dung tai ddy, thuét ngft “khoang” dé cap dén pham vi bao gdm tat ca
+0,5, £0,4, £0,3, £0,2, +0,1, v.v., va bao gém tat ca gid tri twong duong hodc tuong tu

gia tri sau d6, nhung pham vi khong bi gidi han & do.

Nhu duge st dung tai dy, thuat ngfr “vi sinh vét khong bién d6i” khong loai trir
chung chira dot bién c6 thé xay ra ty nhién trong vi sinh vat, va ¢6 thé d& cap dén ching
kiéu dai hoiic ching kidu tu nhién, hodc ching trude khi tinh trang bi thay ddi do su bién
i gen do cac yéu t6 tu nhién hodc nhén tao gy ra. Vi dy, vi sinh vat khong bién doi
c6 thé dé cap dén chiing trong dé bién thé protein dd mo ta & trén khong dugc dua vao,
hodc ching trude khi dua vao. “Ching khong bién dbi” c6 thé duoc st dung thay thé
cho “chiing trudc khi bién dbi”, “vi sinh vét trudc khi bién dbi”, “ching khong dot bién”,

r
A

“chung khong bién do6i”, “vi sinh vat khong dot bién” ho#c “vi sinh vét tham chiéu”.

Trong vi du khéc theo sang ché, vi sinh vit theo sang ché c6 thé 1a
Corynebacterium glutamicum, Corynebacterium crudilactis, Corynebacterium deserti,
Corynebacterium efficiens, Corynebacterium callunae, Corynebacterium stationis,
Corynebacterium singulare, Corynebacterium halotolerans, Corynebacterium striatum,
Corynebacterium ammoniagenes, Corynebacterium pollutisoli, Corynebacterium

imitans, Corynebacterium testudinoris, hodc Corynebacterium flavescens.

Vi sinh vét theo sang ché ¢6 thé 13 vi sinh vat trong d6 protein NCgl2335 con dugce
lam suy giam. Ngoai ra, vi sinh vat theo sang ché co thé 12 vi sinh vt trong d6 hoat tinh
ctia protein dugc chon tir nhém chi bao gbém tidu don vi nhd axetolactat synthaza isozym
1 (IlvN) hoac chét van chuyén axit amin mach nhanh/L-methionin (YjeH) con dugc tang
cuong.

Cu thé, vi sinh vat san sinh L-valin theo sang ché c6 thé 1a vi sinh vét trong d6 hoat
tinh ctia IIVN con duge ting cuong va/hodc protein NCgI2335 con dugc lam suy giam.
Ngoai ra, vi sinh vét san sinh O-axetyl-L-homoserin theo sang ché c6 thé 13 vi sinh vat
trong d6 hoat tinh ctia L-methionin/ chét van chuyén axit amin mach nhanh (YjeH) con
dugc tang cuong.

Nhu duge st dung tai ddy, thuat ngit “suy giam” cua polypeptit c6 nghia 1a bao
gém ca hoat tinh duge lam suy giam hodc khong c6 hoat tinh so v6i hoat tinh ndi tai.
Suy giam co thé duoc str dung thay thé cho nhau bang cac thuét ngit chéng han nhu bat

hoat, thiéu hut, giam diéu hoa, giam, 1am giam, suy yéu, v.v..
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Suy giam con co thé bao gdm trudng hop trong d6 hoat tinh cta ban than polypeptit

duoc lam giam hodc loai bo so v6i hoat tinh ctia polypeptit cd s&n ban dau boi vi sinh
'vat do su dot bién ctia polynucleotit ma héa polypeptit; trudong hop trong d6 mirc do

tdng thé ctia hoat tinh polypeptit ndi bao va/hodc ndng dd (mirc do biéu hién) gidm so
v6i chung tu nhién do su e ché biéu hién gen ctia polynucleotit md hoa polypeptit, hodc
su e ché dich ma thanh polypeptit, v.v.; truong hop trong d6 polynucleotit khong biéu
hién hoan toan; va/hogc truong hop trong do khong ¢6 hoat tinh polypeptit dugc quan
sat ngay ca khi polynucleotit dugc biéu hién. Nhu dugce sir dung ¢ day, thuat ngit “hoat
tinh noi sinh” d& cap dén hoat tinh cua polypeptit cu thé ¢6 s&n ban ddu boi chung bd
me trude khi bién nap, vi sinh vat khong bién doi hode kidu dai, khi mot tinh trang bi
thay dbi do bién déi gen gy ra bsi céc yéu t6 tu nhién hogce nhan tao, va ¢4 thé dugc st
dung thay thé cho “hoat tinh trudc khi bién d4i”. Su biéu hién trong d6 hoat tinh cltia
polypeptit dugc “b4t hoat, thiéu hut, giam, didu chinh xubng, gidm hodc suy yéu” so voi
hoat tinh noi sinh ctia nd c6 nghia 1a hoat tinh polypeptit gidm so véi hoat tinh cta
polypeptit cu thé ¢ sin ban dau boi ching bd me trude khi bién nap hodc vi sinh vét
khong bién dbi.

Suy gidm ca hoat tinh polypeptit ¢6 thé dugc thuc hién bang bt ky phuong phap
d4 biét trong cung linh vuc k¥ thuét, nhung phuong phap khong bi gi6i han ¢ do, va co
thé dat dugc bang cach &p dung céc phuong phap khac nhau da biét trong cung linh vuc
k§ thuat (vi dy, Nakashima N et al., Bacterial cellular engineering by genome editing
and gene silencing. Int J Mol Sci. 2014;15(2):2773-2793, Sambrook et al. Molecular
Cloning 2012, v.v.).

Cu thé, suy giam cua hoat tinh polypeptit theo sang ché c6 thé 1a:

1) x6a tit ca hodc mot phan gen ma hoa polypeptit;

2) bién dbi ving diéu hoa biéu hién (trinh tu didu hoa biéu hién) sao cho lam giam
su biéu hién ctia gen mé hoa polypeptit;

3) bién d6i trinh tu axit amin tao thanh polypeptit sao cho hoat tinh polypeptit duoc
loai bo ho#c 1am suy giam (vi du, x0a/thay thé/thém vao mot hodc nhiéu axit amin trén
trinh ty axit amin);

4) bién doi trinh ty gen ma hoa polypeptit sao cho hoat tinh polypeptit dugc loai

b6 hodc 1am suy gidm (vi du, x6a/thay thé/thém vao mdt hodc nhiéu nucleotit trén trinh
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tu nucleotit cua gen polypeptit dé ma hoéa polypeptit duoc bién ddi dé loai bd hodc lam
suy giam hoat tinh cta polypeptit);

5) bién dbi trinh tu nucleotit ma hoa codon khoi dAu hodc 5'-UTR cua phién mé
gen ma hoa polypeptit;

6) dua vao antisense oligonucleotit (vi du, ARN antisense) lién két bd sung véi
phién ma gen ma héa polypeptit;

7) thém vao trinh tu bd sung cho trinh ty Shine-Dalgarno (SD) & phia trude cua
trinh tu SD cta gen ma hoa polypeptit dé tao ra ciu trtic thu cap, nho do tc ché sy lién
két cua ribosom;

8) k¥ thuat phién ma ngugc (reverse transcription engineering: RTE) thém vao
vung gen khoi dong, duoc phién ma ngugc & dau 3’ cua khung doc m& (open reading

frame: ORF) cua trinh tu gen ma hoa polypeptit; hoac

9) sy két hop hai hodc nhiéu phuong phéap dugc chon tur 1) dén 8), nhung sang ché
khong bi giéi han cu thé & do.

Vi du, x6a mot phan hogic tAt ca gen ma hoa polypeptit theo phuong phap 1) co thé
]a x6a tAt ca polypeptit ma hoa polypeptit dich noi sinh bén trong nhiém séc thé, hoic
thay thé polynucleotit bang polynucleotit ¢6 nucleotit duge x0a mot phén, hodc gen chi
dau.

~ Bién dbi ving diéu hoa biéu hién (trinh tu didu hoa biéu hién) theo phuong phap
2) c6 thé 1a tao ra bién ddi trén ving diéu hoa biéu hién (trinh ty didu hoa bieu hién)
bé'lng viéc x6a, chen, thay thé bao thu hodc khong bao thu, hodc su két hop ctia chiing;
hoac thay thé trinh tu bang trinh tu ¢6 hoat tinh suy yéu hon. Vung didu hoa biéu hién
¢6 thé bao gdm ving gen khéi dong, trinh tu toén tir, trinh tu ma hoa vi tri lién két
ribosom, va trinh tu diéu hoa su két thuc phién ma va dich ma, nhung sang ché khong
bi gidi han & do.

Bién ddi trinh tu axit amin hodc trinh tu polynucleotit theo phuong phap 3) va
phuong phép 4) c6 thé 14 tao ra bién dbi trén trinh tu bang viéc x6a, chén, thay thé bao
thia hogc khong bao thu cta trinh tw axit amin cta polypeptit hodc trinh tu polynucleotit
m4 hoa polypeptit, hodc su két hop ctia chung @& 1am suy giam hoat tinh ctia polypeptit,

hoac thay thé trinh tu v4i trinh ty axit amin hoéc trinh tu polynucleotit dugc bién dbi dé
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c6 hoat tinh yéu hon, ho#c trinh ty axit amin hodc trinh tu polynucleotit dugc bién dbi
d khong c6 hoat tinh, nhung sang ché khong bi gi6i han ¢ do. Vi du, biéu hién gen c6
thé duoc trc ché hodc 1am suy giam bang cach dua dot bién vao trinh tu polynucleotit daé

tao ra codon két thuc, nhung sang ché khong bi gi¢i han ¢ do.

Bién ddi trinh tw nucleotit ma hoa codon khéi diu hoge 5'-UTR ctia phién ma gen
ma hoa polypeptit theo phuong phép 5) c6 thé 13, vi du, thay thé trinh tu nucleotit bang
trinh tu nucleotit md hoa codon khoi dAu khac c6 muc biéu hién polypeptit thap hon

codon khdi dau noi sinh, nhung sang ché khong bi gidi han ¢ do.

Pua vio antisense oligonucleotit (vi du, ARN antisense) lién két bd sung véi phién
mé gen mi hoa polypeptit theo phuong phap 6) c6 thé dugc tim thay trong tai liéu
[Weintraub, H. et al., Antisense-RNA as a molecular tool for genetic analysis, Reviews

- Trends in Genetics, tap 1(1) 1986].

Thém vao trinh tu bd sung cho trinh ty Shine-Dalgarno ¢ phia trude cla trinh tu
SD cua gen ma hoa polypeptit dé tao ra céu truc thir cép, nho do uc ché su lién két cua
ribosom theo phuong phép 7) co thé 12 e ché dich ma mARN hodc ¢6 thé 12 e ché dich

ma hodc 1am giam toc do dich ma.

Ngoai ra, k§ thuat phién ma ngugc (reverse transcription engineering: RTE) thém
vao ving gen khoi dong, duoc phién mé nguoc 6 dau 3’ ctia khung doc m& (ORF) cua
trinh tuw gen mé hoa polypeptit theo phuong phap 8), 6 thé tao ra antisense nucleotit bd

sung vao phién ma gen mé héa polypeptit dé 1am suy giam hoat tinh.

Nhu duoc st dung tai ddy, thuat ngtt “ting cuong” cua hoat tinh polypeptit ¢
nghfa 14 hoat tinh cua polypeptit tdng lén so v6i hoat tinh ndi sinh ctia nd. Su tang cuong
¢6 thé duoc sir dung thay thé cho céc thut ngit chéng han nhu kich hoat, didu chinh 1én,
biéu hién qud muc, tang lén, v.v.. Cu thé, viéc kich hoat, tdng cuong, diéu chinh 1én,
biéu hién qua murc va tang lén c6 thé bao gdm tat ca trudng hop trong d6 hoat tinh khong
sin c6 ban dau duogc biéu hién, hozc hoat tinh dugc tang cudng so v6i hoat tinh ndi sinh
hodc hoat tinh trude khi bién doi. “Hoat tinh ndi sinh” d& cap dén hoat tinh ctia polypeptit
cu thé ¢ s&n ban dau boi chung b6 me trudce khi bién nap hodc vi sinh vét khong bién
dbi, khi tinh trang bi thay ddi do bién d6i gen gay ra boi cac yéu t6 ty nhién hogc nhan
tao, va cd thé dugc st dung thay thé cho “hoat tinh trudc khi bién d6i”. “Tang cudng”,

“didu chinh 1&n”, “biéu hién qué muc” hodc “tang lén” hoat tinh ctia polypeptit so véi
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hoat tinh noi sinh ctia n6 c6 nghia 13 hoat tinh va/hodc né)ng do (mutc do biéu hién) cia
polypeptit duge tang cudng so vdi hoat tinh ctia polypeptit cu thé ¢6 sin ban dau boi
chung bd me trude khi bién dbi hodc vi sinh vét khong bién dbi.

Viéc ting cuong co thé dat duoc bang cach dua polypeptit ngoai lai, hodc tang
cuong hoat tinh va/hodc ndng do (mite do bieu hién) ctia polypeptit noi sinh. Viéc ting
cudng hoat tinh ctia polypeptit o thé duoc x4c nhén béng cach tdng muc d¢ hoat tinh
cua polypeptit, mirc do biéu hién, hodc lugng san phim tiét ra tir polypeptit.

Viéc tang cuong hoat tinh ctia polypeptit co thé duoc ap dung bang nhiéu phuong
phép khac nhau da biét trong cting linh vuc k¥ thudt, va phuong phap nay khong bi gidi
han mién 1a c6 thé tang cudng hoat tinh ctia polypeptit dich so véi hoat tinh cta vi sinh
vt trudc khi bién déi. Cu thé, k¥ thuat di truyén va/hode ky thudt protein da biét d6i voi
nhimg ngudi cé hidu biét trung binh trong ciing linh vue ky thuét la phuong phép sinh
hoc phan tir thong thuong ¢6 thé duge st dung, nhung sang ché khong bi gi6i han ¢ do
(vi du, Sitnicka et al. Functional Analysis of Genes. Advances in Cell Biology. 2010,
tap 2. 1-16, Sambrook et al. Molecular Cloning 2012, v.v.).

Cu thé, su ting cudng hoat tinh cua polypeptit theo sang ché c6 thé 1a:

1) tdng sb luong ban sao ndi bao cua polynucleotit ma hoa polypeptit;

2) thay thé ving didu hoa biéu hién ctia gen ma hoa polypeptit trén nhiém séc thé
bang trinh ty ¢6 hoat tinh manh hon;

3) bién ddi trinh tu nucleotit ma héa codon ban dau hodc 5'-UTR ctia phién mé gen
ma héa polypeptit;

4) bién d6i trinh ty axit amin cua polypeptit sao cho hoat tinh ctia polypeptit dugc
tdng cudng;

5) bién ddi trinh tu polynucleotit m& hoa polypeptit sao cho hoat tinh cua polypeptit
duoc ting cuong (vi du, bién ddi trinh tu polynucleotit cua gen polypeptit dé mi hoa
polypeptit da bién dbi dé ting cudng hoat tinh cua polypeptit);

6) dua vao polypeptit ngoai lai biéu hién hoat tinh cta polypeptit hodc
polynucleotit ngoai lai ma@ hoa polypeptit;

7) t6i wu hda codon ctia polynucleotit ma héa polypeptit;
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8) phan tich chu tric bac ba clia polypeptit va nho d6 lua chon va bién dbi ving

tiép xuc, hoac bién ddi hoa hoc ving tiép xuc; hoac

9) su két hop ctia hai hodc nhiéu phuong phéap dugc chon tir 1) dén 8), nhung sang
ché khong bi gi¢i han & do.

Cu thé,

Viéc tang s6 luong ban sao nodi bao cla polynucleotit ma hoa polypeptit theo
phuong phép 1) c6 thé 1a dua vecto vao t& bao vét chu, dugc lién két chire nang voi
polynucleotit ma hoa polypeptit va ¢6 thé sao chép va hoat dong khong phu thude vao
té bao vat chu. Thay vao do, phuong phap ¢6 thé 1a mot ban sao hodc hai ban sao ctia
polynucleotit ma héa polypeptit vao nhidm séc thé cua té bao vat chu. Viéc dua vao
nhidm séc thé ¢6 thé dugc thuc hién bang cach dua vecto vao té bao vat chu, co thé chén
polynucleotit vao nhidm séc thé cta té bao vat chu, nhung sang ché khong bi giéi han &

do. Vecto da duoc md ta ¢ trén.

Thay thé ving diéu hoa biéu hién (hodc trinh tu didu hoa biéu hién) cta gen ma
hoda polypeptit trén nhidm séc thé véi trinh tu ¢6 hoat tinh manh theo phuong phap 2)céd
thé 1 vi du, gy dot bién trén trinh tw bang viéc x6a, chén, thay thé bao thi hogc khong
bao thil, hodc su két hop cta ching dé tang cuong thém hoat tinh cua ving diéu hoa
biéu hién, hodc thay thé trinh tu bing trinh ty c6 hoat tinh manh hon. Ving didu hoa
biéu hién c¢6 thé bao gbm nhung khong gi6i han & ving gen khéi dong, trinh tur todn ti,
trinh tu ma hoa vi tri lién két v4i ribosom, va trinh tu didu hoa viéc két thic phién ma
va dich m4, v.v.. Trong mét vi dy, co thé 1a thay thé ving gen khoi dong ban dau béng
ving gen khai dong manh, nhung sang ché khong bi gidi han ¢ do.

Céc vi du vé ving gen khoi dong manh dé bibt c6 thé bao gdbm céac ving gen khoi
dong tu CJ1 dén CJ7 (patent Hoa Ky s6 US 7662943 B2), vung gen khoi dong lac, ving
gen khéi dong trp, vung gen khoi dong tre, vung gen khoi dong tac, ving gen khéi dong
Jambda phage PR, ving gen khoi dong PL, vung gen khai dong tet, ving gen khoi dong
gapA, ving gen khoi dong SPL7, ving gen khoi dong SPL13 (sm3) (patent Hoa Ky sb
US 10584338 B2), ving gen khoi dong O2 (patent Hoa Ky s6 US 10273491 B2), vung
gen khoi dong tkt, ving gen khéi dong yccA, v.v., nhung ving gen khoi dong manh
khong bi gidi han & do.

Bién dbi trinh tu nucleotit ma hoa codon khai dAu hodc 5'-UTR cua phién méa gen
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ma hoa polypeptit theo phuong phap 3) ¢6 thé vi du, bang cach thay thé trinh tu nucleotit
bang trinh tu nucleotit ma hoa codon khai diu khéac c6 muc biéu hién polypeptit cao

hon codon khéi dau ndi sinh, nhung séang ché khong bi giéi han & do.

Bién dbi trinh ty axit amin hodc trinh ty polynucleotit theo phuong phap 4) va
phuong phap 5) c6 thé bing céch gay dot bién trén trinh tw bang viéc x0a, chen, thay thé
bao thu hodc khong bao thu trinh ty axit amin cta polypeptit hodc trinh tu polynucleotit
ma hoa polypeptit, hodc sy két hop cac phuong phép dé tang cuodng hoat tinh cla
polypeptit, hodc bang cach thay thé trinh tu bang trinh ty axit amin hodc trinh tu
polynucleotit da bién dbi dé c6 hoat tinh manh hon, hodc trinh ty axit amin hodc trinh
tu polynucleotit dd bién ddi dé tang cuong hoat tinh, nhung séng ché khong bi gi¢i han
& d6. Cu thé, viéc thay thé c6 thé duoc thuc hién béng cach dua polynucleotit vao nhiém
sc thé bang tai t6 hop twong dong, nhung sang ché khong bi giéi han ¢ d6. Vecto duge
st dung ¢ day co thé con bao gém chi dau lua chon dé x4c dinh phﬁn chén vao nhiém

sac thé. Chi dau lua chon da dugc mo ta & trén.

Dua vao polynucleotit ngoai lai biéu hién hoat tinh cta polypeptit theo phuong
phép 6) c6 thé bing cach dua vao té bao vat chu polynucleotit ngoai lai ma hoa polypeptit
bidu hién hoat tinh ddng nhit/twong tw véi hoat tinh cta polypeptit. Polynucleotit ngoai
lai ¢6 thé duoc st dung ma khong gi6i han v& ngudn gdc hodc trinh tu cta nd mién 12
bidu hién hoat tinh dong nhét/tuvong tu véi hoat tinh cta polypeptit. Vige dua vao co thé
dugc thuc hién boi nhimg ngudi ¢6 hiéu biét trung binh trong ciing linh vie ky thuat
bang cach lva chon thich hgp phuong phap bién nap da biét trong cung linh vuc ky thuat,
va biéu hién ctia polynucleotit da dua vao t& bao vat chil cho phép san sinh polypeptit,

nho d6 tdng hoat tinh cta no.

Téi wu hda codon ctia polynucleotit ma hoa polypeptit theo phuong phap 7) ¢6 thé
bing céch i uu hoa polynucleotit ndi sinh dé tang phién ma hogc dich ma trong té bao
vat chu, hodc béng cach t8i uu hoa céac codon sao cho phién ma hodc dich ma da t6i wu
hoa cua polynucleotit ngoai lai ¢ thé dat duoc bén trong té bao vat chu.

Ngoai ra, phan tich cdu triic bac ba ctia polypeptit va nho d6 lya chon va bién dbi
ving tiép xtc, hodc bién ddi hoa hoc ving tiép xtic theo phuong phap 8) c6 the, vi du,
bang cach so sanh thong tin trinh tu ctia polypeptit can phan tich véi co so dit liéu, trong

d6 thong tin trinh tu cla cdc protein da biét duoc luu trit, dé x4c dinh céc lya chon
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protein mach khuon theo mtrc do tuong tu trinh ty, va do d6 xac nhén cau truc dua trén
thong tin, nho d6 chon va bién nap hoac bién ddi vi tri tiép xtc can bién doi hodc bien

ddi hoa hoc.

Su tang cuong hoat tinh polypeptit co thé c6 nghia la hoat tinh hodc ndng do (muc
d6 bidu hién) cua polypeptit twong tng téng so voi hoat tinh hodc nong do (muc do biéu
hién) ctia polypeptit dugc biéu hién trong chiing kiéu dai hodc vi sinh vét trude khi bién
dbi, hodc lugng sén phim dugc san sinh tir polypeptit tang 1én, nhung sang ché khong
bi gidi han ¢ do.

Bién d6i mot phan hodc tAt ca polynucleotit trong vi sinh vét theo sang ché (vi du,
bién dbi dé ma héa bién thé protein da dugc mo ta & trén) c6 the dat duge bdi (a) tai tb
hop tuong ddng str dung vecto d8 chén nhiém séc thé trong vi sinh vét hodc chinh stra
bo gen béng cach st dung nuclease da diéu ché (vi du, CRISPR-Cas9), va/hodc (b) co
thé duoc tao ra béng anh sang, chéng han nhu tia cuc tim va buc xa, v.v. va/hoac xu ly
héa hoc, nhung sang ché khéng bi gi6i han ¢ d6. Phuong phap bién dbi mot phan hodc
tAt ca gen c6 thé bao gdm phuong phap sur dung cong nghé tai tb hop ADN. Vi dy, mot
phan hozc tht ca gen c6 thé dugc x6a béng cach bom trinh ty nucleotit hodc vecto chira
trinh tu nucleotit tuong ddng vé6i gen dich vao vi sinh vét d8 tao ra tai to hop tuong dong.
Trinh tu nucleotit d& bom hodc vecto ¢o thé bao gém chi dau lua chon chinh, nhung
sang ché khong bi gi6i han & do.

Cu thé, vi sinh vt san sinh L-valin theo sang ché c6 thé 1a vi sinh vat chta
polypeptit dugc thé hién béng trinh ty axit amin c6 ma nhan biét SEQ ID NO: 27 va/hodc
polynucleotit dugc thé hién bai trinh tu nucleotit cé ma nhan biét SEQ ID NO: 28. Ngoai
ra, vi sinh vét san sinh O-axetyl-L-homoserin theo sang ché co thé 1a vi sinh vat chira
polypeptit dugc thé hién bai trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 47 va/hoac
polynucleotit duogc thé hién bai trinh ty nucleotit c6 ma nhan biét SEQ ID NO: 48; va
c6 thé 14 vi sinh vat chtra dot bién dugc chon tir nhém chi bao gém bat hoat cua
polypeptit duoc thé hién bai trinh tu axit amin c6 ma nhén biét SEQ ID NO: 37 va/hodc
x6a polynucleotit dugc thé hién boi trinh tu nucleotit c6 mé nhan biét SEQ ID NO: 38.

Trong vi sinh vat theo sang ché, bién thé, polynucleotit, v.v. da dugc mo ta trong

cac khia canh khac & trén.

Khia canh khac nita theo sang ché 1a d& xuit phuong phap san xuét L-axit amin,
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trong d6 phuong phap nay bao gdm: nudi cdy vi sinh vét thudc chi Corynebacterium

chira bién thé theo sang ché hozc polynucleotit theo sang ché trong moi trudng nuoi céy.

Phuong phap san xuét cac L-axit amin theo sang ché c6 thé bao gdm nudi chy
chung Corynebacterium glutamicum chia bién thé theo sang ché, polynucleotit theo

sang ché, hodc vecto theo sang ché trong mdi trudng nudi cay.

Ngoai ra, trong phuong phap san xuét cac L-axit amin theo sang ché, L-axit amin

¢6 thé 1a L-valin, O-axetyl-L-homoserin, hodc L-methionin.

Nhu duge st dung & day, thuat nglt “nudi cAy” c6 nghia 1a vi sinh vét thudc chi
Corynebacterium theo sang ché duoc nuoi cly trong cac diéu kién mdi truong duogc
kiém soét thich hop. Qué trinh nuéi cdy cta sang ché ¢6 thé duge thyc hién trong moi
truong nudi cdy thich hop va cac diéu kién nuoéi cdy da biét trong cung Iinh vuc k¥ thuét.
Qua trinh nuodi cAy nay co thé duoc didu chinh d& dang dé str dung bdi nhiing nguoi 6
hiéu biét trung binh trong cung linh vuc k¥ thudt theo ching can chon. Cu thé, viéc nudi
chy c6 thé 1a nudi cdy theo mé, nudi cdy lién tuc, nudi cdy theo mé c6 cap dinh dudng,

tuy nhién sang ché khong bi gidi han & do.

Nhu duoc stt dung & ddy, thuat nglt “moi trudng nudi cly” dé cap dén hon hop céc
nguyén liéu chira cac nguyén liéu dinh dudng cAn thiét cho viéc nudi cdy cia vi sinh vat
thude chi Corynebacterium theo sang ché 1am thanh phan chinh, va moi truong nudi chy
cung cap cac nguyén liéu dinh dudng va cac yéu td sinh trudng, cung voi nudce can thiét
cho su tdn tai va phat trién. Cu thé, méi trudng va cc diéu kign nudi chy khac dugc st
dung dé nuoi cdy vi sinh vat thugc chi Corynebacterium theo sang ché c6 thé 1a bat ky
mdi trudng nao thuong dugce st dung dé nudi cdy truyén théng céc vi sinh vat ma khong
bi bat ky giéi han cu thé nao. Tuy nhién, vi sinh vét thudc chi Corynebacterium theo
sang ché c6 thé dugc nudi cdy trong cac didu kién hiéu khi trong mdi truong truyén
théng chira ngudn cacbon, ngudn nito, ngudn phospho, hop chat vo co, axit amin

va/hodc vitamin thich hop, v.v., trong khi diéu chinh nhiét do, dd pH, v.v..

Cu thé, méi trudng nudi cy vi sinh vat thudc chi Corynebacterium co thé tim thay
trong tai liéu ["Manual of Methods for General Bacteriology" by the American Society
for Bacteriology (Washington D.C., USA, 1981)].

Theo sang ché, ngudn cacbon ¢6 thé bao gbébm céc hydrat cacbon, chéng han nhu

glucoza, sacaroza, lactoza, fructoza, sucroza, maltoza, v.v.; cac ruqu duong nhu
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mannitol, sorbitol, v.v.; cac axit hitu co nhu axit pyruvic, axit lactic, axit xitric, v.v.; cac
axit amin nhu axit glutamic, metionin, lysin, v.v.. Ngoai ra, nguén cacbon c¢6 thé bao
gdm céc chét dinh dudng hitu co tw nhién chang han nhu tinh bot hydrolysat, mat duong,
mat duong den, cam gao, sén, mat mia, va dich chiét ngd, v.v.. Cu thé, cac hydrat cacbon
ching han nhu glucoza va mét dudong da qua xur ly khtr tring (ttc 13, mat duong chuyén
thanh duong khtr) co thé duoc st dung, va ngoai ra, luong thich hop cac ngudn cacbon
khac c6 thé duoc st dung ma khong bi gidi han ¢ ddy. Cac ngudn cacbon nay ¢ thé
duoc sir dung doc 1ap hodc két hop hai hodc nhiéu loai véi nhau, nhung sang ché khong
bi gidi han ¢ do.

Ngudn nito ¢6 thé bao gdm céc ngudn nito vo co, ching han nhu amoni, amoni
sulfat, amoni clorua, amoni axetat, amoni phosphat, amoni cacbonat, va amoni nitrat,
v.v.; c4c axit amin, chéng han nhu axit glutamic, methionin, glutamin, v.v.; va cac nguén
nito hitu co, chang han nhu pepton, NZ-amin, cao thit, dich chiét nAm men, cao mach
nha, dich chiét ngd, casein hydrolysat, ca hodc cac san pham phén huy cta ching, banh
dau nanh da khu chét béo hodc cac san phidm phan hiy cua ching, v.v.. Cac ngudn nito
nay co thé duogc st dung doc 1ap hodc két hop hai hodc nhiéu loai cta ching, nhung
sang ché khong bi gi6i han ¢ do.

Nguén phospho ¢6 thd bao gdm monokali phosphat, dikali phosphat, hoac cac
mudi chtra natri tuong tng, v.v.. Cac vi du vé hop chat vo co ¢d thé bao gém natri clorua,
canxi clorua, st clorua, magie sulfat, s&t sulfat, mangan sulfat, canxi cacbonat, v.v..
Ngoai ra, cé thé st dung c4c axit amin, vitamin, va/hodc tién chét thich hop. Nhiing
thanh phin cdu tao hodc tién chét nay c6 thé duge thém vao moi trudng nudi cly trong
qué trinh nuoi cay theo mé hodc nudi cly lién tuc, nhung céac ngudn phospho khong bi
gi6i han ¢ do.

Ngoai ra, dd pH ctia mo6i trudng nudi cdy co thé duoc didu chinh bing cach thém
hop chit nhu amoni hydroxit, kali hydroxit, amoniac, axit phosphoric, axit sulfuric, v.v.
trong qua trinh nudi cdy ching Corynebacterium glutamicum theo sang ché theo cch
thich hop. Ngoai ra, su hinh thanh bot khi ¢6 thé duoc ngin chin trong qué trinh nubi
cay bang cach st dung chét chdng tao bot nhu este polyglycol axit béo. Ngoai ra, khi
oxy hodc khi chtra oxy ¢ thé duoc bom vao méi truong nudi chy dé duy tri cac didu
kién hiéu khi cia méi truong nudi céy; hodc khi nito, khi hydro, hodc cacbon dioxit co

thé duoc bom vao dé duy tri cac diéu kién ky khi hodc vi hiéu khi ma khéng can bom

22



50990 23/70

khi, nhung sang ché khong bi gi6i han ¢ do.
Nhiét do trong qua trinh nudi cly theo sang ché c6 thé ndm trong khoang tlr 20°C
dén 45°C, tt hon 13, tir 25°C dén 40°C, va viéc nudi cay co thé duoc thuc hién trong

khoang tir 10 gio dén 160 gid, nhung qué trinh nudi cdy khong bi gi6i han & do.

Céc L-axit amin dugc san xuat béi qua trinh nudi cly theo sang ché c6 thé dugc
giai phong vao moi trudng nudi cdy hodc gitt lai trong céc té bao.

Phuong phép san xuat cac L-axit amin theo sang ché c6 thé con bao gdm budc
didu ché vi sinh vat thudc chi Corynebacterium theo sang ché, budc diéu ché moéi trudng
dé nuéi cdy vi sinh vat, hodc su két hop ctia chiing (bt ké tht tu, theo bat ky thir tw nao),

vi du, trudc budce nudi cay.

Phuong phép san xuét céc L-axit amin theo sang ché c6 thé con bao gdbm budc thu
hdi cac L-axit amin tir mdi truong nudi chy (m6i truong trong d6 dich nudi cdy duoc
phat trién) hodc vi sinh vét thudc chi Corynebacterium theo sang ché. Budc thu hdi c6

thé con bao gom sau budc nudi cay.

Trong budc thu hoi, cac L-axit amin mong muén c6 thé dugce thu gom bang cach
stt dung phuong phap nudi cdy vi sinh vét theo sdng ché, vi du, st dung phuong phéap
thich hop da biét trong ctng linh vye k¥ thuét theo phuong phap nudi cay theo mé, nudi
chy lidn tuc, hodc nudi cdy theo mé co cdp dinh dudng. Vi du, cac phuong phap chang
han nhu ly tAm, loc, Xt ly bang chét két tia két tinh protein (phuwong phdp tach mudi),
tach chiét, nghién béng song am, siéu loc, tham tach, cac loai séc ky khac nhau nhu séc
ky ray phan tir (loc gel), shc ky hép phu, sic ky trao dbi ion, sic ky 4i luc, v.v., phuong
phéap sic ky long hiéu nang cao (High Performance Liquid Chromatography: HPLC)
hozc su két hop cac phuong phéap c6 thé dugc st dung, va cac L-axit amin mong mudn
¢6 thé duoc thu hdi tir mdi trudng nudi cAy hodc céc vi sinh vét su dung cac phuong

phép thich hop da biét trong cung linh vuc k§ thudt.

Ngoai ra, phuong phap san xuAt céc L-axit amin theo sang ché c6 thé con bao gom
buée tinh ché c6 thé duoc thuc hién bing cch st dung phuong phép thich hop da biét
trong cung linh vuc ky thuét. Trong mot vi du, khi phuong phéap san xuét cac L-axit
amin theo sang ché bao gbm ca bude thu hdi va buéce tinh ché, bude thu hdi va budc
tinh ché c6 thé duoc thuc hién lién tuc hodc khong lién tuc bét ké thir tw hodc dong thoi,

hodic cé thé dugc tich hop vao mdt budc, nhung phuong phéap nay khong bi gi6i han ¢
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do.

Ngoai ra, phuong phap san xuét L-methionin theo sang ché ¢6 thé con bao gdbm
budc chuyén doi O-axetyl-L-homoserin thanh L-methionin. Trong phuong phap san
xuét L-methionin theo sang ché, budce chuyén dbi c6 thé con bao gdm sau budc nudi chy
hodc budc thu hoi. Bude chuyén ddi c6 thé dugce thue hién bang cach st dung phuong
phap thich hop da biét trong clng Iinh vuc k¥ thudt (patent Hoa Ky s6 US 8426171 B2).
Trong mét phuong an, phuong phap san xuit L-methionin cia sang ché c6 thé bao gém
bude san xuit L-methionin bang cach cho tiép xuc O-axetyl-L-homoserin va metyl
mercaptan véi O-axetylhomoserin sulfhydrylaza, cystathionin gamma-synthaza, hodc

O-suxinyl homoserin sulfhydrylaza.

Trong phuong phép theo sang ché, bién thé, polynucleotit, vecto, vi sinh vat, v.v.,
da dugc md ta trong cac khia canh khac O trén.

Khia canh khac nita theo sang ché 1a d& xuét ché phém dé san xuét cac L-axit amin,
trong do ché phdm nay bao gbm: vi sinh vét thudc chi Corynebacterium chia bién thé
theo sang ché, polynucleotit ma hoa bién thé theo sang ché, hodc vecto chua
polynucleotit theo sang ché; méi truong trong do vi sinh vat duoc phat trién; hodc su két
hop cua ching.

Ché pham theo sang ché c6 thé con bao gdm bét ky ta duoc thich hop nao thuong
duoc sir dung trong cac ché pham dé san xudt cac L-axit amin, va cac ta dugc nay bao
gém, vi dy, chét bao quan, chét 1am uét, cht phan tan, chét tao huyén phu, chét dém,
chét 4n dinh, hodc chat déng truong, v.v., nhung sang ché khong bi gidi han ¢ do.

Trong ché phém dé san xuét cac L-axit amin theo sang ché, L-axit amin ¢6 thé 1a
L-valin, O-axetylhomoserin, hodc L-methionin.

Trong ché pham theo sang ché, bién thé, polynucleotit, vecto, chung, moi trudng
nuoi céy, v.v., dd dugc mo ta trong céc khia canh khéc ¢ trén.

Vi du thwe hién ciia sang ché

Sau day, sdng ché s& dugc mo ta chi tiét dua trén cac vi dy. Tuy nhién, cac vi du
chi 13 c4c vi du vu tién dugc mod td nham muc dich minh hoa, va do d6, pham vi bao ho
ctia sang che khong bi gidi han ¢ boi cac vi du ndy. Trong khi do, cac dau hiéu k¥ thuat

khong duge mo ta & ddy c6 thé duge hieu dAy du va thyc hién d& dang boi nhiing nguoi
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¢6 hiéu biét trung binh trong cung linh vuc k¥ thuét cta sang ché hogc linh vyc k¥ thuét

tuong tu.
Vi du 1: Bidu ché vecto bién thé synthaza xitrat (GItA)

Céc thc gia sang ché da phét hién ra rdng gdc axit amin thir 415 cua GltA nhu vi
tri lién két axetyl-CoA, va du doan rang khi axit amin dugc thay thé bing mot axit amin

khac, hoat tinh ctia synthaza xitrat bi suy giam khi gia tri Km cua axetyl-CoA tang.

Theo d6, vecto trong d6 lysin 1a axit amin thir 415 cua GItA duoc thay thé bang
axit amin khac duoc diéu ché. Cu thé, didu ché vecto chura cac dot bién, trong d6 lysin
1a axit amin tha 415 cua GItA duoc thay thé bang histidin (K415H), tryptophan
(K415W), va glyxin (K415G).

PCR duoc thuc hién sir dung cip mdi c6 cac ma nhan biét SEQ ID NO: 15 va SEQ
ID NO: 17, va SEQ ID NO: 16 va SEQ ID NO: 18, cgp moi ¢6 cdc ma nhan biét SEQ
D NO: 15 va SEQ ID NO: 20, va SEQ ID NO: 18 va SEQ ID NO: 19, va cip mdi co
c4c mi nhan biét SEQ ID NO: 15 va SEQ ID NO: 22, va SEQ ID NO: 18 va SEQ ID
NO: 21 dua trén gADN bo gen Corynebacterium glutamicum ATCC14067 kiéu dai lam
mach khuon. PCR trung 1dp dugc thuc hién dua trén hdn hop cua hai phan doan trong
s6 sau phan doan thu dugc ¢ trén lam mach khuon st dung cap mdi ¢6 cac ma nhan biét
SEQ ID NO: 15 va SEQ ID NO: 18 @ thu duoc ba phan doan. PCR duoc thuc hién
trong cac diéu kién bién tinh ¢ nhiét do 94°C trong 5 phut, tiép theo 30 chu ky bién tinh
& nhiét do 94°C trong 30 gidly, u dé gdn mdi ¢ nhit do 55°C trong 30 gidy, va kéo dai
& nhiét do 72°C trong 1 phut va 30 gidy, va sau d6 kéo dai & nhiét do 72°C trong 5 phut.
Vecto pDCM2 (SEQ ID NO: 14, cong b don patent Han Quéc s6 10-2020-0136813)
duoc xtr ly véi Smal, va mdi trong ba san phém PCR thu dugc & trén duoc thuc hién
nhan dong hop nhét. Viéc nhan dong hop nhét dugce thuc hién bang céach st dung bo kit
nhan dong In-Fusion® HD (Clontech). Cac plasmit thu dugc nho nhén dong dugc dat
tén tuong Ung 1a pDCM2-gltA(K415H), pDCM2-gltA(K415W), va pDCM2-
gltA(K415G). Céc trinh tu cua cap mdi duoc st dung trong vi du nay dugc thé hién

trong bang 1 dudi day.

Béng 1

SEQ  ID|Cap mdi Céc trinh tur
NO:
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15 Doan mdi 1 TCGAGCTCGGTACCC
CCGTTCGTATGATCGGTTCCGCACAGGCC
16 DPoan mdi 2 GTGCAGCAGGCAAC CAC ATCAACCGCCCACG
17 DPoan mdi 3 CGTGGGCGGTTGAT GTG GTTGCCTGCTGCAC
18 DPoan mdi 4 CTCTAGAGGATCCCC
GCCGTAAGCAGCCTCTGGTGGAATGGTCAGC
19 DPoan mdi 5 GTGCAGCAGGCAAC TGG ATCAACCGCCCACG
20 DPoan mdi 6 CGTGGGCGGTTGAT CCA GTTGCCTGCTGCAC
21 Poan mdi 7 GTGCAGCAGGCAAC GGC ATCAACCGCCCACG
22 DPoan mdi 8 CGTGGGCGGTTGAT GCC GTTGCCTGCTGCAC

Vi du 2: Dua bién thé GItA vao cac chung san sinh L-valin va danh gia kha nédng
san sinh cua chung
Vi du 2-1. Didu ché céc ching dua trén san sinh L-valin va danh gia kha nang san

sinh cua chung

Mot loai dot bién [ilvN(A42V); Biotechnology and Bioprocess Engineering, thang
6 nam 2014, tap 19, sb 3, trang 456-467] (SEQ ID NO: 27) dugc dua vao tiéu don vi
nhd  axetolactat  synthaza  isozyme 1 (IlvN)  cua  Corynebacterium
glutamicum ATCC14067 kiéu dai va ATCC13869 dé didu ché cac ching c6 kha nang
san sinh L-valin ting cudng (patent Han Qudc sb KR 10-1947945 B1).

Cu thé, PCR duogc thyc hién st dung cap mdi ¢6 cac ma nhan biét SEQ ID NO: 29
va SEQ ID NO: 31, va SEQ ID NO: 30 va SEQ ID NO: 32, dua trén Corynebacterium
glutamicum ATCC14067 gADN kiéu dai 1am mach khuén. PCR trung 1ap dugc thuc
hién dua trén hdn hop cua hai phan doan thu duoc ¢ trén lam mach khudn st dung cdp
mdi ¢6 cac méa nhan biét SEQ ID NO: 29 va SEQ ID NO: 32 dé thu dugc ba phan doan.
Trong phin mo ta nay, PCR dugc thyc hién trong cac didu kién bién tinh & nhiét d6 94°C
trong 5 phut, tiép theo 30 chu ky bién tinh ¢ nhiét d 94°C trong 30 gidy, i d& gin mdi
& nhiét do 55°C trong 30 gidy, va kéo dai 0 nhiét do 72°C trong 1 phut va 30 gidy, va
sau d6 kéo dai & nhiét d6 72°C trong 5 phit. Vecto pDCM2 duoc xur Iy voi smal, va moi
trong s6 ba san phém PCR thu duoc ¢ trén dugce thyc hién nhan dong hop nhét. Plasmit
thu dugc nhd nhén dong hop nhit duge dit tén 1a pDCM2-ilvN(A42V). Sau do,
pDCM2-ilvN(A42V) dugc bién nap vao céc chung Corynebacterium glutamicum
ATCC14067 va ATCC13869 kiéu dai dé tao ra ti t6 hop twong ddng trén nhidm séc thé
(van der Rest et al., Appl Microbiol Biotechnol 52:541-545, 1999). Céc chung dugc dua
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Va0 v6i vecto trén nhiém séc thé bang tai td hop céc trinh ty twong ddng da chon trong
mdi truong nuodi cAy chira 25 mg/L kanamyxin. Cac phan doan gen dugc khuéch dai dua
trén céc chét bién nap Corynebacterium glutamicum da chon bang PCR st dung cép
mdi 6 cac ma nhan biét SEQ ID NO: 33 va SEQ ID NO: 34, va sy dua vao clia dot bién
duoc x4c nhan bang phan tich trinh tu gen. Céc chung tai t6 hop dugc dat tén twong ung
12 Corynebacterium glutamicum CJTV va CJ 8V. Céc trinh tu cua cap mdi trong vi du

nay duoc thé hién ¢ bang 2 dudi day.

Bang 2
SEQ ID NO: |Tén céc trinh tu Céac trinh tu
29 Doan mdi 11 TCGAGCTCGGTACCCC
' CGCGTCACCAAAGCGGA
30 Doan moi 12 GTCCCTCGTGTCTGTAAAGACCGAAACACT
31 Poan moi 13 AGTGTTTCGGTCTTTACAGACACGAGGGAC
32 Doan mdi 14 CTCTAGAGGATCCCC
: TTAGATCTTGGCCGGAGCCA
33 DPoan mdi 15 |CCGCGTCACCAAAGCGGA
34 Doan mdi 16 TTAGATCTTGGCCGGAGCCA

Sau do, thir nghiém vé do chuan 1én men dugc thuc hién dya trén Corynebacterium
glutamicum ATCC14067 va ATCC13869 kiéu dai, va cac chung CJ7V va CJ8V da didu
ché & trén. Tung chung dugc chy chuyén trong mdi trudong dinh dudng, va sau dé duoc
cdy vao binh tam giac 250 ml chira 25 ml moi trudng san xuét va duge nudi cdy & nhiét
do 30°C trong 72 gio ¢ tdc d6 200 vong/phut trong didu kién l4c. Sau do, ndng do cua
L-valin duoc phan tich st dung HPLC, va ndng d6 da phén tich cta L-valin dugc thé
hién & bang 3 dudi day.

Mabi trudong dinh dudng (d6 pH 7,2)

Mbi trudng san xuat (46 pH 7,0)

Glucoza 100 g, (NH4)2S04 40 g, protein ddu nanh 2,5 g, dich chiétngd 5 g, ure 3 g,
K,HPO4 1g, MgSO47HO 0,5g, biotin 100 ng, thiamin-HCl 1 mg, canxi-axit
pantothenic 2 mg, nicotinamit 3 mg, CaCOs 30 g (trong 1L nuéc cét)

Bang 3

Kha ning san sinh L-valin ciia cdc ching dya trén san sinh L-valin CJ7V va CI8V

Cac chung L-valin (g/L)
ATCC14067 1,5

27



50990 28/70

CITV(IvVN(A42V)) 2,2
ATCC13869 1,0
CISV(ilvN(A42V)) 1,9

Nhu dugc thé hién & céac két qua, xac nhan ring kha ning san sinh L-axit amin
tang trong cac chung CI7V va CI8V d3 dua vao véi dot bién gen ilvN(A42V) so vdi cac
ching Corynebacterium glutamicum ATCC14067 va ATCC13869 kiéu dai.

Vi du 2-2: Pua céac bién thé bi suy giam GItA (K415H, K415W, K415G) vao céac

chung san sinh L-valin va dénh gia kha nang san sinh cta chung

Kha nang san sinh L-valin dugc dénh gia bang cach dua cac bién thé GItA vao cac
chiing san sinh L-valin. Cac vecto pDCM2-gltA(K415H), pDCM2-gltA(K415W), va
pDCM2-gltA(K415G) da diéu ché trong vi du 1 dugce bién nap thanh ting ching san
sinh L-valin CJ7V va CI8V, va CA08-0072 (KCCM11201P, patent Hoa Ky s6 US
8465962 B2) bing téi tb hop twong dong trén nhiém shc thé. Cac chung duge dua vao
v6i céc vecto trén nhidm sac thé bang su tai td hop cac trinh tu twong ddng dugc chon

trong mdi trudong chira 25 mg/L kanamyxin.

Sau d6, cac phan doan gen dugc khuéch dai dua trén céc chit bién
nap Corynebacterium glutamicum, trong d6 su tai to hop thu cAp dugc hoan thanh, bang
cach thuc hién PCR sir dung c3p moi ¢6 c4c ma nhan biét SEQ ID NO: 23 va SEQ ID
NO: 24 (bang 4), va sau d6 cac ching da dua vao dot bién duge xac nhan bang phan tich
giai trinh ty gen. Cac chung tai td hop dugc dat tén dua trén Corynebacterium
glutamicum nhu thé hién duéi day, va danh gia do chuén duoc thuc hién theo cach tuong

tu nhu vi du 2-1. Céc két qua dugc thé hién ¢ bang 5.

Bang 4
SEQ ID|Tén cac trinh tu Céc trinh tu
NO:
23 Doan mbi 9 CCGTTCGTATGATCGGTTCCGCACAGGCC
24 Poan mdi 10 GCCGTAAGCAGCCTCTGGTGGAATGGTCAGC
Bang 5
Céac chung 0OD600 L-Valin (g/L)
CI7vV 77 2,2
CJ7V:gltA(K415H) 75 2,5
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CI7V:gltA(K415W) 47 1,2
CITV:gltA(K415G) 42 1,0
CI8V 89 1,9
CI8V:gltA(K415H) 89 2,1
CISV:gltA(K415W) 50 1,0
CI8V:gltA(K415G) 49 1,0
CA08-0072 62 2,6
CA08-0072:gltA(K415H) 60 2,9
CA08-0072:gltA(K415W) 35 1,8
CA08-0072:gltA(K415G) 30 1,7

Nhu duoc thé hién & cac két qua, bién thé K415H c6 kha ning san sinh L-valin
ting cuong ma khong lam giam tang truong.

CA08-0072:gltA(K415H) duoc dit tén 1a CA08-1688 va dugc ndp luu ching &
Trung tdm nuoi cAy vi sinh vat Han Québc (KCCM) theo Hiép udc Budapest vao ngay
28 thang 9 nam 2020, véi s Iuu ching KCCM12795P.

Vi du 3: Pidu ché ching tang cuong san sinh O-Axetyl-L-Homoserin va danh gia

kha nang san sinh O-Axetyl-L-Homoserin
3-1. Pidu ché chung dugc dua vao véi bién thé protein mang ngoai lai Y] eH

P& xéc dinh hiéu qua cta bién thé YieH, 1a protein mang ngoai lai va chét van
chuyén homoserin O-axetyl, dugc dua vao Corynebacterium glutamicum ATCC13032,
vecto dé dua vao nhidm sic thé chira gen (SEQ ID NO: 48) ma hoa bién thé YieH (SEQ
ID NO: 47) dugc didu ché.

Cu thé, dé diéu ché vecto x6a transposaza, cap moi dé khuéch dai ving phia trudce
5'(SEQ ID NO: 39 va SEQ ID NO: 40) va cép mdi dé khuéch dai ving phia sau 3' (SEQ
ID NO: 41 va SEQ ID NO: 42) xung quanh gen mé hda transposaza (SEQ ID NO: 38,
gen sd NCgl2335) duoc didu ché. Vi tri enzym gi¢i han Xbal duge chen & mdi dau cla
ciip mdi ¢ cac ma nhan biét SEQ ID NO: 39 va SEQ ID NO: 42, va cap mdi ¢d cac ma
nhan biét SEQ ID NO: 40 va SEQ ID NO: 41 duge didu ché dé lai chéo véi nhau sao
cho trinh tu cta enzym gi6i han Smal & vi tri da didu ché. Cac trinh tu doan mdi duoc
thé hién & bang 6.

Bang 6
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SEQ ID NO: |Téncéc trinh ty  |Céc trinh ty

SEQ ID NO:{Tn 5F tgaattcgagctcggtacccCACCGACGCGCATCTGCCT
39

SEQ ID NO:|Tn_5R GGTGTGGTGACTTTCAGCAGTTCCCGGGGGGG
40 AGGAGGCATGTGGTGTTG

SEQ ID NO:|Tn 3 F CAACACCACATGCCTCCTCCCCCCCGGGAACT
41 GCTGAAAGTCACCACACC

SEQ ID NO:(Tn 3R gtcgactctagaggatccccCTCCCAAACCATTGAGGAA
42 TGG

PCR duoc thuc hién bing céch st dung cdp moi ¢ cac ma nhan biét SEQ ID NO:
39 va SEQ ID NO: 40, va SEQ ID NO: 41 va SEQ ID NO: 42, dya trén nhiém séc thé
ctia ATCC13032 kiéu dai lam mach khudn. PCR dugc thuc hién trong cac diéu kién
bién tinh & nhiét do 95°C trong 5 phtit, tiép theo 30 chu ky bién tinh & nhiét do 95°C
trong 30 gidy, i dé ghn mdi & nhiét do 55°C trong 30 gidy, va kéo dai 6 nhiét d6 72°C
trong 30 gidy, va sau d6 kéo dai ¢ nhiét dd 72°C trong 7 phut. Két qua 13, thu dugc phéan
doan ADN (851 bp) ¢ vung phia trude 5' va phéan doan ADN (847 bp) ¢ vung phia sau
3' xung quanh ving x6a gen NCgl2335.

PCR duogc thuc hién bé“mg cach st dung cap mdi ¢ cac ma nhan biét SEQ ID NO:
39 va SEQ ID NO: 42, dua trén hai phén doan ADN di khuéch dai 1am mach khuon.
PCR duoc thuc hién trong cac diéu kién bién tinh & nhiét @6 95°C trong 5 pht, tiép theo
30 chu ky bién tinh ¢ nhiét do 95°C trong 30 gidy, U dé gén mdi & nhiét d 55°C trong
30 gidy, va kéo dai & nhiét do 72°C trong 90 gifly, va sau d6 kéo dai & nhiét do 72°C
trong 7 phut. Két qua 13, phan doan ADN (1648 bp) bao gdm vi tri ¢ thé x6a gen ma
hoa transposaza (SEQ ID NO: 38, gen s6 NCgl2335) dugc khuéch dai.

Cac san phém PCR thu duoc sau d6 duge thyc hi¢n nhan dong hop nhét thanh
vecto pDCM2 dugc xtt Iy v6i enzym gioi han Smal bang cach sit dung bo kit nhén dong
In-Fusion® HD (Clontech). Vecto d4 nhan dong dugc bién nap thanh E. coli DH50, va
E. coli da bién nap duoc cdy trén dia trong moi trudng rén LB chtra 25 mg/L kanamyxin.
Céc khuén lac da bién nap véi plasmit trong dé gen dich duoc chén dugc chon thong
qua PCR, va sau d6 plasmit thu dugc boi tach chiét plasmi. Cudi cuing, vecto tai td hop

pDCM2-ANCgl2335, trong do catxet x6a NCgl2335 dugce nhan dong dugc diéu ché.

Pé xac dinh hiéu qua cua chat van chuyén O-axetyl homoserin, vecto de dua vao

nhidm sée thé chira gen (SEQ ID NO: 48) ma héa bién thé YjeH ¢6 ngudn gbe tir E. coli
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duoc didu ché. D4l véi vAn d& nay, vecto biéu hién gen yjeH dugc didu ché bang cach
st dung promoto CJ7 (patent Hoa Ky s0 US 7662943 B2). Céap mdi (SEQ ID NO: 43
va SEQ ID NO: 44) dé khuéch dai ving promoto CJ7 va cap mdi (SEQ ID NO: 45 va
SEQ ID NO: 46) dé khuéch dai ving yjeH cua E. coli duoc didu ché. Céc trinh ty doan

mdi dugc thé hién trong bang 7 dudi day.

Bang 7

SEQ ID NO: Tén céc trinh ty  |Céc trinh tu

SEQ ID NO: 43 |CJ7_yjeH F ACACCACATGCCTCCTCcccAGAAACATCCC
AGCGCTAC

SEQ ID NO: 44 |CJ7_yjeHR AGTTCTTGTTTGAGTCCACTCATAGTGTTTC
CTTTCGTTGGGT

SEQ ID NO: 45 |yjeHF ACCCAACGAAAGGAAACACTATGAGTGGA
CTCAAACAAGAACTG

SEQ ID NO: 46 |yjeHR GACTTTCAGCAGTTcecgggTTATGTGGTTATG
CCATTTTCCGG

PCR duoc thuc hién bing céch sir dung cdp mdi ¢ cac ma nhan biét SEQ ID NO:
43 va SEQ ID NO: 44, dya trén pECCG117-PCI7-gfp(US 7662943 B2, p117-Pcj7-glp)
Jam mach khuén, va sir dung cip mdi c6 cac ma nhén biét SEQ ID NO: 45 va SEQ ID
NO: 46, dua trén nhidm séc thé cta E. coli kiéu dai 1am mach khuon. PCR dugc thuc
hién trong c4c diéu kién bién tinh ¢ nhigt d 95°C trong 5 phut, tiép theo 30 chu ky bién
tinh & nhiét do 95°C trong 30 gidy,  dé ghn mdi ¢ nhiét do 55°C trong 30 gidy, va kéo
dai & nhiét do 72°C trong 90 gidy, va sau d6 kéo dai & nhiét dd 72°C trong 7 phut. Két
qué 13, thu dugce phan doan ADN (360 bp) ctia ving promoto CJ7 va phan doan ADN
(1297 bp) ctia ving gen yjeH cta E. coli.

PCR dugc thuc hién béng cach st dung cap mdi ¢6 cac ma nhan biét SEQ ID NOS:
43 and SEQ ID NO: 46, dya trén hai phan doan ADN da khuéch dai 1dam mach khudn.
PCR durge thuc hién trong cc diéu kién bién tinh ¢ nhiét d 95°C trong 5 phut, tiép theo
30 chu ky bién tinh & nhiét o 95°C trong 30 gidy, U dé gén mdi & nhiét do 55°C trong
30 gidy, va kéo dai ¢ nhiét d6 72°C trong 90 gidy, va sau do kéo dai & nhiét do 72°C
trong 7 phut. Két qua 13, phan doan ADN (1614 bp) bao gdm céc vi trf trong d6 promoto

CJ7 va gen yjeH dugc dua vao dugc diéu ché.

Phén doan ADN x6a gen thu dugc thong qua PCR duoc nhan dong thanh vecto
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pDCM2-ANCgl2335 dugce xu ly voi enzymgiéi han Smal sir dung b0 kit nhan dong In-
Fusion® HD (Clontech), va vecto tai td hop pDCM2-ANCgl2335::PCJ 7-yjeH(eco,WT)
dugc didu ché.

Ngoai ra, vecto téi tb hgp dé dua vao gen dot bién yjeH (eco, F351L) duge dicu
ché.

Cu thé, phenylalanin la axit amin thir 351 cua trinh tu axit amin YjeH dugc thay
thé bang leuxin (F351L) dua trén plasmit pDCM2-ANCgl2335::PCJ7-yjeH(eco,WT)
lam mach khudn st dung cap mdi ¢6 cac mi nhan biét SEQ ID NO: 49 va SEQ ID NO:
50. Plasmit chtra gen da didu ché ma héa dot bién duoc dat tén la pDCM2-
ANCgl2335::PCJ7-yjeH(eco,F351L). Céc trinh ty doan mdi dugc thé hién & bang 8
dudi day.

Bang 8

SEQ ID NO: Tén céc trinh ty  |Céc trinh tu
SEQ ID NO: 49 |F351LF CAATGGCATCCTTATTATGATTT
SEQ ID NO: 50 |F351L R AAATCATAATAAGGATGCCATTG

pDCM2-ANCgI2335 va pDCM2-ANCg12335::PCJ7-yjeH(eco,F351L) thu dugc
sau d6 duoc bién nap vao ching ATCC13032 bang phuong phép dién xung. Thong qua
qua trinh lai chéo tht clp, ATCC13032 ANCgl2335 da xoa NCgl2335 va ATCC13032
ANCgl2335::PCJ7-yjeH(eco,F351L) thu dugc trén nhidm sic thé. Xéa gen NCgl2335
va chén gen ma hoa bién thé YjeH cudi cling dugc xac nhan bang PCR st dung cap mdi
¢6 cac mi nhan biét SEQ ID NO: 39 va SEQ ID NO: 42, va sau d6 so sanh voi
ATCC13032. |

Vi du 3-2. Panh gid kha nang san sinh O-Axetyl Homoserin

P& so sanh kha nang san sinh O-axetyl homoserin (O-AH) cua céc chung
ATCC13032 ANCgl2335 va ATCC13032 ANCgl2335:PCI7-yjeH(eco,F351L) da
didu ché & vi du 3-1, va ching ATCC13032 kiéu dai, céc chiing dugc nudi cdy theo cach

sau day dé phan tich O-axetyl homoserin trong dung dich nu6i céy.

Mot vong bach kim ctia cac ching dugc chy vao binh tam gidc 250 ml chira 25 ml

mbi trudng san xuat O-axetyl homoserin dudi day, va sau d6 dugc nudi cay trong diéu
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kién 1ic ¢ téc do 200 vong/phut ¢ nhiét do 33°C trong 20 gid. Nong do O-axetyl
homoserin duoc phan tich bing HPLC, va cac ndng do da phan tich dugc thé hién &
bang 9.

MObi truong nudi cdy san xuét O-Axetyl Homoserin (d6 pH 7,2)

Glucoza 30 g, KHoPO4 2 g, ure 3 g, (NH4)2804 40 g, pepton 2,5 g, dich chiét ngd
(CSL, Sigma) 5 g (10 ml), MgS04.7H20 0,5 g, CaCOs 20 g (trong 1L nudc cét)

Bang 9
Tén cac chung O-Axetyl Homoserin
(gL)
ATCC13032 0,3
ATCC13032 ANCgl2335 0,3
ATCC13032 ANCgl2335::PCJ7-yjeH(eco,F351L) 1,0

Két qué 13, nhu dugc the hién ¢ bang 9, khi ching d6i chung ATCC13032 dugc
nuéi cdy, O-axetyl-L-homoserin dugc tich trit & 0,3 g/L, va xac nhin rang ngay cé khi
gen transposaza NCgl2335 bi x6a, khong bi anh huong dén viéc san sinh O-axetyl-L-
homoserin. Cu thé, xac nhan rang khi gen dot bién yjeH duoc biéu hién, O-axetyl-L-

homoserin duoc tich tu ¢ 1,0 g/L.

Vi du 3-3. Pua cac bién thé GltA (K415H) vao cac ching san sinh O-Axetyl-L-

Homoserin va kha ning san sinh cia ching

Kha ning san sinh O-axetyl-L-homoserin dugc danh gia bang cach dua bién thé
GItA vao cac chung san sinh O-axetyl-L-homoserin cta vi du 3-2. Vecto pDCM2-
gltA(K415H) dugc diéu ché trong vi du 1 duge bién nap vao cac ching ATCC13032 va
ATCC13032 ANCgl2335 kiéu dai, va ching san sinh O-axetyl-L-homoserin cua
ATCC13032 ANCgl2335::PCJ7-yjeH(eco,F351L). Céc chung dugc dua vao voi vecto
trén nhidm séc thé boi tai to hop tuong ddng cac trinh ty dugc chon trong moi truong
nuéi cdy chira 25 mg/L kanamyxin.

Sau d6, cac phan doan gen dugc khuéch dai dua trén cac chit bién
nap Corynebacterium glutamicum, trong d6 viée tai to hop thu cép dugc hoan thanh,
bing PCR str dung cdp mdi co cac ma nhén biét SEQ ID NO: 23 va SEQ ID NO: 24, va
céc ching duogc dua vao véi dot bién gltA(K415H) duge xac nhan bang phan tich giai
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trinh tu gen. Cac chung tai td hop dugc dat tén dua trén Corynebacterium glutamicum
nhu dugc thé hién dudi ddy, va danh gia do chuin dugc thue hién theo cach tuong tu

nhu & vi du 3-2. Céc két qua duge thé hién ¢ bang 10.

Bang 10
Céc chung O-AH (g/L)
ATCC13032 0,3
ATCC13032 gltA(K415H) 0,4
ATCC13032 ANCgl2335 0,3
ATCC13032 ANCgl2335 gltA(K415H) 0,4
ATCC13032 ANCgl2335::PCJ7-yjeH(eco,F351L) 1,0
ATCC13032 ANCgl2335::PCJ7-yjeH(eco,F351L) gltA(K415H)|1,3

Nhu dugc nhin thdy tir cac két qua, tit ca cac chung dugc dua vao v6i bién thé
GltA K415H thé hién ting lén trong kha nang san sinh O-axetyl-L-homoserin so v6i

chung bb me trong dé bién thé khong duoc dua vao.

ATCC13032 ANCg12335::PCJ7-yjeH(eco,F35IL) gltA(K415H) duoc dat tén la
CMO04-1006 va duge ndp lwu ching & Trung tim nudi cdy vi sinh vt Han Qubc (KCCM)
theo Hiép wdc Budapest vao ngay 21 thang 10 ndm 2020 dugc cip sb luu chung
KCCM12809P.

Dua trén phin mé ta & trén, nhitng ngudi ¢ hieu biét trung binh trong cing linh
vuc k¥ thuét s€ co thé hidu rang sang ché co thé dugc thuc hién dudi cac hinh thuc cu
thé khac ma khong thay d6i nguyén ly k¥ thuat hodc cac dac diém co ban cua séng ché.
V& van dé nay, c4c phuong an vi du duoc bdc 10 & day chi nhim muc dich minh hoa ma
khong giéi han pham vi bao hd cua sang ché. Nguoc lai, sang ché khong chi bao gbm
c4c phuong 4n vi dy ma con cac phuong an thay thé, bién ddi, tuong duong va céc
phuong an khac c6 thé déu thuoc nguyén 1y va pham vi bao h cua sang ché duogc xac

dinh bdi céc yéu cau bao hd kém theo.
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YEU CAU BAO HOQ
1. Bién thé synthaza xitrat trong do lysin 1a axit amin twong Gmg vé&i vi tri 415 cua trinh
t axit amin ¢6 ma nhan biét SEQ ID NO: 1 dugc thay thé bang histidin.

» Bién thé theo diém 1, trong d6 bién thé c6 su tuong dong trinh tw 80% hodc nhiéu

hon so véi trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 1.

3. Bién thé theo diém 1, trong do bién thé bao gdm polypeptit dugc thé hién bai trinh tu
axit amin ¢6 ma nhan biét SEQ ID NO: 3.

4. Bién thé theo diém 1, trong d6 bién thé bao gém polypeptit dugc thé hién boi trinh tu

axit amin ¢6 cong thic chung 1 dudi day:
cong thuc chung 1

X;N HGGDATXoFMN KVKNKEDGVR LMGFGHRVYK NYDPRAAIVK
ETAHEILEHL GGDDLLDLAI KLEEIALADD X5FISRKLYPN VDFYTGLIYR
AMGFPTDFFT VLFAIGRLPG WIAHYREQLG AAGNH (SEQ ID NO: 51);

trong d6 trong cong thirc chung 1,
X la asparagin hodc serin;
X, 14 alanin ho#c axit glutamic; va
X3 4 tyrosin hodc xystein.

5. Bién thé theo diém 1, trong d6 bién thé co6 su tuong dong trinh ty 90% hodc nhiéu
hon so véi trinh tu axit amin ¢6 cdc ma nhén biét SEQ ID NO: 8, SEQ ID NO: 10, hoac
SEQ ID NO: 12.

6. Polynucleotit ma héa bién thé theo diém bét ky tur 1 dén 5.

7. Vi sinh vat thudc chi Corynebacterium chira bién thé synthaza xitrat trong d6 lysin la
axit amin twong ung vai vi tri 415 cua trinh tu axit amin ¢4 ma nhén biét SEQ ID NO: 1

duoc thay thé bang histidin, hodc polynucleotit ma hoéa bién thé.
8. Vi sinh vét theo diém 7, trong do6 vi sinh vat c6 kha nang san sinh L-valin hoac O-
axetyl-L-homoserin.

9. Vi sinh vt theo diém 7, trong d6 vi sinh vat la Corynebacterium glutamicum.

10. Phuong phap san xuét cac L-axit amin bao gbém: nudi cdy vi sinh vat thudc chi
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Corynebacterium chira bién thé synthaza xitrat trong d6 lysin la axit amin tuong ung
v6i vi trf 415 cua trinh ty axit amin ¢ mé nhan biét SEQ ID NO: 1 dugc thay thé bang
histidin, hodc polynucleotit ma hoa bién thé trong mdi truong nudi chy.

11. Phuong phép theo didm 10, trong d6 phuong phap nay con bao gbm thu hdi cac L-
axit amin tir moi trudng hodc vi sinh vat dugc nuoi céy.

12. Phuong phap theo didm 10, trong d6 L-axit amin la L-valin, O-axetyl-L-homoserin,
hodc L-methionin.

13. Ché phém dé san xudt cac L-axit amin bao g@)m: vi sinh vat thudc chi
Corynebacterium chita bién thé synthaza xitrat trong d6 lysin 1a axit amin tuong ung
V6i vi tri 415 ciia trinh ty axit amin c6 ma nhan biét SEQ ID NO: 1 dugc thay thé bang
histidin, hoc polynucleotit ma hoa bién thé; moi truong trong do vi sinh vt dugc phét
trién; hodc su két hop cua chung.

14. Ché phém theo diém 13, trong d6 L-axit amin la L-valin, O-axetyl-L-homoserin,

hodc L-methionin.
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DANH MUC TRINH TU

<110> CJ CheilJedang Corporation

<120> BIEN THE SYNTHAZA XITRAT, POLYNUCLEOTIT MA HOA BIEN THE NAY, VI
SINH VAT CHOA BIEN THE NAY, VA PHUONG PHAP VA CHE PHAM SA

AMIN SU DUNG VI SINH VAT NAY
<130>  OPA21402

<150> KR 10-2021-0031641
<151> 2021-03-10

<160> 51

<170> KoPatentIn 3.0
<210> 1

<211> 437

<212> PRT

<213> Chua biét

<220>
<223> ATCC 14067 GltA AA

<400> 1
Met Phe Glu Arg Asp Ile Val Ala Thr Asp Asn Asn
1 5 10

His Tyr Pro Gly Gly Glu Phe Glu Met Asp Ile Ile
20 25 30

Gly Asn Asn Gly Val Val Leu Gly Lys Met Leu Ser
35 40 45

Tle Thr Phe Asp Pro Gly Tyr Val Ser Thr Gly Ser
50 55 60

Ile Thr Tyr Ile Asp Gly Asp Ala Gly Ile Leu Arg
65 70 75

Asp Ile Ala Asp Leu Ala Glu Asn Ala Thr Phe Asn
85 90

Leu Leu Ile Asn Gly Glu Leu Pro Thr Pro ASp Glu
100 105 110

Asn Asp Glu Ile Arg His His Thr Leu Leu Asp Glu
115 120 125

Gln Phe Asn Val Phe Pro Arg Asp Ala His Pro Met
130 135 140

Ser Ser Val Asn Ile Leu Ser Thr Tyr Tyr Gln Asp
145 150 155

Leu Asp Glu Ala Gln Leu Asp LyS Ala Thr Val Arg
165 170

Val Pro Met Leu Ala Ala Tyr Ala His Arg Ala Arg

37

Lys

15

Glu

Glu

Thr

Tyr

Glu

95

Leu

Asp

Ala

Gln

Leu

175

Lys

Ala

Ala

Thr

Glu

Arg

80

Val

His

Phe

Thr

Leu

160

Met

Gly

Val

Ser

Gly

Ser

Gly

Ser

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Glu

Leu

Lys

Tyr

Tyr

Phe

Ser

Ala

Pro

Lys

Pro
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180

Tyr Met Tyr Pro Asp Asn
195

Met Met Phe Gly Tyr Pro
210 215

vVal Lys Ala Leu Asp Lys
225 230

Asn Cys Ser Thr Ser Thr
245

Met Phe Val Ser Ile Ala
260

His Gly Gly Ala Asn Gln
275

Asn Asn His Gly Gly Asp
290 295

Lys Glu Asp Gly Val Arg
305 310

Asn Tyr Asp Pro Arg Ala
325

Leu Glu His Leu Gly Gly
340

Glu Glu Ile Ala Leu Ala
355

Ser

200

Thr

Leu

Val

50990

185

190

Leu Asn Ala Arg Glu

205

Glu Pro Tyr Glu Ile

220

Leu Ile Leu His Ala

235

Arg Met Ile Gly Ser

250

Gly Gly Ile Asn Ala Leu

Ala

280

Ala

Leu

Ala

265

270

Val Leu Glu Met Leu

285

Thr Ala Phe Met Asn

300

Met Gly Phe Gly His

315

Ile Val Lys Glu Thr

330

Asp Asp Leu Leu Asp Leu

345

350

Asp Asp Tyr Phe Ile Ser

360

365

Pro Asn Val Asp Phe Tyr Thr Gly Leu Ile Tyr Arg

370 375

380

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala Ile Gly

385 390

395

Trp Ile Ala His Tyr Arg Glu Gln Leu Gly Ala Ala

405

410

Asn Arg Pro Arg Gln Val Tyr Thr Gly Asn Glu Ser

420

Pro Arg Glu Glu Arg
435

<210> 2

<211> 1314
<212> ADN

<213> Chua biét

<220>
<223> ATCC 14067 GltA

<400> 2

NT

425

38

430

Asn Phe

Asp Pro

Asp His

240

Ala Gln
255

Ser Gly

Glu Asp

Lys Val

Arg Val
320

Ala His
335

Ala Ile

Arg Lys

Ala Met

Arg Leu
400

Gly Asn
415

Arg Lys

Leu

Ile

Glu

Ala

Pro

Ile

Lys

Tyr

Glu

Lys

Leu

Gly

Pro

Lys

Leu

Arg

Met

Gln

Asn

Leu

Lys

Asn

Lys

Ile

Leu

Tyr

Phe

Gly

Ile

Val

38/70



atgtttgaaa
ggcgagttcg
aagatgctgt
accgagtcga
gacatcgctg
ggtgagctac
cttctggacg
gcaaccttgg
ctcgatgagg
gctgcgtacg
aacgcgcgtg
gacccaatca
aactgctcca
atcgctggtyg
ctggagatgc
aaggtcaaga
aattacgatc
ggtggcgacg
tacttcatct
gcaatgggct
tggatcgctce
caggtctaca
<210> 3
<211>
<212>
<213>
<220>

<223>

<400> 3

Phe Ile Ser Arg Lys Leu Tyr Pro As
10

1

Tle Tyr Arg Ala Met Gly Phe Pro Thr Asp Phe P
20

54
PRT
Chua biét

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta
atctggctga
caaccccaga
aggacttcaa
cttcctcggt
cacagcttga
cacaccgcgc
agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagcet
tcccaactga
actaccgcga

ccggcaacga

5

50990

ggctactgat
catcgaggct
actgatcact
catcgatggc
gaatgccacc
tgagcttcac
gtcccagttce
taacattttg
taaggcaacc
acgcaagggt
gcgcatgatg
tctggacaag
tcgtatgatc
tctgtccgge
caagaacaac
cggcgtccgce
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

25

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa
ttcaacgagg
aagtttaacg
aacgtgttcc
tctacctact
gttcgcectca
gctccttaca
ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggcyg
ctcatgggct
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttcctc

ATCC 14067 GLltA K415H 362~415 AA

39

ctgtcctgca
acaacggtgt
gttatgtgag
tcctgcgtta
tttcttacct
acgagattcg
cacgcgacgc
accaggatca
tggcaaaggt
tgtacccaga
caactgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccgc
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

acaagatcaa

gcgaggagcg

15

30

ctaccceggt
tgtcctgggce
cactggctcc
ccgcggctat
acttatcaac
ccaccacacc
tcacccaatg
gctgaaccca
tccaatgctyg
caactccctc
atacgagatc
ccacgagcag
gtttgtctcc
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcaccte
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

n Val Asp Phe Tyr Thr Gly Leu

he Thr Val Leu Phe

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314
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Ala Ile Gly Arg Leu Pro Gly Trp Tle Ala His Tyr Arg Glu Gln Leu

Gly

35

Ala Ala Gly Asn His
50

<210> 4
<211> 437
<212> PRT

<213>

Chua biét

<220>

<223>

<400> 4

Met

1

His

Gly

Ile

Ile

65

Asp

Leu

Asn

Gln

Ser

145

Leu

Val

Tyr

Met

Val
225

130

210

Phe Glu Arg Asp Ile
5

Tyr Pro Gly Gly Glu
20

Asn Asn Gly Val Val
35

Thr Phe Asp Pro Gly
50 55

Thr Tyr Ile Asp Gly
70

Ile Ala Asp Leu Ala
85

Leu Ile Asn Gly Glu
100

Asp Glu Ile Arg His
115

Phe Asn Val Phe Pro
Ser Val Asn Ile Leu
150

Asp Glu Ala Gln Leu
165

Pro Met Leu Ala Ala
180

Met Tyr Pro Asp Asn
195

Met Phe Gly Tyr Pro

Lys Ala Leu Asp Lys
230

135

215

40

ATCC 13032 GltA AA

vVal

Phe

Leu

40

Tyr

Asp

Glu

Leu Pro Thr Pro Asp Glu
105

His Thr Leu Leu Asp Glu

120

Arg Asp Ala His Pro Met

Ser Thr Tyr Tyr Gln Asp
155

Asp Lys Ala Thr Val Arg

Tyr Ala His Arg Ala Arg
185

Ser
200

Thr

Leu

Ala Thr
10

Glu Met
25

Gly Lys

Val Ser

Ala Gly Ile Leu Arg

Asn Ala Thr Phe Asn

90

170

Leu Asn Ala Arg Glu

Glu Pro Tyr Glu Ile

Leu Ile Leu His Ala
235

Asp Asn Asn

Asp Ile Ile

Met Leu Ser

Thr Gly Ser

75

40

60

140

220

45

45

125

205

30

110

190

Lys Ala
15

Glu Ala

Glu Thr

Thr Glu

Tyr Arg

80

Glu Val
95

Leu His

Asp Phe

Ala Thr

Gln Leu

160

Leu Met
175

Lys Gly
Asn Phe

Asp Pro

Asp His
240

Val

Ser

Gly

Ser

Gly

Ser

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Leu

Glu

Leu

Lys

Tyr

Tyr

Phe

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln
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Asn Cys Ser Thr Ser

Met Phe Val Ser Ile

His Gly Gly Ala Asn

275

Ser Asn Hi
290

Lys
305

Asn

Leu

Glu
355

Pro Asn Val Asp Phe Tyr Thr

370

Pro Thr Asp Phe Phe Thr Val

385

Trp Ile Ala His Tyr Arg Glu

Asn Arg Pro Arg Gln Val Tyr Thr Gly Asn Glu Ser

245

260

s Gly Gly

Asp Ala

50990

Thr Val Arg Met

Ile Gly

250

Ala Gly Gly Ile

265

Gln Ala Val Leu

280

295

Glu Asp Gly Val Arg Leu

310

Tyr Asp Pro Arg Ala Ala

325

340

Glu Ile Ala Leu Ala Asp

Thr Glu

Met Gly Phe

Ile Val Lys

Asn Ala
Glu Met
285

Phe Met
300

Gly
315

Glu

330

Glu His Leu Gly Gly Asp Asp Leu Leu

345

360

375

390

405

420

Pro Arg Glu Glu Arg

435

<210> 5
<211>
<212>
<213>
<220>
<223>

<400> 5
atgtttgaaa

ggcgagttcg
aagatgctgt
accgagtcga

gacatcgctg

1314
ADN
Chua biét

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta

atctggctga

Asp Tyr Phe

Asp

Ile
365

Gly Leu Ile Tyr Arg

380

Leu Phe Ala Ile Gly

395

Gln Leu Gly Ala Ala

410

425

ATCC13032 GltA NT

ggctactgat
catcgaggct
actgatcact
catcgatggc

gaatgccacc

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa

ttcaacgagg

41

Ala
255

Ser Gln

Leu Ser Gly

270
Glu

Leu Asp

Asn Lys Val

Val
320

His Arg

Ala His

335

Thr

Leu Ala Ile

350
Ser

Arg Lys

Ala Met

Leu
400

Arg

Gly Asn

415

Arg Lys

430

ctgtcctgca
acaacggtgt
gttatgtgag
tcctgcegtta

tttcttacct

Ala Asn

Pro Leu

Ile Lys

Lys Asn

Tyr Lys

Glu Ile

Lys Leu

Leu Tyr

Gly Phe

Pro Gly

Lys Ile

Leu Val

ctacccecggt
tgtcctgggc
cactggctcc
ccgcggcectat

acttatcaac

60

120

180

240

300
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ggtgagctac
cttctggacg
gcaaccttgg
ctcgatgagg
gctgcgtacg
aatgcgcgtyg
gacccaatca
aactgctcca
atcgctggtg
ctggagatgc
aaggtcaaga
aactacgatc
ggtggcgacyg
tacttcatct
gcaatgggct
tggatcgctc
caggtctaca
<210> 6
<211>
<212>
<213>
<220>

<223>

<400> 6

caaccccaga
aggacttcaa
cttcctcecggt
cacagcttga
cacaccgcgce
agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagcet
tcccaactga
actaccgcga

ccggcaacga

437
PRT
Chua biét

50990

tgagcttcac
gtcccagttc
taacattttg
taaggcaacc
acgcaagggt
gcgcatgatg
tctggacaag
tcgtatgatc
tctgtccgge
caagagcaac
cggcgtccgce
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

ATCC13869 GltA AA

aagtttaacg
aacgtgttcc
tctacctact
gttcgcctca
gctccttaca
ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggcg
ctcatgggct
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttcctc

acgagattcg
cacgcgacgc
accaggacca
tggcaaaggt
tgtacccaga
caaccgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccga
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

acaagatcaa

gcgaggagceg

Ala

ccaccacacc
tcacccaatg
gctgaaccca
tccaatgctg
caactccctc
atacgagatc
ccacgagcag
gtttgtctcce
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcacctc
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

Val Leu

Met Phe Glu Arg Asp Ile Val

1
His

Gly

Ile

Ile

65

Asp

5

Tyr Pro Gly Gly Glu
20

Asn Asn Gly Val Val
35

Thr Phe Asp Pro Gly
50 55

Thr Tyr Ile Asp Gly
70

Tle Ala Asp Leu Ala

Phe

Leu
40

Tyr

Asp

Glu

Ala Thr
10

Asp Asn Asn

Glu Met
25

Asp Ile Ile
30

Met Leu Ser
45

Gly Lys

Val Ser Thr Gly Ser

60

Ala Gly Ile Leu Arg
75

Asn Ala Thr Phe Asn

42

Lys

15

Glu

Glu

Thr

Tyr

Glu

Ala

Thr

Glu

Arg

80

Val

Ser

Gly

Ser

Gly

Ser

Glu

Leu

Lys

Tyr

Tyr

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314

42/70



85

50990

90

Teu Leu Ile Asn Gly Glu Leu Pro Thr Pro Asp Glu

100

105 110

Asn Asp Glu Ile Arg His His Thr Leu Leu Asp Glu

115

120 125

Gln Phe Asn Val Phe Pro Arg Asp Ala His Pro Met

130

135 140

Ser Ser Val Asn Ile Leu Ser Thr Tyr Tyr Gln Asp

145

150 155

Leu Asp Glu Ala Gln Leu Asp Lys Ala Thr Val Arg

165

170

val Pro Met Leu Ala Ala Tyr Ala His Arg Ala Arg

180

185 190

Tyr Met Tyr Pro Asp Asn Ser Leu Asn Ala Arg Glu

195

200 205

Met Met Phe Gly Tyr Pro Thr Glu Pro Tyr Glu Ile

210

215 220

val Lys Ala Leu Asp Lys Leu Leu Ile Leu His Ala

225

230 235

Asn Cys Ser Thr Ser Thr Val Arg Met Ile Gly Ser

245

250

Met Phe Val Ser Ile Ala Gly Gly Ile Asn Ala Leu

260

265 270

His Gly Gly Ala Asn Gln Ala val Leu Glu Met Leu

275

280 285

Asn Asn His Gly Gly Asp Ala Thr Ala Phe Met Asn

290

295 300

Lys Glu Asp Gly Val Arg Leu Met Gly Phe Gly His

305

310 315

Asn Tyr Asp Pro Arg Ala Ala Ile Val Lys Glu Thr

325

330

Leu Glu His Leu Gly Gly Asp Asp Leu Leu Asp Leu

340

345 350

Glu Glu Ile Ala Leu Ala Asp Asp Cys Phe Ile Ser

355

360 365

Pro Asn Val Asp Phe Tyr Thr Gly Leu Ile Tyr Arg

370

375 380

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala Ile Gly

385

390 395

Trp Ile Ala His Tyr Arg Glu Gln Leu Gly Ala Ala

405

410

43

95

Leu His

Asp Phe

Ala Thr

Gln Leu
160

Leu Met
175

Lys Gly

Asn Phe

Asp Pro

Asp His

240

Ala Gln
255

Ser Gly

Glu Asp

Lys Val

Arg Val
320

Ala His
335

Ala Ile

Arg Lys

Ala Met

Arg Leu

400

Gly Asn
415

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Ile

Lys

Tyr

Glu

Lys

Leu

Gly

Pro

Lys

Phe

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

Lys

Asn

Lys

Ile

Leu

Tyr

Phe

Gly

Ile

43/70



50990

Asn Arg Pro Arg Gln Val Tyr Thr Gly Lys Glu Ser Arg Lys Leu Val

420

Pro Arg Glu Glu Arg

435

<210> 7
<211>
<212>
<213>
<220>
<223>
<400> 7
atgtttgaaa
ggcgagttcg
aagatgctgt
accgagtcga
gacatcgctg
ggtgagctac
cttctggacg
gcaaccttgg
ctcgatgagg
gctgcgtacg
aacgcgcgtyg
gacccaatca
aactgctcca
atcgctggtg
ctggagatgc
aaggtcaaga
aactacgatc
ggtggcgacyg
tgcttcatct
gcaatgggct

tggatcgctc

caggtctaca

1314
ADN
Chua biét

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta
atctggctga
caaccccaga
aggacttcaa
cttcctcggt
cacagcttga
cacaccgcgc
agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagcet
tcccaactga

actaccgcga

ccggcaagga

425

ATCC13869 GltA NT

ggctactgat
catcgaggct
actgatcact
catcgatggc
gaatgccacc
tgagcttcac
gtcccagttc
taacattttg
taaggcaacc
acgcaagggt
gcgcatgatg
tctggacaag
tcgtatgatce
tctgtccggc
caagaacaac
cggcgtccgce
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa
ttcaacgagg
aagtttaacg
aacgtgttcc
tctacctact
gttcgcctca
gctccttaca
ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggceg
ctcatgggct
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttcctce

44

430

ctgtcctgcea
acaacggtgt
gttatgtgag
tcctgecgtta
tttcttacct
acgagattcg
cacgcgacgc
accaggatca
tggcaaaggt
tgtacccaga
caaccgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccgc
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

acaagatcaa

gcgaggagcg

ctaccccggt
tgtcctgggce
cactggctcc
ccgcggctat
acttatcaac
ccaccacacc
tcacccaatg
gctgaaccca
tccaatgctg
caactccctce
atacgagatc
ccacgagcag
gtttgtctcc
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcacctce
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314

44/70



50990

<210> 38

<211> 437

<212> PRT

<213> Trinh tu nhdn tao

<220>
<223> ATCC 14067 GltA K415H AA

<400> 3

Met

1

His

Gly

Ile

Ile

65

Asp

Leu

Asn

Gln

Ser

145

Leu

Val

Tyr

Met

Val

225

Asn

Met

Phe Glu Arg Asp Ile Val Ala Thr Asp Asn Asn
5 10

Tyr Pro Gly Gly Glu Phe Glu Met Asp Ile Ile
20 25 30

Asn Asn Gly Val Val Leu Gly Lys Met Leu Ser
35 40 45

Thr Phe Asp Pro Gly Tyr Val Ser Thr Gly Ser
50 55 60

Thr Tyr Ile Asp Gly Asp Ala Gly Ile Leu Arg
70 75

Ile Ala Asp Leu Ala Glu Asn Ala Thr Phe Asn
85 90

Leu Ile Asn Gly Glu Leu Pro Thr Pro ASp Glu
100 105 110

Asp Glu Ile Arg His His Thr Leu Leu Asp Glu
115 120 125

Phe Asn Val Phe Pro Arg Asp Ala His Pro Met

130 135 140

Ser vVal Asn Ile Leu Ser Thr Tyr Tyr Gln Asp
150 155

Asp Glu Ala Gln Leu Asp Lys Ala Thr Val Arg
165 170

Pro Met Leu Ala Ala Tyr Ala His Arg Ala Arg
180 185 190

Met Tyr Pro Asp Asn Ser Leu Asn Ala Arg Glu
195 200 205

Met Phe Gly Tyr Pro Thr Glu Pro Tyr Glu Ile

210 215 220

Lys Ala Leu Asp Lys Leu Leu Ile Leu His Ala
230 235

Cys Ser Thr Ser Thr Val Arg Met Ile Gly Ser
245 250

Lys

15

Glu

Glu

Thr

Tyr

Glu

95

Leu

Asp

Ala

Gln

Leu

175

Lys

Asn

Asp

Asp

Ala
255

Ala

Ala

Thr

Glu

Arg

80

Val

His

Phe

Thr

Leu

160

Met

Gly

Phe

Pro

His

240

Gln

Phe Val Ser Ile Ala Gly Gly Ile Asn Ala Leu Ser Gly

45

Val

Ser

Gly

Ser

Gly

Ser

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Leu

Glu

Leu

Lys

Tyr

Tyr

Phe

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

45/70



His Gly Gly Ala Asn Gln Ala Val Leu Glu Met Leu

275

Asn Asn

290
Lys Glu
305

Asn Tyr

Leu Glu

Glu
355

Pro Asn Val Asp Phe Tyr Thr

370

Pro Thr Asp Phe Phe Thr Val

385

Trp Ile Ala His Tyr Arg Glu

260

His Gly Gly Asp Ala

50990

265

280

295

Asp Gly Val Arg Leu

310

Asp Pro Arg Ala Ala

325

340

Glu Ile Ala Leu Ala Asp

285

Thr Ala Phe Met Asn

300

Met Gly Phe Gly His

315

Ile Val Lys Glu Thr

330

345

360

375

390

405

His Leu Gly Gly Asp Asp Leu Leu Asp Leu

Asp Tyr Phe Ile Ser

365

Gly Leu Ile Tyr Arg

380

Leu Phe Ala Ile Gly

395

Gln Leu Gly Ala Ala

410

270

Glu Asp

Lys Val

Arg Val

320

Ala His
335

Ala Ile
350

Arg Lys

Ala Met

Arg Leu
400

Gly Asn
415

Asn Arg Pro Arg Gln Val Tyr Thr Gly Asn Glu Ser Arg Lys

420

Pro Arg Glu Glu Arg

435

<210> 9
<211>
<212>
<213>
<220>
<223>
<400> 9
atgtttgaaa
ggcgagttcg
aagatgctgt
accgagtcga
gacatcgctg
ggtgagctac

cttctggacg

gcaaccttgg

1314
ADN
Trinh tyw nhé&n tao

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta
atctggctga
caaccccaga
aggacttcaa

cttcctcggt

425

ATCC 14067 GltA K415H NT

ggctactgat
catcgaggct
actgatcact
catcgatggc
gaatgccacc
tgagcttcac
gtcccagttc

taacattttg

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa
ttcaacgagg
aagtttaacg
aacgtgttcc

tctacctact

46

430

ctgtcctgca
acaacggtgt
gttatgtgag
tcctgegtta
tttcttacct
acgagattcg
cacgcgacgc

accaggatca

Ile Lys

Lys Asn

Tyr Lys

Glu Ile

Lys Leu

Leu Tyr

Gly Phe

Pro Gly

His Ile

Leu Val

ctaccccggt
tgtcctgggce
cactggctcc
ccgcggctat
acttatcaac
ccaccacacc
tcacccaatg

gctgaaccca

60

120

180

240

300

360

420

480

46/70



ctcgatgagg
gctgcgtacg
aacgcgcgtg
gacccaatca
aactgctcca
atcgctggtg
ctggagatgc
aaggtcaaga
aattacgatc
ggtggcgacy
tacttcatct
gcaatgggct
tggatcgctc
caggtctaca
<210>
<211>

<212>
<213>

10

<220>

<223>

<400>
Met

10

cacagcttga
cacaccgcgce
agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagcet
tcccaactga
actaccgcga

ccggcaacga

437
PRT
Trinh tu nhén

50990

taaggcaacc
acgcaagggt
gcgcatgatg
tctggacaag
tcgtatgatc
tctgtccggce
caagaacaac
cggcgtccge
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

tao

ATCC13032 GltA K415H AA

Val

gttcgcctca
gctccttaca
ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggcg
ctcatgggcet
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttccte

tggcaaaggt
tgtacccaga
caactgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccgc
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

accacatcaa

gcgaggagcg

Lys Ala

1
His

Gly

Ile

Ile

65

Asp

Leu

Phe Glu Arg Asp Ile
5

Tyr Pro Gly Gly Glu
20

Asn Asn Gly Val Val
35

Thr Phe Asp Pro Gly
50 55

Thr Tyr Ile Asp Gly
70

Tle Ala Asp Leu Ala
85

Leu Ile Asn Gly Glu
100

Ala Thr Asp Asn Asn

10 15

Glu Ala

Phe Glu Met Asp Ile Ile

25 30
Thr

Leu Glu

40

Gly Lys Met Leu Ser
45
Thr

Val Ser Thr Gly Ser Glu

60

Tyr

Ala Gly Ile Leu Arg
75

Tyr Arg

80

Asp

Glu Val

95

Asn Ala Thr Phe Asn
90

Glu

Leu Pro Thr Pro Asp Glu Leu His

105 110

47

tccaatgctyg
caactccctce
atacgagatc
ccacgagcag
gtttgtctce
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcacctc
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

Val Leu

Ser Glu
Gly Leu
Ser Lys
Gly Tyr
Ser

Tyr

Lys Phe

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314

47/70



50990

Asn Asp Glu Ile Arg His His Thr Leu Leu Asp Glu

115 120

125

Gln Phe Asn Val Phe Pro Arg Asp Ala His Pro

130 135 140

Ser Ser Val Asn Ile Leu Ser Thr Tyr Tyr Gln

145 150 155

Leu Asp Glu Ala Gln Leu Asp LYS Ala Thr Val

165 170

val Pro Met Leu Ala Ala Tyr Ala His Arg Ala

180 185

Met

Asp

Arg

Arg
190

Tyr Met Tyr Pro Asp Asn Ser Leu Asn Ala Arg Glu

195 200

205

Met Met Phe Gly Tyr Pro Thr Glu Pro Tyr Glu

210 215 220

val Lys Ala Leu Asp Lys Leu Leu Ile Leu His

225 230 235

Asn Cys Ser Thr Ser Thr Val Arg Met Ile Gly

245 250

Met Phe Val Ser Ile Ala Gly Gly Ile Asn Ala

260 265

Ile

Ala

Ser

Leu
270

His Gly Gly Ala Asn Gln Ala Val Leu Glu Met Leu

275 280

285

Ser Asn His Gly Gly Asp Ala Thr Glu Phe Met Asn

290 295 300

Lys Glu Asp Gly Val Arg Leu Met Gly Phe Gly His

305 310 315

Asn Tyr Asp Pro Arg Ala Ala Ile Val Lys Glu Thr

325 330

Leu Glu His Leu Gly Gly Asp Asp Leu Leu Asp Leu

340 345

350

Glu Glu Ile Ala Leu Ala Asp Asp Tyr Phe Ile Ser

355 360

365

Pro Asn Val Asp Phe Tyr Thr Gly Leu Ile Tyr Arg

370 375 380

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala Ile Gly

385 390 395

Trp Ile Ala His Tyr Arg Glu Gln Leu Gly Ala Ala

405 410

Asn Arg Pro Arg Gln Val Tyr Thr Gly Asn Glu Ser

420 425

Pro Arg Glu Glu Arg

48

430

Asp Phe

Ala Thr

Gln Leu
160

Leu Met
175

Lys Gly

Asn Phe

Asp Pro

Asp His

240

Ala Gln
255

Ser Gly

Glu Asp

Lys Val

Arg Val
320

Ala His
335

Ala Ile

Arg Lys

Ala Met

Arg Leu
400

Gly Asn
415

Arg Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Ile

Lys

Tyr

Glu

Lys

Leu

Gly

Pro

His

Leu

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

Lys

Asn

Lys

Ile

Leu

Tyr

Phe

Gly

Ile

Val

48/70



435

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

11

<220>
<223>

<400> 11
atgtttgaaa
ggcgagtteg
aagatgctgt
accgagtcga
gacatcgctg
ggtgagctac
cttctggacg
gcaaccttgg
ctcgatgagg
gctgcgtacg
aatgcgcgtyg
gacccaatca
aactgctcca
atcgctggtyg
ctggagatgc
aaggtcaaga
aactacgatc
ggtggcgacyg
tacttcatct
gcaatgggct
tggatcgctc

caggtctaca

<210> 12
<211>

<212>

1314
ADN
Trinh tu nhan tao

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta
atctggctga
caaccccaga
aggacttcaa
cttcctceggt
cacagcttga
cacaccgcgc
agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagcet
tcccaactga
actaccgcga

ccggcaacga

437
PRT

50990

ATCC13032 GltA K415H NT

ggctactgat
catcgaggct
actgatcact
catcgatggc
gaatgccacc
tgagcttcac
gtcccagttc
taacattttg
taaggcaacc
acgcaagggt
gcgcatgatg
tctggacaag
tcgtatgate
tctgtccgge
caagagcaac
cggcgtccgce
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa
ttcaacgagg
aagtttaacg
aacgtgttcc
tctacctact
gttcgcctceca
gctccttaca
ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggcg
ctcatgggct
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttcctce

49

ctgtcctgca
acaacggtgt
gttatgtgag
tcctgcgtta
tttcttacct
acgagattcg
cacgcgacgce
accaggacca
tggcaaaggt
tgtacccaga
caaccgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccga
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

accacatcaa

gcgaggagceg

ctaccccggt
tgtcctgggce
cactggctcc
ccgcggctat
acttatcaac
ccaccacacc
tcacccaatg
gctgaaccca
tccaatgctg
caactccctc
atacgagatc
ccacgagcag
gtttgtctcc
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcacctc
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314
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50990

Asp Asn Asn

Asp Ile Ile

30

Met Leu Ser

45

Thr Gly Ser

60

Ala Gly Ile Leu Arg

75

Asn Ala Thr Phe Asn

Leu Pro Thr Pro Asp Glu

<213> Trinh tu nhé&n tao
<220>
<223> ATCC13869 GltA K415H AA
<400> 12
Met Phe Glu Arg Asp Ile Val Ala Thr
1 5 10
His Tyr Pro Gly Gly Glu Phe Glu Met
20 25
Gly Asn Asn Gly Val Val Leu Gly Lys
35 40
Tle Thr Phe Asp Pro Gly Tyr Val Ser
50 55
Ile Thr Tyr Ile Asp Gly Asp
65 70
Asp Ile Ala Asp Leu Ala Glu
85 90
Leu Leu Ile Asn Gly Glu
100 105
Asn Asp Glu Ile Arg His

115

110

His Thr Leu Leu Asp Glu

120

125

Gln Phe Asn Val Phe Pro Arg Asp Ala His Pro Met

130

135

140

Ser Ser Val Asn Ile Leu Ser Thr Tyr Tyr Gln Asp

145

150

155

Leu Asp Glu Ala Gln Leu Asp Lys Ala Thr Val Arg

165

170

val Pro Met Leu Ala Ala Tyr Ala His Arg Ala Arg

180

Tyr Met Tyr Pro Asp Asn Ser

195

200

Met Met Phe Gly Tyr Pro Thr

210

215

val Lys Ala Leu Asp Lys Leu

225

Asn

Met

His

230

Cys Ser Thr Ser Thr
245

Val

185

190

Leu Asn Ala Arg Glu

205

Glu Pro Tyr Glu Ile

220

Leu Ile Leu His Ala

235

Arg Met Ile Gly Ser

250

Phe Val Ser Ile Ala Gly Gly Ile Asn Ala Leu

260

265

270

Gly Gly Ala Asn Gln Ala Val Leu Glu Met Leu

275

280

50

285

Lys

15

Glu

Glu

Thr

Tyr

Glu

95

Leu

Asp

Ala

Gln

Leu

175

Lys

Asn

Asp

Asp

Ala

255

Ser

Glu

Ala

Ala

Thr

Glu

Arg

80

Val

His

Phe

Thr

Leu

160

Met

Gly

Phe

Pro

His

240

Gln

Gly

Asp

Val

Ser

Gly

Ser

Gly

Ser

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Ile

Leu

Glu

Leu

Lys

Tyr

Tyr

Phe

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

Lys
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Asn Asn

290
Lys Glu
305

Asn Tyr

Leu Glu

3

Glu Ile
355

Glu
Pro Asn Val
370

Pro Thr Asp
385

Trp Ile Ala

50990

295

Asp Gly Val Arg

310

Asp Pro Arg Ala

325

His Leu Gly Gly

40

Ala Leu Ala

Asp Phe Tyr Thr

300

315

330

345

Asp
360

375

Phe Phe Thr Val

390

His Tyr Arg Glu

405

380

395

410

His Gly Gly Asp Ala Thr Ala Phe Met Asn Lys Val

Leu Met Gly Phe Gly His Arg Val

320

Ala Ile Val Lys Glu Thr Ala His

335

Asp Asp Leu Leu Asp Leu Ala Ile

350

Asp Cys Phe Ile Ser Arg Lys
365

Gly Leu Ile Tyr Arg Ala Met

Leu Phe Ala Ile Gly Arg Leu

400

Gln Leu Gly Ala Ala Gly Asn

415

Asn Arg Pro Arg Gln Val Tyr Thr Gly Lys Glu Ser Arg Lys

4

Pro Arg Glu
435

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

13

<220>
<223>

<400> 13
atgtttgaaa
ggcgagttcg
aagatgctgt
accgagtcga
gacatcgctg
ggtgagctac
cttctggacg
gcaaccttgg
ctcgatgagg

gctgcgtacg

20

Glu Arg

1314
ADN
Trinh ty nhé&n tao

gggatatcgt
aaatggacat
ctgagactgg
agatcaccta
atctggctga
caaccccaga
aggacttcaa
cttccteggt
cacagcttga

cacaccgcgc

425

ATCC13869 GltA K415H NT

ggctactgat
catcgaggct
actgatcact
catcgatggc
gaatgccacc
tgagcttcac
gtcccagttc
taacattttg
taaggcaacc

acgcaagggt

aacaacaagg
tctgagggta
tttgacccag
gatgcgggaa
ttcaacgagg
aagtttaacg
aacgtgttcc
tctacctact
gttcgectca

gctccttaca

51

430

ctgtcctgcea
acaacggtgt
gttatgtgag
tcctgcgtta
tttcttacct
acgagattcg
cacgcgacgc
accaggatca
tggcaaaggt

tgtacccaga

Lys Asn

Tyr Lys

Glu Ile

Lys Leu

Leu Tyr

Gly Phe

Pro Gly

His Ile

Leu Val

ctaccccggt
tgtcctgggce
cactggctcc
ccgcggcetat
acttatcaac
ccaccacacc
tcacccaatg
gctgaaccca
tccaatgctg

caactccctc

60

120

180

240

300

360

420

480

540

600
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aacgcgcgtg
gacccaatca
aactgctcca
atcgctggtyg
ctggagatgc
aaggtcaaga
aactacgatc
ggtggcgacyg
tgcttcatct
gcaatgggct
tggatcgctc
caggtctaca
<210>
<211>

<212>
<213>

14

<220>
<223>

<400> 14
gttcgcttge
ctacctgcectt
tcatccgggg
agcccttgeg
tcaggctgcg
tggcgaaagg
cacgacgttg
tcgacctgca
tgttatccgc
ggtgcctaat
tcgggaaacc
ttgcgtattg

ctgcggcgag

agaacttcct
tggtcaaggc
cctccaccgt
gcatcaacgc
tcgaagacat
acaaggaaga
cacgtgcagc
atcttctgga
cccgcaagct
tcccaactga
actaccgcga

ccggcaagga

5803
ADN
Trinh tu nhén

pDCM2

tgtccataaa
tctctttgcg
tcagcaccgt
ccctgagtgce
caactgttgg
gggatgtgcet
taaaacgacg
ggcatgcaag
tcacaattcc
gagtgagcta
tgtcgtgcca
ggcgctctte

cggtatcagc

50990

gcgcatgatg
tctggacaag
tcgtatgatc
tctgtccggce
caagaacaac
cggcgtccge
aatcgtcaag
tctggcaatc
ctacccgaac
cttcttcacc
gcagctcggt

atcccgcaag

tao

accgcccagt
cttgcgtttt
ttctgcggac
ttgcggcagce
gaagggcgat
gcaaggcgat
gccagtgaat
cttggcgtaa
acacaacata
actcacatta
gctgcattaa
cgcttccteg

tcactcaaag

ttcggttacc
ctgctcatcc
ggttccgcac
ccactgcacg
cacggtggceg
ctcatgggct
gagaccgcac
aagctggaag
gtagacttct
gtattgttcg
gcagcaggca

ttggttcctc

ctagctatcg
cccttgtcca
tggctttcta
gtgaagctag
cggtgcggge
taagttgggt
tcgagctcgg
tcatggtcat
cgagccggaa
attgcgttgc
tgaatcggcc
ctcactgact

gcggtaatac

52

caaccgagcc
tgcacgctga
aggccaacat
gtggcgcaaa
acgcaaccgc
tcggacaccg
acgagatcct
aaattgcact
acaccggcct
caatcggtcg

accacatcaa

gcgaggagcg

ccatgtaagc
gatagcccag
cgtgttccgce
cttttatcgc
ctcttcgceta
aacgccaggg
tacccgggga
agctgtttcc
gcataaagtg
gctcactgcc
aacgcgcggyg
cgctgcgcte

ggttatccac

atacgagatc
ccacgagcag
gtttgtctcc
ccaggctgtt
gttcatgaac
cgtttacaag
cgagcacctce
ggctgatgat
gatctaccgc
tctgccagga
ccgcccacgce

ctaa

ccactgcaag
tagctgacat
ttcctttagce
cattcgccat
ttacgccagc
ttttcccagt
tcctctagag
tgtgtgaaat
taaagcctgg
cgctttccag
gagaggcggt
ggtcgttcgg

agaatcaggg

660

720

780

840

900

960

1020

1080

1140

1200

1260

1314

60

120

180

240

300

360

420

480

540

600

660

720

780
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gataacgcag
gccgcgttge
cgctcaagtc
ggaagctccc
tttctccctt
gtgtaggtcg
tgcgccttat
ctggcagcag
ttcttgaagt
ctgctgaagc
accgctggta
tctcaagaag
cgttaaggga
tgggcgaaga
cagaagccac
tcacccgacg
ataaatcctyg
gacgttgatc
ggcgtatttt
acctcaaaaa
gcgccgaata
ctgttgatac
taagaggttc
tatcgagatt
ttcctgcatt
ttttccgetyg
tttttcgcac
caacggcgtc
ttcactgtcc

ccggctaccg

aggaagggca

gaaagaacat
tggcgttttt
agaggtggcg
tcgtgcgcetce
cgggaagcgt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
gcggtggttt
atcctttgat
ttttggtcat
actccagcat
tggagcacct
cactttgcgce
gtgtccctgt
ggcacgtaag
ttgagttatc
caccatcata
aatacctgtg
cgggaagccc
caactttcac
ttcaggagct
tgcctgttte
cataaccctg
gatatacagg
agccgggceadg
cttattcgca
ccggcgtaac

gcccacctat

50990

gtgagcaaaa
ccataggctc
aaacccgaca
tcctgttccg
ggcgctttct
gctgggcetgt
tcgtcttgag
caggattagc
ctacggctac
cggaaaaaga
ttttgtttge
cttttctacg
gagattatca
gagatccccg
caaaaacacc
cgaataaata
tgataccggg
aggttccaac
gagattttca
cactaaatca
acggaagatc
tgggccaact
cataatgaaa
ctttggcatc
cagtcggtag
cttcggggtc
attttgccaa
gataggtgaa
cctggcggtyg
agatgagggc

caaggtgtac

ggccagcaaa
cgccecccectg
ggactataaa
accctgccgce
caatgctcac
gtgcacgaac
tccaacccgg
agagcgaggt
actagaagga
gttggtagct
aagcagcaga
gggtctgacg
aaaaggatct
cgctggagga
atcatacact
cctgtgacgg
aagccctggg
tttcaccata
ggagctgata
gtaagttggc
acttcgcaga
tttggcgaaa
taagatcact
gtctctcgece
atattccaca
attatagcga
agggttcgtyg
gtaggcccac
ctcaacggga
aagcggatgg

tgccttccag

53

aggccaggaa
acgagcatca
gataccaggc
ttaccggata
gctgtaggta
ccceccgttca
taagacacga
atgtaggcgg
cagtatttgg
cttgatccgg
ttacgcgcag
ctcagtggaa

tcacctagat

ltcatccagcc

aaatcagtaa
aagatcactt
ccaacttttg
atgaaataag
gaaacagaag
agcatcaccc
ataaataaat
atgagacgtt
accgggcgta
tgtcccctcea
aaacagcagg
ttttttcggt
tagactttcc
ccgcgagcgg
atcctgctct
ctgatgaaac

acgaacgaag

ccgtaaaaag
caaaaatcga
gtttcceccect
cctgtccgcec
tctcagttcg
gcccgaccgce
cttatcgcca
tgctacagag
tatctgcgct
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttgggg
ctgatagaaa
gttggcagca
cgcagaataa
gcgaaaatga
atcactaccg
ccactggagc
gacgcacttt
cctggtgtcc
gatcggcacg
ttttttgagt
gttcagtaat
gaagcagcgc
atatccatcc
ttggtgtatc
gtgttcctte
gcgaggctgg
caagccaacc

agcgattgag

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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gaaaaggcgg

tacaaaatca
tccgaagccce
gggcgtcgcet
ttttatatag
ataggatatc
aggatgctgt
gcaaacgttg
acattgtttc
ggcggatcaa
gttaaagaat
gtcatttttg
ttcgcgcegtt
ttcagtgtgt
gtgcgttttt
ttgccatagt
gtgtttgcett
agcgtatggt
tacgtttttc
gagctgtctg
ttaccggaga
cctgaccatt
tctttaaaga
tagaacatgt
atgtggtagc
caaacgtcca
acttgatatt
tgggaaatgc
gttgcgceccte

tttttgatgt

cggcggecgg
cgggegtcgt
aacctttcat
tggtcggtca
ttcantatgg
ggcattttct
ctttgacaac
attgtttgtc
ctttcgcttg
gatccatttt
tagaaacata
atccgcggga
caatttcatc
aatcatcgtt
tatcgctttyg
atgctttgtt
caaatactaa
tgtcgcctga
cgtcaccgtc
atgctgatac
aatcagtgta
cttgtgtttg
cgcggccage
aaatcgatgt
cgtgatagtt
ggccttttgce
tttcattttt
cgtatgtttc
ctgccagcag

tcatcgttca

50990

catgagcctg
ggactatgag
agaaggcggc
tttcgaaaaa
gattcacctt
tttgegtttt
agatgttttc
tgcgtagaat
aggtacagcg
taacacaagg
accaagcatg
gtcagtgaac
tgttactgtg
tagctcaatc
cagaagtttt
aaataaagat
gtatttgtgg
gctgtagttg
aaagattgat
gttaacttgt
gaataaacgg
gtcttttagg
gtttttccag
gtcatccgca
tgcgacagtg
agaagagata
ttgctgttca
cttatatggc
tgcggtagta

tgtctccttt

tcggcctacc
cacgtccgcg
ggtggaatcyg
ggttaggaat
tatgttgata
tatttgttaa
ttgcctttga
cctctgtttyg
aagtgtgagt
ccagttttgt
taaatatcgt
aggtaccatt
ttagatgcaa
ataccgagag
tgactttctt
tcttcgectt
cctttatctt
ccttcatcga
ttataatcct
gcagttgtca
atttttccgt
atagaatcat
ctgtcaatag
tttttaggat
ccgtcagegt
tttttaattg
gggatttgca
ttttggttcg
aaggttaata

tttatgtact

54

tgctggcegt
agggcgtccc
aaatctcgtg
acggttagcc
agaaataaaa
ctgttaattg
tgttcagcag
tcatatagct
aagtaaaggt
tcagcggcett
tagacgtaat
tgccgttcat
tcagcggttt
cgcecgtttge
gacggaagaa
ggtagccatc
ctacgtagtg
tgaactgctg
ctacaccgtt
gtgtttgttt
cagatgtaaa
ttgcatcgaa
aagtttcgcc
ctccggctaa
tttgtaatgg
tggacgaatc
gcatatcatg
tttctttcge
ctgttgcttyg

gtgttagcgg

cggccagggce
ggaaaacgat
atggcaggtt
atttgcctgce
gaaaatgcca
tccttgttca
gaagctcggc
tgtaatcacg
tacatcgtta
gtatgggcca
gccgtcaatce
tttaaagacg
catcactttt
taactcagcc
tgatgtgctt
ttcagttcca
aggatctctc
tacattttga
gatgttcaaa
gccgtaatgt
tgtggctgaa
tttgtcgctyg
gactttttga
tgcaaagacg
ccagctgtcc
aaattcagaa
gcgtgtaata
aaacgcttga
ttttgcaaac

tctgcttctt

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440
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ccagccctcc
tgtaaggggt
ttatcagtaa
gattgcaact
ctacgggcect
gtttctgttg
tctcatttca
ccagagtccc
gggagcggcg
agcaatatca
acagtcgatg
gccatgggtc
ttcggctggce
ttccatccga
agccggatca
aggagcaagg
ccttccecget
cacgatagcc
acaaaaagaa
attgtctgtt
gcgtgcaatc
cttgatcccc

ggcttcccaa

tgtttgaaga
gacgccaaag
caaacccgcg
ggtctatttt
aaagaactaa
catgggcata
ctaaataata
gctcagaaga
ataccgtaaa
cgggtagcca
aatccagaaa
acgacgagat
gcgagcccect
gtacgtgctc
agcgtatgca
tgagatgaca
tcagtgacaa
gcgctgectce
ccgggcgcecce
gtgcccagtc
catcttgttc
tgcgccatca

ccttaccaga

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

<220>
<223>

<400>

15

44

ADN

Trinh ty nhén

doan méi 1

15

tcgagctcgg tacccccegtt

<210>

16

50990

tggcaagtta
tatacacttt
cgatttactt
cctcttttgt
aaaatctatc
aagttgcctt
gtgaacggca
actcgtcaag
gcacgaggaa
acgctatgtc
agcggccatt
cctcgeegte
gatgctcttc
gctcgatgcg
gccgecgeat
ggagatcctg
cgtcgagaca
gtcttggagt
ctgcgctgac
atagccgaat
aatcatgcga
gatccttggc

gggcgccceca

tao

gttacgcaca
gccctttaca
ttcgacctca
ttgatagaaa
tgtttctttt
tttaatcaca
ggtatatgtg
aaggcgatag
gcggtcagcec
ctgatagcgg
ttccaccatg
gggcatccgce
gtccagatca
atgtttcgcect
tgcatcagcc
ccccggceact
gctgcgcaag
tcattcaggg
agccggaaca
agcctctcca
aacgatcctc
ggcaagaaag

gctggcaatt

ataaaaaaag
cattttaggt
ttctattaga
atcataaaag
cattctctgt
attcagaaaa
atgggttaaa
aaggcgatgc
cattcgccgce
tccgccacac
atattcggca
gccttgagcece
tcctgatcga
tggtggtcga
atgatggata
tcgcccaata
gaacgcccgt
caccggacag
cggcggcatce
cccaagcggce
atcctgtctc
ccatccagtt

ccg

cgtatgatcg gttccgcaca ggcc

55

acctaaaata
cttgcctgcet
ctctcgtttyg
gatttgcaga
attttttata
tatcataata
aaggatcacc
gctgcgaatc
caagctcttc
ccagccggcece
agcaggcatec
tggcgaacag
caagaccggc
atgggcaggt
ctttctcggce
gcagccagtce
cgtggccagce
gtcggtcttg
agagcagccg
cggagaacct
ttgatcagat

tactttgcag

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5803

44
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<211>
<212>
<213>

<220>
<223>

<400>

31
ADN
Trinh tu nhén

doan mdi 2

16

gtgcagcagg caaccacatc

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

<220>
<223>

<400>

17

31

ADN

Trinh ty nhén

doan méi 3

17

cgtgggcggt tgatgtggtt

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

<220>
<223>

<400>

18

46

ADN

Trinh tu nhén

doan mdi 4

18

ctctagagga tccccgeegt

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

<220>
<223>

<400>

19

31

ADN

Trinh tuy nhan

doan mdi 5

19

gtgcagcagg caactggatc

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

<220>
<223>

<400>

20

31

ADN

Trinh ty nhan

doan moéi 6

20

50990

tao

aaccgcccac g

tao

gcctgctgca ¢

tao

aagcagcctc tggtggaatg gtcagc

tao

aaccgcccac g

tao

56

56/70
31
31
46
31



cgtgggcggt tgatccagtt

<210> 21

<211> 31

<212> ADN

<213> Trinh ty nhéan
<220>

<223> doan méi 7
<400> 21

gtgcagcagg caacggcatc

<210> 22
<211> 31
<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdi 8
<400> 22

cgtgggcggt tgatgecgtt

<210> 23
<211> 29
<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdéi 9
<400> 23

ccgttcgtat gatcggttcc

<210> 24

<211> 31

<212> ADN

<213> Trinh tu nhan

<220>
<223> doan méi 10

<400> 24
gccgtaageca gcctetggtg

<210> 25
<211> 172
<212> PRT
<213> Chua biét

<220>

50990

gcctgctgeca ¢

tao

aaccgcccac g

tao

gcctgctgeca ¢

tao

gcacaggcc

tao

gaatggtcag c

57

57/70
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31

31

29

31



<223>

<400> 25
Met Ala Asn
1

Asp Val Asp

Phe Asn
35

Ala

Ile Asn Arg

50

Gln
65

Ile Thr

Arg Leu Asp

Val
1

Ile
115

Glu Ser Thr Gly Thr Pro Gly Lys Leu Arg Ala Leu

130

Glu Pro Phe Gly Ile Arg Glu Leu Ile Gln Ser Gly

145

I1vN AA

Ser Asp
5

Gly Ile
20

Leu Val

Ile Thr

Lys Gln Leu

70

Glu Glu Thr

85

Ser Ala Asp Ser Thr

00

Phe Arg Ala Arg Val

Val

Ile

Ser

Val

50990

Thr

Ser

25

Leu
40

Val
55

Asn

Thr

Lys Leu Ile

Ile Ala Arg

Arg His Ile Leu Ser
10

Arg Val Ser Gly Met

Val Ser Ala Lys Thr

45

Val Asp Ala Asp Glu

60

75

Ala

90

105

120

135

150

Asn Arg Pro Gln

Val Asp Val Ala

Ile

Pro
125

140

155

Pro Val

Val
15

Leu

Phe Thr

30

Glu Thr

Leu Asn

Leu Lys

80
Ile Met
95

Leu

val Ala

110

Asp

Asp Ser Val

Leu

Asp

Ile
160

Gln

Asn Arg Gly Pro Lys Thr Met Ala Pro Ala Lys Ile
170

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

26

<220>
<223>

<400> 26
atggctaatt
atcatttccc
tctgcaaaga
ctcaacattg
cgacttgatg
agcaccaacc

gtggctccag

165

520
ADN
Chua biét

I1vN NT

ctgacgtcac
gcgtatcagg
ccgaaacact
agcagatcac
aagagaccac
gtccgcagat

actctgtggt

ccgccacatce
tatgttcacc
cggcatcaac
caagcagctc
catcgcccgce
cgtcgacgcce

tattgaatcc

ctgtccgtac
cgacgcgcat
cgcatcacgg
aacaagctga
gcaatcatgc
gcgaacatct

acaggcaccc

58

tcgttcagga
tcaacctcgt
ttgttgtcga
tceccegtget
tggttaaggt
tccgcecgcececyg

caggcaagct

vVal Gln

Arg Arg

Leu Gly

Ile Glu

Val Val

Val Lys

Ala Asn

vVal Ile

Val Met

Ala Leu

cgtagacgga
gtccctcgtg
cgccgacgag
caaagtcgtyg
ctctgcggat
agtcgtcgac

ccgcgcactg

60

120

180

240

300

360

420

58/70



cttgatgtga tggaaccatt cggaatccgc gaactgatcc aatccggaca gattgcactc

50990

aaccgcggtc cgaagaccat ggctccggec aagatctaaa

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

<220>
<223>

<400>
Met Ala

Asp Val

Ala Phe

Ile Asn

50

Gln
65

Ile
Arg Leu
Val

Ser

Ile Phe

115

27

172

PRT

Trinh tu nhan tao

I1vN A42V AA

27
Asn Ser Asp
5

Val Thr

Asp Gly Ile Ile Ser

20

Leu
40

Asn Leu Val Ser

35

Val
55

Arg Ile Thr Val

Thr Lys Gln Leu Asn

70
Asp Glu Glu Thr Thr
85
Ala Asp Ser Thr Asn
100

Val
120

Arg Ala Arg Val

105

Arg His Ile Leu Ser
10

Arg Val Ser Gly Met
25 30

vVal Ser Val Lys Thr
45

Val Asp Ala Asp Glu
60

Lys Leu Ile Pro Val
75

Ile Ala Arg Ala Ile
90

Arg Pro Gln Ile Val

Asp Val Ala Pro Asp
125

Glu Ser Thr Gly Thr Pro Gly Lys Leu Arg Ala Leu

130

135

140

Glu Pro Phe Gly Ile Arg Glu Leu Ile Gln Ser Gly

145

150

155

Asn Arg Gly Pro Lys Thr Met Ala Pro Ala Lys Ile

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

<220>
<223>

<400>

atggctaatt ctgacgtcac ccgccacatc ctgtccgtac tcgttcagga cgtagacgga

165

28

519

ADN

Trinh tu nhan tao

I1vN A42V NT

28

170

59

110

vVal

15

Phe

Glu

Leu

Leu

Met

95

Asp

Ser

Leu

Gln

Leu

Thr

Thr

Asn

Lys

80

Leu

Ala

Val

Asp

Ile
160

Val

Arg

Leu

Ile

Val

val

Ala

vVal

Val

Ala

Gln

Arg

Gly

Glu

Val

Lys

Asn

Ile

Met

Leu

480

520

60
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atcatttccc
tctgtaaaga
ctcaacattg
cgacttgatg
agcaccaacc
gtggctccag
cttgatgtga

aaccgcggtce

gcgtatcagg
ccgaaacact
agcagatcac
aagagaccac
gtccgcagat
actctgtggt
tggaaccatt

cgaagaccat

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

<220>
<223>

<400>

29

33

ADN

Trinh ty nhan

doan mdi 11

29

tcgagctcgg tacccccgcg

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

<220>
<223>

<400>

30

30

ADN

Trinh tyw nhéan

doan mdi 12

30

gtccctcegtg tctgtaaaga

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

<220>
<223>

<400>

31

30

ADN

Trinh ty nhan

doan méi 13

31

agtgtttcgg tctttacaga

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

32

35

ADN

Trinh ty nhan

50990

tatgttcacc
cggcatcaac
caagcagctc
catcgcccgce
cgtcgacgcc
tattgaatcc
cggaatccgce

ggctccggcec

tao

tcaccaaagc

tao

ccgaaacact

tao

cacgagggac

tao

cgacgcgceat
cgcatcacgg
aacaagctga
gcaatcatgc
gcgaacatct
acaggcaccc
gaactgatcc

aagatctaa

gga

60

tcaacctcgt
ttgttgtcga
tcceccgtgcet
tggttaaggt
tccgecgceccg
caggcaagct

aatccggaca

gtccctegtg
cgccgacgag
caaagtcgtg
ctctgcggat
agtcgtcgac
ccgcgcactyg

gattgcactc

120

180

240

300

360

420

480

519

33

30

30

60/70



50990

<220>
<223> doan mdéi 14
<400> 32

ctctagagga tccccttaga tcttggccgg agceca

<210> 33

<211> 18

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan méi 15

<400> 33
ccgcgtcacc aaagcgga

<210> 34

<211> 20

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> doan mdi 16

<400> 34
ttagatcttg gccggagcca

<210> 35
<211> 418
<212> PRT
<213> Chua biét

<220>
<223> YijeH AR

<400> 35

Met Ser Gly Leu Lys Gln Glu Leu Gly Leu Ala Gln

1 5 10

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

20 25

Ala Ala Leu Val Ala Gly Asn Asn Ser Leu Trp Ala

35 40

Ile TIle Leu Val Phe Pro Ile Ala Ile Val Phe Ala

50 55

His Tyr Pro Ser Ala Gly Gly Vval Ala His Phe Val

65 70 75

Gly Ser Arg Leu Glu Arg Val Thr Gly Trp Leu Phe

61

60

45

30

Gly

15

vVal

Trp

Ile

Gly

Leu

Ile

Pro

Pro

Leu

Met

80

Ser

Gly

Ala

vVal

Gly

Ala

val

Leu

Leu

Leu

Arg

Phe

Ile

18

20

35
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85

50990

90

Pro Val Gly Leu Pro Ala Ala Leu Gln Ile Ala Ala

100

Ala Met Phe Gly Trp His Ser

115

Thr Leu Ala Leu Val Trp Tyr

130

Ala Asn Leu Gln Thr val Ile

145

Ala Ile Trp Trp Ala Gly Asp

165

Ala Pro Gly Asn Ile Glu Leu Thr Gly Leu

180

Met Phe Trp Cys Phe Val Gly Leu Glu Ala

195

150

135

120

200

105

110

Trp Gln Leu Leu Leu

125

Ile Gly Thr Arg Gly

Ala Gly Leu

Ile Lys Pro

185

170

155

140

205

Ile Val

Ala Asn

Phe Ala

190

Phe Ala

Glu Phe Lys Asn Pro Glu Arg Asp Phe Pro Arg Ala

210

215

220

Leu Leu Leu Ala Gly Leu Val Tyr Trp Gly Cys Thr

225

230

235

His Phe Asp Ala Tyr Gly Glu Lys Met Ala Ala Ala

245

250

Lys Ile Val Vval Gln Leu Phe Gly Val Gly Ala Leu

260

265

270

val Ile Gly Tyr Leu Ala Cys Phe Ala Ser Leu Asn

275

280

285

Ser Phe Ala Arg Leu Val Trp Ser Gln Ala Gln His

290

295

300

Tyr Leu Ala Arg Leu Ser Ser Arg His Ile Pro Asn

305

310

315

Ala Val Leu Gly Cys Cys Val Val Ser Thr Leu Val

325

330

Glu Ile Asn Leu Asp Ala Leu Ile Ile Tyr Ala Asn

340

345

350

Met Ile Tyr Leu Leu Cys Met Leu Ala Gly Cys Lys

355

360

365

Arg Tyr Arg Leu Leu Ala val val Gly Gly Leu Leu

370

375

380

TLeu Ala Met Val Gly Trp Lys Ser Leu Tyr Ala Leu

385

390

395

Gly Leu Trp Leu Leu Leu Pro Lys Arg Lys Thr Pro

405

410

62

95

Gly Phe
Ala Glu
Ala Ser

Ala Leu
160

Ile Pro
175

Ala Leu
His Leu
Leu Met

val Vval
240

Ala Ser
255

Trp Ile
Ile Tyr
Asn Pro

Asn Ala
320

Ile His
335

Gly Ile
Leu Leu
Cys Val
Ile Met

400

Glu Asn
415

Gly

Leu

Ser

Ile

Phe

Ser

Ala

Ile

Val

Leu

Ala

Ile

Asp

Leu

Ala

Phe

Gln

Leu

Leu

Gly

Gln

Gly

Ser

Val

Pro

Val

Ser

Gly

Leu

Pro

Cys

Gln

His

Asn

Leu

Ile

Gly

Leu

Ala

Ile
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Thr Thr

<210> 36

<211>
<212>
<213>
<220>
<223>
<400> 36
atgagtggac
ttattaggca
agcctgtggg
attctgggtc
ggttcgegge
cctgccgcac
caactgttgt
gccagttcca
gctatctggt
atcgaactta
gaggcatttg
ttgatgattg
cacttcgacg
cagttgttcg
gccagtctca
aatcctgacc
gcggtgceteg
gacgctctta
gcaggctgta

tgcgttctgt

gggttatggc

37
88

<210>
<211>
<212>

1257
ADN
Chua biét

YjeH NT

tcaaacaaga
ctggcgtgtt
cgtggccegt
gccactatcc
ttgagcgagt
tacaaattgc
tggcagaact
gtgctaatct
gggcgggcega
ccgggttatt
cccatctcgce
gtctgctgcet
cctatggtga
gtgtaggagc
acatttatat
actacctggc
gctgctgtagt
ttatttatgc
aattattgca
tactggcaat

tgttgctgcec

PRT

50990

actggggctg

tgccgttect
tttgattatc
cagcgcaggc
caccggctgg
cgccgggtte
cggtacgctyg
acaaaccgtt
tatcaaacct
tgctgcgtta
ctcggaattt
ggcaggatta
aaaaatggcg
gttatggatt
acagagcttc
acgcctctcet
ggtgagcact
caatggcatc
aggacgttat

ggtcggcetygg

aaaacgaaaa

gcccagggca
gcgttagcetg
ttagtgttcc
ggcgtcgcgce
ctgtttttat
ggccaggcga
gcgctggtgt
attgccggac
gcgaatatcc
tcagtgatgt
aaaaatccag
gtctactggg
gcggcagceat
gcctgcgtga
gcccgecetgg
tctcgccata
ttggtgattc
tttattatga
cgactactgg
aaaagtctct

acgccggaaa

63

ttggcctgcet
cgctggtagc
cgattgcgat
acttcgtcgg
cggtcattcc
tgtttggctg
ggtatatcgg
ttatcgtcgce
cctttccgge
tctggtgttt
agcgtgattt
gctgtacggt
cgcttccaaa
ttggctatct
tctggtcgca
tcccgaataa
atgctttaga
tttatctgtt
cggtggttgg
atgcgctgat

atggcataac

atcgacgtca
gggcaataac
tgtgtttgcg
tatggcgttt
cgtgggtttyg
gcatagctgg
tactcgcggt
gctgattgtc
acctggtaat
tgtcggtctg
tcctcgtgcet
agtcgtctta
aattgtagtg
ggcctgcettt
ggcgcaacat
tgccctcaat
gatcaatctg
atgcatgctg
cgggctgtta
catgctggcg

cacataa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

1200

1257
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<213>
<220>
<223>

<400>
Met Ala

Glu Asp

Leu Ile

His Asp

50

Thr Gln
65

Glu Lys

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

<220>
<223>

<400>

Chua biét

NCgl2335 AR

37
Tyr Thr Phe Asp
5

Ala Tyr Asn Tyr
20

Val Thr Thr Asp
35

Leu Ala Asp Asn
55

Arg Pro Lys Thr
70

His Ser Gly Val

85
38

267

ADN

Chua biét

NCg12335 NT

38

His

Thr

Gly

40

Glu

Arg

Ser

50990

Val Val Ala Trp Arg Trp

10

15

His Leu Phe Asp Gln Leu

25

30

Gln Lys Arg Arg Thr Gln

45

Asn Pro Thr Leu
60

Pro Arg

His Pro Lys Thr Arg Ala

75

Pro

gtggcctaca ccttcgacca cgtcgtcgcc tggcgctggt

aactacaccc acctcttcga tcaactccaa ccacccttaa

aaaaggcgca ctcaaagcca tcaccacgac ctggccgaca

cgtccacgtc aaacgcaacg tccaaaaaca cgtcacccta

gaaaagcact ccggggtctce

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

<220>
<223>

<400>

tgaattcgag ctcggtaccc

<210>

39
39
ADN

Trinh tyu nhan tao

Tn 5 F

39

40

tccttga

caccgacgcg catctgect

64

Cys

Gln

Ser

Pro

Glu
80

gcaccaaaga

tcgtgaccac

acgaaaatcc

agacccgtgc

Thr Lys
Pro Prb
His His
Arg Gln

Leu Ala

agacgcctac
cgacggacaa
aacgctgcct

tgagctcgcece

60

120

180

240

267

39
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<211>
<212>
<213>

<220>
<223>

<400>

50990

50
ADN
Trinh tyu nhan tao

Tn 5 R

40

ggtgtggtga ctttcagcag ttcccggggg ggaggaggcea tgtggtgttyg

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

<220>
<223>

<400>

41

50

ADN

Trinh ty nhan tao

Tn 3 F

41

caacaccaca tgcctcctcc cccccgggaa ctgctgaaag tcaccacacc

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

<220>
<223>

<400>

42

42

ADN

Trinh tu nhan tao

Tn 3 R

42

gtcgactcta gaggatcccc ctcccaaacc attgaggaat gg

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

<220>
<223>

<400>

43

39

ADN

Trinh ty nhén tao

CJ7_yjeH F

43

acaccacatg cctcctccecc agaaacatcc cagcgcetac

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

<220>
<223>

<400>

44

43

ADN

Trinh ty nhan tao

CJ7_yjeH R

44

65

65/70

50

50

42

39



50990

agttcttgtt tgagtccact catagtgttt cctttcgttg ggt

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

<220>
<223>

<400>
acccaacgaa aggaaacact atgagtggac tcaaacaaga actg

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

<220>
<223>

<400>
gactttcagc agttcccggg ttatgtggtt atgccatttt ccgg

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

<220>
<223>

<400>
Met Ser Gly Leu Lys Gln Glu Leu Gly Leu Ala Gln

1

Leu

Ala

Ile

His

65

Gly

Pro

Ala

Ser

Ala

Ile

50

Tyr

Ser

Val

Met

45

44

ADN

Trinh tyu nhé&n tao

yijeH F

45

46

44

ADN

Trinh tu nhé&n tao

yjeH R

46

47
418
PRT
Trinh ty nhén tao

yjeH F351L AA

47
5 10

Thr Ser Leu Leu Gly Thr Gly Val Phe Ala
20 25 30

Leu Val Ala Gly Asn Asn Ser Leu Trp Ala

35 40 45

TLeu Val Phe Pro Ile Ala Ile Val Phe Ala
55 60

Pro Ser Ala Gly Gly Val Ala His Phe val
70 75

Arg Leu Glu Arg Val Thr Gly Trp Leu Phe
85 90

Gly Leu Pro Ala Ala Leu Gln Ile Ala Ala
100 105 110

Phe Gly Trp His Ser Trp Gln Leu Leu Leu

66

Gly

15

Val

Trp

Ile

Gly

Leu

95

Gly

Ala

Ile

Pro

Pro

Leu

Met

80

Ser

Phe

Glu

Gly

Ala

val

Gly

Ala

Val

Gly

Leu

Leu

Leu

Leu

Arg

Phe

Ile

Gln

Gly

43

44

44
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50990

115 120 125

Thr Leu Ala Leu Val Trp Tyr Ile Gly Thr Arg Gly
130 135 140

Ala Asn Leu Gln Thr Val Ile Ala Gly Leu Ile val
145 150 155

Ala Ile Trp Trp Ala Gly Asp Ile Lys Pro Ala Asn
165 170

Ala Pro Gly Asn TIle Glu Leu Thr Gly Leu Phe Ala
180 185 190

Met Phe Trp Cys Phe Val Gly Leu Glu Ala Phe Ala
195 200 205

Glu Phe Lys Asn Pro Glu Arg Asp Phe Pro Arg Ala
210 215 220

TLeu Leu Leu Ala Gly Leu Val Tyr Trp Gly Cys Thr
225 230 235

His Phe Asp Ala Tyr Gly Glu Lys Met Ala Ala Ala
245 250

Lys Ile Val Val Gln Leu Phe Gly Val Gly Ala Leu
260 265 270

Val Ile Gly Tyr Leu Ala Cys Phe Ala Ser Leu Asn
275 280 285

Ser Phe Ala Arg Leu Val Trp Ser Gln Ala Gln His
290 295 300

Tyr Leu Ala Arg Leu Ser Ser Arg His Ile Pro Asn
305 310 315

Ala Val Leu Gly Cys Cys Val Val Ser Thr Leu Val
325 330

Glu Ile Asn Leu Asp Ala Leu Ile Ile Tyr Ala Asn
340 345 350

Met Ile Tyr Leu Leu Cys Met Leu Ala Gly Cys Lys
355 360 365

Arg Tyr Arg Leu Leu Ala val val Gly Gly Leu Leu
370 375 380

Teu Ala Met Val Gly Trp Lys Ser Leu Tyr Ala Leu
385 390 395

Gly Leu Trp Leu Leu Leu Pro Lys Arg -Lys Thr Pro
405 410

Thr Thr

<210> 48

67

Ala Ser

Ala Leu
160

Ile Pro
175

Ala Leu

His Leu

Leu Met

Val Val
240

Ala Ser
255

Trp Ile

Ile Tyr

Asn Pro

Asn Ala
320

Ile His
335

Gly Ile

Leu Leu

Cys Val

Ile Met

400

Glu Asn
415

Ser

Ile

Phe

Ser

Ala

Ile

Val

Leu

Ala

Ile

Asp

Leu

Ala

Leu

Gln

Leu

Leu

Gly

Ser

val

Pro

Val

Ser

Gly

Leu

Pro

Cys

Gln

His

Asn

Leu

Ile

Gly

Leu

Ala

Ile
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<211>
<212>
<213>
<220>
<223>
<400> 48
atgagtggac
ttattaggca
agcctgtggg
attctgggtc
ggttcgcggce
cctgccgcac
caactgttgt
gccagttcca
gctatctggt
atcgaactta
gaggcatttg
ttgatgattg
cacttcgacg
cagttgttcg
gccagtctca
aatcctgacc
gcggtgcteg
gacgctctta
gcaggctgta
tgcgttctgt
gggttatggc
<210>
<211>

<212>
<213>

49
23

<220>
<223>

1257
ADN
Trinh ty nhan

yjeH F351L NT

tcaaacaaga
ctggcgtgtt
cgtggccecgt
gccactatcc
ttgagcgagt
tacaaattgc
tggcagaact
gtgctaatct
gggcgggcga
ccgggttatt
cccatctcgce
gtctgctgcet
cctatggtga
gtgtaggagc
acatttatat
actacctggc
gctgctgtgt
ttatttatgc
aattattgca
tactggcaat

tgttgctgce

ADN
Trinh tyu nhan

F351L F

50990

tao

actggggctyg
tgccgttect
tttgattatc
cagcgcaggc
caccggctgg
cgccgggttce
cggtacgctg
acaaaccgtt
tatcaaacct
tgctgcgtta
ctcggaattt
ggcaggatta
aaaaatggcg
gttatggatt
acagagcttc
acgcctctct
ggtgagcact
caatggcatc
aggacgttat

ggtcggctgg

aaaacgaaaa

tao

gcccagggca
gcgttagctg
ttagtgttcc
ggcgtcgcgce
ctgaatttat
ggccaggcga
gcgctggtgt
attgccggac
gcgaatatcc
tcagtgatgt
aaaaatccag
gtctactggg
gcggcagceat
gcctgcecgtga
gcccgectgg
tctcgccata
ttggtgattc
cttattatga
cgactactgg
aaaagtctct

acgccggaaa

68

ttggcctgcet
cgctggtagce
cgattgcgat
acttcgtcgg
cggtcattcc
tgtttggctg
ggtatatcgg
ttatcgtcgce
cctttccggce
tctggtgttt
agcgtgattt
gctgtacggt
cgcttccaaa
ttggctatct
tctggtcgca
tcccgaataa
atgctttaga
tttatctgtt
cggtggttygg
atgcgctgat

atggcataac

atcgacgtca
gggcaataac
tgtgtttgcg
tatggcgttt
cgtgggtttg
gcatagctgg
tactcgcggt
gctgattgtc
acctggtaat
tgtcggtctg
tcctcgtget
agtcgtctta
aattgtagtg
ggcctgcettt
ggcgcaacat
tgccctcaat
gatcaatctg
atgcatgctg
cgggctgtta
catgctggcg

cacataa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1257
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<400> 49
caatggcatc cttattatga ttt

<210> 50
<211> 23
<212> ADN

<213>

<220>
<223> F351L R

<400> 50
aaatcataat aaggatgcca ttg

<210> 51
<211> 127
<212> PRT

Trinh ty nhédn tao

<213> Trinh ty nhadn tao
<220>

<223>

<220>

<221> PAC TINH MISC
<222> (1)

<223> Xaa la N hoac S.

<220>
<221> pAC TINH MISC
<222> (9)

<223> Xaa la A hodac E.

<220>
<221> pAC TINH MISC
<222> (73)

<223> Xaa la Y hoac C.

<400> 51

Xaa
1

Lys

Asn

Leu

Glu

65

Pro

Asn His Gly Gly Asp
5

Glu Asp Gly Val Arg
20

Tyr Asp Pro Arg Ala
35

Glu His Leu Gly Gly
50 55

Glu Ile Ala Leu Ala
70

Asn Val Asp Phe Tyr

Ala

Leu

Ala

40

Asp

Asp

Thr

50990

Céng thuc chung 1(GltA 289~415)

Thr Xaa Phe Met Asn Lys
10 15

Met Gly Phe Gly His Arg
25 30

Ile Val Lys Glu Thr Ala
45

Asp Leu Leu Asp Leu Ala
60

Asp Xaa Phe Ile Ser Arg
75

Gly Leu Ile Tyr Arg Ala

69

Val

Val

His

Ile

Lys

80

Met

Lys

Tyr

Glu

Lys

Leu

Gly

Asn

Lys

Ile

Leu

Tyr

Phe

23

23
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50990 70/70

85 90 95

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala Ile Gly Arg Leu Pro Gly
100 105 110

Trp Ile Ala His Tyr Arg Glu Gln Leu Gly Ala Ala Gly Asn His
115 120 125

70





