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Linh vue k§ thuat dwoc dé cap

Sang ché @& cap dén bién thé protein GIxR hodc phwong phap san xuét threonin sir
dung bién thé nay.

Tinh trang k§ thuit ciia sang ché

L-threonin 1 axit amin thiét yéu, va dugc s dung lam thirc n hodc thuc phim bd
sung, nguyén liéu thd tdng hop cho duoc phdm va dung dich truyén trong y té. L-threonin
duoc san Xuét chi yéu béng cong nghé 1én men vi sinh, va vi dy, n6 ¢co thé duoc san xuét
béng cach st dung vi sinh vat Escherichia, Corynebacterium, Serratia, hodc Providencia
sp..

Gan day, nhidu nd luc da duoc thuc hién dé cai tién phuong phap didu ché L-
threonin bang cach str dung chung Corynebacterium sp.. Khi cong nghé tai t6 hop gen phat
trién, cac cong nghé dé phat trién céc chiing san xuét L-threonin tién tién hon da dugc bao
cao béng cach dua vao céc thay thé gen dac hi¢u vi tri, cac khuéch dai gen va dot bién mét
gen, va tuong ty cho chung san xuét L-threonin da duoc phét trién béi k§ thuat giy dot
bién ngau nhién. Ngoai ra, ciing c6 nd Iwc dua vao gen ngoai lai tir vi khuin khéc.

Mic du v6i céc nd luc ndy, van doi hoi phai phét trién cta cong nghé cai tién nang
sudt cac hop chat hiru ich nhu L-threonin.

Tai liéu d6i chimg

Tai liéu sang ché

(Tai liéu sang ché 1) Cong bd patent My s6 2016-0369310
Ban chit ky thuit cia sang ché

Vén dé k¥ thuat

Mbét vi du dé xuét bién thé protein GIxR mdi. Bién thé protein GIxR nay c6 thé 1a
polypeptit trong d6 axit amin ¢ vi trf trong s6 mot hodc nhiéu vi trf duge chon tir nhém bao
gdm vi tri thir 45, 66, 166 va 168 tir dau ciing N trong trinh tyr axit amin ctia SEQ ID NO:

1 va/hodc tuong tng v6i ching (& mot hodc nhiéu vi trf dugce chon trén day) duoc thay thé
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bang axit amin khac. Polypeptit nay c¢6 thé c¢6 chirc ning ctia chét didu hoa phién ma chinh
didu hoa qua trinh chuyén hoéa.

Vi du khéc dé xuit polynucleotit ma héa bién thé protein GIxR.

Vi du khéc dé xuit vecto chira polynucleotit nay.

Vi du khac @& xuét vi sinh vit chira bién thé protein GIXR, polynucleotit, vecto
chta polynucleotit ndy, hodc két hop cta ching.

Vi du khéc d& xuét phuong phép san xuét threonin bao gdm budc nudi cay vi sinh
vat trong moi trudng.

Vi sinh vt nay ¢6 thé 1a vi sinh vét Corynebacterium sp..

Giai phéap k¥ thuat

Mot vi du duge cung cip trong sang ché dé xudt cong ﬁghé lién quan dén viée phat
trién chung c6 kha nang san xut threonin duoc cai tién (ting cudong) bang cich cii tién
protein GIxR va/hodc gen glxR ma héa protein nay. Trong mot vi du, threonin nay c6 thé
la L-threonin.

MGt khia canh cta sédng ché dé dat dugc muc dich nay co thé dé xuat bién thé
protein GIxR, trong do géc axit amin ¢ vi tri trong s6 mot hodc nhiéu vi tri duoc chon tur
nhom bao gdm vi tri thir 45, 66, 166 va 168 tir dau cing N trong trinh tu axit amin cua
protein GIxR va/hodc vi tri twong ing véi ching dugce thay thé bang gbc axit amin thudc
loai khéac.

M0 ta chi tiét sang ché

O day, “GIxR (chét diéu hoa phién ma chung phu thuéc AMP vong gidng CRP; vi
du, Cg0350)” ¢ thé c6 nghia 1 chit didu hoa chung khong chi tham gia vao qua trinh
chuyén héa cacbon ma con tham gia vao nhidu chtic ning té bao khac nhau dé diéu hoa
nhiéu gen khac nhau, va vi du, n6 cé thé didu hoa su biéu hién cua gen ma hoa cac enzym
b6 qua axit glyoxylic, isoxitrat lyaza va/hodc malat synthaza (vi du, ace4 (cg2560) va aceB
(cg2559)).

Protein GIXR ¢6 thé chira trinh tu axit amin cia SEQ ID NO: 1 hodc bao gdm trinh
tu axit amin ciia SEQ ID NO: 1, va gen g/xR ma hoa protein GIxR cé thé chira trinh tu axit
nucleic cia SEQ ID NO: 2 hoac bao gém trinh tu axit nucleic cia SEQ ID NO: 2. Trinh tu
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axit amin cua SEQ ID NO: 1 va trinh ty axit nucleic cia SEQ ID NO: 2 dugc md ta trong

Béang 1 dudi day.

Trinh tu axit amin cda protein GIxR va trinh tu nucleotit (trinh tu axit nucleic) cua

gen mi héa protein GIxR (vi du, g/xR) d& dang thu dugc tir co s& dit liéu da biét trong linh

vuc ndy nhu Trung tim quéc gia My vé thong tin cong nghé sinh hoc (NCBI) va Ngan

hang dir liéu ADN Nhat Ban (DDBJ), va vi du, n6 ¢6 thé 1la GenBank Accession No.

WP _003855810.1.

[Bang 1]

Tén Trinh tu SEQ ID NO

GIxR axit [MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREFPR |SEQ ID NO: 1

amin GATIFDEGEPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAIAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

glxR_axit GTGGAAGGTGTACAGGAGATCCTGTCGCGCGCCG [SEQ ID NO: 2

nucleic

GAATTTTTCAAGGCGTTGACCCAACGGCAGTCAA
TAACCTCATCCAGGATATGGAGACCGTTCGCTTCC
CACGCGGAGCAACCATCTTCGACGAGGGCGAGC
CAGGTGACCGCCTTTACATCATCACCTCCGGCAA
AGTGAAGCTTGCGCGCCACGCACCGGACGGCCG
CGAAAACCTGCTGACCATCATGGGTCCTTCCGAC
ATGTTCGGTGAGCTCTCCATCTTCGACCCAGGCCC
ACGCACCTCCTCTGCAGTGTGTGTCACCGAAGTT
CATGCAGCAACCATGAACTCTGACATGCTGCGCA
ACTGGGTAGCTGACCACCCAGCTATCGCTGAGCA
GCTCCTGCGCGTTCTGGCTCGTCGTCTGCGTCGC
ACCAACGCTTCCCTGGCTGACCTCATCTTCACCG
ACGTCCCAGGCCGCGTTGCTAAGACCCTTCTGCA
GCTGGCTAACCGCTTCGGCACCCAAGAAGCTGGC
GCGCTGCGCGTGAACCACGACCTCACTCAGGAA
GAAATCGCACAGCTCGTCGGTGCTTCCCGTGAAA
CTGTGAATAAGGCTCTTGCAACGTTCGCACACCG
TGGCTGGATTCGCCTCGAGGGCAAGTCCGTCCTC
ATTGTGGACACCGAGCATTTGGCACGTCGCGCTC
GATAA
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O day, thuat ngft, “twong tmg v6i” dé cap dén gde axit amin & vi tri dwgc liét ké
trong polypeptit, hodc gdc axit amin ma tuong tu, ddng nhat hodc trong dong véi gbe dwogce
liét ké trong polypeptit. Viée xdc nhan axit amin & vi trf twong Gng ¢6 thé 1a xac dinh axit
amin cu thé trong trinh tw ma tham chiéu dén trinh tu cu thé. “Vung tvong tmg” duoc st
dung & day néi chung dé cap dén vi tri gidng hodc twong tmg trong protein lién quan hodc
protein tham chiéu.

Vi du, trinh ty axit amin bat ky duoc sip xép thang hang véi SEQ ID NO: 1, va
dua vao d6, mdi gbe axit amin cua trinh tu axit amin nay c¢é thé dugce danh sb bing cach
tham chiéu dén vi tri s ctia gbc axit amin cia SEQ ID NO: 1 va gbc axit amin twong Gng.
Vi du, thuét toan sip xép thing hang trinh tu nhu dugc mé ta ¢ ddy co thé xac nhan vi tri
clia mot axit amin, hodc vi trf ma tai d6 bién dbi nhu dot bién thé, gén xen hodc mat doan
x4y ra so v6i trinh tu truy van (con duoc goi 1a “trinh tu tham chiéu”).

DPéi véi vide sép Xép théng hang nhu vay, vi du, thuét todn Needleman-Wunsch
(Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453), chuong trinh Needle cua goi
EMBOSS (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al.,
2000), Trends Genet. 16: 276-277), va tuong tu co thé dugc st dung, nhung khong bi gidi
han vao do, va cac chuong trinh sép xép théng hang trinh ty, thuat toan so sanh trinh tu
theo cip, va tuong tu da biét trong linh vuc ndy c6 thé dugc st dung thich hop.

O day, polynucleotit hozic polypeptit “chita trinh tu axit nucleic (trinh tu nucleotit)
hodc trinh tu axit amin cu thé hodc bao gf“)m trinh tu nay” c6 thé c6 nghia 13 polynucleotit
hodc polypeptit nay nhét thiét 1a chira trinh tu axit nucleic (trinh ty nucleotit) hodc trinh tu
axit amin cu thé nay, va c6 thé duge hiéu 1a bao gdm “trinh tu gan nhu twong duong” trong
d6 dot bién (mét doan, thé, va/hoic gén xen) dugc bd sung vao trinh ty axit nucleic (trinh
tu nucleotit) hodc trinh ty axit amin cu thé nay (hodc khong loai trir cac dot bién nay) trong
pham vi vin duy tri dugc chitrc nidng ban diu va/hodc chirc nang mong mudn cla
polynucleotit hodc polypeptit nay. Trong mdt vi dy, polynucleotit hodc polypeptit “chira
trinh tu axit nucleic (trinh ty nucleotit) hodc trinh ty axit amin cu thé hodc bao géln trinh
tu nay” c6 thé c6 nghia 12 polynucleotit hodc polypeptit nay (i) nhét thiét chua trinh tur axit

nucleic (trinh tu nucleotit) hodc trinh ty axit amin cu thé nay, hodc (ii) bao gé”)m trinh tu
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axit nucleic hodc trinh tu axit amin ¢6 ty 1€ tuong déng hodc déng nhét 1a 70% hodc cao
hon, 80% hodc cao hon, 85% hodc cao hon, 90% hodc cao hon, 91% hodc cao hon, 92%
hodc cao hon, 93% hodc cao hon, 94% hodc cao hon, 95% hoac cao hon, 96% hoac cao
hon, 97% hodc cao hon, 98% hodc cao hon, 98% hodc cao hon, 99% hodc cao hon, 99,5%
hoac cao hon, hodc 99,9% hoac cao hon véi trinh tu axit nucleic (trinh ty nucleotit) hodc
trinh tu axit amin cu thé nay hoac nhét thiét chira n6 va duy tri chtic nang ban diu va/hodc
chirc ning mong mudn. Trong mét vi dy, chirc ning mong mudn ¢6 thé co nghia 14 chirc
ning lam tang hoic tao ra ning sut L-threonin cta vi sinh vét.

O day, “ty 1& twong ddng” c6 nghia 1a ty 18 phin tram dong nhat gitta hai gdc
polynucleotit hodc polypeptit. Ty 18 twong ddng gita cac trinh tw tir mot gbe dén gde con
lai c6 thé duge xé4c dinh bing cac giai phap k§ thuat da biét. Vi du, ty 16 twong ddng co thé
duoc xac dinh bang cach sap xép thang hang truc tiép thong tin trinh tw gitta hai phan tir
polynucleotit hodc hai phén tir polypeptit bang cach sir dung chuong trinh may tinh dé€ dang
sin c6 dé sip xép thang hang thong tin trinh tw, vi du, cac tham s6 nhu diém, ty 1& dong
nhit va twong ty, va cac tham sd twong tr. Chuong trinh may tinh c6 thé 1A BLAST (NCBI),
CLC Main Workbench (CLC bio), MegAlignTM (DNASTAR Inc), va tuong tu. Ngoai ra,
ty 16 trong ddng gifta cac polynucleotit ¢6 thé duoc x4c dinh bang cach lai cac polynucleotit
nay trong céc didu kién dé tao thanh chudi kép bén viing gitta cic viing tuong ddng, va sau
d6 phén giai ching bang nucleaza dic hidu chudi don dé xdc nhén kich thuéc cia doan
dugc phéan giai.

O day, “ty 16 twong ddng hoic ty 18 ddng nhit’ c6 nghia 1a mirc do tuong tu gitra
hai trinh ty axit amin hodc hai trinh tu nucleotit da dua ra va co thé duogc thé hién béng ty
1¢ phan tram. Céc thuat ngi, ty 1¢ tuong dbng va ty 1& ddng nhét thuong c6 thé duoc si
dung thay thé 1an nhau.

Ty 16 trong ddng hodc ty 1& dong nhit trinh tu cta polynucleotit hodc polypeptit
duoc bao tdn duge xac dinh bang thuat toan sip xép chuén, va diém phat khoang trong mic
dinh duoc thiét 1ap béi chuong trinh duge st dung ¢ thé duoc st dung cling véi nhau. Vé
co bén, trinh tu trong ddng hodc ddng nhét c6 thé duoc lai néi chung trong cac didu kién

nghiém ngit trung binh hodc cao véi toan bd hodc mot phén cua mot trinh tu. RO rang la
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viéc lai con bao gdm lai véi polynucleotit chira codon ¢6 tinh dén codon thudng hodc suy
bién codon trong polynucleotit.

Viéc hai trinh ty polynucleotit hodc polypeptit bit ky c6 su twong dong, twong tu
hodc déng nhét hay khong c6 thé duoc xé4c dinh, vi du, béng cach str dung thuat toan may
tinh da biét nhu chuwong trinh “FASTA” st dung cc tham sd mic dinh nhu Pearson et al
(1988) [Proc. Natl. Acad. Sci. USA 85]: 2444. Theo cach khac, didu nay co6 thé dugc xéac
dinh béng cach st dung thuat toan Needleman-Wunsch (Needleman and Wunsch, 1970, J.
Mol. Biol. 48: 443-453), nhu dwoc thuc hién trong chuong trinh Needleman cua goi
EMBOSS (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al.,
2000, Trends Genet. 16: 276-277) (phién ban 5.0.0 hodc phién ban méi hon) (bao gbm goi
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 ETA/.](1988) SIAM J Applied Math 48: 1073). Vi duy, ty I¢ tuong dong, tuong
tu hoac déng nhét ¢6 thé duge xac dinh béng cach sir dung BLAST hoac ClustalW cua
Trung tim qubc gia vé thong tin céng nghé sinh hoc.

Ty 18 twong ddng, twong tu hoic ddng nhit cua polynucleotit hodc polypeptit c6
thé duoc xac dinh béng cach so sanh thong tin trinh tu, vi du, béng cach sur dung chuong
trinh may tinh GAP nhu Needleman et al. (1970), J Mol Biol. 48:443, vi du, da biét trong
Smith and Waterman, Adv. Appl. Math (1981) 2:482. N6i tém lai, chuong trinh GAP ¢6
thé dugc xac dinh la gia tri cia phép chia ) luong cac ky hi¢u (nghia la, nucleotit hoac
axit amin) duoc sdp xép thang hang twong tu cho tbng sb cac ky hidu trong trinh tu ngan
hon trong 6 hai trinh ty. Tham sb mic dinh cho chuong trinh GAP ¢6 thé chira (1) ma trén
so sénh nhi phan (chta céc gié tri 1a 1 d6i v6i ddng nhat va 0 ddi v6i khong dong nhat) va
ma tran so sanh cé trong sb cta Gribskov et al(1986) Nucl. Acids Res. 14: 6745 dugc md
ta trong Schwartz and Dayhoff, eds., Atlas Of Protein Sequence And Structure, National
Biomedical Research Foundation, pp. 353-358 (1979) (hodc ma tran thay thé EDNAFULL
(phién ban EMBOSS ciia NCBI NUC4.4)); (2) diém phat 3,0 cho mdi khoang cach va diém

phat bd sung 0,10 cho mdi ky hiéu trong mdi khoang cach (hodc diém phat md khoang
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tréng 10, diém phat kéo dai khoang trdng 0,5); va (3) khong ¢6 diém phat cho cac khoang
tréng cudi cing.

Mot khia canh ctia sang ché c¢6 thé dé xuét bién thé protein GIxR, trong do axit
amin ¢ vi tri trong s6 mot hodc nhiéu vi tri duoc chon tir nhém bao g61n vi tri thir 45, 66,
166 va 168 tir ddu cing N trong trinh tir axit amin ctia SEQ ID NO: 1 va/hoidc tuong tng
v6i chung (véi mot hoac nhiéu vi tri duge chon trén day) dugc thay thé béng axit amin
khac. “Axit amin khac” c6 thé c6 nghia 13 axit amin khac ngoai trir cac axit amin nam & vi
tri trong s& mot hodc nhiéu vi tri duge chon tir nhém bao gém vi tri thir 45, 66, 166 va 168
cia SEQ ID NO: 1 va/hodc tuong ing vdi chung.

Bién thé theo mot vi du ¢6 thé chira polypeptit, trong d6 gdc axit amin & vi tri trong
s6 mot hodc nhilu vi tri duge chon tir nhém bao gém vitri thir 45, 66, 166 va 168 cua trinh
tu axit amin cua SEQ ID NO: 1 va/hodc trong tng véi chung (6 mdt hodc nhiéu vi trf dugc
chon trén ddy) duogc thay thé bang gbe axit amin thudc loai khac trong trinh tu axit amin
¢6 ty 18 twong ddng hodc ddng nhét it nhit 12 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, 99,5%, 99,7% hodc 99,9% hodc cao hon, vdi trinh tu axit amin duoc thé hién
bang SEQ ID NO: 1. Ngoai ra, rd rang 1a cac bién thé c6 trinh ty axit amin, trong d6 mot
sb trinh tu dugc x6a bo, bién ddi, thay thé, thay thé bao tdn hodc dugc bd sung cling dugc
bao gdm trong pham vi ctia séng ché, néu protein nay co ty 1é twong d6ng hodc ddng nhét
nhu vy va c6 hoat tinh giéng hodc twong ting v&i protein GIxR.

Trong mdt vi du, bién thé protein GIxR (chit diéu hoa bé qua glyoxylat), chtra dot
bién duge chon tir nhom bao gém (1) dén (4) dudi day:

(1) thay thé gbc tuong tmg véi vi tri axit amin 45 tur dau cung N trong trinh tu axit
amin cia SEQ ID NO: 1 (vi du, axit glutamic, hodc glutamat) béng alanin, serin,
phenylalanin hogc lysin;

(2) thay thé gbc tuong Gmg véi vi tri axit amin 66 tr du cting N trong trinh tu axit
amin cia SEQ ID NO: 1 (vi du, axit aspartic, hodc aspartat) bang alanin, phenylalanin hoic
lysin;

(3) thay thé gbc tuong tmg véi vi tri axit amin 166 tix d4u cung N trong trinh tu axit

amin cua SEQ ID NO: 1 (vi du, threonin) béng axit aspartic, phenylalanin hodc lysin; va
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(4) thay thé gbc tuong tmg v6i vi tri axit amin 168 tir diu cing N trong trinh tu axit
amin cta SEQ ID NO: 1 (vi du, axit glutamic, hodc glutamat) bang alanin, phenylalanin
hodc lysin.

Ngoai ra, bién thé theo sang ché ¢ thé chira axit amin, trong d6 gdc axit amin & vi
trf trong s6 mot hodc nhidu vi tri duge chon tir nhém bao gdm vi tri thir 45, 66, 166 va 168
dya vao trinh ty axit amin cia SEQ ID NO: 1 va/hoac twong ting véi chung (& mot hodc
nhiéu vi tri duogc chon trén day) duoc thay thé b??mg géc axit amin thudc loai khac, ma co
ty 18 twong dong hodc ddng nhét it nhat 12 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, 99,5%, 99,7% hoac 99,9% hodc cao hon vai trinh tu axit amin dugc chon tur
SEQ ID NO: 3 dén 15. Ngoai ra, rd rang 1a cac bién thé ¢6 trinh ty axit amin, trong d6 mot
sb trinh ty duogc xda bo, bién dbi, thay thé, thay thé bao ton hodc dugc bd sung cling dugc
bao gbdm trong pham vi ctia sang ché, néu trinh ty axit amin nay c6 ty 1é twong doéng hodc
d6ng nhat nhu vy va thé hién tac dung twong tng véi bién thé theo séng ché.

Vi du, ¢6 nhiéu truong hop co su gén xen trinh tu hodc x6a béd trinh tuy ma khong
lam thay ddi chirc nang cua bién thé theo sang ché ¢ dau cing N, dau cing C va/hoic trong
trinh ty axit amin, dot bién xuit hién ty nhién, dot bién cam hoic thé bao ton.

“Thé bao ton” c¢6 nghia 13 thay thé mét axit amin bang axit amin khac c¢6 cic dic
diém c4u trac va/hodc hoa hoc twong tu. Sy thay thé axit amin nay thudng c6 thé xay ra
dua trén su tuong ty vé do phan cuc, dién tich, do tan, tinh ky nudc, tinh wa nuée va/hodc
ban chét ludng tinh ctia gbc nay. Thong thudng, su thé bao tdn c6 thé 6 rit it hodc khong
c¢6 anh huéng gi dén hoat tinh ciia protein hodc polypeptit.

O day, thut ngit “bién thé” dé cap dén polypeptit, trong d6 mot hodc nhiéu axit
amin duoc thé bao ton va/hodc duge bién ddi nhd d6 trd nén khac biét véi trinh tu axit
amin trude khi dot bién cua bién thé nay, nhung cac chitc niang hodc dic diém duoc duy
tri. Bién thé nay thuong c6 thé duoc xac dinh bang cach bién d6i mot hodc nhiéu axit amin
trong trinh ty axit amin cta polypeptit va danh gid cac dic diém cua polypeptit bién doi.
Noi cach khéc, kha ning cta bién thé c6 thé dugc ting cudng, khong thay d6i hodc bi giam
s0 v6i polypeptit truée khi dot bién. Ngoai ra, mot 36 bién thé c¢6 thé bao gdm cac bién thé,

trong d6 mot hodc nhidu phan nhu trinh tu dan dau dau cung N hodc mién xuyén mang
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duoc loai bd. Céc bién thé khac c6 thé bao gém cac bién thé, trong dé mot phén da duoc
loai bé tir ddu ciing N va/hodc dau cing C cia protein trudng thanh. Thudt ngir “bién thé”
c6 thé duoc st dung thay thé 14n nhau véi céc thuat ngli nhu thé dot bién, bién doi,
polypeptit dot bién, protein bi dot bién, dot bién va bién thé, va tuwong tu (trong tiéng Anh
1a, modification, modified polypeptit, modified protein, variant, mutein, divergent, v.v.), va
v6i didu kién 12 n6 13 thuat ngit duoc sir dung theo nghia duge gy dot bién, va khong bi
2161 han vao d6. Ngoai ra, bién thé nay cé thé chira dot bién mat doan hoic gén Xen cac
axit amin ¢6 anh hudng téi thidu dén cac dic diém va cdu triic bac hai ciia polypeptit nay.
Vi du, trinh ty tin hiéu (hoic trinh tu dan déu) tham gia vao su hoéan vi protein dé)ng dich
ma hodc sau dich mi ¢6 thé dugc lién hop & dau cung N cua bién thé nay. Ngoai ra, bién
thé nay co thé duogc lién hgp voi céc trinh tu khéc hodce cac cu nbi dé x4c dinh, tinh ché
hodc tong hop.

Theo mot vi du, bién thé protein GIxR co thé chira trinh tu axit amin duoc chon tix
nhém bao gébm SEQ ID NO: 3 dén SEQ ID NO: 15 hosc bao gém trinh tu axit amin nay.
Céc trinh ty axit amin cta SEQ ID NO: 3 dén SEQ ID NO: 15 dugc mo ta trong Bang 2
dudi day.

[Bang 2]

Tén Trinh tu SEQ ID NO
GIxXR_F45A |MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR [SEQ ID NO: 3
GATIFDEGAPGDRLYIITSGKVKLARHAPDGRENLL
TIMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMN
SDMLRNWVADHPAIAEQLLRVLARRLRRTNASLAD
LIFTDVPGRVAK TLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

GIXR_E45S |MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREPR [SEQ ID NO: 4
GATIFDEGSPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

GIxR_E45F |MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREPR [SEQ ID NO: 5
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GATIFDEGFPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

GIxR_E45K

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR
GATTFDEGKPGDRLYIITSGKVKLARHAPDGRENLL
TIMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMN
SDMLRNWVADHPATAEQLLRVLARRLRRTNASLAD
LIFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQ ID NO: 6

GIXR_D66A

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR
GATIFDEGEPGDRLYTITSGKVKLARHAPAGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAIAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQ ID NO: 7

GIxR_D66F

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREFPR
GATIFDEGEPGDRLYIITSGKVKLARHAPFGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAIAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQ ID NO: 8

GIXR_D66K

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR
GATIFDEGEPGDRLYIITSGKVKLARHAPKGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQID NO: 9

GIxR_T166D

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREFPR
GATIFDEGEPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAIAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGDQEAGALRVNHDLT
QEETAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQ ID NO: 10

GIxR T166F

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR

SEQ ID NO: 11

10
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GATIFDEGEPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAITAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGFQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

GIxR T166K

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREPR
GATTFDEGEPGDRLYITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPAIAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGKQEAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQID NO: 12

GIxR_E168A

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREPR
GATIFDEGEPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQAAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQID NO: 13

GIxR_E168F

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVREFPR
GATIFDEGEPGDRLYIITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
I[FTDVPGRVAKTLLQLANRFGTQFAGALRVNHDLTQ
EEIAQLVGASRETVNKALATFAHRGWIRLEGKSVLI
VDTEHLARRAR

SEQID NO: 14

GIxR_E168K

MEGVQEILSRAGIFQGVDPTAVNNLIQDMETVRFPR
GATIFDEGEPGDRLYITSGKVKLARHAPDGRENLLT
IMGPSDMFGELSIFDPGPRTSSAVCVTEVHAATMNS
DMLRNWVADHPATAEQLLRVLARRLRRTNASLADL
IFTDVPGRVAKTLLQLANRFGTQKAGALRVNHDLT
QEEIAQLVGASRETVNKALATFAHRGWIRLEGKSV
LIVDTEHLARRAR

SEQID NO: 15

Bién thé protein GIxR theo mdt vi du Ia chat diéu hoa phién ma chung, nhu protein

GIxR trudce khi dot bién (vi duy, protein GIxR chtra trinh tu axit amin cia SEQ ID NO: 1),

va vi du, n6 ¢6 thé cb chirc nang cua chat diéu hoa doi véi cac gen bd qua glyoxylat (vi du,

ace A va/hoic ace B).

Bién thé protein GIxR theo mot vi du ¢6 thé ¢6 hoat tinh bi suy yéu so véi protein

GIxR (protein kiéu hoang (vi du, protein GIxR chua trinh ty axit amin cia SEQ ID NO: 1))

11
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truge khi dot bién. “Hoat tinh bi suy yéu ctia protein GIxR” ¢6 thé c6 nghia 1a mirc hoat
tinh cta chit diéu hoa phién ma chung trong té bao bi giam so véi protein nay trude khi
dot bién. Su suy yéu 1a khi hoat tinh cia chinh protein nay bi giam so v6i hoat tinh cta
protein ¢ trong cac vi sinh vat ban dau (vi du, vi sinh vat kiéu hoang, ching bd me, vi sinh
vat chu, vi sinh vat khong bién dbi, v.v.) do su dot bién cua gen ma hda protein GIxR, va
khi mirc biéu hién ciia enzym nay bi giam xudng do su tc ché phién mi va/hoic tc ché
dich mi cia gen mi hoa protein GIxR, va do d6 mirc chung ctia hoat tinh enzym trong té
bao 14 thip, su két hop cta ching cling ¢6 thé duoc bao gdm.

O day, bién thé protein GIxR ¢6 thé duoc sir dung véi y nghia gidng nhu protein
GIxR dot bién, bién thé GIxR va GIxR dot bién.

Khia canh khéc ctia sang ché c6 thé d& xuit polynucleotit, ma hoa bién thé protein
GIxR.

O day, “polynucleotit” d& cap dén chudi ADN hoic ARN c6 chiéu dai nhit dinh
hodc dai hon nhu polyme ctia cac nucleotit, trong d6 cdc monome nucleotit dugc nbi thanh
dang chudi dai bing céc lién két ddng héa tri, va cu thé hon 13, doan polynucleotit ma hoa
bién thé.

Polynucleotit ¢6 thé dugc bao gdm ma khong cé giéi han, véi didu kién 1a n6 1a
trinh ty polynucleotit ma héa bién thé protein GIxR theo mot vi du. Polynucleotit theo mot
vi du ¢6 thé chira trinh tw axit nucleic ma hoa bién thé protein GIxR, trong d6 axit amin &
vi tri trong s6 mot hodc nhiéu vi trf duge chon tir nhém bao gém vi tri thir 45, 66, 166 va
168, tir ddu cing N trong trinh tu axit amin cia SEQ ID NO: 1 va/hodc twong ng véi
chung (6 mét hodc nhiéu vi tri duoc chon trén day), hodc bao gdm trinh ty axit nucleic, va
vi du, n6 c6 thé chira trinh tu axit nucleic ma hoéa trinh tu axit amin dugc chon tir nhom
bao gdm SEQ ID NO: 3 dén SEQ ID NO: 15 hodc bao gdm trinh ty axit nucleic.

Polynucleotit ¢6 thé ¢6 nhidu bién ddi khac nhau trong ving ma hoa trong pham vi
ma khong lam thay ddi trinh tu axit amin cta bién thé nay theo mot vi dy, xem xét sy thodi
bién codon hodc cac codon wu tién trong cac sinh vit ma mong mudn biéu hién bién thé
theo mot vi du. Do dé, béng su thoai bién codon, polypeptit chtta trinh ty axit amin cta

SEQ ID NO: 3 dén SEQ ID NO: 15 hoic polynucleotit c6 kha ndng ma héa polypeptit 6
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ty 1& twong ddng (hoic ddng nhit) véi nd ciing c6 thé duge bao gom.

Polynucleotit theo mdt vi du c¢6 thé dugc bao gdm ma khong c6 giéi han, véi didu
kién 12 n6 1a doan do ma c6 thé dugc tao ra tir trinh tu gen da biét, vi duy, trinh tu c6 kha
nang lai trong diéu kién nghiém ngat véi trinh ty bd sung cho toan bd hodc mot phén cua
polynucleotit theo mot vi du. “Diéu kién nghiém ngat” nghia la didu kién cho phép lai dic
hidu gitra céc polynucleotit. Didu kién nay dugc md ta cu thé trong tai liéu (Xem J.
Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd Edition, Cold Spring
Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M. Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New York, 9,50-9,51,
11.7-11.8). Vi du, diéu kién, trong d6 cac polynucleotit c6 ty 1 tuong dong hodc dong nhat
cao, cac polynucleotit ¢ ty 18 trong dong hodc dong nhét 12 70% hodc cao hon, 75% hodc
cao hon, 80% hodc cao hon, 85% hodc cao hon, 90% hodc cao hon, 95% hodc cao hon,
96% hodc cao hon, 97% hodc cao hon, 98% hoac cao hon, hoac 99% hodc cao hon, duogc
lai, va céc polynucleotit ¢6 ty 18 twong dong hodc dong nhét thap khong duoc lai, hodc diéu
kién dé rira mot 1an, cu thé 13, hai hodc 3 1an, & ndng do mubi va nhiét do twong Gmg véi
diéu kién rtra lai southern chung la 60°C, 1xSSC, 0,1% SDS, cu thé 1a, 60°C, 0,1xSSC,
0,1% SDS, cu thé hon 13, 68°C, 0,1xSSC, 0,1% SDS.

Ky thuat lai doi hoi 1a hai axit nucleic c6 c4c trinh ty bd sung, mic d bat cip nhim
gifta cac bazo 1a ¢6 thé phy thudc vao dd nghiém ngit ciia phép lai. O day, “bd sung” duoc
st dung dé mo ta mdi quan hé giita cac bazo nucleotit c6 kha nang lai véi nhau. Vi du, dbi
v6i ADN, adenin 12 bd sung véi thymin va xytosin 1a bd sung véi guanin. Do do,
polynucleotit theo mot vi du cling c6 thé bao gdm doan axit nucleic dugc phén lap bd sung
v&i toan bd trinh tu cling nhu céc trinh tu axit nucleic gén nhu tuong tu.

Cu thé 1a, polynucleotit c6 ty 1¢ twong ddng hodc ddng nhat v6i polynucleotit theo
mot vi du c6 thé duogc phat hién bang cach st dung diéu kién lai bao gom lai & gid tri Tm
bing 50°C dén 65°C (vi dy, 55°C) str dung diéu kién dugc dé cap trén day. Ngoai ra, gia
tri Tm c6 thé 12 60°C, 63°C hodc 65°C, nhung khong bi gi¢i han vao dd, vané co thé duoc
diéu chinh thich hop bdi ngudi ¢ hiéu biét trung binh trong linh vuc theo muc dich.

Do nghiém ngat thich hop dé lai polynucleotit phu thudc vao chiéu dai va mac do
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bd sung cta polynucleotit nay, va cac tham sb da duoc biét rd trong linh vuc nay (vi duy,
xem J. J.Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd Edition, Cold
Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M. Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New York, 9,50-9,51,
11.7-11.8).

Khia canh khac ctia sang ché c6 thé d& xuét vecto, chtra polynucleotit. Vecto nay c6
thé 1a vecto bidu hién dé biéu hién polynucleotit trong & bao chi, nhung khong bi gidi han
vao do.

O day, “vecto” c6 thé chira san phdm ADN chura trinh tu nucleotit ciia polynucleotit
ma hoa polypeptit dich duge lién két didu khién duogc véi ving kiém soat biéu hién thich
hop (hodc trinh ty kiém soat biéu hién) nho d6 biéu hién polypeptit dich trong vt chu thich
hop. Viung kiém soat biéu hién c6 thé chira trinh ty khéi dong c6 kha nang khéi dong phién
m4, trinh ty diéu khién bat ky dé diéu hoa su phién ma nay, trinh ty ma héa vi tri lién két
ribosom mARN thich hop, va trinh tu didu hoa su két thuc phién ma va dich ma. Vecto nay
c¢6 thé duge sao chép hodc hoat dong doc lap vdi bd gen vat chui va co thé duoc tich hop
vao bd gen cda chinh no, sau khi dugce bién nap vao té bao vat chu thich hop.

Vecto dugc st dung ¢ day khong bi gidgi han cu thé, va vecto bt ky da biét trong
linh vuc nay co thé dugc st dung. Vi du vé vecto duoc st dung thong thudng c6 thé bao
gém plasmit tu nhién hodc tai td hop, cosmid, virut va thé thuc khuén. Vi du, dé lam vecto
thé thuc khudn hogc vecto cosmid, pWE15, M13, MBL3, MBL4, IXII, ASHII, APII, 10,
t11, Charon4A, va Charon21A, va tuong tu c6 thé duoc str dung, va dé lam vecto plasmit,
vecto dua trén pDZ, dva trén pBR, duva trén pUC, dua trén pBluescriptll, dya trén pGEM,
dua trén pTZ, dya trén pCL va dya trén pET, va twong tu c6 thé dugc st dung. Cu thé 1a,
cac vecto pDZ, pDC, pDCM2, pACYC177, pACYC184, pCL, pECCGI117, pUCI19,
pBR322, pMW118, pCCIBAC, va tuong tu co thé duogc st dung.

Trong mdt vi du, polynucleotit ma hoéa protein (vi dy, protein GIXR) trong nhiém
sic thé c6 thé dugc thay thé bang polynucleotit cAm nhd vecto dé gén xen nhidm sic thé
trong té bao. Viéc gén xen vao nhiém sic thé ciia polynucleotit ¢6 thé dat dugc bang phuong

phap bat ky da biét trong linh vuc nay, vi du, phuong phap tai td hop tuong dong, nhung
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khong bi gidi han vao d6. Gen danh dau chon loc dé x4c nhan su gén xen vao nhiém sic
thé c6 thé duoc bao gém thém. Gen danh dau chon loc dugce st dung dé chon loc cac té
bao da dugc bién nap bang vecto, nghia 13, dé xac nhan phéan tir polynucleotit dich da duoc
gén xen hay chua, va cac gen danh dau mang lai kiéu hinh c6 thé chon loc dugc nhu tinh
khang thubc, dinh dudng thu dong, tinh khang chit gay doc té bao hoac su biéu hién protein
ddt bién bé mit c6 thé dugc st dung. Trong mdi truong duge xur ly béng tac nhan chon loc,
chi cac té bao biéu hién gen danh dAu c6 thé chon loc ton tai hodc thé hién cac tinh trang
biéu hién khéc, do d6 cic té bao da bién nap c¢6 thé duoc chon loc.

O day, “bién nap” c6 nghia 1a dua vecto chira polynucleotit mi hoéa polynucleotit
dich vao té bao chu hodc vi sinh vét cht nhd d6 polypeptit dugc ma hoa bdi polynucleotit
ndy c6 thé duge biéu hién trong té bao chu nay. Polynucleotit dugc bién nap c6 thé bao
gdm toan bo chung bat k& ching duge gin xen vio nhiém séc thé ctia té bao chi hay nam
ngoai nhidm sic thé, v6i didu kién 1a ching c6 thé duge biéu hién trong té bao chi. Ngoai
ra, polynucleotit chita ADN va/hodc ARN ma hoéa polypeptit dich (vi du, bién thé GIxR).
Polynucleotit nay ¢6 thé dugc dwa vao & dang bét ky véi diéu kién 1a n6 c6 thé dugc dua
vao va duoc bidu hién trong té bao chu. Vi du, polynucleotit nay c6 thé duge dua vao té
bao chu & dang catxet biéu hién, 1 cdu tric gen bao gbm tht ca cac yéu t6 can thiét cho
viée ty biéu hién. Catxet bidu hién nay c6 thé chira trinh ty khoi dong, tin hiéu két thic
phién ma, vi tri lién két ribosom va tin hidu két thuc dich ma, ma thuong duge lién két didu
khién dugc véi polynucleotit nay. Catxet biéu hién c6 thé & dang vecto biéu hién c6 kha
nang tu sao chép. Ngoai ra, polynucleotit cd thé duge dua vao té bao chi & dang riéng cla
n6 va duoc lién két diéu khién dwoc v6i trinh tu can thiét cho su biéu hién trong té bao chu,
nhung khong bi gidi han vao d6. Phuong phép bién nap duoc bao gém ma khong c6 gidi
han v6i didu kién 12 n6 1a phuong phap dua gen vao té bao, va c6 thé dugc thuc hién bang
cach chon k¥ thuét chudn thich hop da biét trong linh vuc nay tity thudc vao té bao chi. Vi
du, phuong phéap xung dién, phuong phap két tia canxi phosphat (CaPOs), phuong phap
két ta canxi clorua (CaCly), phwong phap vi tiém, phuong phép gdy nhiém retrovirut,
phuong phép polyetylen glycol (PEG), phuong phap DEAE-dextran, phuong phap cation

liposom, va/hodc phuong phép lithi axetat-DMSO, va tuong tu ¢ thé duogc st dung, nhung
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khong bi gigi han vao do.

Vecto c6 thé 1a san phim ADN chira trinh tyr axit nucleic ciia polynucleotit ma héa
protein dich duoc lién két diéu khién dwoc vdi trinh tw didu hoa thich hop dé cho phép biéu
hién protein dich (vi du, bién thé GIxR) trong vat chii thich hop. Trinh tur diéu hoa c6 thé
bao gdm trinh ty khoi dong c6 kha nang khéi dong phién ma, trinh tw diéu khién bat ky dé
didu hoa sy phién ma nay, trinh tw ma hoéa vi tri lién két ribosom mARN thich hop va trinh
tu didu hoa su két thuc phién ma va dich ma. Vecto ndy c6 thé duoc sao chép hodc hoat
dong doc 1ap véi bo gen vat chu va co thé dugc tich hop vao b gen cua chinh nd, sau khi
duoc bién nap vao té bao vat chu thich hop.

O day, “dugc lién két diéu khién duoc” c6 nghia la trinh ty polynucleotit dugc lién
két chirc nang véi trinh tu khoi dong ma khéi dong va gy ra su phién ma cia polynucleotit
ma héa bién thé dich theo sang ché.

Khia canh khac cta sang ché c6 thé dé xuét vi sinh vat (hodc, ching, té bao tai to
hop), chlra mdt hodc nhiéu loai dugc chon tr nhém bao gém bién thé protein GIxR,
polynucleotit ma héa bién thé protein GIxR, va vecto chira polynucleotit nay. O day, “vi
sinh vat” co thé bao gém vi khudn mot té bao.

O day, “chung (hodc, vi sinh vét)” bao gdm ca vi sinh vt kiéu hoang va vi sinh vat
da trai qua bién d6i di truyén tw nhién hodc nhan tao, va 1a vi sinh vat trong d6 co ché cu
thé bi suy yéu hoic dugc ting cudng do cac nguyén nhan nhu gin xen gen ngoai lai hodc
su tang cudng hoic bat hoat hoat tinh ciia gen ndi sinh, 1a vi sinh vét chia bién ddi di truyén
dé san xuét polypeptit, protein hodc san phdm mong mubn.

Vi sinh vat (hoic, ching, t& bao tai td hop) c6 thé 1a chung chira mot hodc nhiéu loai
dugc chon tir bién thé protein GIxR, polynucleotit theo mot vi du va vecto chira
polynucleotit theo mét vi du; ching dugc bién ddi dé biéu hién bién thé protein GIxR hoic
polynucleotit theo mét vi dy; ching (vi du, ching tai t& hop) biéu hién bién thé protein
GIxR hodc polynucleotit theo mdt vi du; hodc ching (vi dy, ching tai td hop) c6 hoat tinh
ctia bién thé protein GIxR, nhung khong bi gi6i han vao do.

Trong mot vi dy, vi sinh vat (hodc, chung, té bao tai td hop) ¢6 thé co kha ning san

xut threonin (vi dy, L-threonin). Vi sinh vt (hodc, ching, t& bao tai to hop) c6 thé c6 kha
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nang san xuat threonin ting cudng so v4i vi sinh vat chua dwgc bién ddi, té bao trude khi
tai t6 hop, ching me va/hodc chung kiéu hoang, hodc c6 thé duogc tao ra kha ning san xut
threonin khac véi vi sinh vat chua duoc bién dbi, té bao trude khi tai td hop, chung me
va/hodc chung kiéu hoang, ma khong c6 kha ning san xuat threonin.

O day, “c6 kha nang san xuét threonin (vi dy, L-threonin)” ¢6 nghia la té bao va/hoic
vi sinh vat c6 kha nang san xuét threonin mot cach tu nhién, hodc vi sinh vét trong d6 kha
ning san xuét threonin duge tao ra cho ching me khong c6 kha nang san xut threonin.
Thuét ngit ndy c6 thé duoc sit dung dé chi truong hop ma vi sinh vat c¢6 kha nang san xuat
L-threonin bang cach dua vao bién thé protein GIxR theo mdt vi du va/hodc truong hop
ma vi sinh vét ¢6 kha ning san xuit L-threonin bang cach dwa bién thé protein GIxR vao
vi sinh vét khong c6 kha ning san xuét L-threonin. Vi dy, vi sinh vt Corynebacterium sp.
c¢6 kha ning san xuét L-threonin c6 thé c6 nghia 1 ban than vi sinh vét tu nhién hodc vi
sinh vat Corynebacterium sp. ¢ kha ning san xudt L-threonin ting cudng, trong do gen
ngoai lai lién quan dén co ché san xuét threonin duoc gan xen vao hozc hoat tinh ctia gen
ndi tai duoc ting cudng, hodc 1am suy yéu hodc bat hoat.

Vi sinh vat, trong d6 dot bién protein GIxR theo mdt vi du dugc dua vao, co thé ¢c6
threonin (vi du, L-threonin) dugc tdng cuong, so voi cung loai vi sinh vat chua dugc bién
dbi. O day, “vi sinh vat chua duoc bién déi” khong loai trir cac ching chira dot bién ma c6
thé xuét hién ty nhién trong vi sinh vit, va co thé co nghia la chung kiéu hoang hodc chinh
la ching kiéu tu nhién, hodc chiing trude khi tinh trang nay dugc thay d6i do @6t bién di
truyén gy ra bdi céc yéu td tu nhién hodc nhén tao. Vi du, vi sinh vat chua dugc bién ddi
¢6 thé c6 nghia 14 chung ma trong d6 bién thé GIxR theo mdt vi du chua dugc dua vao
hoac trudc khi dua vao. “Vi sinh vat chua dugc bién d61” co6 thé dugce sir dung thay thé vai
“ching trudc khi bién ddi”, “vi sinh vét truge khi bién ddi”, “ching khong dot bién”,
“ching khong bién ddi”, “vi sinh vat khong dot bién” hodc “vi sinh vat chuan”. Dot bién
protein GIxR dugc dua vao vi sinh vat trén day co thé c6 nghia 1a bién thé protein GIxR,
polynucleotit ma hoa bién thé protein GIxR va/hodc vecto chita polynucleotit nay. Trong
mot vi du, vi sinh vat chua duogc bién ddi protein, 1a chiing so sanh sy ting kha nang san

xuit threonin c6 thé 1a ching ATCC13032, ching KCCMI12000P, va/hodc ching
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KCCM12120P, nhung khong bi gidi han vao dé.

Trong mot vi du, chiing téi td hop c6 kha ning san xudt ting c6 thé ¢6 kha nang san
xut threonin ting 1a khoang 1% ho#c cao hon, khoang 2,5% hodc cao hon, khoang 5%
hodc cao hon, khodng 6% hodc cao hon, khoang 7% hodc cao hon, khoang 8% hodc cao
hon, khoang 9% hodc cao hon, khoang 10% hodc cao hon, khoang 10,5% hodc cao hon,
khoang 11% hodc cao hon, khoang 11,5% hoéc cao hon, khoang 12% hodac cao hon, khoang
12,5% hodc cao hon, khoang 13% hoéc cao hon, khoang 13,5% hodc cao hon, khoang 14%
hodc cao hon, khoang 14,5% hoac cao hon, khoang 15% hodc cao hon, khoang 15,5% hoac
cao hon, khoang 16% hodc cao hon, khoang 16,5% hodc cao hon, khoang 17% hodc cao
hon, khoang 17,5% hoac cao hon, khoang 18% hodc cao hon, khoang 18,5% hodc cao hon,
khoang 19% hodc cao hon, khoang 19,5% hoac cao hon, khoang 20% hodc cao hon,
khoang 20,5% hoac cao hon, khoang 21% hodc cao hon, khodng 21,5% hodc cao hon,
khoang 22% hoac cao hon, khoang 22,5% hodc cao hon, khodng 23% hodc cao hon,
khoang 23,5% hodc cao hon, khoang 24% hoac cao hon, khoang 24,5% hodc cao hon,
khoang 25% hoac cao hon, khoang 25,5% hodc cao hon, khoang 26% hodc cao hon,
khoang 26,5% hoac cao hon, khoang 27% hoéc cao hon, (gi6i han trén khong bi gi6i han
cu thé, va vi du, khoang 200% hogc nho hon, khoang 150% hodc nhé hon, khoang 100%
hodc nhé hon, khoang 50% hodc nho hon, khoang 45% hodc nhdé hon, khoang 40% hoac
nho hon, hodc khoang 35% hodc nho hon), so v6i chung me truge khi dot bién hodc vi sinh
vét chua duge bién ddi. Trong vi du khac, ching tai t6 hop ¢6 kha ning san xuét tang co
thé ¢6 kha ning san xudt threonin ting khoang 1,1 1an hodc cao hon, khoang 1,12 1an hodc
cao hon, khoang 1,13 14n hodc cao hon, 1,15 14n hodc cao hon, 1,16 14n hodc cao hon, 1,17
14n hodc cao hon, 1,18 14n ho#ic cao hon, 1,19 14n hodc cao hon, khoang 1,2 14n hodc cao
hon, khodng 1,25 1an hoic cao hon, khoang 1,26 14n hodc cao hon, hoic khoang 1,3 lan
hodc cao hon (gidi han trén khong bi gi6i han cu thé, va vi du, khoéng 10 14n ho#ic nho hon,
khoang 5 1an hodc nhd hon, khoang 3 14n hodc nho hon, hoic khoang 2 14n hodc nho hon),
so vOi ching me trude dot bién hodc vi sinh vét chua dugc bién ddi. Trong vi du khéc,
chung tai t6 hop c6 kha ning san xuét ting c6 thé c6 kha ning san xuét threonin ting

khoang 1,1 14n hodc cao hon, khoang 1,12 lan hodc cao hon, so v6i chiing me trude dot
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bién hodc vi sinh vét chua duoc bién dbi. Thuat ngtt, “khoang” 1a pham vi bao gdm toan
bd +0,5, +0,4, +0,3, 0,2, +0,1, va tuong tu, va nd bao gém toan bo cac gia tri s6 nam trong
khoang bang hoic twong tu vai gia tri s6 sau thuat ngfr khoang.

Viéc gén xen polynucleotit vao bd gen té bao chi (nhiém sic thé) hodc dua vao dot
bién nhor d6 gen ndi sinh cua té bao cha (vi du, gen g/xR) ma hoa bién thé protein GIxR ¢6
thé dugc thuc hién bing cach chon thich hop mot phuong phéap da biét bai nguoi co hiéu
biét trung binh trong linh vuc, va vi du, né cé thé duoc thuc hién béng cach st dung hé
endonucleaza dugc din duong boi ARN; vi du, (a) endonucleaza dugc dan duong boi ARN
(vi du, protein Cas9, v.v.), gen ma hoa ctia né, hoic vecto chira gen nay; va (b) ARN dan
duong (vi du, ARN dan dudng don (sgARN), v.v.), ADN mi héa cta né, hoic hon hop
chtra vecto chira ADN (vi du, hdn hop cua protein endonucleaza dugce dan dudong boi ARN
va ARN dan dudng, v.v.), hodc phitc hop (vi dy, mdt hodc nhiéu loai dugc chon tir nhém
bao gdém protein dung hop axit ribonucleic (RNP), vecto tai td hop (vi du, vecto chira gen
mi hoa endonucleaza duge din dudong bdi ARN va ADN ma héa ARN din duong clng
v6i nhau, v.v.), va tuong tu), nhung khong bi gidi han vao do. Su bién ddi cua mot phr?m
hodc toan bd polynucleotit trong vi sinh vat theo mot vi du (vi du, bién ddi dé ma hoa bién
thé protein dugc dé cp trén day) c6 thé dugce giy ra boi (a) tai td hop tuong dong st dung
vecto dé gén xen nhidm séc thé vao vi sinh vat hodc bién tip b gen bang cach st dung kéo
ct gen (nucleaza duoc thao tac di truyén, vi du, CRISPR-Cas9) va/hodc (b) xtr ly béng anh
sang va/hodc hda chit nhu tia cuc tim va chiéu xa, va tuong tu, nhung khong bi gidi han
vao d6. Phuong phép dé bién ddi mot phan hodc toan bd gen nay cé thé bao gom phuong
phép bing cong nghé tai td hop ADN. Vi dy, mdt phan hodc toan bd gen nay c6 thé duoc
x6a bo bang cach tiém trinh tw nucleotit hodc vecto chta trinh tu nucleotit ¢6 ty 1 twong
ddng v6i gen dich dé gay ra sy tai td hop twong ddng. Trinh tu nucleotit hodc vecto dugce
tiém c6 thé chira gen déanh dau chon loc trdi, nhung khong bi gidi han vao do.

Vi sinh vat (hodc ching, té bao tai td hop) ¢ thé con chira dot bién dé 1am ting kha
ning san xuét threonin, va vi tri clia dot bién nay va/hodc loai gen va/hodc protein dugce
gdy d6t bién co thé dugc bao gdm ma khong c6 giéi han véi didu kién 1a n6 lam tang kha

nang san xuét threonin. Té bao tai to hop c6 the duge st dung ma khong c6 gidi han voi
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diéu kién 13 n6 1a t& bao c6 thé bién nap.

Dé phan biét v6i vi sinh vat trong d6 kha ning san xuét threonin dwoc ting cudng
hodc kha ning san xuét threonin duoc tao ra bang cach dua vao dot bién protein GIxR, vi
sinh vat truéce khi dua vao dot bién protein GIxR c6 thé duoc dai dién boi vi sinh vat chu
(hodc chung me, vi sinh vat chua dugc bién déi).

Trong mdt vi du, vi sinh vat chta bién thé protein GIxR, polynucleotit ma hoa bién
thé nay, va/hoic vecto chira polynucleotit nay c6 thé,

(i) con chira polynucleotit va/hodic vecto téi td hop, ngoai bd gen, va/hoic

(ii) chtra polynucleotit, lam gen ma hoda protein GIxR ndi sinh (vi du, gen g/xR).

(ii) “chtra polynucleotit, lam gen ma hda protein GIxR noi sinh (vi du, gen g/ixR)”
c6 thé c6 nghia 14 (a) polynucleotit duoc dwa vao (gin xen) bang cach thay thé gen ma hoa
protein GIxR ndi sinh (vi du, gen g/xR), va/hodc (b) gen ma hda protein GIxR ndi sinh (vi
du, gen gixR) dugc gdy dot bién dé co trinh ty axit nucleic ciia polynucleotit nay (nghia 1a,
trinh tu axit nucleic ma hoa bién thé protein GIxR) bang cong nghé bién tip gen.

Trong mot vi du, protein GIxR hodc gen ma hoéa protein nay céd thé thu duoc tir vi
sinh vat chu (ndi tai) hodc thu dugc tir vi sinh vat khac (ngoai lai).

Trong mdt vi du, trong vi sinh vét (hodc ching, té bao tai t6 hop), polynucleotit theo
mdt vi du c6 thé duoc tich hop vao nhiém séc thé, va vi du, polynucleotit theo mot vi du
c6 thé duge thay thé cho gen ty nhién & vi tri gen g/xR trong nhiém sic thé hodc duoc tich
hop & vi tri gen bd sung.

Vi sinh vat nay c6 thé 1a vi sinh véat Corynebacterium sp..

Vi sinh vat Corynebacterium sp. c¢6 thé bao gdm Corynebacterium glutamicum,
Corynebacterium amoniacgenes, Corynebacterium acetoacidophilum, Corynebacterium
acetoglutamicum, — Corynebacterium  alkanolyticum,  Corynebacterium  callunae,
Corynebacterium lilium, Corynebacterium melassecola, Corynebacterium
thermoaminogenes, Corynebacterium efficiens, Corynebacterium herculis,
Corynebacterium crudilactis, Corynebacterium deserti, Corynebacterium stationis,
Corynebacterium singulare, Corynebacterium halotolerans, Corynebacterium striatum,

Corynebacterium amoniacgenes, Corynebacterium pollutisoli, Corynebacterium imitans,
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Corynebacterium testudinoris, va/hodc Corynebacterium flavescens, va tuong tu.

Vi sinh vt (hodc ching, té bao tai té hop) c6 thé bao gdm ca vi sinh vat duge tao ra
nhan tao béng cach bién nap, hodc vi sinh vét xuét hién tu nhién. Vi dy, vi sinh vat (hodc
ching, té bao tai td hop) nay c6 thé duge bién nap bang vecto chia polynucleotit ma hoa
bién thé protein GIxR theo mot vi du.

Vi sinh vt (hodc ching, t& bao tai tb hop) c6 thé 1a vi sinh vat, trong d6 trinh ty
polynucleotit theo mdt phuong an dugc tich hop vao nhidm sic thé. Téi t6 hop twong dong
cho phép, két hop véi viée st dung vecto theo mot vi du, su trao dbi cac doan ADN trén
nhidm sic thé dé polynucleotit theo mot vi du duoc phan phébi vao té bao nhd vecto nay.
Dé tai td hop hiéu qua gifra cac phan tir ADN vong ctia vecto va ADN dich trén nhidm séc
thé, trong viing ADN can duoc trao dbi chtra polynucleotit theo mot vi du, trinh tu nucleotit
tuong ddng vai vi tri dich & cubi cing dugc tao ra; va ching quyét dinh vi tri tich hop ctia
vecto va su trao déi ADN. Vi du, polynucleotit theo mdt vi du co thé dugc trao ddi voi gen
gIXR ty nhién & vi tri gen ty nhién trong nhiém sic thé hodc c6 thé duoc tich hop & vi tri
gen bd sung.

Khia canh khac cta sang ché c6 thé dé xudt phuong phép san xuit threonin, bao
gdm budc nudi cdy vi sinh vat (hodc chang, té bao tai td hop) trong moi truong. Threonin
nay c6 thé 1a L-threonin. Vi sinh vat (hodc chiing, té bao tai to hop) 12 nhu dugc mo ta trén
day.

O day, “nudi ciy” dé cap dén viéc nuéi vi sinh vat (hodc ching, té bao tai td hop)
trong diéu kién moi truong dugce kiém soat thich hop. Viéc nudi céy ¢6 thé duoc thuc hién
theo mai truong va cac diéu kién nudi cdy thich hop da biét trong linh vuc nay, va né nén
théa man cac yéu cdu vé chung cu thé theo cach thich hop, va co thé dugc bién doi thich
hop boi ngudi ¢6 hiu biét trung binh trong linh vuc. Phuong phap nudi cdy co thé bao
gbdm vi du, nudi cdy theo mé, nudi cdy lién tuc, nudi cdy theo mé co bd sung co chit, hodc
két hop ctia chiing, nhung khong bi gi6i han vao do.

O day, “méi truong” c6 nghia la chit, trong do6 cac chat dinh dudng can thiét dé nudi
cdy chiing Corynebacterium glutamicum theo sang ché 1a thanh phan chinh, va cung cap

chét dinh dudng va cac yéu to sinh truéng, va twong ty, bao gobm nude 1a thiét yéu doi véi
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su séng con va sinh truéng. Cu thé la, moi trudng va cac diéu kién nudi céy khac duogc st
dung dé nuodi céy vi sinh vét theo mot vi du c6 thé duogc st dung ma khong c6 giéi han cu
thé v6i didu kién 12 né 12 mdi trudng duge sit dung cho viée nudi cdy thong thudng cia vi
sinh vat, nhung vi sinh vat theo mot vi du cé thé duoc nudi céy trong khi diéu chinh nhiét
do6, 6 pH, va tuong tu trong diéu kién hiéu khi trong mdi trudong thong thuong chira ngudn
cacbon thich hop, nguf”)n nito, nguén phospho, hop chit vo co, axit amin va/hodc vitamin,
va tuong tu.

Trong mdt vi dy, moi trudng dé nudi cdy vi sinh vat (hoic ching, té bao tai td hop)
c6 thé tham khao tai liéu ["Manual of Methods for General Bacteriology" by the American
Society for Bacteriology (Washington D.C., USA, 1981)], nhung khong bi gi6i han vao dé.

Péi voi nguén cacbon, hydrat cacbon nhu glucoza, saccaroza, lactoza, fructoza,
sucroza va maltoza; cac ruou dudng nhu mannitol va sorbitol; cac axit hitu co nhu pyruvat,
lactat va xitrat; cdc axit amin nhu axit glutamic, methionin va lysin, va cac chét tuong tu
c6 thé duoc bao gdm. Ngoai ra, cac chit dinh dudng hitu co ty nhién nhu san phdm thiy
phan tinh bot, ri duong, mat mia den, cdm gao, bot s&n, b3 mia va nude ngam ngod co thé
dugc str dung, va cu thé 13, hydrat cacbon nhu glucoza va ri dudng da xit Iy so b tiét tring
(nghia 13, ri duong duge chuyén hoa thanh dudng khir), va twong tu ¢6 thé duge str dung,
va luong thich hop khac cia cac ngudn cacbon c6 thé duge sir dung khéc nhau ma khong
c6 gidi han. Cac nguén cacbon nay c6 thé duogc st dung mot minh hodc 2 loai hodc nhiéu
hon c6 thé duoc sir dung két hop, nhung khéng bi gidi han vao do.

Dbi voi ngudn nito, cdc ngudn nito vo co nhwr amioniac, amoni sulfat, amoni xitrat,
amoni phosphat, amoni cacbonat, amoni nitrat, va twong tu; va cac nguén nito httu co bao
gé)m céc axit amin nhu axit glutamic, methionin, glutamin, pepton, NZ-amin, cao thit (meat
extract), dich chiét nAm men, dich chiét mach nha, nu6c ngdm ngd, san pham thiy phan
casein, c4 hodc san pham phén giai cta né, banh dau twong duge khir béo hodc san pham
phan giai cua nod co thé duoc st dung. Céc ngudn nito ndy cé thé duoc st dung mot minh
hodc hai loai hodc nhidu hon ¢6 thé duoc st dung két hop, nhung khong bi gii han vao
do.

Dbi voi ngudn phospho, kali phosphat monobasic, kali phosphat dibasic, hodc mudi
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chira natri tvong ung véi chiing, hodc tuong tu ¢6 thé duge bao gdm. Dbi voi hop chit vo
co, natri clorua, canxi clorua, st clorua, magie sulfat, sit sulfat, mangan sulfat, canxi
cacbonat, va tuong tu c6 thé dugc st dung, va ngoai ra, cac axit amin, vitamin va/hoac céac
tién chat thich hop, va tuong tu ¢6 thé dugce bao gdm. Céc thanh phin hodc cac tién chat
nay c6 thé duge bd sung vao mdi trudng theo mé hoidc theo cach lién tuc. Tuy nhién, séng
ché khong bi giéi han vao do.

Ngoai ra, mdi truong nay cé thé chira mudi kim loai nhur magie sulfat hodc sat sulfat
can thiét cho sy sinh truong, nhung khong bi gigi han vao d6. Ngoai ra, cic nguyén licu
sinh truéng thiét yéu nhu cac axit amin va vitamin c6 thé dugc bao gdm. Ngoai ra, céc tién
chét thich hop cho moi truong c6 thé dugc st dung. Mo6i truong hodc thanh phén don 1é co
thé dugc bd sung theo tirng mé hodc theo céch lién tuc bang phuong phap thich hop trong
dung dich nudi cdy trong qué trinh nudi ciy, nhung khong bi gidi han vao do.

Theo mét vi dy, hop chit nhu amoni hydroxit, kali hydroxit, amoniac, phosphat,
sulfat, va twong tu c6 thé duge bd sung vio méi trudng trong qua trinh nudi cay theo cach
thich hop, dé diéu chinh d6 pH ciua mdi truong. Ngoai ra, trong qué trinh nudi cay, chét
chéng tao bot nhu polyglycol este ctia axit béo ¢6 thé duge sir dung dé e ché su tao bot.
Ngoai ra, dé duy tri trang thai hiéu khi ctia méi trudng, oxy hoic khi chira oxy ¢ thé duoc
bom vao méi truong, hodc dé duy tri trang thai ky khi va vi hidu khi, khi khong duoc bom
vao hodc khi nito, hydro hoac cacbon dioxit ¢ thé duoc bom vao, nhung khong bi gidi
han vao do.

Theo mot vi du, nhiét dd nudi cly c6 thé duge duy tri 1a 20°C dén 45°C, 25°C dén
40°C, hogc 30°C dén 37°C. Thoi gian nudi cdy c¢6 thé duoc tiép tuc dén khi chat thich hop
(vi du, L-threonin) thu dugc véi lugng mong mubn, va vi dy, thoi gian nay co thé 1a tir 10
dén 160 gio.

Phuong phép san xuét threonin theo mot vi du c6 thé con bao gdm bude tao ra vi
sinh vat (hodc ching, té bao tai td hop) theo mot vi du, tao ra moi truong dé nuoi cdy vi
sinh vét nay, hodc két hop ciia chung (theo thir tu bét ky), vi du, trude khi nuéi céy.

Phuong phép san xuit threonin theo mét vi dyu c6 thé con bao gdm budc phan 1ap

va/hoic thu hoi threonin tir moi trudng da nudi cay (moi truong nudi cdy) va/hodc vi sinh
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vat (hodc chung, té bao tai td hop). Budc phan 1ap va/hoac thu hdi ¢6 thé con dugc bao
gbm sau khi nudi cdy. M6i truong nudi cdy c6 thé dé cap dén mai truong nudi cdy vi sinh
vét (hoac chung, té bao tai tb hop).

Buéc phan 14p va/hodc thu hoi threonin ¢6 thé thu gom axit amin mong mudn (vi
du, L-threonin) tir méi trudng, dung dich nudi cdy hodc vi sinh vat bang cach st dung
phuong phap thich hop da biét trong linh vuc nay phu thudc vao phwong phap nudi cdy (vi
du, phwong phép nudi cdy theo mé, lién tuc hodc theo mé c¢é bd sung co chat, v.v.). Vi du,
phuong phap nhu ly tim, loc, xt 1y bing chit két tua protein da két tinh (phuong phap tach
muéi), chiét, phun, séy, lam bay hoi, két tua, két tinh, phén ra béng siéu am, siéu loc, thdm
tach, xung dién, hoa tan tirng ph?m (vi dy, két tia amoni sulfat), HPLC, va/hodc sdc ky (vi
dy, trao ddi ion, 4i luc, ky nuéc, 16ng va loai ¢), va phuong phép twong tu ¢6 thé duoc sir
dung, nhung khong bi gidi han vao do.

Phuong phap san xuét threonin theo mot vi du ¢ thé con bao gdbm buéc tinh ché.
Budc tinh ché ¢6 thé duoc thue hién bang cach st dung phuong phap thich hop da biét
trong linh virc ndy. Trong mét vi du, khi phuwong phép san xut threonin bao gdm ca budec
phan 18p va/hodc thu hdi va tinh ché, viéc tinh ché threonin ¢6 thé duge bao gdm thém
trudc hodc sau bude phan 1dp va/hoac thu hoi, hodc budc phén 18p va/hodc thu hoi va tinh
ché co thé duoc thuc hién & cac thoi diém khéc nhau (hodc lién tuc) theo tht tu bat ky,
hodic ¢6 thé dugc thue hién ddng thoi hodc bang cach duoc tich hgp thanh mot bude, nhung
khong bi gidi han vao do.

Khia canh khéac cta sang ché c6 thé dé xuét ché phdm dé san xut threonin (vi du,
L-threonin), chtra mdt hodc nhiéu loai duoc chon tir nhém bao gdm bién thé protein GIxR,
polynucleotit ma héa bién thé protein GIxR, vecto chira polynucleotit ndy va vi sinh vat
(hodic chiing, té bao tai t hop) chira polynucleotit hodc vecto nay. Bién thé, polynucleotit,
vecto, vi sinh vat, moi trrong va threonin, va tuong tu 14 nhu duge mo ta trén day.

Trong mot vi du, ché phém dé san xuét co thé con bao gé)m ta duoc thich hop bat
ky thuong duge st dung cho ché phdm d8 san xudt axit amin, va t4 duoc ndy c6 thé 1a vi
du, chit bao quén, chit 1am w6t, chit gay ra, chét tao huyén phu, chét dém, chét 6n dinh

hodc chét tao do truong, hodc tuwong ty, nhung khong bi giéi han vao do.
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Khia canh khéc clia sang ché c6 thé dé xudt phuong phap lam ting kha ning san
xuét threonin (vi du, L-threonin) ctia vi sinh vat hodc phuong phép tao ra kha nang san xut
threonin (vi dy, L-threonin) cho vi sinh vat, bao gém dua (vi du, bién nap) bién thé protein
GIxR, polynucleotit ma hoa protein nay va/hodc vecto tai tb hop chira polynucleotit nay
vao vi sinh vit.

Hiéu qua c6 lgi ctia sang ché

Bién thé protein GIxR theo mot vi du duoc dua vao vi sinh vat, va nho do, n6 ¢o
thé 1am giam sy san xuét cac san phdm phu va 1am ting déng ké kha ning san xuat threonin.
Vi du thwe hién sang ché

Sau day, sang ché s& dugc md ta chi tiét hon bang cc vi du va vi du thir nghiém.
Tuy nhién, cac vi du va cac vi dy thir nghiém nay dugc du dinh dé minh hoa sédng ché bang
cach 14y vi du, pham vi ctia sang ché khong bi gii han vao céc vi du va cac vi du thir
nghiém nay.

Vi du 1: Xav dung thu vién vecto dé dua dot bién vao ORF gen glxR

D& phat hién bién thé, trong d6 sy biéu hién cia protein GIxR ctaCorynebacterium
glutamicum (SEQ ID NO: 1) hodc hoat tinh ctia n6 duge thay ddi, thu vién vecto dugc xay
dung bang phuong phép sau day.

Dau tién, cac doan mdi ctia SEQ ID NO: 16 va SEQ ID NO: 17, trong d6 vi tri nhan
biét Smal enzym gidi han dugc chén vao doan 5’ va doan 3° & vi tri cach khoang 1000bp,
tién va i, twong tng, tir vi trf 133 dén 135, 196 dén 198, 496 dén 498, va 502 dén 504
trong trinh ty nucleotit (SEQ ID NO: 2) ciia gen g/xR bing cach sir dung ADN bd gen dugc
chiét tir chiing WT (ATCC13032) lam khudn.

Cu thé 13, cac doan ADN nim & cac dau cing 5° va 3” clia gen glxR (mdi doan
1000bp) duoc tao ra & dang duge ndi véi vecto pDZ (Cong bd patent Han Qudc sb 10-
2008-0025355). Doan gen dau cing 5° sit dung cac doan mdi ctia SEQ ID NO: 16 va 18 va
doan gen dau cung 3’ st dung cac doan mdi cia SEQ ID NO: 17 va 19 duge xay dung béng
PCR st dung nhidm sfc thé ciia ching WT lam khuon. Cac diéu kién PCR duoc ldp lai
bién tinh & 94°C trong 5 phut, bién tinh & 94°C trong 30 gidy, bét cap & 55°C trong 30 gidy,
va polyme hoa & 72°C trong 1 phut, 24 1an, va sau d6 thuc hién polyme hoa & 72°C trong
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10 phit. Sau khi tinh ché doan ADN da khuéch dai sir dung kit tinh ché PCR cua Quiagen,
né dugce str dung lam doan ADN gén xen dé x4y dung vecto.

Mat khac, vecto pDZ da duge xtt Iy v6i enzym gidi han Smal va sau d6 duoc xir ly
nhiét & 65°C trong 60 phiit va doan ADN gén xen duoc khuéch dai qua PCR dugc ndi bang
cach str dung kit Infusion Cloning, va sau d6 dugc bién nap vao E. coli DH5a. Chung nay
duge dua vao dia trén moi truong ran LB chira kanamycin (25 mg/l). Sau khi chon céc
khuan lac d3 duoc bién nap bang vecto ma gen mong mudn da duoc gén xen vao d6 nho
PCR bang cich sir dung cac doan mdi ctia SEQ ID NO: 20 va 21, plasmit thu duoc bing
céch st dung phuong phap chiét plasmit da dwoc biét mot cach phd bién. Plasmit nay duoc
ky hiéu 1a pDZ-gIxR (E45A).

Bing phuong phép gidng nhu vay, pDZ-glxR (D66A) st dung cac doan mdi cla
SEQ ID NO: 16 va 28, 17 va 29, pDZ-gIxR (T166D) st dung cac doan mdi ciia SEQ ID
NO: 16 va 34, 17 va 35, va pDZ-glxR (E168A) sit dung cac doan mdi cia SEQ ID NO: 16
va 40, 17 va 41 duoc tao ra.

Céc trinh tu axit nucleic cta cac doan moi duoc st dung trong vi du nay dugc mo

ta trong Bang 3 dudi day.

[Bang 3]

Tén Trinh tu (5°->3?) SEQ ID NO

glxR L1 GAATTCGAGCTCGGTACCCTGAGACCCCA [SEQ ID NO: 16
CGCGAG

glxR R2 GACTCTAGAGGATCCCCATCGACGGTGTC [SEQ ID NO: 17
ACCCCAC

gIxR(E45A) L2 |GTAAAGGCGGTCACCTGGCgCGCCCTCGT |SEQID NO: 18
CGAAGATGG

glxR(E45A)R1  |CCATCTTCGACGAGGGCGcGCCAGGTGAC |SEQ ID NO: 19
CGCCTTTAC

pDZ F TATTACGCCAGCTGGCGAAAG SEQ ID NO: 20

pDZ R TTCCGGCTCGTATGTTGTGTG SEQ ID NO: 21

gIxR(E45S) L2  |GTAAAGGCGGTCACCTGGagaGCCCTCGTC |SEQ ID NO: 22
GAAGATGG

gIxR(E45S)R1  |[CCATCTTCGACGAGGGCtctCCAGGTGACC |SEQ ID NO: 23
GCCTTTAC

gIxR(E45F) L2 |GTAAAGGCGGTCACCTGGaaaGCCCTCGTC |SEQ ID NO: 24
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GAAGATGG

glxR(E45F) R1  |CCATCTTCGACGAGGGCttCCAGGTGACCG |SEQ ID NO: 25
CCTTTAC

gIxR(E45K) L2 |GTAAAGGCGGTCACCTGGCTtGCCCTCGTC [SEQ ID NO: 26
GAAGATGG

gIxR(E45K)R1 |CCATCTTCGACGAGGGCaAGCCAGGTGAC |SEQ ID NO: 27
CGCCTTTAC

gIxR(D66A) L2  |GGTTTTCGCGGCCtgCCGGTGCGTGGCGCG [SEQ ID NO: 28
CAAG

gIxR(D66A)R1  |GCGCCACGCACCGGecaGGCCGCGAAAACC |SEQ ID NO: 29
TGCTG

glxR(D66F) L2 |CAGCAGGTTTTCGCGGCCaaaCGGTGCGTG [SEQ ID NO: 30
GCGC

glxR(D66F) R1  |GCGCCACGCACCGtttGGCCGCGAAAACCT |SEQ ID NO: 31
GCTG

glxR(D66K) L2  |GGTTTTCGCGGCCtttCCGGTGCGTGGCGCG [SEQ ID NO: 32
CAAG

glxR(D66K) R1  |GCGCCACGCACCGaaaGGCCGCGAAAACC [SEQ ID NO: 33
TGCTG

glxR(T166D) L2 |GCCAGCTTCTTGGtcGCCGAAGCGGTTAGC |SEQ ID NO: 34
CAGC

glxR(T166D) R1 [AACCGCTTCGGCgaCCAAGAAGCTGGCGC |SEQ ID NO: 35
GCTG

glxR(T166F) L2 |GCCAGCTTCTTGGaaGCCGAAGCGGTTAGC|SEQ ID NO: 36
CAGC

glxR(T166F) R1 |AACCGCTTCGGCttCCAAGAAGCTGGCGCG |SEQ ID NO: 37
CTG

glxR(T166K) L2 |GCCAGCTTCTTGtttGCCGAAGCGGTTAGCC |SEQ ID NO: 38
AGC

gIxR(T166K) R1 |AACCGCTTCGGCaaaCAAGAAGCTGGCGCG|SEQ ID NO: 39
CTG

gIxR(E168A) L2 |AGCGCGCCAGCagCTTGGGCGCCGAAGCG |SEQID NO: 40
GTTAG

gIxR(E168A)R1 |CTTCGGCGCCCAAGctGCTGGCGCGCTGCG|SEQ ID NO: 41
CGTG

gIxR(E168F) L2 |AGCGCGCCAGCaaaTTGGGCGCCGAAGCG |SEQID NO: 42
GTTAG

gIxR(E168F) Rl |CTTCGGCGCCCAAttGCTGGCGCGCTGCGC|SEQ ID NO: 43
GTG

glxR(E168K) L2 |AGCGCGCCAGCcttTTGGGCGCCGAAGCGG |SEQ ID NO: 44

TTAG
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gIxR(E168K)R1 |CTTCGGCGCCCAAaagGCTGGCGCGCTGCG [SEQ ID NO: 45
CGTG
Tong s6 4 loai vecto pDZ-gIxR (E45A), pDZ-gIxR (D66A), pDZ-gIxR (T166D) va

pDZ-gIxR (E168A) chira polypeptit bién thé, trong d6 céc axit amin thi 45, 66, 166 va 168

cua SEQ ID NO: 1 dugc thay thé béng cac axit amin khac, duogc tao ra nhu trén, va cac
vecto ndy 1a cac vecto ¢ thé thay thé axit amin thtr 45 glutamat (axit glutamic, E) cua
protein GIxR thanh alanin (A), axit amin th 66 aspartat (axit aspartic, D) thanh alanin (A),
axit amin 166 threonin (T) thanh aspartat (D), va axit amin thtr 168 glutamat (E) thanh

alanin (A), tuvong Gng.

Vi du 2: Panh gi4 kha ning sin xuét L-threonin ctia ching bién thé ¢/xR dua vao vi sinh

vat Corynebacterium sp. kidu hoang

Trong céac vi du nay, dua vao Corynebacterium glutamicum ATCC13032, kha ndng
san xudt L-threonin ctia ching bién thé glxR, trong d6 axit amin thit 45 glutamat, axit amin
thr 66 aspartat, axit amin thir 166 threonin, va axit amin thir 168 glutamat duoc thay thé
14n Iuot bang alanin, alanin, aspartat va glutamat, trong trinh ty axit amin (SEQ ID NO: 1)
ctia protein GIxR kiéu hoang duoc s& hitu ndi sinh boi chiing ATCC13032, duge dénh gia.

Cac vecto pDZ-gIxR (E45A), pDZ-gIxR (D66A), pDZ-gIxR (T166D) va pDZ-glxR
(E168A) dugc tao ra trong vi du 1 duoc bién nap bing phwong phap xung dién. Céc chiing
trong d6 dot bién thé nucleotit khac loai dugce dua vao geng/xR theo cach nay dugc ky hiéu
la ATCC13032 AglxR::glxR (E45A), ATCC13032 AglxR::glxR (D66A), ATCC13032
AglxR::glxR (T166D), ATCC13032 AglxR::glxR (E168A), tuong Umg. 4 ching duoc tao
ra bang cach st dung ching ATCC13032 lam nhém dbi chiing [ATCC13032 AglxR::glxR
(B45A), ATCC13032 AglxR:glxR (D66A), ATCC13032 AglxR:glxR (T166D),
ATCC13032 AglxR::glxR (E168A)] dugc nudi cdy trong phwong phép sau day dé do toc
do tiéu thu duong, va san luong san xuat threonin va lysin.

DAu tién, mdi chung duoc cdy vao binh nén duge ngin & goc 250ml chira méi truong
nhan gibng 25ml, va duge nudi cdy kém theo lic & 200rpm & 30°C trong 20 gid. Sau do,

1ml dung dich nudi cdy nhén gidng dugc cdy vao binh nén dugc ngin & goc 250ml chira
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mai truong san xuat 24ml, va dugc nudi cdy kém theo lic & 200rpm & 32°C trong 24 gio.
Thanh phin ctia méi tredng nhan gidng va moi trudong san xuat duge mo ta trong Bang 4
duéi day, trong ting. Sau khi hoan thanh viéc nudi cdy, ndng do cta L-lysin va L-threonin
dugc do bang cach sir dung HPLC (Waters 2478), va duong luong con lai trong méi truong
(dwong luwong du) dugc phén tich bing cach st dung may phan tich Hoa sinh (YSI 2900)

dé do tdc do tidu thu duong, va két qua duoc thé hién trong Bang 5.

29/83

[Bang 4]
Loai mdi Thanh phan
trudong
Moi truong Glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, uré 1,5 g, KH,PO4 4 g,
nhan giéng (d6 |K,HPO4 8g, MgS04.7H20 0,5 g, biotin 100pg, thiamin HCI 1000pg, canxi-
pH=7,0) axit pantothenic 2000ug, nicotinamit 2000pg (dua trén nudc cét 1 lit)
Moi truong Glucoza 30g, KH,PO4 2g, uré 3g, (NH4)2SO4 40g, pepton 2,5g,
san xuét L- CSL(Sigma) 5g(10 ml), MgS04.7H20 0,5g, Leuxin 400mg, CaCO3 20g
THREONINE |(dwa trén nudc cit 1 lit)
(d6 pH=7,2)
[Bang 5]
Chung Nong db L- |Toc do tieu [Nong do L-

Thr (g/L) [thu duong |LYS (g/L)

(g/hr)

ATCC13032 0 3,65 1,2
ATCC13032 AglxR::glxR* (E45A) 0,22 4,22 0
ATCC13032 AglxR::glxR* (D66A) 0,16 3,98 0,2
ATCC13032 AglxR::glxR* (T166D) 0,1 - 1
ATCC13032 AglxR::glxR* (E168A) 0,06 - 0,7

Nhu duoc thé hién trong Bang 5, khi c4c axit amin thr 45, 66, 166 va 168 cia protein

GIxR duoc thé, tuong img, so v6i chiing Corynebacterium glutamicum ATCC13032, ndng
do6 cuia L-threonin da sén xuét duoc tang cudng va ndng do ctia san pham phu L-lysin dugc
giam xudng.

Ngoai ra, nhu dugc thé hién trong Bang 5, c6 thé xac nhan duoc 12 tdc dd tiéu thu
dudng cling dugc cai thién, khi cac axit amin thir 45 hodc 66 cia protein Glx dugc thay thé
bang alanin. Theo dé, vi chiing trong d6 bién thé trong d6 axit amin thir 45 hodc 68 dugc

thay thé bang alanin so v6i ching me (E45A hodc D66A) ¢6 tbc d6 tiéu thu dudong nhanh
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hon, thoi gian can thict d€ san xuat cung mot lugng L-threonin dugc rut ngan, va kha nang

san xuat L-threonin dugc cai thién.

Vi du 3: X4y dung thu vién vecto, trong d6 cdc axit amin thu 45, 66, 166 va 168 cua gen

olxR dugc thay thé biang cic axit amin c6 cac dic diém khac

D3 xé4c nhan duoc 1a tde do tiéu thu dudng va kha ning san xuét L-threonin dugc
cai thién, khi cdc axit amin 45, 66, 166 va 168 cta protein GIxR duoc thay thé bing céc
axit amin khéc trong vi du 2. Dé x4ac nhan thém vé hiéu qua khi céc axit amin tht 45, 66,
166 va 168 cta protein GIxR (SEQ ID NO: 1) duoc thay thé bing cac axit amin c6 cac dic
diém khéc, viéc thé cac axit amin kidu hoang bing cac axit amin chira dot bién duoc thi.
DPé dua vao téng sb 13 loai dot bién thé nucleotit khac loai chtra cac dot bién E45A, D66A,
T166D va E168A dugc xac nhan trong vi du 2, mdi vecto tai to hop duoc tao ra bing
phuong phap giéng nhu vi dy 1.

pDZ-gIxR (E45S) st dung cic doan mdi ciia SEQ ID NO: 16 va 22, 17 va 23, pDZ-
gIxR (E45F) st dung cac doan mdi ciia SEQ ID NO: 16 va 24, 17 va 25, pDZ-gIxR (E45K)
str dung cac doan mdi ctia SEQ ID NO: 16 va 26, 17 va 27, pDZ-gIxR (D66F) str dung cic
doan mdi cua SEQ ID NO: 16 va 30, 17 va 31, pDZ-gIxR (D66K) sit dung cac doan moi
cia SEQ ID NO: 16 va 32, 17 va 33, pDZ-gIxR (T166F) st dung céac doan mdi cia SEQ
ID NO: 16 va 36, 17 va 37, pDZ-gIxR (T166K) str dung céc doan moi ctia SEQ ID NO: 16
va 38, 17 va 39, pDZ-gIxR (E168F) st dung cac doan mdi ctia SEQ ID NO: 16 va 42, 17
va 43, va pDZ-gIxR (E168K) st dung cac doan moi ctia SEQ ID NO: 16 va 44, 17 va 45
duoc tao ra, trong ng. Cac trinh tu axit nucleic cua cac doan mdi duge st dung trong vi

du nay dugc mo ta trong Bang 3 trén day.

Vi du 4: Phan tich kha ning san xuét L-threonin cho cac bién thé axit amin thir 45, 66. 166

va 168 cia gen gIxR dua vao vi sinh vit Corynebacterium sp. kiéu hoang

Thu vién vecto dugce xdy dung trong vi du 3 dugc bién nap vao chiing ATCC13032
bang phuong phéap xung dién. Céc ching, trong d6 dot bién thé nucleotit khac loai dugc

dua vao gen glxR theo cach nay dugc ky hiéu 1a ATCC13032 AglxR::glxR* (E458),
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ATCC13032 AglxR::glxR* (E45F), ATCC13032 AglxR::glxR* (E45K), ATCC13032
AglxR::glxR* (D66F), ATCC13032 AglxR::glxR* (D66K), ATCC13032 AglxR::glxR*
(T166F), ATCC13032 AglxR::glxR* (T166K), ATCC13032 AglxR::glxR* (E168F), va
ATCC13032 AglxR::glxR* (E168K).

Ching ATCC13032 dugc st dung 1am nhom ddi chimg va duoc nudi cdy bang
phuong phép gidng nhu vi du 2 dé do kha ning san xuit L-threonin va L-lysin va téc do

tiéu thu duong, va két qué dugc mo ta trong Bang 6.
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[Bang 6]
Chting Nong d6 |Toc do tiéu  |[Nong do L-
L-Thr thu duong LYS (g/L)
(g/L) (g/hr)
ATCC13032 0 3,47 0,4
ATCC13032 AglxR::gIxR* (E45A) 0,2 4,02 0,4
ATCC13032 AglxR::glxR* (E45S) 0,1 3,50 0,3
ATCC13032 AglxR::glxR* (E45F) 0,1 - 0,4
ATCC13032 AglxR::glxR* (E45K) 0,07 3,66 0,3
ATCC13032 AglxR::gIxR* (D66A) 0,22 3,76 0,2
ATCC13032 AglxR::glxR* (D66F) 0,11 - 0,1
ATCC13032 AglxR::glxR* (D66K) 0,06 - 0,4
ATCC13032 AglxR::glxR* (T166D) 0,18 3,86 0,4
ATCC13032 AglxR::gIxR* (T166F) 0,07 - 0,3
ATCC13032 AglxR::glxR* (T166K) 0,04 3,52 0,3
ATCC13032 AglxR::glxR* (E168A) 0,15 3,81 0,3
ATCC13032 AglxR::gIxR* (E168F) 0,1 - 0.2
ATCC13032 AglxR::glxR* (E168K) 0,05 - 0,1

Két qua thtr nghiém 14, khi axit amin thir 45 glutamat trong protein GIxR (SEQ ID

NO: 1) duoc thay thé bang alanin, serin, phenylalanin hogc lysin, kha ning san xudt L-
threonin (Thr) dugc tao ra cho chung nay, va tdc do tiéu thu duong dugc cai thién, va kha
ning san xudt cic san pham phu nhu lysin dugc gidm di. Ngoai ra, khi axit amin th@ 66
aspartat trong protein GIxR (SEQ ID NO: 1) dugc thay thé bang alanin, phenylalanin hoic
lysin, kha ning san xuat L—tflreonin duoc tao ra cho chiing nay, va téc do tiéu thu duong
duoc cai thién, va kha nang san Xudt cac san phém phu nhu lysin dugc giam di. Ngoai ra,

khi axit amin thir 166 threonin trong protein GIxR (SEQ ID NO: 1) duoc thay thé bang

31



49124 32/83

aspartat, phenylalanin hoc lysin, kha ning san xut L-threonin duoc tao ra cho chung nay,
va tde do tiéu thu duong duge cai thién, va kha ning san xudt cac san phdm phu nhu lysin
dugc giam di. Ngoai ra, khi axit amin thr 168 glutamat trong protein GIxR (SEQ ID NO:
1) duoc thay thé bing alanin, phenylalanin hodc lysin, kha ning san xudt L-threonin duoc
tao ra cho chung nay, va tdc do tidu thu duong duogc cai thién, va kha ndng san XUAt c4c san

pham phu nhu lysin dwoc giam di.

Vidu 5: Phan tich kha ning san xuat L-threonin va tdc do sinh trudng cho chung bién thé

olxR dua vao chiing san xuét threonin

Trong vi du nay, dé kiém tra rd rang ndng d6 threonin va tdc do sinh trudng theo
viée dua vao dot bién g/xR, kha ning san xudt L-threonin duoc danh gia bing céch dua 4
loai vecto dugc tao ra trong vi du 1 vao ching san xuét L-threonin. Dé tao ra chung san
xuét L-threonin, bang cach thay ddi trinh tw nucleotit tir vi tri 1128 dén 1131 ctia gen ma
hoa protein LysC kiéu hoang tir TTG thong thuong dén AAG dé giai quyét van dé tic ché
lién hé ngugc cua LysC (aspartat kinaza) dong vai trd 14 enzym quan trong hang dau trong
con dudng tdng hop threonin tir Corynebacterium glutamicum ATCC13032 kiéu hoang,
ching trong d6 dot bién bién thé LysC (L377K), trong d6 axit amin thir 377 Leuxin tir dau
cing N ctia protein LysC kiéu hoang duoc thay thé bang lysin, dugc dua vao duge tao ra.
Trinh tu axit amin ctia LysC (L377K) dugc md ta trong Bang 7 duéi day la SEQ ID NO:
46.

Vecto tai td hop dé dwa dot bién vao dugce tao ra bang phuong phép sau day. Pé tao
ra cac ching trong dé d6t bién LysC (1.377K) duogc dua vao, cac doan moi ctia SEQ ID
NO: 47 va 48 trong d6 vi tri nhan biét enzym gidi han Smal dugc chen vao doan 5° va doan
3° & vi tri cach khoang 500bp, tién va i, twong Gmg, tlr vi tri 1128 dén 1131 cua gen lysC
bing cach st dung ADN bd gen duge chiét tir ching ATCC13032 dugc téng hop. Dé dua
vao dot bién thé nucleotit khac loai LysC (L377K), cac doan mdi cua SEQ ID NO: 49 va
50 dé thay thé trinh tu nucleotit tir vi tri 1128 dén 1131 cta gen lysC dugc tong hop.

Cu thé 13, plasmit pDZ-lysC (L377K) dugc tao ra & dang, trong dé cac doan ADN

(mdi doan 515, 538 bp) nam & ddu cung 5’ va 3’ cia gen lysC dugc nbi véi vecto pDZ.
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Poan gen dau ciing 5° dugc tao ra bang cach st dung céc doan mdi ctia SEQ ID NO: 47 va
49 str dung nhiém séc thé cta ching ATCC13032 1am khu6n qua PCR. Cac diéu kién PCR
duoc lap lai bién tinh & 94°C trong 5 phut, bién tinh & 94°C trong 1 phut, bét cip ¢ 56°C
trong 1 phiit, va polyme hoa & 72°C trong 40 gidy, 30 1n, va sau d6 thuc hién polyme hoa
& 72°C trong 10 phit. Bing phuong phap giéng nhu vy, doan gen nim & dau ciing 3° cua
gen lysC dugce tao ra bang cach st dung cac SEQ ID NO: 48 va 50 qua PCR. Sau khi tinh
ché doan ADN da khuéch dai str dung kit tinh ché PCR cua Quiagen, n6 dugc st dung lam
doan ADN gin xen dé xay dung vecto.

Mt khéc, vecto pDZ da dugce x1r Iy véi enzym gidi han Smal va sau do dugc xu ly
nhiét & 65°C trong 20 phut va doan ADN gin xen duoc khuéch dai qua PCR duoc ndi bang
cach str dung kit Infusion Cloning, va sau dé duoc bién nap vao E. coli DHS5a. Chung nay
dugce dua vao dia trén moi trudng rin LB chira kanamycin (25 mg/l). Sau khi chon céc
khudn lac d& dugc bién nap bing vecto ma gen mong mudn da duwoc gin xen vao d6 nho
PCR bang cach st dung cac doan mdi ctia SEQ ID NO: 47 va 48, plasmit thu duge bing
cach st dung phuong phép chiét plasmit da duoc biét mot cach phd bién. Plasmit nay dugc
ky hiéu 1a pDZ-lysC (L377K). Trinh tu axit nucleic ctia cdc doan mdi duge st dung trong

vi du nay dugc md ta trong Bang 7 dudi day.

[Bang 7]

Tén Trinh tu SEQ ID NO
LysC 1377K  |MALVVQKYGGSSLESAERIRNVAERIVATKKAG [SEQ ID NO: 46
NDVVVVCSAMGDTTDELLELAAAVNPVPPARE
MDMLILTAGERISNALVAMAIESLGAEAQSFTGS
QAGVLTTERHGNARIVDVTPGRVREALDEGKIC
I[VAGFQGVNKETRDVTTLGRGGSDTTAVALAA
ALNADVCETYSDVDGVYTADPRIVPNAQKLEK
LSFEEMLELAAVGSKILVLRSVEYARAFNVPLR
VRSSYSNDPGTLIAGSMEDIPVEEAVLTGVATDK
SEAKVTVLGISDKPGEAAKVFRALADAEINIDM
VLQNVSSVEDGTTDITFTCPRSDGRRAMEILKK
LQVQGNWTNVLYDDQVGKVSLVGAGMKSHP
GVTAEFMEALRDVNVNIEKISTSEIRISVLIRED
DLDAAARALHEQFQLGGEDEAVVYAGTGR
LysC L1 TCGAGCTCGGTACCCGCTGCGCAGTGTTGAAT[SEQ ID NO: 47
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AC
LysC R2 CTCTAGAGGATCCCCGTTCACCTCAGAGACG |SEQIDNO:48
ATT
lysC(L377K) L2 |[TGGAAATCTTTTCGATGTTCACGTTGACAT SEQID NO: 49
lysC(L377K) R1 |ATGTCAACGTGAACATCGAAAAGATTTCC SEQ ID NO: 50

pDZ-1lysC (L377K) duoc tao ra trén day duoc bién nap vao chiing Corynebacterium

glutamicum ATCC13032 bang phuong phap xung dién. Ching trong dé dot bién thé
nucleotit khéac loai dugc dua vao gen /ysC theo cach nay dugc ky hiéu la CJP1. CJP1 dugc
ky hi¢u 1a CA01-2307, va n6 duogc luu trit & Trung tdm nudi céy vi sinh vat Han Qudc
(KCCM) 14 co quan Iwu trix quéc té theo Hiép uée Budapest, va né duoc cAp sb truy nhap
KCCMI12000P.

Déi v6i ching KCCM12000P duoc tao ra trén day, dot bién duge dua vao gen ma
hoa homoserin dehydrogenaza (Hom) san xuat homoserin ma 1a chét trung gian phd bién
ctia con dudng sinh tdng hop L-threonin va L-isoLeuxin. Cu thé 14, bang cach thay thé
trinh tu nucleotit tir vi tri 1218 dén 1221 cuia gen ma hoa homoserin dehydrogenaza kiéu
hoang tir TTG thanh AAG, ching trong d6 dot bién Hom (R407H) bién thé & dang trong
d6 axit amin thir 407 tir diu cing N ctia homoserin dehydrogenaza kiéu hoang, arginin
duogc thay thé béng histidin duoc tao ra. Trinh tu axit amin cia Hom (R407H) dugc mo ta
trong Bang 8 dudi day 1a SEQ ID NO: 51. Vecto tai td hop dé dua dot bién vao duoc tao
ra bang phuong phap sau day.

DAu tién, cac doan mdi ciia SEQ ID NO: 52 va 53 trong d6 vi tri nhan biét enzym
gi¢i han Sall dugc chén vao doan 5° va doan 3° ¢ vi tri cach khodng 600bp, tién va lui,
tuong ing, tu vi tri 1219 dén 1221 ctia gen hom bang cach st dung ADN bo gen dugc chiét
tir chting ATCC13032 1am khuén dugc tdng hop. D& dua vao dot bién thé nucleotit khac
loai Hom (R407H), céc doan mdi ctia SEQ ID NO: 54 va 55 dé thay thé trinh tw nucleotit
tir vi tri 1219 dén 1221 ctia gen hom duoc tong hop.

Cu thé 13, plasmit pDZ-hom (R407H) dugc tao ra ¢ dang trong d6 cac doan ADN
(mdi doan 600bp) nim & diu cling 5° va 3’ ctia gen hom. Poan gen dau cing 5° dugce tao
ra bang cach si dung cic doan mdi cta SEQ ID NO: 52 va 54 bang cach st dung nhiém

séc thé cta ching WT nhd PCR. Céac diéu kién PCR dugc 13p lai bién tinh & 94°C trong 2
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phut, bién tinh & 94°C trong 1 phut, bit cap & 56°C trong 1 phut, va polyme hoa & 72°C
trong 40 gidy, 30 lan, va sau d6 thuc hién polyme hoa ¢ 72°C trong 10 phut. Bing phuong
phap giéng nhu vay, doan gen ndm & ddu ciing 3’ ciia gen hom duoc tao ra bing cach su
dung céc SEQ ID NO: 53 va 55 qua PCR. Sau khi tinh ché doan ADN da khuéch dai st
dung kit tinh ché PCR ctia Quiagen, n6 duoc st dung 1am doan ADN gin xen dé xdy dung
vecto.

Mait khac, vecto pDZ da dugce xur Iy véi enzym gidi han Sall va sau d6 dugc xu ly
nhiét ¢ 65°C trong 20 phut va doan ADN gén xen duoc khuéch dai qua PCR duge ndi bang
céch sir dung kit Infusion Cloning, va sau d6 dugc bién nap vao E. coli DHSa. Chung nay
dugc dua vao dia trén méi trudong rin LB chira kanamycin (25 mg/l). Sau khi chon céc
khun lac da duge bién nap bing vecto ma gen mong mudn da duoc gin xen vao d6 nho
PCR béng cach st dung cac doan mdi cua SEQ ID NO: 52 va 53, plasmit thu duogc béng
cach st dung phuong phép chiét plasmit da dugc biét mot cach phod bién. Plasmit nay duoc
ky hiéu la pDZ-hom (R407H). Trinh ty axit nucleic ciia cac doan mdi dugc st dung trong

vi du nay dugc mo ta trong Bang 8 dudi day.

[Bang 8]

Tén Trinh tu SEQ ID NO
Hom R407H MTSASAPSFNPGKGPGSAVGIALLGFGTVGTE |SEQID NO: 51
VMRLMTEYGDELAHRIGGPLEVRGIAVSDISK
PREGVAPELLTEDAFALIEREDVDIVVEVIGGIE
YPREVVLAALKAGKSVVTANKALVAAHSAEL
ADAAEAANVDLYFEAAVAGAIPVVGPLRRSLA
GDQIQSVMGIVNGTTNFILDAMDSTGADYADS
LAEATRLGYAEADPTADVEGHDAASKAAILAS
IAFHTRVTADDVYCEGISNISAADIEAAQQAGH
TIKLLAICEKFTNKEGKSAISARVHPTLLPVSHP
LASVNKSFNAIFVEAEAAGRLMFYGNGAGGA
PTASAVLGDVVGAARNKVHGGRAPGESTYAN
LPIADFGETTTRYHLDMDVEDRVGVLAELASL
FSEQGISLRTIRQEERDDDAHLIVVTHSALESD
LSRTVELLKAKPVVKAINSVIRLERD

hom L1 ATCCTCTAGAGTCGACCCAACTGCAGACGTC |[SEQID NO: 52
GAA
hom R2 ATGCCTGCAGGTCGACATAGACAGATTTGTC [SEQID NO: 53
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CACG

hom(R407H) L2 |GTGACCACGATCAGATGTGCATCATCATCGC |SEQID NO: 54
GCTC

hom(R407H) R1 |GCGATGATGATGCACATCTGATCGTGGTCAC [SEQID NO: 55
CCAC

pDZ-hom (R407H) duoc tao ra trén day duge bién nap vao KCCMI12000P bing
phuong phap xung dién. Chung trong d6 dot bién thé nucleotit khac loai dugc dua vao gen
hom theo cach nay dugc ky hiéu 1a KCCM12000P-R398Q), va n6 duogce luu trit tai Trung
tdm nudi cdy vi sinh vat Han Quc (KCCM) 12 co quan luu trit qudc té theo Hiép udc
Budapest, va né dugc cip sé truy nhap KCCM12120P (Patent Han Qude s6 10-1947959).

Céac vecto pDZ-gIxR (E45A), pDZ-gIxR (D66A), pDZ-gIxR (T166D) va pDZ-gIxR
(E168A) dugc tao ra trong vi du 1 dugc bién nap vao chiing KCCM12120P bing phuong
phap xung dién, tuong tmg. Chiing, trong d6 dot bién thé nucleotit dugc dua vao gen gixR
dugce tao ra, va KCCM12120P AglxR::glxR* (E45A) duogc ky hi€u la CA09-2373, va
KCCMI12120P AglxR::glxR* (D66A) duge ky hiéu la CA09-2374, va KCCM12120P
AglxR::glxR* (T166D) duoc ky hiéu 1la CA09-2325, va KCCM12120P AglIxR::glxR*
(E168A) duogc ky hiéu la CA09-2324, tuong tng.

Tbng sb 4 loai bién thé glxR dugc nudi cdy bang phuong phép sau ddy st dung
chung san xuét -threonin, ching KCCM12120P, dé do san luong san xuét L-threonin, tdc
d6 tiéu thu duong va ndng do san xudt cac san pham phu nhu L-lysin.

MB&i chung dwoc cdy vao binh nén duge ngin & géc 250ml chira méi trudng nhan
gibng 25ml, va dugc nudi cdy kém theo lic & 200rpm & 30°C trong 20 gio. Sau do, 1ml
dung dich nudi cdy nhan gidng duge cdy vao binh nén dugc ngian ¢ goc 250ml chira moi
trudng san xuét 24ml, va dugc nudi ciy kém theo lic & 200rpm & 32°C trong 48 git. Thanh
phan ctia mdi truong nhan gibng va moi trudng san xudt duoc mo ta trong Bang 9 dudi
day, twong Gng. Sau khi hoan thanh viéc nuoi cdy, ndng d6 cta L-lysin va L-threonin va
tde do tiéu thu dudng duoc do bang cach str dung HPLC va may phan tich Hoa sinh (YSI
2900), va két qua dugc thé hién trong Bang 10.

[Bang 9]
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Loai moi truong Thanh phan

Mg”)i truong nhan Glucoza 20 g, pepton 10 g, dich chiét nAm men 5 guré 1,5 g,
gidong (d6 pH=7,0)  |KH2PO4 4 g, KoHPO4 8 g, MgSO4 7H0 0,5 g, biotin 100 pg,
thiamin HC1 1000 pg, canxi-axit pantothenic 2000 pg, nicotinamit
2000 pg (dwa trén nude cit 1 lit)

Moi trudng san xuat |Glucoza 100g, KH,PO4 2g, uré 3g, (NH4)2SO4 25g, pepton 2,5¢,
L-THREONINE (d |CSL(Sigma) 5g(10 ml), MgSO4 7H20 0,5g, biotin 100 pg, thiamin
pH=7.,0) HCI 1000 pg, canxi-axit pantothenic 2000 pg, nicotinamit 3000 pg,
CaCOj3 30g (dua trén nudc cat 1 lit)

[Bang 10]
Chung Néng d6 L-|Téc do tidu[Nong do L-

Thr (g/L) thu  duong|LYS

(g/gi0) (g’L)

KCCM12120P 7,62 4,04 0,36
CA09-2373 9,23 4,66 0,28
CA09-2374 9,67 4,21 0,31
CA09-2325 8,87 4,13 0,35
CA09-2324 8,90 422 -

Nhu duoc thé hién trong Bang 10, két qua cua viéc do néng do san xuét L-threonin
va céc san phdm phu (L-lysin) bing cach nudi cdy 4 loai chung bién thé g/xR (CA09-2373,
CA09-2374, CA09-2325, CA09-2324) st dung chung san xuét L-threonin, ching
KCCM12120P lam nhém dbi chung, co thé x4c nhan duoc 12 ca 4 loai ching, trong d6 dot
bién thé duoc dwa vao gen g/xR, 1am giam kha ning san xuat cic san pham phu khéc bao
gbm L-lysin hoidc khong c6 thay ddi 16n so véi nhém d6i chung, nhung kha nang san xudt
L-threonin duoc ting dang ké. Ngoai ra, co thé xac nhan dugc 13 trong tt ca cac ching
CA09-2373, CA09-2374, CA09-2325, va CA09-2324, so v6i nhém ddi ching, toe dd tiu
thu duong dugc cai thién, va thoi gian can thiét dé san xuit cung mot lvong L-threonin
duoc rut ngén va kha ndng san xuét L-threonin dugc cai thién.

Céc ching CA09-2373, CA09-2374, CA09-2325 va CA09-2324 dc luu trit tai Trung
tdm nudi cdy vi sinh vat Han Quéc (KCCM) 1a co quan luu trit qudc té theo Hiép udc
Budapest, va chung dugc cdp cic sd truy nhdgp KCCMI12901P, KCCMI12902P,
KCCM12900P, va KCCM12899P, tuong ung.
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[SO TRUY NHAP]

Tén co quan luu trit: Trung tim nudi cdy vi sinh vat Han Qubc (nuéc ngoai)
S6 truy nhap: KCCM12899P
Ngay truy nhap: 20201217

Tén co quan luu trit: Trung tim nudi cdy vi sinh vat Han Quéc (nude ngoai)
S6 truy nhap: KCCM12900P
Ngay truy nhap: 20201217

Tén co quan luu trit: Trung tdm nudi cdy vi sinh vat Han Qudc (nurée ngoai)
S6 truy nhap: KCCM12901P
Ngay truy nhap: 20201217

Tén co quan luu trit: Trung tdm nudi cay vi sinh vat Han Quoc (nudc ngoai)

S6 truy nhap: KCCM12902P
Ngay truy nhap: 20201217
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

-
To. CJ CheilJedang Corporation

CJ CHEILJEDANG CENTER, RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
330, DONGHO-RO, issued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY

JUNG-GU, SEOUL 100-400
REPUBLIC OF KOREA

identified at the bottom of this page

I . IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Corynebacterium gluamicum CA09-2324 KCCM12899P

I. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under 1 above was accompanied by:

I} a scientific description
{3 a proposed taxonomic designation
(Mark with a cross where applicable)

IT. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganisim  identified under [ above,

which was received by it on December. 17. 2020 (date of the original dcposit)A'

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identificd under 1 above was reccived by this International Depositary Authority
on (date of the original deposit) and a request to convert the original depasit to a deposi|

the Budapest Treaty was received by it on (date of receipt of request for conversion).

t under

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korcan Culture Center of Microorganisms Signature(s) of person(s) having the power
to represemt the International Depositary
Address : Yurim B/D Authority or of authorized s
45, Hongjenace-2ga-gil
Scodaemun-gu Date: December. 17. 2020,

SEOUL 03641
Republic of Korea

' Where Rule 6.4(d) applies, such date is the date on which the status of intemng
acquired.

Form BP/4 (sole page)

hority was
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

-

To. CJ Cheilfedang Corporation
CJ CHEILJEDANG CENTER,
330, DONGHO-RO,
JUNG-GU, SEOQUL 100-400
REPUBLIC OF KOREA

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
issued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page

I. IDENTIFICATION OF THE MICROORGANISM

Tdentification reference given by the
DEPOSITOR:
Corynebacterium glutamicum CA09-2325

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
KCCMI12900P

I1. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

7 a scientific description
[} a proposed taxonomic designation

(Mark with a cross where applicable)

The microorganism identified under 1 above was accompanied by:

HI. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under | above,

which was received by it on December. 17. 2020 (date of the original dcposh)X

IV. RECEIPT OF REQUEST FOR CONVERSION

the Budapest Treaty was received by it on

The microorganism identified under | above was reccived by this International Depositary Authority

on {date of the original deposit) and a request to convert the original deposit to a deposit under

(date of receipt of request for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms

Address : Yurim B/D
45, Hongjenac-2ga-gil
Scodaemun-gu
SEQUL 03641
Republic of Korea

Signature(s) of person(s) having the power
o represent the Intemational Depositary
Authority or of authorized official(s):

Date: December. 17. 20204,

' Where Rule 6.4(d) applics, such date is the date on which the status of imemgﬁ[’

acquired.

Form BP/4 (sole page)

at hority was

B

g

A1 CULTURE CENTER OF BUCRODNGAMEME

i, B
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49124

BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

-
To. CI Cheilledang Corporation

C} CHEILIEDANG CENTER, RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
330, DONGHO-RO, issued pursuant to Rule 7.} by the

INTERNATIONAL DEPOSITARY AUTHORITY

JUNG-GU, SEOUL 160-400 identified at the bottom of this page

REPUBLIC OF KOREA

I . IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Corynebacterium ghaamicum CA09-2373 KCCMI12901P

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DI\lG\IATlO\

The microorganism identified under I above was accompanied by:
{71 a scientific deseription

{7} a proposed taxonomic designation

(Mark with a cross where applicable)

M. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,

which was received by it on December. 17. 2020 (date of the original deposit).’

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this International Depositary Authority
on {(date of the original deposit) and a request to convert the original deposit to a deposit under

the Budapest Trcaty was received by it on (date of receipt of request for conversian).

V. INTERNATIONAL DEPOSITARY AUTRHORITY

Name : Korean Culre Center of Microorganisms Signature(s) of person(s) having the power
to represent the International Depositary
Address : Yurim B/D Authority or of authorized official(s);
45, Hongjenae-2ga-gil

Scadaemun-gu Date: December. 17, 2020,
SEQUL 03641
Republic of Korea

alepositdry _au hority was
2 peLy W

Gasd
' Where Rule 6.4(d) applies, such date is the date on which the status of inﬂ:m:;zgmifl
acquired.

Form BP/4 (sole page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

lTo. CJ CheilJedang Corporation
CJ CHEILJEDANG CENTER,
330, DONGHO-RO,
JUNG-GU, SEQUL 100-400
REPUBLIC OF KOREA

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
issued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the
DEPOSITOR:
Corynebacterium glitamicum CA09-2374

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
KCCM12902P

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

{7} a scientific description
{71 a proposed taxonowmic designation

(Mark with a cross where applicable)

The microorganism identified under | above was accompanicd by:

M. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identificd under I above,

which was received by it on December. 17. 2020 (date of the original deposit).’

IV. RECEIPT OF REQUEST FOR CONVERSION

the Budapest Treaty was received by it on

The microorganism identified under [ above was reccived by this Intemational Depositary Authority

on (date of the original deposit) and a request to convert the original deposit to a deposit under

(date of receipt of request for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms

Address @ Yurim B/D
45, Hongjenae-2ga-gil
Seodaemun-gu
SEQUL 03641
Republic of Korea

Signature(s) of person(s) having the power
10 represent the International Depositary
Authority or of authorized ﬁ_{,ﬁgig‘l 5):

Date: December. 17. 2020.

' Where Rule 6.4(d) applies, such date is the date on which the status of intemnal

acquired.

Form BP/4 (sole page)

thority was

ROEAN TULTUR

1E CENTER OF RICRODRGAHINS -

42

42/83



49124 43/83

YEU CAU BAO HO
1. Bién thé protein GIxR (chét didu hoa bo qua glyoxylat), chira dot bién duoc chon tur
nhém bao gdm tir (1) dén (4) dudi day:
(1) thay thé gdc twong tng véi vi tri axit amin tht 45 tir ddu cing N trong trinh tu
axit amin cua SEQ ID NO: 1 béng alanin, serin, phenylalanin hodc lysin;
(2) thay thé gbc twong tng véi vi tri axit amin thtr 66 tir diu cung N trong trinh tur
axit amin cia SEQ ID NO: 1 bang alanin, phenylalanin hoac lysin;
(3) thay thé gbc twong g véi vi tri axit amin thir 166 tir dau cing N trong trinh tw
axit amin cta SEQ ID NO: 1 bing axit aspartic, phenylalanin hozc lysin; va
(4) thay thé gbc twong ing v6i vi tri axit amin thir 168 tir dau cuing N trong trinh tur

axit amin ciia SEQ ID NO: 1 bang alanin, phenylalanin hodc lysin.
2. Polynucleotit, ma héa bién thé protein GIxR theo diém 1.

3. Vi sinh vat, chita it nhat mot loai duge chon tir nhém bao gém bién thé protein GIxR

theo diém 1 va polynucleotit ma hoa bién thé protein GIxR.
4. Vi sinh vat theo diém 3, trong d6 vi sinh vat nay ¢6 kha nang san xuat L-threonin,
5. Vi sinh vét theo diém 3, trong d6 vi sinh vat nay 1a Corynebacterium sp..

6. Vi sinh vat theo diém 5, trong d6 vi sinh véat Corynebacterium sp. 1a Corynebacterium

glutamicum.

7. Phuong phap san xudt L-threonin, bao gdm budc nudi cdy vi sinh vt theo diém bat ky

trong cac diém tir 3 dén 6 trong moi trudng.

8. Phuong phép theo diém 7, trong d6 phwong phap nay con bao gdm budce thu hoi L-

threonin tir moi truong nudi cay hodc vi sinh vét.
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<110> CJ CheilJedang Corporation

<120> Bién thé& protein GlxR hodc phuong phdp san xudt threonin bdng cach

st dung bién thé nay
<130> OPP20213678KR

<150> KR 10-2021-000369
<151> 2021-01-11

<160> 55

<170> koPatentIn 3.0

<210> 1

<211> 227

<212> PRT

<213> Trinh ty nhén tao

<220>

<223> GlxR_axit amin

<400> 1

Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe Gln Gly
1 5 10 15

Val Asp Pro Thr Ala Val Asn Asn Leu Ile Gln Asp Met Glu Thr Val
20 25 30

Arg Phe Pro Arg Gly Ala Thr Ile Phe Asp Glu Gly Glu Pro Gly Asp
35 40 45

Arg Leu Tyr Ile Ile Thr Ser Gly Lys Val Lys Leu Ala Arg His Ala
50 55 60

Pro Asp Gly Arg Glu Asn ieu Leu Thr Ile Met Gly Pro Ser Asp Met
65 70 75 80



Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Leu

Arg
225

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Glu

210

Ala

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

<220>

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

2
684
ADN

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Trinh tu nhdn tao

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr

200

Ile

49124

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Thr

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg
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<223>

<400> 2
gtggaaggtg

gcagtcaata

ttcgacgagg

gcgcgcecacg

ttcggtgagce

gaagttcatg

gctatcgctg

ctggctgacc

gctaaccgct

gaagaaatcg

ttcgcacacc

catttggcac

<210> 3

<211>

<212>

<213>

<220>
<223>

técaggagat
acctcatcca
gcgagccagyg
caccggacgg
tctccatcett
cagcaaccat
agcagctcct
tcatcttcac
tcggcaccca
cacagctcgt
gtggctggat

gtcgcgceteg

227
PRT

GlxR_E45A

49124

glxR axit nucleic

cctgtcgege

ggatatggag

tgaccgcctt

ccgcgaaaac

cgacccaggc

gaactctgac

gcgcgttcetg

cgacgtccca

agaagctggce

cggtgcttcc

tcgcctcecgag

ataa

Trinh tu nhén tao

gccggaattt

accgttcgcet

tacatcatca

ctgctgacca

ccacgcacct

atgctgcgca

gctcgtcgtce

ggccgcgttyg

gcgctgcgceg

cgtgaaactg

ggcaagtccg

ttcaaggcgt

tcccacgcgg

cctccggcaa

tcatgggtcc

cctctgcagt

actgggtagce

tgcgtcgcac

ctaagaccct

tgaaccacga

tgaataaggc

tcctcattgt

tgacccaacg

agcaaccatc

agtgaagctt

ttccgacatg

gtgtgtcacc

tgaccaccca

caacgcttcc

tctgcagetg

cctcactcag

tcttgcaacg

ggacaccgag

46/83

60

120

180

240

300

360

420

480

540

600

660

684



<400>

Met

Val

Arg

Arg

Pro

65

Phe

Val

Arg

vVal

Ile

145

Ala

Asp

Thr

Glu

Asp

Phe

Leu

50

Asp

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

3
Gly

Pro

Pro

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

Val

Thr

20

Arg

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Gln

Ala

Gly

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Glu

Val

Ala

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Ile

Asn

Thr

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

Asn

Ile

40

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr

49124

Ser

Leu

25

Phe

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Arg

10

Ile

Asp

Val

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Ala

Gln

Glu

Lys

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Ile

Met

Ala

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Gly

Val

Asp

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

47/83



195

49124

200

205

Leu Glu Gly Lys Ser Val Leu Ile Val Asp Thr Glu His Leu Ala Arg

210

Arg Ala Arg

225

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

<220>
<223>

<400>

Met

1

Val

Arg

Arg

Pro

65

Phe

Val

Glu

Asp

Phe

Leu

50

Asp

Gly

Cys

4
2277
PRT

215

Trinh tu nhédn tao

G1lxR _E458

4
Gly Val

Pro Thr

20

Pro Arg

35

Tyr Ile

Gly Arg

Glu Leu

Val Thr

Gln

Ala

Gly

Ile

Glu

Ser

85

Glu

Glu

Val

Ala

Thr

Asn

70

Ile

Val

Ile

Asn

Thr

Ser

55

Leu

Phe

His

Leu

Asn

Ile

40

Gly

Leu

Asp

Ala

Ser

Leu

25

Phe

Lys

Thr

Pro

Ala

Arg

10

Ile

Asp

Val

Ile

Gly
90

Thr

Ala

Gln

Glu

Lys

Met

75

Pro

Met

220

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Ile

Met

Ser

45

Ala

Pro

Thr

Ser

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Gly

Val

Asp

Ala

Met

80

Ala

Leu

48/83



Arg Asn

Val Leu

130

Ile Phe
145

Ala Asn

Asp Leu

Thr Val

Leu Glu

210

Arg Ala

225

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

<220>
<223>

<400>

Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe Gln Gly

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

5
227
PRT

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Trinh tu nhan tao

GlxR E45F

5

Pro

120

Arg

Arg

Glu

Ala

Thr

200

Ile

49124

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

6

Ala

Ala

Lys

155

Ala

Val

His

Thr

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

110

Leu

Ala

Leu

val

Ser

190

Trp

Leu

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Arg

Leu

Leu

160

His

Glu

Arg

Arg

49/83



Val

Arg

Pro

65

Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Asp

Phe

Leu

50

Asp

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Pro

Pro

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Thr

20

Arg

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Ala

Gly

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

vVal

Ala

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Asn

Thr

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Asn

Ile

40

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr
200

49124

Leu

25

Phe

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

10

Ile

Asp

vVal

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Gln

Glu

Lys

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Met

Phe

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly
205

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

15

Thr

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Val

Asp

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg
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49124

Leu Glu Gly Lys Ser Val Leu Ile Val Asp Thr Glu His Leu Ala Arg

210

Arg Ala

225

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

<223>

<400>
Met Glu

Val Asp

Arg Phe

Arg Leu

50

Pro Asp
65

Phe Gly

Val Cys

Arg

6
227
PRT

215

Trinh ty nhédn tao

GlxR E45K

6
Gly

Pro

Pro

35

Tyr

Gly

Glu

Val

Val

Thr

20

Arg

Ile

Arg

Leu

Thr
100

Gln

Ala

Gly

Ile

Glu

Ser

85

Glu

Glu

Val

Ala

Thr

Asn

70

Ile

Val

Ile

Asn

Thr

Ser

55

Leu

Phe

His

Leu

Asn

Ile

40

Gly

Leu

Asp

Ala

Ser

Leu

25

Phe

Lys

Thr

Pro

Ala
105

Arg

10

Ile

Asp

Val

Ile

Gly
90

Thr

Ala

Gln

Glu

Lys

Met

75

Pro

Met

220

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Ile

Met

Lys

45

Ala

Pro

Thr

Ser

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp
110

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Gly

Val

Asp

Ala

Ala

Leu

51/83



Arg Asn

Val Leu

130

Ile Phe
145

Ala Asn

Asp Leu

Thr Val

Leu Glu

210

Arg Ala

225

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

<220>
<223>

<400>

Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe Gln Gly

1

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

7
227
PRT

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Trinh tu nhan tao

G1xR_D66A

7

5

Pro

120

Arg

Arg

Glu

Ala

Thr
200

Ile

49124

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

10

Ala

Ala

Lys

155

Ala

Val

His

Thr

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Gln
125

Leu

Leu

Arg

Ala

Gly

205

His

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

15

Arg

Leu

Leu

160

His

Glu

Arg

Arg

52/83



Val

Arg

Arg

Pro

65

Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Leu

Asp

Phe

Leu

50

Ala

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Glu
210

Pro

Pro

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Thr

20

Arg

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ala

Gly

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Val

Ala

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

Asn

Thr

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Asn

Ile

40

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr

200

Ile

49124

Leu

25

Phe

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Ile Gln

Asp Glu

Val Lys

Ile Met
75

Gly Pro
90

Thr Met

Ile Ala

Asn Ala

Ala Lys

155

Gly Ala
170

Leu Val

Ala His

Asp Thr

10

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Met

Glu

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

Thr

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Val

Asp

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg
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Arg Ala
225

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

<223>

<400>
Met Glu
1

Val Asp

Arg Phe

Arg Leu

50

Pro Phe

65

Phe Gly

Val Cys

Arg Asn

Arg

8

227
PRT

Trinh tu nhédn tao

G1xXR D66F

8
Gly

Pro

Pro

35

Tyr

Gly

Glu

Val

Trp
115

Val

Thr

20

Arg

Ile

Arg

Leu

Thr

100

Val

Gln

Ala

Gly

Ile

Glu

Ser

85

Glu

Ala

Glu

Val

Ala

Thr

Asn

70

Ile

Val

Asp

Ile

Asn

Thr

Ser

55

Leu

Phe

His

His

Leu

Asn

Ile

40

Gly

Leu

Asp

Ala

Pro

120

49124

Ser

Leu

25

Phe

Lys

Thr

Pro

Ala

105

Ala

Arg

10

Ile

Asp

Val

Ile

Gly

90

Thr

Ile

11

Ala

Gln

Glu

Lys

Met

75

Pro

Met

Ala

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ile

Met

Glu

45

Ala

Pro

Thr

Ser

Gln
125

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Leu

Gly

Val

Asp

Ala

Met

80

Ala

Leu

Arg
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49124

Val Leu Ala Arg Arg Leu Arg Arg Thr Asn Ala Ser Leu Ala Asp Leu
130 135 140

Ile Phe Thr Asp Val Pro Gly Arg Val Ala Lys Thr Leu Leu Gln Leu
145 150 155 160

Ala Asn Arg Phe Gly Thr Gln Glu Ala Gly Ala Leu Arg Val Asn His
165 170 175

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

Thr Val Asn Lys Ala Leu Ala Thr Phe Ala His Arg Gly Trp Ile Arg
195 200 205

Leu Glu Gly Lys Ser Val Leu Ile Val Asp Thr Glu His Leu Ala Arg
210 215 220

Arg Ala Arg

225

<210> 9

<211> 227

<212> PRT

<213> Trinh tu nhdn tao
<220>

<223> G1lxR D66K

<400> 9

Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe Gln Gly
1 5 10 15

Val Asp Pro Thr Ala Val Asn Asn Leu Ile Gln Asp Met Glu Thr Val
20 25 30

12

55/83



Arg

Arg

Pro

65

Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Leu

Arg

Phe

Leu

50

Lys

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Glu

210

Ala

Pro

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

Arg

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Gly

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Ala

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

Thr

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Ile

40

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr

200

Ile

49124

Phe

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Asp

Val

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

13

Glu

Lys

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Thr

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Glu

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly
205

His

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Asp

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg
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225

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

<220>
<223>

<400>

Met

1

Val

Arg

Arg

Pro

65

Phe

Val

Arg

Val

Glu

Asp

Phe

Leu

50

Asp

Gly

Cys

Asn

Leu

10

227
PRT

Trinh tu nhdn tao

GlxR T166D

10
Gly

Pro

Pro

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Val

Thr

20

Arg

Ile

Arg

Leu

Thr

100

val

Arg

Gln

Ala

Gly

Ile

Glu

Ser

85

Glu

Ala

Arg

Glu

Val

Ala

Thr

Asn

70

Ile

Val

Asp

Leu

Ile

Asn

Thr

Ser

55

Leu

Phe

His

His

Arg

Leu

Asn

Ile

40

Gly

Leu

Asp

Ala

Pro

120

Arg

49124

Ser

Leu

25

Phe

Lys

Thr

Pro

Ala

105

Ala

Thr

Arg

10

Ile

Asp

Val

Ile

Gly

90

Thr

Ile

Asn

14

Ala

Gln

Glu

Lys

Met

75

Pro

Met

Ala

Ala

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

Ile

Met

Glu

45

Ala

Pro

Thr

sSer

Gln

125

Leu

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gly

Val

Asp

Ala

Met

80

Ala

Leu

Arg

Leu
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49124

130 135 140

Ile Phe Thr Asp Val Pro Gly Arg Val Ala Lys Thr Leu Leu
145 150 155

Ala Asn Arg Phe Gly Asp Gln Glu Ala Gly Ala Leu Arg Val
165 170

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

Thr Val Asn Lys Ala Leu Ala Thr Phe Ala His Arg Gly Trp
195 200 205

Leu Glu Gly Lys Ser Val Leu Ile Val Asp Thr Glu His Leu
210 215 220

Arg Ala Arg

225

<210> 11

<211> 227

<212> PRT

<213> Trinh ty nhén tao

<220>

<223> GlxR T166F

<400> 11

Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe
1 _ 5 10

Val Asp Pro Thr Ala Val Asn Asn Leu Ile Gln Asp Met Glu
20 25 30

Arg Phe Pro Arg Gly Ala Thr Ile Phe Asp Glu Gly Glu Pro

15

Gln

Asn

175

Arg

Ile

Ala

Gln Gly

15

Thr Val

Gly Asp

Leu

160

His

Glu

Arg

Arg

58/83



Arg

Pro

65

Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Leu

Arg
225

Leu

50

Asp

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Glu

210

Ala

35

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Phe

Glu

Leu

vVal

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

40

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Glu

Ala

Thr

200

Ile

49124

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Val

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

16

Lys

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Thr

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg

59/83



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

<223>

<400>
Met Glu
1

Val Asp

Arg Phe

Arg Leu

50

Pro Asp

65

Phe Gly

Val Cys

Arg Asn

Val Leu
130

49124

12
227
PRT

Trinh ty nhé&n tao

GlxR_T166K

12

Gly Val Gln Glu Ile Leu Ser Arg

Pro Thr Ala Val Asn Asn Leu Ile

20 25

Pro Arg Gly Ala Thr Ile Phe Asp

35 40

Tyr Ile Ile Thr Ser Gly Lys Val

55

Gly Arg Glu Asn Leu Leu Thr Ile

70

Glu Leu Ser Ile Phe Asp Pro Gly
85 90

Val Thr Glu Val His Ala Ala Thr

100 105

Trp Val Ala Asp His Pro Ala Ile

115 120

Ala Arg Arg Leu Arg Arg Thr Asn

135

17

Ala

Gln

Glu

Lys

Met

75

Pro

Met

Ala

Ala

Gly

Asp

Gly

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Ile

Met

Glu

45

Ala

Pro

Thr

Ser

Gln

125

Leu

Phe

Glu

30

Pro

Arg

Ser

Ser

Asp

110

Leu

Ala

Gln

15

Thr

Gly

His

Asp

Ser

95

Met

Leu

Asp

Gly

Val

Asp

Ala

Met

80

Ala

Leu

Arg

Leu

60/83.



Ile Phe
145

Ala Asn

Asp Leu

Thr Val

Leu Glu

210

Arg Ala

225

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

<220>
<223>

<400>

Thr

Arg

Thr

Asn

195

Gly

Arg

13

227
PRT

Asp

Phe

Gln

180

Lys

Lys

Val Pro
150

Gly Lys

165

Glu Glu

Ala Leu

Ser Val

Gly

Gln

Ile

Ala

Leu

215

Trinh ty nhédn tao

G1xR_E168A

13

Arg

Glu

Ala

Thr

200

Ile

49124

Val Ala
Ala Gly
170

Gln Leu
185

Phe Ala

Val Asp

Met Glu Gly Val Gln Glu Ile Leu Ser Arg

1

Val Asp

Arg Phe

Pro

Pro

35

Thr Ala Val Asn Asn

20

5

Arg Gly Ala Thr Ile

40

10

Leu Ile
25

Phe Asp

18

155

Ala

Val

His

Thr

Thr

Leu

Gly

Arg

Glu
220

Leu Leu

Arg Val

Ala Ser
190

Gly Trp
205

His Leu

Ala Gly Ile Phe

Gln

Asn

175

Arg

Ile

Ala

Gln
15

Gln Asp Met Glu Thr

30

Glu Gly Glu Pro

45

Gly

Leu

160

His

Glu

Arg

Arg

Gly

Val

Asp

61/83



Arg

Pro

65

Phe

Val

Arg

Val

Ile

145

Ala

Asp

Thr

Leu

Arg
225

Leu

50

Asp

Gly

Cys

Asn

Leu

130

Phe

Asn

Leu

Val

Glu

210

Ala

<210>

Tyr

Gly

Glu

Val

Trp

115

Ala

Thr

Arg

Thr

Asn

195

Gly

Arg

14

Ile

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Ile

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Thr

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

Ser

55

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Gly

Leu

Asp

Ala

Pro

120

Arg

Arg

Ala

Ala

Thr

200

Ile

49124

Lys

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Val

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

19

Lys

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Thr

Leu

60

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Ala

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

Arg

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

His

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg
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49124 63/83

<211> 227

<212> PRT

<213> Trinh ty nhan tao
<220>

<223> GlxR E168F

<400> 14
Met Glu Gly Val Gln Glu Ile Leu Ser Arg Ala Gly Ile Phe Gln Gly
1 5 ' 10 15

Val Asp Pro Thr Ala Val Asn Asn Leu Ile Gln Asp Met Glu Thr Val
20 25 30

Arg Phe Pro Arg Gly Ala Thr Ile Phe Asp Glu Gly Glu Pro Gly Asp
35 40 45

Arg Leu Tyr Ile Ile Thr Ser Gly Lys Val Lys Leu Ala Arg His Ala
50 55 60

Pro Asp Gly Arg Glu Asn Leu Leu Thr Ile Met Gly Pro Ser Asp Met
65 70 75 80

Phe Gly Glu Leu Ser Ile Phe Asp Pro Gly Pro Arg Thr Ser Ser Ala
85 90 95

Val Cys Val Thr Glu Val His Ala Ala Thr Met Asn Ser Asp Met Leu
100 105 110

Arg Asn Trp Val Ala Asp His Pro Ala Ile Ala Glu Gln Leu Leu Arg
115 120 125

Val Leu Ala Arg Arg Leu Arg Arg Thr Asn Ala Ser Leu Ala Asp Leu
130 135 140

Ile Phe Thr Asp Val Pro Gly Arg Val Ala Lys Thr Leu Leu Gln Leu
145 150 155 160

20



Ala Asn

Asp Leu

Thr Val

Leu Glu

210

Arg Ala

225

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

<220>

<223>

<400>
Met Glu
1

Val Asp

Arg Phe

Arg Leu
50

Arg Phe Gly Thr Gln
165

Thr Gln Glu Glu Ile
180

Asn Lys Ala Leu Ala
195

Gly Lys Ser Val Leu
215
Arg
15
227
PRT
Trinh ty nhdn tao
GlxR_E168K
15
Gly Val Gln Glu Ile
5
Pro Thr Ala Val Asn

20

Pro Arg Gly Ala Thr
35

Tyr Ile Ile Thr Ser
55

49124

Phe

Ala

Thr

200

Ile

Leu

Asn

Ile

40

Gly

Ala

Gln

185

Phe

Val

Ser

Leu

25

Phe

Lys

Gly Ala

170

Leu Val

Ala His

Asp Thr

Arg Ala
10

Ile Gln

Asp Glu

val Lys

21

Leu

Gly

Arg

Glu
220

Gly

Asp

Gly

Leu

60

Arg

Ala

Gly

205

His

Ile

Met

Glu

45

Ala

Val

Ser

190

Trp

Leu

Phe

Glu

30

Pro

Arg

Asn

175

Arg

Ile

Ala

Gln

15

Thr

Gly

His

His

Glu

Arg

Arg

Gly

Val

Asp

Ala

64/83



Pro Asp Gly
65

Phe Gly Glu

Val Cys Val

Arg Asn Trp

115

Val Leu Ala
130

Ile Phe Thr
145

Ala Asn Arg

Asp Leu Thr

Thr Val Asn

195

Leu Glu Gly
210

Arg Ala Arg
225

<210> 16
<211> 35
<212> ADN

Arg

Leu

Thr

100

Val

Arg

Asp

Phe

Gln

180

Lys

Lys

Glu

Ser

85

Glu

Ala

Arg

Val

Gly

165

Glu

Ala

Ser

Asn

70

Ile

Val

Asp

Leu

Pro

150

Thr

Glu

Leu

Val

Leu

Phe

His

His

Arg

135

Gly

Gln

Ile

Ala

Leu

215

Leu

Asp

Ala

Pro

120

Arg

Arg

Lys

Ala

Thr

200

Ile

49124

Thr

Pro

Ala

105

Ala

Thr

Val

Ala

Gln

185

Phe

Val

Ile

Gly

90

Thr

Ile

Asn

Ala

Gly

170

Leu

Ala

Asp

22

Met

75

Pro

Met

Ala

Ala

Lys

155

Ala

Val

His

Thr

Gly

Arg

Asn

Glu

Ser

140

Thr

Leu

Gly

Arg

Glu
220

Pro

Thr

Ser

Gln

125

Leu

Leu

Arg

Ala

Gly

205

His

Ser

Ser

Asp

110

Leu

Ala

Leu

Val

Ser

190

Trp

Leu

Asp

Ser

95

Met

Leu

Asp

Gln

Asn

175

Arg

Ile

Ala

Met

80

Ala

Leu

Arg

Leu

Leu

160

His

Glu

Arg

Arg

65/83



49124

<213> Trinh tu nhédn tao
<220>

<223> glxR L1

<400> 16

gaattcgagc tcggtaccct gagaccccac gcgag

<210> 17

<211> 36

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> glxR R2

<400> 17

gactctagag gatccccatc gacggtgtca ccccac

<210> 18

<211> 38

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> glxR (E45A) L2
<400> 18

gtaaaggcgg tcacctggcg cgccctcgtc gaagatgg

<210> 19
<211> 38

23

66/83

35

36

38



49124 67/83

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> glxR (E45A) R1

<400> 19

ccatcttcga cgagggcgcg ccaggtgacc gcctttac 38

<210> 20
<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> pDZ_F (pDZ vector sequencing primer forward)

<400> 20

tattacgcca gctggcgaaa g 21
<210> 21

<211> 21

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> pDZ R (doan mdi gidi trinh ty vecto pDZ dao)

<400> 21

ttccggctcg tatgttgtgt g 21

<210> 22

24



<211>
<212>
<213>

<220>
<223>

<400>

49124

38
ADN

Trinh tu nhédn tao

glxR(E45S) L2

22

gtaaaggcgg tcacctggag agccctcgtc gaagatgg

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

<220>
<223>

<400>

23
38
ADN

Trinh ty nhédn tao

glxR(E45S) R1

23

ccatcttcga cgagggctct ccaggtgacc gectttac

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

<220>
<223>

<400>

24
38
ADN

Trinh tu nhédn tao

glxR (E45F) L2

24

gtaaaggcgg tcacctggaa agccctcgtc gaagatgg

25

68/83

38

38

38



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

<220>
<223>

<400>

49124

25
38
ADN

Trinh tu nhén tao

glxR (E45F) R1

25

ccatcttcga cgagggcttt ccaggtgacc gectttac

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

<220>
<223>

<400>

26
38
ADN

Trinh ty nhdn tao

glxR(E45K) L2

26

gtaaaggcgg tcacctggct tgccctcgtc gaagatgg

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

<220>
<223>

<400>

27
38
ADN

Trinh tu nhadn tao

glxR(E45K) R1

27

ccatcttcga cgagggcaag ccaggtgacc gcctttac

26

69/83

38

38

38



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

<220>
<223>

<400>

49124

28
34
ADN

Trinh ty nhén tao

glxR (D66A) L2

28

ggttttcgcg gcctgeccggt gecgtggcegcecg caag

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

<220>
<223>

<400>

29
34
ADN

Trinh ty nhadn tao

glxR (D66A) R1

29

gcgccacgca ccggcaggcc gcgaaaacct getg

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

<220>
<223>

<400>

30
34
ADN

Trinh ty nhén tao

glxR (D66F) L2

30

cagcaggttt tcgcggccaa acggtgcgtg gcgce

27

70/83

34

34



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

<220>
<223>

<400>

49124

31
34
ADN

Trinh tw nhdn tao

glxR (D66F) R1

31

gcgccacgca ccgtttggeccec gcgaaaacct gctg

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

<220>
<223>

<400>

32
35
ADN

Trinh tu nhan tao

glxR(D66K) L2

32

ggttttcgcg gccttteccgg tgcgtggcge gcaag

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

<220>
<223>

<400>

33
34
ADN

Trinh tu nhan tao

glxR (D66K) R1

33

28

71/83

34

35



49124

gcgccacgceca ccgaaaggcc gcgaaaacct getg

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

<220>
<223>

<400>

34
34
ADN

Trinh tu nhé&n tao

glxR (T166D) L2

34

gccagcttct tggtcgccga agcggttagc cagce

<210>
<211>
<z212>
<213>

<220>
<223>

<400>

35
33
ADN

Trinh ty nhédn tao

glxR (T166D) R1

35

aaccgcttcg gcgaccaaga agctggcgcg ctg

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

<220>
<223>

36
34
ADN

Trinh tu nhén tao

glxR(T166F) L2

29

72/83

34

34

33



<400>

49124

36

gccagcttct tggaagccga agcggttagc cagce

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

<220>
<223>

<400>

37
33
ADN

Trinh ty nhédn tao

glxR(T166F) RI1

37

aaccgcttcg gcttccaaga agctggcgceg ctg

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

<220>
<223>

<400>

38
34
ADN

Trinh ty nhédn tao

glxR(T166K) L2

38

gccagcttct tgtttgccga agcggttagc cagce

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

<220>
<223>

39
33
ADN

Trinh ty nhan tao

glxR(T166K) RI1

30

73/83

34

33

34



<400>

49124

39

aaccgcttcg gcaaacaaga agctggcgceg ctg

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

<220>
<223>

<400>

40
34
ADN

Trinh tu nhédn tao

glxR (E168A) L2

40

agcgcgceccag cagcttgggce gccgaagcgg ttag

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

<220>

<223>

<400>

41
34
ADN

Trinh ty nhén tao

glxR(E168A) R1

41

cttcggegece caagctgctg gcgcgctgcg cgtg

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

<220>
<223>

42
34
ADN

Trinh tw nhadn tao

glxR(E168F) L2

31

74/83

33

34

34



<400>

49124

42

agcgcgccag caaattgggc gccgaagcgg ttag

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

<220>
<223>

<400>

43
34°
ADN

Trinh ty nhén tao

glxR (E168F) R1

43

cttcggcgec caatttgetg gcgcgctgeg cgtg

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

<220>
<223>

<400>

44
34
ADN

Trinh ty nhé&n tao

glxR(E168K) L2

44

agcgcgccag ccttttggge gccgaagcgg ttag

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

<220>

45
34
ADN

Trinh ty nhdn tao

32
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<223>

<400>

glxR (E168K)

45

R1

49124

cttcggcgece caaaaggctg gcgcecgctgeg cgtg

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

<223>

<400>
Met Ala
1

Glu Arg

Gly Asn

Glu Leu
50

Glu Met
65

Val Ala

Gly Ser

46

421
PRT

Trinh tu nhén tao

LysC L377K

46

Leu

Ile

Asp

35

Leu

Asp

Met

Gln

Val

Arg

20

Val

Glu

Met

Ala

Ala
100

Val

Asn

Val

Leu

Leu

Ile

85

Gly

Gln

Val

Val

Ala

Leu

70

Glu

Val

Lys

Ala

Val

Ala

55

Thr

Ser

Leu

Tyr

Glu

Cys

40

Ala

Ala

Leu

Thr

Gly

Arg

25

Ser

Val

Gly

Gly

Thr
105

Gly

10

Ile

Ala

Asn

Glu

Ala

90

Glu

33

Ser

Val

Met

Pro

Arg

75

Glu

Arg

Ser

Ala

Gly

Val

60

Ile

Ala

His

Leu

Thr

Asp

45

Pro

Ser

Gln

Gly

Glu

Thr

Pro

Asn

Ser

Asn

110

Ser

15

Lys

Thr

Ala

Ala

Phe

95

Ala

Ala

Ala

Asp

Arg

Leu

80

Thr

Arg

76/83
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Ile

Lys

Asp

145

Leu

Asp

Leu

Ser

Val

225

Ile

Gly

Ser

Ala

Asp
305

Val

Ile

130

Val

Ala

Gly

Glu

Lys

210

Pro

Ala

Val

Asp

Glu

290

Gly

Asp

115

Cys

Thr

Ala

Val

Lys

195

Ile

Leu

Gly

Ala

Lys

275

Ile

Thr

Val

Ile

Thr

Ala

Tyr

180

Leu

Leu

Arg

Ser

Thr

260

Pro

Asn

Thr

Thr

Val

Leu

Leu

165

Thr

Ser

Val

Val

Met

245

Asp

Gly

Ile

Asp

Pro

Ala

Gly

150

Asn

Ala

Phe

Leu

Arg

230

Glu

Lys

Glu

Asp

Ile
310

Gly

Gly

135

Arg

Ala

Asp

Glu

Arg

215

Ser

Asp

Ser

Ala

Met

295

Thr

Arg

120

Phe

Gly

Asp

Pro

Glu

200

Ser

Ser

Ile

Glu

Ala

280

Val

Phe

49124

Val

Gln

Gly

Val

Arg

185

Met

Val

Tyr

Pro

Ala

265

Lys

Leu

Thr

Arg

Gly

Ser

Cys

170

Ile

Leu

Glu

Ser

Val

250

Lys

Val

Gln

Cys

34

Glu

Val

Asp

155

Glu

Val

Glu

Tyr

Asn

235

Glu

Val

Phe

Asn

Pro

315

Ala

Asn

140

Thr

Ile

Pro

Leu

Ala

220

Asp

Glu

Thr

Arg

Val

300

Arg

Leu

125

Lys

Thr

Tyr

Asn

Ala

205

Arg

Pro

Ala

Val

Ala

285

Ser

Ser

Asp

Glu

Ala

Ser

Ala

190

Ala

Ala

Gly

Val

Leu

270

Leu

Ser

Asp

Glu

Thr

Val

Asp

175

Gln

Val

Phe

Thr

Leu

255

Gly

Ala

Val

Gly

Gly

Arg

Ala

160

Val

Lys

Gly

Asn

Leu

240

Thr

Ile

Asp

Glu

Arg
320
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Arg Ala

Asn Val

Gly Met

Arg Asp

370

Ile Ser
385

Leu His

Ala Gly

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

<220>
<223>

<400>

Met

Leu

Lys

355

vVal

Val

Glu

Thr

47
34

Glu

Tyr

340

Ser

Asn

Leu

Gln

Gly
420

ADN

Ile

325

Asp

His

Val

Ile

Phe

405

Arg

Leu

Asp

Pro

Asn

Arg

390

Gln

Lys

Gln

Gly

Ile

375

Glu

Leu

Trinh tu nhén tao

lysC L1

47

Lys

Val

Val

360

Glu

Asp

Gly

49124

Leu

Gly

345

Thr

Lys

Asp

Gly

Gln Val Gln
330

Lys Val Ser

Ala Glu Phe

Ile Ser Thr

380

Leu Asp Ala
395

Glu Asp Glu
410

tcgagctcgg tacccgctge gcagtgttga atac

<210>
<211>

48
34

35

Gly

Leu

Met

365

Ser

Ala

Ala

Asn

Val

350

Glu

Glu

Ala

Val

Trp

335

Gly

Ala

Ile

Arg

Val
415

Thr

Ala

Leu

Arg

Ala

400

Tyr
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<212>
<213>

<220>
<223>

<400>

ctctagagga tccccgttca cctcagagac gatt

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

<220>
<223>

<400>

49124

ADN

Trinh tu nhédn tao

lysC R2

48

49
30
ADN

Trinh tu nhédn tao

1ysC(L377K) L2

49

tggaaatctt ttcgatgttc acgttgacat

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

<220>
<223>

<400>

50
30
ADN

Trinh tu nhd&n tao

1ysC(L377K) R1

50

atgtcaacgt gaacatcgaa aagatttcca

<210>

51

36
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49124 80/83

<211> 445

<212> PRT

<213> Trinh tu nhédn tao
<220>

<223> Hom R407H

<400> 51
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly
1 5 10 15

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu
20 - 25 30

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys
50 55 60

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala
65 70 75 80

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly
85 90 95

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys
100 105 110

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu
115 120 125

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala
130 135 140

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

37



Ala

Asn

Ser

Ala

Ser

225

Gly

Gly

Val

Val

305

Gly

Ala

Ala

Gly

Phe

Leu

Asp

210

Ile

Ile

His

Gly

Ser

290

Glu

Gly

Arg

Asn

Asp

Ile

Ala

195

Val

Ala

Ser

Thr

Lys

275

His

Ala

Ala

Asn

Leu

Gln

Leu

180

Glu

Glu

Phe

Asn

Ile

260

Ser

Pro

Glu

Pro

Lys

340

Pro

Ile

165

Asp

Ala

Gly

His

Ile

245

Lys

Ala

Leu

Ala

Thr
325

Val

Ile

Gln

Ala

Thr

His

Thr

230

Ser

Leu

Ile

Ala

Ala

310

Ala

His

Ala

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Ser

295

Gly

Ser

Gly

Asp

Val

Asp

Leu

200

Ala

Val

Ala

Ala

Ala

280

Val

Arg

Ala

Gly

Phe

49124

Met

Ser

185

Gly

Ala

Thr

Asp

Ile

265

Arg

Asn

Leu

Val

Arg

345

Gly

Gly Ile
170

Thr Gly

Tyr Ala

Ser Lys

Ala Asp
235

Ile Glu
250

Cys Glu

Val His

Lys Ser

Met Phe
315

Leu Gly
330

Ala Pro

Glu Thr

38

Val

Ala

Glu

Ala

220

Asp

Ala

Lys

Pro

Phe

300

Tyr

Asp

Gly

Thr

Asn

Asp

Ala

205

Ala

Val

Ala

Phe

Thr

285

Asn

Gly

Val

Glu

Thr

Gly

Tyr

190

Asp

Ile

Tyr

Gln

Thr

270

Leu

Ala

Asn

vVal

Ser

350

Arg

Thr

175

Ala

Pro

Leu

Cys

Gln

255

Asn

Leu

Ile

Gly

Gly

335

Thr

Tyr

Thr

Asp

Thr

Ala

Glu

240

Ala

Lys

Pro

Phe

Ala

320

Ala

Tyr

His
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Leu

Ser

385

Glu

Glu

Val

Asp

370

Leu

Arg

Ser

Lys

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

<220>
<223>

<400>

355

Met

Phe

Asp

Asp

Ala
435

52
34

ADN

Asp

Ser

Asp

Leu

420

Ile

Val

Glu

Asp

405

Ser

Asn

Glu

Gln

390

Ala

Arg

Ser

Asp

375

Gly

His

Thr

Val

Trinh tu nhédn tao

hom L1

52

360

Arg

Ile

Leu

Val

Ile
440

49124

Val

Ser

Ile

Glu

425

Arg

Gly

Leu

Val

410

Leu

Leu

atcctctaga gtcgacccaa ctgcagacgt cgaa

<210>
<211>

<212>
<213>

<220>
<223>

53
35

ADN

Trinh tu nhan tao

hom R2

39

Val

Arg

395

Val

Leu

Glu

Leu

380

Thr

Thr

Lys

Arg

365

Ala

Ile

His

Ala

Asp
445

Glu

Arg

Ser

Lys
430

Leu

Gln

Ala

415

Pro

Ala

Glu

400

Leu

Val
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<400>

49124

53

atgcctgcag gtcgacatag acagatttgt ccacg

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

<220>
<223>

<400>

54
35
ADN

Trinh tu nhédn tao

hom (R407H) L2

54

gtgaccacga tcagatgtgc atcatcatcg cgctc

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

<220>
<223>

<400>

55
35
ADN

Trinh ty nhdn tao

hom (R407H) R1

55

gcgatgatga tgcacatctg atcgtggtca cccac

40
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