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Linh vue ky thuat dwoc dé cap

Sang ché thudc linh vire k¥ thuat di truyén, va cu thé 1a dé cap dén chét dot bién
cta flippaza lipit IT xuyén mang (MviN) va phuong phéap san xuit axit glutamic va lysin

str dung chat dot bién nay.
Tinh trang ky thuit cia sang ché

Axit glutamic va lysin 13 nhiing chit dinh dudng quan trong dbi v6i con nguoi
va dong vat, va déng vai trd quan trong trong nganh y té, stic khoe, thue phim, thac in
chan nudi, va cac loai twong tu. Chiing dugce tao ra cha yéu bang qua trinh 1én men vi
sinh vat. Trong nhitng nim gin day, cong nghé bién dbi ching 1én men, cbt 151 cua
nganh cong nghi¢p 1én men, da lién tuc dugc phat trién. Qua trinh lién quan truc tiép
dén qua trinh chuyén héa cua ching (bao gdm van chuyén co chit, van chuyén san
pham, tao ning luong,...) thudong duoc bién doi trong qué trinh téng hop hop chét nhit
dinh. Cac stra d6i md dun lién quan chat ché dén cach tong hop axit amin, nhu loai bd
su rc ché phan hodi san phdm cua cac enzym chinh, 1am suy yéu cach canh tranh va tang
cudng co chit hodc van chuyén san pham, da dugc bio céo trong nhidu nghién ctru, va
kha ning san xuét axit ctia cac chiing cho san xuat cong nghiép 1a do d6 dugc cai thién
rat nhiéu. Mic du céc chiing cong nghiép dbi véi axit glutamic va lysin hién da dat mirc
san xuét cao, nhung van con nhu cu cép thiét v& muc san xudt axit tang hon ntra, dac
biét 1 tang ty 1¢ chuyén ddi (ty 16 nguyén liéu ban diu dugc chuyén dbi thanh san phém),
va gidm chi phi san XUAL. Tuy nhién, rat kho dé tiép tuc, thdm chi mdt chat, ting mirc

san xudt cao cua cac ching san xuat axit glutamic va lysin.

Hién nay, c6 rét it sy thay ddi gen khong lién quan dang ké dén qua trinh tong
hop axit amin. Ly do nam & chd: nhu ai ciing biét ring té bao 1a mot td hop phtrc tap cta
cac mang ludi chuyén hoa, anh huéng cua viée bién dbi cac gen khong lién quan dén
cac chiing 1a khong thé dodn trude duge; ngoai ra, rat kho tim kiém cac muc tiéu sira

do1 co the lién quan dén viéc san xuat axit glutamic va lysin tir nhiéu gen.

MuviN Ia flippaza lipit IT xuyén mang, xic tic budc cudi cling trong qué trinh tong
hop peptidoglycan (PG) va véan chuyén lipit II tir mang té bao chit bén trong dén chu
chét, gy ra sy lién két chéo ctia PG m&i thanh PG truéng thanh. Hién tai, c6 rat it nghién
ctru vé MviN c6 ngudn gbe tir Corynebacterium. Chi mot sang ché (JP2010161970A)
boc 16 dot bién ctia phan du axit amin (& vi tri 197, 260 va 181) trong protein c6 thé ting

hiéu suat axit glutamic ctia Corynebacterium glutamicum, nhung v&i mot luong rat nho
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chi 1 dén 5% (phan trim san phdm) so v6i chung ban d4u, va anh hudng dén ty 1é chuyén

d6i khong duge bao cao.
Ban chit ky thuit ciia sang ché

Muc tiéu theo sang ché 1a dé cap chét dot bién protein MviN méi va phuong phap
dé tang dang ké ty 16 chuyén dbi san xudt axit glutamic va lysin ctia t& bao chii sir dung

chét d6t bién protein.

Theo khia canh thir nhat, sang ché dé cap dén chat dot bién protein flippaza lipit
IT xuyén mang (MviN) ¢6 trinh ty axit amin bao gbm trinh tw dugc chon tir nhém bao
gbm:

a) trinh tu axit amin c6 su thay thé cta prolin, bdi leuxin, hodc axit amin khac cé
chudi bén béo, vi du, bt ky mét trong s isoleuxin, valin va alanin, twong tmg v&i vi tr
346, va/hodc c6 su thay thé cua valin, bang phenylalanin hodc tryptophan, tuong tng
v6i vi tri 599, ciia bat ky mdt trong céc trinh tu axit amin dugc dé cap trong SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8;

b) trinh tir axit amin ¢6 ciing ving dot bién véi trinh tu axit amin cia a) va c6
90% tr& 1én, vi du, 95% trd 1€n, hodc 98% trd 1én tuong déng véi trinh tu axit amin cua
a), trong d6 trinh tu axit amin c6 ngudn gbe tir Corynebacterium glutamicum va duy tri

hoat dong van chuyén lipit IT tr mang té bao chit bén trong ra chu chét.

Trong mot phuong 4n, chat dot bién protein MviN bao gdm hozc khong bao gdm
cac dot bién & cac ving khac. Vi du, chit d6t bién protein MviN bao gdm dot bién bao
toan tir trinh tu axit amin da dé cap, va chit dot bién protein MviN van giit hoat dong

vén chuyén lipit II tir mang té bao chét bén trong ra chu chat.

Theo khia canh thi hai, sang ché d& cép dén gen ma hoa cho chét dot bién protein
MviN & khia canh tht nhat.

Theo khia canh thtr ba, sang ché dé xudt vat chii trung gian biéu hién bao gdm
gen mi héa cho chat dot bién protein MviN cua khia canh thir hai; trong mdt phuong
an, vét chu trung gian biéu hién dugc xay dung bang cach budc trinh tur nucleotit ctia

gen ma hoa vai plasmit, vi du, plasmit dugc chon tir pEC-XK99E.

Theo khia canh thir tu, sang ché d& cap dén té bao chu biéu hién chit dot bién
protein MviN & khia canh thtr nhét.

Trong phuong an tdt hon, té bao cha biéu hién chat dot bién bao gém vat chua
trung gian biéu hién ctia khia canh tht ba hodc ¢6 trinh tu nucleotit cta gen ma hoa clua
khia canh thtr hai duge két hop trong bd gen ctia né. Trong mot phwong 4n, vat chi trung

gian biéu hi€én dugc dua vao t€ bao cht ban dau d¢ tao thanh té bao chu chira gen ma
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héa cho chit dot bién.

Trong phuong 4n con tt hon, té bao cht ban ddu c6 ngudn gbc tir Escherichia,
Corynebacterium, Pantoea, Brevibacterium sp, Bacillus, Klebsiella, Serratia hodc
Vibrio, tt hon 1a E. Coli hoic Corynebacterium glutamicum, and con t6t hon 1a

Corynebacterium glutamicum.

Theo khia canh thi nam, sang ché dé cép dén viée str dung chat dot bién protein
MviN cta khia canh tht nhit, hodc gen ma hoa cua khia canh thir hai, hodc vét chu trung
gian biéu hién ctia khia canh thir ba, hoic té bao chu ciia khia canh thir t, dé san xuét

axit glutamic hodc lysin.

Theo khia canh thi sau, sang ché dé cap dén phuong phép diéu ché axit glutamic

hodc lysin bao gdm céc budc sau:
a. xay dung té bao chu cda khia canh thir tu;

b. nuoi cdy té bao chu duoc x4y dung & budc a dé tao ra chat long nudi cay co

chtra axit glutamic hoac lysin; va

c. tiy chon phan 13p axit glutamic hodc lysin dwgc tao ra tir chat 1éng nudi cdy

ctua budc b.
Téc dung c6 1o1 cia sang ché

1. Séang ché dé cap dén chit dot bién protein MviN méi, c6 thé 1am ting san
lwong axit glutamic va lysin va ting dang ké ty 18 chuyén ddi glucoza théng qua dot bién

cac axit amin tai cac vung cu thé.

2. Sang ché dé cap dén muc tiéu sira d6i mdi cho protein MviN, c¢6 thé lam
tang toc dd phat trién cta ching va giam chi phi san xuét axit glutamic va lysin.
Mo ta chi tiét sang ché

Séng ché s& duoc minh hoa thém khi tham khéo céc vi du cu thé sau day. Céan
hiéu rang cac vi du nay chi nhdm muc dich minh hoa cho sang ché chi khong phai gi6i

han pham vi theo sang ché.

Trong truong hop cac didu kién cu thé khong duoc chi ra trong phuong phéap thuc
nghiém trong cac vi du sau, cac diéu kién thong thuong nhu duge mé ta trong Sambrook
va cong su, Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor
Laboratory Press, 1989) hoac cac diéu kién do nha san xuét thiét bi khuyén nghi phai
tuén theo.

Pinh nghia va Giai thich:

m"non

Thuat ngtt "flippaza lipit IT xuyén mang" va "protein mang", "protein sinh tong
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non

hop murein", "protein MviN", "protein theo sang ché", "polypeptit theo sang ché" duoc
str dung & day duoc sit dung thay thé cho nhau va c¢6 nghia thuong dugc hidu boi nguoi

c6 hiéu biét trung binh trong linh vuc k¥ thuat.

"Protein MviN" theo sang ché dé cap dén flippaza lipit IT xuyén mang, xuc tac
bude cudi cing trong qué trinh téng hop peptidoglycan (PG) va véan chuyén lipit IT tir
mang té bao chit bén trong dén chu chét. Protein MviN c6 thé c6 ngudn gde tir cac loai
khac nhau, bao gdm nhung khéng giéi han Escherichia, Corynebacterium, Pantoea,
Brevibacterium, Bacillus, Klebsiella, Serratia hodac Vibrio. Theo sang ché, protein
MviN ¢6 ngudn gbc tir Corynebacterium, va vi du, protein twong mg véi bat ky mot
trong cac trinh tu da dé cép trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ
ID NO: sb 8; hodc ciing c6 thé 1a polypeptit bao gdbm bét ky mdt trong cac trinh tw axit
amin duoc dé cap trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO:
8 va c6 hoat dong van chuyén lipit IT tr mang té bao chit bén trong dén chu chét; hodc
thém nira c6 thé 1a polypeptit c6 hon 90%, t6t hon 14 95%, va tot hon 1a 98%, twong
ddng v&i bt ky mot trong cac trinh tu axit amin dugc d& cap trong SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8, ¢6 ngudn gbc tir Corynebacterium va cé

hoat déng véan chuyén lipid IT tir bén trong té bao chat ra chu chat.

"Chét dot bién protein MviN" theo sang ché d& cap dén chit thu duoc bang cach
dot bién bat ky mot trong cac trinh tu axit amin dugc dé cap trong SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8. Cu thé, chét dot bién protein MviN theo
sang ché c6 trinh ty axit amin c6 sy thay thé prolin, boi leuxin, twong ing véi vi tri 346
clia bat ky mot trong cac trinh ty axit amin duge dé cap trong SEQ ID NO: 2, SEQ ID
NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8, hoic ¢6 sy thay thé valin bang phenylalanin,
twong tng v6i vi tri 599 ciia bat ky mot trong cac trinh tur axit amin duge dé cap trong
SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8; hoic chét dot bién
protein MviN theo sang ché 1 doan cta trinh tur axit amin bao gbm viing dot bién & trén.
Lién quan dén sang ché, n6 ciing c6 thé 1a mot polypeptit ¢6 bét ky mot trong cac trinh
tu axit amin dugc dé cap trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ
ID NO: 8 va c6 hoat d6ng van chuyén lipit II tir mang té bao chat bén trong dén chu
chit; né ciing c6 thé 1a polypeptit c6 hon 90%, tét hon 1a 95%, va t6t nhét 1a 98% trd
1én, twong dong véi bat ki mot trong cac trinh tu axit amin duge dé cép trong SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8, c6 ngudn goc tir
Corynebacterium glutamicum va c6 hoat dong van chuyén lipit IT tir mang té bao chét
bén trong dén chu chét; n6 ciing ndm trong pham vi theo sang ché, véi diéu kién 1a n6
c6 su thay thé prolin bang leuxin, trong tng véi vi tri 346 cta bét ky mét trong céc trinh
tu axit amin duoc dé cép trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ
ID NO: 8, hoic ¢6 su thay thé valin bing phenylalanin, twong tng véi vi tri 599 ctia bat
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ky mot trong cac trinh ty axit amin duge dé cap trong SEQ ID NO: 2, SEQ ID NO: 4,
SEQ ID NO: 6 va SEQ ID NO: 8.

Dén nay, c6 tong s6 22 chudi axit amin cta "flippaza lipit II xuyén mang" c6
ngudn gbc tir Corynebacterium glutamicum duge cong bd trong co s& dir liéu NCBI
(https://www.ncbi.nlm.nih.gov/) (mot s6 trinh tu duoc chi thich 14 protein gia dinh hodc
protein mang trong co s& dit liéu), trong s6 d6 chi c6 mét trinh tw c6 93% twong dong
v6i trinh tu axit amin dugc d& cap trong SEQ ID NO: 2 theo sang ché, va 21 trinh tu con
lai ¢c6 hon 98% tuong dé)ng v6i trinh tu dugc dé cap trong SEQ ID NO: 2 theo sang ché;
tat ca 22 trinh ty c¢6 prolin twong Gng véi vi trf 346 ctia trinh tu duoc dé cap trong SEQ
ID NO: 2, va ¢6 valin tuong tng v6i vi tri 599 cua trinh tu duoce dé cdp trong SEQ ID
NO: 2. C6 thé thdy rang flippaza lipit II xuyén mang bdo toin cao trong
Corynebacterium glutamicum, va cling bao toan cao & vi tri twong ung voi vi tri 346
hodc 599 cta trinh tw dwgc d& cap trong SEQ ID NO: 2. Ngoai ra, sang ché bién ddi
trinh tu flippaza lipit II xuyén mang c6 ngudn gdc tir Corynebacterium glutamicum, va
két qua cho thiy rang hoidc dot bién prolin & vi tri 346 cta bat ky mot trong s6 4 trinh tur
thanh leuxin hodc dot bién valin & vi tri 599 thanh phenylalanin c6 thé lam tang hiéu
suét cta axit glutamic va lysin va lam tang dang ké ty 1& chuyén ddi cia glucoza. Do do,
vi nhitng Iy do trén, cac polypeptit khac c¢6 do trong ddng hon 98% véi trinh tir duoc dé
cép trong SEQ ID NO: 2 va ¢6 nguodn gbc tir Corynebacterium glutamicum tat ca déu
ndm trong pham vi theo sang ché, véi didu kién 1a ching c6 su thay thé prolin bang
leuxin, trong Ung véi vi tri 346 cda trinh tu dugce dé cap trong SEQ ID NO: 2, hoac
chung c6 sy thay thé valin bang phenylalanin, tuong tng v&i vi tri 599 ctia trinh tur duoc
d& cap trong SEQ ID NO: 2.

Thuét ngit "té bao cha" duoc sir dung & ddy 1a t& bao c6 nghia thuong duoc hidu
b&i ngudi ¢6 hidu biét trung binh trong linh vire k§ thuat, tirc 13, bao gbm protein MviN
ho#c chit dot bién cua chung theo sang ché. Néi cach khéc, bét ky té bao chi nao ciing
6 thé duoc st dung theo sang ché, mién 14 té bao dé chira protein MviN hodc chét dot
bién cta chung theo sang ché va c6 kha nang tao ra axit amin. Té bao chu ¢ thé tir
Escherichia, Corynebacterium, Pantoea, Brevibacterium sp, Bacillus, Klebsiella,
Serratia hodc Vibrio, tot hon 1a E. Coli hodc Corynebacterium glutamicum, va con tdt
hon 1a Corynebacterium glutamicum. Cu thé, chi sé hitu theo séng ché @ cap dén ching

c6 kha nang tao ra axit glutamic va lysin.

Thuat ngit "bao gdbm MviN theo sang ché" duge st dung & ddy c6 nghia duoc
hiéu theo quy udc ciia ngudi c6 hiéu biét trung binh trong linh vuc nay va cé thé duge
thue hién bang cach st dung cac phuong phap da biét trong linh vic nay, bao g6m nhung
khong gidi han &, vi du, chén polynucleotit bao gbm trinh ty polynucleotit ma hoa

protein vao nhiém sic thé, hodc nhan ban polynucleotit vao vat chi trung gian dé dua
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no6 vao vi sinh vat, hodc thém truc tiép ban sao clia polynucleotit vao nhiém sdc thé va
céc loai trong tu; cac phuong phép ciing c6 thé bao gdm, nhung khong gi6i han, bit ky

phuong phap nao da biét ma bang cach d6 hoat tinh ctia protein c6 thé dugc dua vao.

Thuat ngit "¢ hoat tinh ctia protein MviN" duoc str dung & ddy c6 nghia gidng
hodc twong tur nhur cach hiéu thong thuong clia ngudi ¢ hiéu biét trung binh trong linh
vuc ndy. C6 nghia 1a trinh ty axit amin cua doan nhét dinh 1& mot phén cua trinh tu axit
amin ctia protein hodc polypeptit nguyén ven, va c6 chirc ning hoic hoat dong gidng
hodc twong tu nhu protein hodc polypeptit nguyén ven. Cu thé, trong sang ché, né chi ra
bat ky doan axit amin nao thu dwgc tir protein MviN theo sang ché va c¢6 chirc nang
twong tu nhu protein MviN. Ngudi c6 hiéu biét trung binh trong linh vuc niy s& danh
gi4 cao rang viéc thay ddi mot vai phin du axit amin trong cic ving nhit dinh cua
polypeptit, vi du, & cac ving khdng quan trong, vé co ban khong lam thay dbi hoat tinh
sinh hoc. Vi du, trinh tu thu dugc bﬁng cach thay thé thich hop mot sb axit amin khong
anh huéng dén hoat dong ctia né. (xem Watson va cdng su, Molecular Biology of The
Gene, t4i ban 1an tht tu, 1987, The Benjamin/Cummings Pub. Co. P224). Do d6, nguoi
¢6 hiéu biét trung binh trong linh vuc k§ thudt s& c6 thé thuc hién cac thay thé nhu vay
va dam bao rang phén t tao thanh van gitt dugc hoat tinh sinh hoc mong mudn. Do dé,
rd rang 14 cac dot bién tiép theo trong MviN theo sang ché dan dén céc chét dot bién
khac v6i chirc nang MviN duoc giit lai. Vi du, ngudi ¢6 hiéu biét trung binh trong linh
vuc nay déu biét réng viéc thém hodc bét mét sd, vi dy, 1 dén 20, tét hon 1a 1 dén 15,
con tt hon 12 1 dén 10, con t6t hon 1a 1 dén 3, va t6t nhit 1a 1, cac phan du axit amin
dén hoac tir bat ky diu nao cta polypeptit khong anh hudng dén chirc nang ctia chit dot
bién tao thanh. Vi du, d& dé tinh sach, ngudi ¢6 hiéu biét trung binh trong linh vuc k§
thuét thuong 1am cho protein két qua c6 thé 6xHis & hai dau, va nhitng protein nhu vay
¢6 chirc nang turong tu nhu nhitng protein khong c6 thé 6xHis. Hon nita, sang ché phai
bao gém céc chit dot bién bao toan ctia MviN theo sang ché. Cac chit dot bién bao toan
nay co thé duoc tao ra, vi du, béng cach thay thé axit amin nhu dugc trinh bay trong

bang dudi day.

Phan du ban X o . N . .

iy Phan du dai di¢n d¢ thé Phan du tot hon dé thé
Ala (A) Val; Leu; Ile Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gln; His; Lys; Arg Gln
Asp (D) Glu Glu
Cys (C) Ser Ser
Gln (Q) Asn Asn
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Glu (E) Asp Asp
Gly (G) Pro; Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
Ile (I) Leu; Val; Met; Ala; Phe Leu
Leu(L) Ile; Val; Met; Ala; Phe Ile
Lys (K) Arg; Gln; Asn Arg
- Met (M) Leu; Phe; Ile Leu
Phe (F) Leu; Val; Ile; Ala; Tyr Leu
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Ala Leu

Séng ché cling dé cap dén polynucleotit ma héa polypeptit theo sang ché. Thuat
ngit "polynucleotit ma héa polypeptit" c6 thé bao gdm polynucleotit ma héa polypeptit,

hodc polynucleotit ¢6 trinh ty ma héa bd sung va/hodc khong ma héa.

Gen cua protein MviN c6 thé 1a doan do duoc chuin bi trong cac diéu kién
nghiém ngit véi bat ky mot trong cac trinh tu nucleotit dugce dé cap trong SEQ ID NO:
1, SEQ ID NO: 3, SEQ ID NO: 5 va SEQ ID NO: 7, vi du, lai ADN véi trinh tir bd sung
cho mdt phén hodc toan bd ctia bat ky mot trong céc trinh tu nucleotit dugc dé cép trong
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 va SEQ ID NO: 7, véi diéu kién 14 chirc
ning ban dau ctia n6 duoc giir lai. "Céc diéu kién nghiém ngt" dé cap dén cac didu kién
ma trong d6 phép lai cu thé ¢ thé dugc tao thanh va phép lai khong cu thé khong duge
tao thanh. Vi du, n6 dé cap dén cac diéu kién ma cac ADN c6 do tuong df“)ng cao, vi du,
c6 d6 tuong ddng tir 90% trd 1én, lai véi nhau, va cac ADN cé d6 twong dong dudi 90%
khong lai v6i nhau, hoic diéu kién rira dé lai Southern thong thudng, tirc 1a diéu kién
cho 1, t6t hon 14 2 dén 3, rira & ndng d6 mubi 1 x SSC va 0,1% SDS va nhiét dd 60°C,
t5t hon 1a & ndng d6 mubi 0,1 x SSC va 0,1% SDS va nhiét ¢ 60°C, va con tt hon 1a
& ndng d6 mubi 0,1 x SSC va 0,1% SDS va nhiét do 68°C.

Hon nita, vi su thodi héa ctiia don vi ma khac nhau gifta cac vét chu, bét ky don
vi ma nao trong gen cua protein MviN du c6 thé dugc thay thé bang don vi ma tuong
dwong tuong g, nghia 13, gen protein MviN c¢6 thé c6 bat ky dot bién nao ddi véi gen
protein MviN do tho4i h6a ma di truyén. Vi du, gen protein MviN c6 thé 1a gen da dugc

stra @61 d€ no6 ¢6 don vi ma toi vu theo tan s6 don vi ma trong vat chu s€ duoc st dung.

Theo phuong an cu thé, gen protein MviN c6 thé 14 ADN c¢6 90% trd 1én, t6t hon
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14 95% trd 1én, va con tdt hon 14 99%, twong dong hodc ddng nhét trinh tu vé6i ADN ma
hoa bat ky mot trong céc trinh ty axit amin da d& cp trong SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 va SEQ ID NO: 8.

Do d6, nguoi ¢6 hiéu biét trung binh trong linh vuc nay c6 thé dé dang thu dugc
doan hoat dong c6 hoat tinh hodc chirc néng giéng hodc tuong tu dua trén nghién ctru
~ theo sang ché va protein MviN thu duoc cu thé theo sang ché. Cac doan hoat dong nhu
vély ¢6 thé 14 nhitng doan thu dugc bing cach gy dot bién cac ving dot bién theo sang
ché (twong tng vé6i cac vi tri 346 va 599 ctia SEQ ID NO: 2 hodc SEQ ID NO: 4 hodc
SEQ ID NO: 6 hodc SEQ ID NO: 8) thanh cc phan du axit amin khac, hodc c6 thé 1a
nhitng phan du thu duge bang cach gay dot bién cac viing lién ké hodc gan vdi cc ving
dot bién theo sang ché (twong Gmg véi cac vi tri 346 va 599 ciia SEQ ID NO: 2 hoic
SEQ ID NO: 4 hodc SEQ ID NO: 6 hogc SEQ ID NO: 8), va cac doan hoat dong nhu
vy phai duoc coi 1 yéu cdu bao hd twrong dwong theo sang ché va do d6 nim trong

pham vi bao ho theo sang ché.

Thuét ngit "twong tmg v6i" duge sir dung & ddy c6 nghia thuong duge hiéu boi
ngudi c6 hidu biét trung binh trong linh vurc k§ thuat. Cu thé, thuat ngit "twong ung véi"
d& cép dén viing trong trinh tu twong Gng véi viing duge chi dinh trong trinh ty khéc sau
khi xép thang hang ctia hai trinh tu bang cach tuong ddng hodc ddng nhat trinh tw. Do
dé, vi dy, thuat ngl phén du axit amin twong ung véi vi tri 40 cua bét ky mot trong céc
trinh tu axit amin dugc dé cap trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va
SEQ ID NO: 8", néu thé 6xHis dugc thém vao mdt dau cia bit ki mot trong cac axit
amin duoc dé cap trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO:
8, sau d6 vi tri 40 ctia chét dot bién tao ra twong tng v6i  cia bat ky mét trong cac trinh
ty axit amin dugc dé cap trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ
ID NO: 8 ¢6 thé 1a vi trf 46.

Theo phuong an cu thé, su twong déng hodc sw ddng nhét trinh tu ¢6 thé khong
it hon 90%, t6t hon 1a khong it hon 95%, va con tét hon 1a khong it hon 98%, va c6

nguodn goc tu Corynebacterium.

Céc phuong phép x4c dinh su twong ddng hodc ddng nhét trinh ty ma ngudi c6
hiéu biét trung binh trong linh vuc nay biét dén bao gdm, nhung khong gi6i han &:
Computational Molecular Biology, Ed. Lesk, A.M., Oxford University Press, New
York, 1988; Biocomputing: Informatics and Genome Projects, Ed. Smith, D.W.,
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part One, Ed.
Griffin, A.M. and Griffin, H.G., Humana Press, New Jersey, 1994; Sequence Analysis
in Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence Analysis
Primer, Ed. Gribskov, M. and Devereux, J., M Stockton Press, New York, 1991; and
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Carillo, H. and Lipman, D., SIAM J. Applied Math., 48:1073(1988). Phuong phép tbt
hon dé x4c dinh su ddng nhat 1a dé c6 duoc su phit hop 16n nhét gifta cac trinh tw dugc
thir nghiém. Cac phwong phép xéc dinh sy dong nhat dugc bién soan trong cac chuong
trinh m4y tinh c¢6 sn cong khai. Cac phwong phap chuong trinh may tinh dé xac dinh
su ddng nht gitra hai trinh tu bao gdbm, nhung khéng gi6i han &: G6i chuong trinh GCG
(Devereux, J. va cong su, 1984), BLASTP, BLASTN, and FASTA (Altschul, S, F. va
cong su, 1990). Chuong trinh BLASTX c6 san cong khai tir NCBI va cac ngudn khac
(BLAST Manual, Altschul, S. va cdng su, NCBI NLM NIH Bethesda, Md.20894;
Altschul, S. va cong su, 1990). Thudt todn Smith Waterman da biét cling c6 thé duoc su
dung dé xac dinh su déng nhét.

Vi du thwe hién sang ché

Vi du 1. Bua d6t bién gen MviN vao bd gen cta Corynebacterium glutamicum
chung 7188 va B253

Khi sang loc gay dot bién duoc thuc hién trén Corynebacterium glutamicum
7188 (GenBank Accession number: NZ AKXP00000000) dé san xuét axit glutamic,
thu duogc hai ching chat dot bién, va phan tich trinh tu gen cho théy C cua chung dot
bién twong tng v6i vi tri 1037 cua trinh tu nucleotit gen MviN ctia Z188 bi dot bién
thanh T (P & vi trf 346 bi d6t bién thanh L dbi v&i axit amin twong tng), va G ciia ching
dot bién khac twong tmg vé6i vi tri 1795 trinh tu nucleotit cia gen MiviN bi d6t bién thanh
T (V & vi tri 599 bi dot bién thanh F cho axit amin tuong tmg). P& kiém tra anh hudng
ctia dot bién MviN P346L va V599F tir cdc ngudn khac nhau déi véi Viéc san xudt axit
glutamic béi Z188 va lysin béi B253 (s6 gia nhap Ngan hang gen CP010451), MviN ¢6
ngudn gbe tir Corynebacterium glutamicum 7,188 (duge viét tat 1a MviNZ, véi trinh tu
nucleotit va axit amin twong tng 1a SEQ ID NO: 1 va SEQ ID NO: 2), MviN ¢6 ngudn
gbc tir Corynebacterium glutamicum B253 (duge viét tit 1a MviNB, v6i trinh tu
nucleotit va axit amin twong tng 13 SEQ ID NO: 3 va SEQ ID NO: 4), MviN ¢6 ngudn
gbc tir Corynebacterium glutamicum ATCC 13869 (s6 gia nhap Ngin hang gen
CP016335) (duwgc viét tat 1a MviN9, véi trinh ty nucleotit va axit amin tuong tng 1a
SEQ ID NO: 5 va SEQ ID NO: 6), va MviN ¢6 ngudn goc tit Corynebacterium
glutamicum ATCC 13032 (sb gia nhap Ngan hang gen CP025533) (dugc viét tat 1a
MviN2, véi trinh tu nucleotit va axit amin twong tng 1a SEQ ID NO: 7 va SEQ ID NO:
8) duoc chon.

Céc gen MviN ctia Z188 va B253 bi dot bién bang phuong phap téi t6 hop twong
déng. Khuéch dai PCR duoc thuc hién béng cach st dung doan mdi MF (SEQ ID NO:
9 CCTCGAATTCATGAATGGTCAACAAGTGAGTTCTTC) va doan mdi MRI
(SEQ ID NO: 10 TCTACTGCAGTTACCAACCAACGAGTTGTACTTCAG) v6i bo



48476 10/35

gen 7188, B253 va ATCC 13869 la khuon mau; khuéch dai PCR duoc thuc hién béng
cach st dung doan mdi MF va doan mdi MR2 (SEQ ID NO: 11
TCTACTGCAGTTACCAACCAACAAGTTGTACTTCAG) v6i ATCC 13032 la
khudn mau. Cac doan PCR duoc tiéu hoa tuong Gng voi endonucleaza han ché EcoRI
va Pstl va sau d6 duoc lién két vai plasmit duge tiéu héa twong tw pK18mobsacB (S6
gia nhap ngéan hang gen: FJ437239) dé thu duoc cac plasmit tuong tmg pK18-MviNZ,
pK18-MviNB, pK18-MviN9 va pK18-MviN2. Khuéch dai PCR dugc thuc hién béng
cach st dung doan mdi ATGCTGCGCCGTTTATTTAT (SEQ ID NO: 12) va
ATAAATAAACGGCGCAGCAT (SEQ ID NO: 13) tuong tung voi pK18-MviNZ,
pK 18-MviN9 va pK 18-MviN2 14 khudén méu; khuéch dai PCR duoc thuc hién bang cach
st dung doan mdi TGATGCTGCACCGTTTATTT (SEQ ID NO: 14) va
AAATAAACGGTGCAGCATCA (SEQ ID NO: 15) véi pK18-MviNB 1a khudn mau.
Céc san phdm PCR déu dugc tu phan giai biang cach sir dung bd nhan ban mot budc
ClonExpress II (Nanjing Vazyme Biotech Co., Ltd., Trung Qudc) dé thu dugc cac dot
bién MviN P346L trong cac plasmit tuong tmg. Cac plasmit dot bién da dwoc viét tat 1
pK 18-MviNZP346L, pK 18-MviNBP34L, pK 18-MviN9P3*6L va pK 18-MviN2P34L Khuéch
dai PCR duogc thuc hién béng cach str dung doan mdi TCTGCCAGAGGTCCAAAACT
(SEQ ID NO: 16) va AGTTTTGGACCTCTGGCAGA (SEQ ID NO: 17) v61 pK18-
MviNZ, pK18-MviNB va pK18-MviN9 1a khuon mau; khuéch dai PCR duoc thuc hién
bang cach st dung doan mdéi TTTGCCGGAGGTCCAAAACT (SEQ ID NO: 18) va
AGTTTTGGACCTCCGGCAAA (SEQ ID NO: 19) véi pK18-MviN2 1a khuén mau.
Céc san phAm PCR déu duoc tu phan giai bang cich sit dung bd nhan ban mot bude
ClonExpress II (Nanjing Vazyme Biotech Co., Ltd., Trung Quéc) dé thu dugc cac dot
bién MviN V599F trong céc plasmit twong tng. Céc plasmit dot bién da duge viét tat 1a
pK18-MviNZP346L pK18-MviNB?346L, pK18-MviN9P34L v pK 18-MviN2F346L,

Plasmit pK18-MviNZ, pK18-MviNB, pK18-MviN9, pK18-MviN2, pK18-
MyiNZP3#6L  pK18-MviNBFP3#L  pK18-MviN9F346L  pK18-MviN2P346L  pK18-
MviNZY3*%F  pK18-MviNBY3%F, pK18-MviN9V3%F va pK18-MviN2Y>F dugc dua vao
céac té bao Z188 va B253 ¢ kha nang (trong d6, pK18-MviNZ khéng can dugc dua vio
7188 va pK18-MviNB khong can dugc dua vao B253). Sau khi nuodi cdy qua dém trong
moi truong LBG (10 g/L glucoza, 5 g/L bot men, 10 g/LL pepton va 10 g/L natri clorua),
céc dong vo tinh khang kanamycin dugc chon trén dia rin LBG c6 chira kanamycin (25
mg/L). Sau khi chon loc, cac dong vo tinh dwgc nudi cdy qua dém trong mdi truomg 1éng
LBG chira 10 g/L sucroza va trai trén dia ran LBG chra 10 g/L sucroza dé chon cic
dong v tinh con séng, va né duge xac minh bing cach st dung dia rin LBG c6 chua
kanamycin (25 mg/L) ring chiing 3 mat cac gen khang kanamycin va do d6 khong thé
phat trién. C4c gen nhén ban thu duoc bang cach khuéch dai MF va MR duoc giai trinh
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tu dé chon loc cac dong vo tinh trong d6 gen MviN ban dau trong bd gen ctia Z188 hodc
B253 duoc thay thé hoan toan bing MviN twong Gmg va chit dot bién cua nd tir cac
nguén khac nhau, do d6 thu duoc cac ching Z188-MviNB, Z188-MviN9, Z188-MviN2,
- Z188-MviNZP3*L - 7188-MviNBP34L  7188-MviN9P34L  7188-MviN2P34L - 7188-
MvINZY3PF  7188-MviNBY>F, Z188-MviN9V>»?F va 7Z188-MviN2V>*F va chiing
B253-MviNZ, B253-MviN9, B253-MviN2, B253-MviNZFP*6L B253-MviNBF346L,
B253-MviN9P346L  B253-MviN2P3#6L | B253-MviNZV3%F, B253-MviNBY>*F, B253-
MviN9V¥%F va B253-MviN2V3%F,

Vi du 2. Su biéu hién qua mirc cia cac chat dot bién gen MviN khéc nhau bing

cach st dung Plasmit trong Corynebacterium glutamicum chung 7188 va B253

Gen MviN va chét dot bién ctia chiing dau tién duoc nhan ban tir cac chiing khac
nhau. Khuéch dai PCR duge thuc hién béng cach st dung doan mdi MV-F (SEQ ID
NO: 20 CTCGATGGAATTCCGTTAAGGCGCGCACTCGTACATGAATGGTC) va
MV-R (SEQ D NO: 21
CGCGGGATCCTTACCAACCAACGAGTTGTACTTCAGCGATC) vo1 bd gen
twong Gng Z188-MviNZP34L — 7188-MviNZV¥F B253-MviNBP*#L  va  B253-
MviNBY5%F |3 khu6én mau. Cac san phim khuéch dai da dugc tidu hoa véi EcoRI va
BamHI va sau d¢6 mdi 1an lién két véi plasmit pEC-XK99E (Kirchner O, Tauch A. J
Biotechnol. 2003, 104(1-3): 287-299) tuong tu ti€u hoa twong ting véi EcoRI va BamHI
dé thu duoc pEC-MVINZP3*L va pEC-MviNZV*F cling nhu pEC-MviNBP3*L va pEC-
MviNBY**F Ngoai ra, plasmit pEC-XK99E dugc tiéu héa v6i EcoRI va BamHI da tu
lién két sau khi cac dau tan cing duoc 14p ddy dé thu duoc plasmit d6i chimg khong c6
gen MviN, dugc viét tat 1a pEC. Plasmit pEC, pEC-MvINZP*t va pEC-MviNZY3%F
duoc chuyén dbi thanh Z188 tuwong ung thu dugc chiung Z188(pEC), Z188(pEC-
MvIiNZP3#6Ly va 7188 (pEC-MvINZY5%F). Plasmit pEC, pEC-MviNBP*t va pEC-
MviNBY3%F duge chuyén ddi thanh B253 tuong tng thu duoc ching B253(pEC),
B253(pEC-MviNBP3L) and B253(pEC-MviNB V>%F),

Vi du 3. Thtr nghiém 1én men vi khuan Corynebacterium glutamicum 7188 va

ching dot bién gen MviN ctia chung d tao ra axit glutamic

Chung 7188 va chung Z188-MviNB, Z188-MviN9, Z188-MviN2, Z188-
MviNZP346L 7188-MviNBP3#L | 7188-MviN9P346L  7188-MviN2P34L  7188-
MviNZV3%F  7188-MviNBY3*F, Z188-MviN9OV*¥F va 7Z188-MviN2V»F véi MviN
duoc dot bién trong bd gen, ciing nhu ching 7188 (pEC-MviNZP3*L) va 7188 (pEC-
MviNZVY3F) biéu hién qua mirc chit dot bién MviNZ bang cach st dung plasmit va
ching d6i chimg Z188 (pEC) ctia né, da dugc kiém tra mirc do san xuat axit glutamic
bing cach 1én men st dung dia 96 giéng. Mbi trudong cdy chira 50 g/L glucoza, 0,7 g/L



48476

axit photphoric, 0,8 g/I. magié sulfat heptahydrat, 10 g/L. amoni sulfat, 84 g/L. axit 3-(/V-
morpholino)propanesulfonic, bot ngd 3 N, 10 N uré, 1 N pepton va 0,5 N bot men, va
gia tri pH dugc diéu chinh thanh 7,0 bang natri hydroxit. Méi trudng 1én men va moéi
truong hat gidng khac nhau & chd khong thém pepton va bot nAm men vao moi trudng
Trong nudi cidy Z188(pEC), Z188 (pEC-MviNZP*ly va 7188 (pEC-
MviNZ V3%, isopropyl thiogalactopyranosit (IPTG) dugc thém vao & ndng do cudi

1én men.

cung 14 0,1 mM, va kanamyxin & ndng do cudi cing 12 25 pug/L. Sau khi dugc nudi ciy
trong moi trudng cdy qua dém, chiing nay duge ciy vao mdi trudng 1én men véi luong
10%. Mbi giéng ctia dia 96 giéng chira 150 puL moi trudng 18n men, va thi nghiém déi
véi mdi chiing duoc thue hién ba 14n. Nhiét do nuoi céy 12 30°C, va toc do quay cua
may lac 1a 800 vong/phut. Sau 33 gio nudi cdy, hiéu sudtaxit glutamic va ty 1& chuyén
ddi cua glucoza thanh axit glutamic dugc do, va mot s6 két qua duogc thé hién trong
Bang 1 va Bang 2. Nhu c6 thé thiy tir Bang 1 va Bang 2, viéc dua MviN véi ving dot
bién P346L hodc V599F tir cac nguén khac nhau vao bd gen hodc biéu hién qua muc
MviN vé6i viing dot bién P346L hodc V599F bang cach str dung plasmit ¢6 thé 1am ting
mirc d6 san xuit axit glutamic ctia chiing, va ty 18 chuyén déi twong dbi tang 15,77 dén
22,29%. Ngoai ra, ty 1& chuyén ddi cua axit glutamic twong dbi tang 9,06 dén 22,18%
d6i voi ching trong d6 dot bién diém P346L hodc V599F duoc dua vao bd gen so voi
7188-MviNB, Z188-MviN9 va Z188-MviN2.

Bang 1. Mirc san xuat axit glutamic bang cach 1én men cac chit dot bién khac

12/35

nhau cua bd gen 7,188
R . Ty 1é chuyén dbi
. .| Ty 1€ chuyén d6i (g N
) Axit glutamic _ . tdng phan trdm so

Ching axit glutamic/g -

(g/L) voi 2188 (pEC)
glucoza,%)
(%)

7188 16,60+0,35 25,78+0,36 /
7188-MviNZP346L 17,20+0,24 31,50+0,21 22,18
Z188-MviNZV599F 18,20+0,35 30,44+0,38 18,07

Z188-MviNB 16,90+0,34 26,38+0,32 /
7188-MviNBP346L 18,83+0,35 31,59+0,47 19,73
7188-MviNBV599F 19,34+0,35 30,13+0,65 14,21

Z188-MviN9 17,00+0,41 25,98+0,41 /
7188-MviN9P346L 18,03+0,35 30,72+0,65 18,24
7Z188-MviN9V599F 19,24+0,35 29,13+0,14 12,12

7.188-MviN2 17,02+0,25 26,18+0,27 /
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7.188-MviN2P346L 18,23+0,35 30,88+0,71 17,95
7.188-MviN2V599F 19,89+0,35 28,55+0,27 9,06

Béng 2. Mitrc san xuit axit glutamic bang cach 1én men chiing Z188 (pEC),
7188 (pEC-MviNZP3#L) and 7188 (pEC-MviNZV>%F)

Ty 16 chuyén ddi| Ty 1é chuyén dbi
) Axit glutamic (g axit tang phan tram so
Chling . iy
(g/L) glutamic/g v 2188 (pEC)
glucoza, %) (%)
7188 (pEC) 15,30+0,42 24,41 +0,16 /
7188 (pEC-MvVINZV599F) | 16,73+0,61 28,26+0,55 15,77
7188 (pEC-MviNZP346L) | 17,25+0,30 29,85 +0,23 22,29

Vi du 4. Thir nghiém 1én men vi khudn Corynebacterium glutamicum B253 va
ching dot bién gen MviN cta chung d tao ra lysin

Chuing B253 va chung B253-MviNZ, B253-MviN9, B253-MviN2, B253-
MviINZP3#6L B253-MviNBP#L  B253-MviN9P346L B253-MviN2P3#6L B253-
MvINZV3¥%F | B253-MviNBY**%F, B253-MviN9V**F and B253-MviN2V3*F v§i MviN
dugc dot bién trong bd gen, ciing nhu chung B253 (pEC-MviNBF34Ly va B253 (pEC-
MviNBY3%F) biéu hién qua muc chat dot bién MviNZ bang cich st dung plasmit va
ching ddi chimg B253 (pEC) ctia n6, di duogc kiém tra mirc d6 san xut axit glutamic
bang cach 1én men str dung dia 96 giéng. LBG duoc sir dung lam moi truong hat gibng,
va mdi tredong 1én men bao gdm cac thanh phan sau: 80 g/L glucoza; 8 g/ men bot; 9
g/L uré; 1,5 g/LL KoHPO4; 0,01 g/L MnSOq; 0,6 g/ MgSOq; 0,01 g/L FeSO4; va 42 g/L
MOPS. Trong nudi cdy B253 (pEC), B253 (pEC-MviNBP*L) va B253 (pEC-
MviNBVY39F) IPTG da dugc thém vao & ndng do cudi ciing 1a 0,1 mM, va kanamyxin &
ndng do cubi ciing cia 25 pg/L. Ching nay diu tién duoc cdy vao méi truong LBG aé
nudi cdy qua dém. Moi truomg nudi cdy duge cdy vao dia giéng sdu 96 giéng chtra 150
uL méi trudmg 1én men cho mdi giéng hat giéng véi lwong 5%, va dugc nudi cay 630°C
trong 48 gid. Toc d6 quay ctia may lic 1a 800 vong/phiit. Thi nghiém cho mdi chiing
duoc thuc hién ba lan. Sau khi 1én men, hiéu suét lysin va ty 1& chuyén déi glucoza thanh
lysin duge do. Két qua cta céc thir nghiém biéu hién qua muc cla cac chat dot bién
MviNB bang cac chung st dung plasmit dugc thé hién trong Bang 3 va Bang 4. C6 thé
thdy rang MviN biéu hién qua mutc v&i ving dot bién P346L hodc VS99F bang céch sir
dung plasmit c6 thé lam ting mirc d9 san xuét lysin ctia chiing, va ty 1¢ chuyén d6i twong
ddi ting 7,48%. Ty 1é chuyén dbi cua lysin tuong ddi tang 5,23 dén 8,22% dbi vdi ching
trong d6 dot bién diém P346L hoic V599F dugc dua vao bd gen so v61 B253, B253-
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MviNZ, B253-MviN9 va B253-MviN2.
Bang 3. Mrc san xuét lysin bang cach 1én men B253 (pEC), B253 (pEC-
MviNBF3#6Ly va B253 (pEC-MviNB V3%°F)
o . ... | Ty l1échuyén ddi
Ty 1€ chuyén doi | _ L
Chim Lysin (L) | (g lysin/ tang phan tram so
e TR SYENE 1 61 B253 (pEC)
glucoza, %)
(%0)
B253 (pEC) 14,7+0,14 29,4 £0,28 /
B253(pEC-MviNBV599F) 15,8+0,28 31,6+0,57 7,48
B253(pEC-MviNBP346L) 15,8 £0,00 31,6 0,00 7,48

Bang 4. Mtc san xuat lysin bang cach 1én men céc chat dot bién khac nhau ctua

bd gen B253
Ty 1é chuyén dbi
aus | | e ore,
(%)

B253 15,7+0,14 30,440,28 /
B253-MviNZP346L 16,1+0,28 32,9+0,40 8,22
B253-MviNZV599F 16,3+0,32 32,7+0,42 7,57

B253-MviNB 15,3+0,24 31,0+0,28 /
B253-MviNBP346L 16,4+0,10 33,5+0,33 8,06
B253-MviNBV599F 16,3+0,00 33,240,33 7,10

B253-MviN9 14,9+0,51 30,9+0,43 /
B253-MviN9P346L 16,0:£0,00 33,1+0,03 7,12
B253-MviN9V599F 16,2+0,02 32,9+0,23 6,47

B253-MviN2 15,6+0,44 30,6+0,27 /
B253-MviN2P346L 16,1+0,08 32,5+0,25 6,21
B253-MviN2V599F 16,3+0,00 32,240,51 523

Céc vi du theo sang ché da duoc mo ta & trén. Tuy nhién, sang ché khong chi gisi

han trong céc vi du trén. Moi stra ddi, tuong duong, cai bién va céc loai tuong tu dugc
thuc hién ma khong xuét phat tir tinh thin va nguyén tic theo sang ché s& thudc pham

vi bao ho theo séang ché.
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YEU CAU BAO HO
1. Chéat dot bién protein flippaza lipit II xuyén mang (MviN), khac biét & chd
trinh ty axit amin ctia chit dot bién protein 1a trinh ty amin twong ting v6i bat ky mot
trong SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 va SEQ ID NO: 8 chi prolin tai vi
tri 346 duoc thé béng leuxin, hodc trinh ty axit amin tuong ng voi bét ky mdt trong
SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 vaSEQ ID NO: 8 chi valin tai vi tri 599

duoc thé bang phenylalanin.

2. Gen mi hoa cho chat dot bién protein MyiN theo diém 1.

3. VAt cht trung gian biéu hién bao gdm gen ma hoa theo diém 2.

4. Té bao chu khac biét & chd bang biéu hién chit dot bién protein MviN theo
diém 1 hodc bao gdbm gen mi héa theo diém 2.

5. Té bao chii theo diém 4, khac biét & chd té bao chi bao gdm vét chi trung gian
biéu hién cho gen ma hoa cho chét dot bién protein MviN hodc gen ma hoa cho chét dot
bién protein MviN duoc két hop vao bd gen cua té bao chu.

6. Té bao chii theo diém 4 hogc diém 5, khic biét & chd t& bao chii ¢6 ngudn gbe

tu Corynebacterium.
7. Phuong phap diéu ché axit glutamic hodc lysin bao gdm cac buge sau:

a. dua gen mi héa cho chét dot bién protein MviN vao Corynebacterium
glutamicum san xut axit glutamic hodc vao Corynebacterium glutamicum san xut lysin

dé xay dung té bao chii theo bat ky mot trong sb cic diém 4 dén diém 6;

b. nudi cdy té bao chu duoc xdy dung & bude a dé tao ra chét 16ng nudi cdy co
chtra axit glutamic hoéc lysin; va

c. tlly chon phan 14p axit glutamic hodc lysin dugc tao ra tir chit 16ng nuoi cly

cua budce b.



<110> Vién Céng nghé sinh hoc céng nghiép Tianjin, Vién Khoa hoc Trung

oubc

<120> CHAT POT BIEN PROTEIN MVIN, VAT CHU TRUNG GIAN BIEU HIEN VA TE

48476

DANH MUC TRINH TU

BAO CHU BRAO GOM CHAT POT BIEN NAY, VA PHUONG PHAP PIEU CHE AXIT
GLUTAMIC HOAC LYSIN

<130> CPWO19111096

<141> 2019
<160> 21
<170>
<210> 1
<211> 3345
<212> ADN
<213>
<400> 1
atgaatggtc
60
agcaggatcg
120 '
gcacgcacgg
180
gcagcccaga
240
gtgcgctcga
300
cgcaccgtga
360
aacacgctgc
420
attccggtgce
480
cggctgctca
540
gcgccgcetge
600
acggcctttg
660
atggctgtgt
720
aatgtgatca
780
catgagcagg
840
ggtgtggttg
900
cgcccactgt
960
atcgtgtacg
1020
gcagacgatg
1080
ggcatcatcg

1140

-08-13

aacaagtgag
ttgctccagce
atggtgatcg
cgcgeccgge
ctggctccat
tgattggtgc
ccaacctgat
ttacccgege
ccctgteggt
tgacacggat
cgtattggcet
tgaacacccg
ccttgaccgt
tgggcatttt
cacagtgtct
ggggtatcga
tggcgatctc
ctgcgccecgtt

gcgtcacctt

SIPOSequencelListing 1.0

Corynebacterium glutamicum

ttcttegett
accgccggcg
ctcgagtttg
agaaccggaa
ggcaatagcc
ggcgcetgteg
cactgaaatc
ggaaaaggaa
gacgctgctg
gatgctgtcc
gctgccacag
tgaagtgttc
gctgggcegtyg
tgatccgcag
aatcatgatt
tgcgcgtttg
ccagttcgagt
tatttatcag

gctcaccgcg

tcgaataatt
cctgtgcccg
aaaaactcgc
ccagaaaagc
acgctgctga
ccggctatcg
gtgttgggtg
gacgccgacg
ggtggtgtca
tctgagggac
attttcttct
aaacccggcg
tacatggtgc
atcgttttcc
ccgtacctgce
aagcagttcg
tacatcatca
cagcactgga

attatgccgce

cggagcagtc
aggcgcgcaa
ctacggcatc
acacctccga
gtcgtatcac
cgtcggegtt
cggtgctgac
gcggttecgg
ccatcctgtce
aagtcaacgt
acggcctgtt
cgtgggcacc
tgcctgegceg
tcggegtggg
gtcgcgeggg
gtggcatggce
ccactcgtat
tgttgctgca

gactgtcccg

cggcctgcegt
gaaggctgtc
cgccacccag
ttctgatgtyg
cggtttectg
caacactgcc
atcgctggtt
gttcttcagg
gattatcggc
ggtcatgtcc
tgccctgtte
tgttgtcaac
tttgcacccg
caccaccctt
cattgatatg
catggcgatc
tgcctcactg
agttccttat

caacgcggca



gacggcgatg
1200
gcactgatcc
1260
tttgcctacg
1320
tctgctttca
1380
cgtgaagagg
1440
ctgtccctgt
1500
gcggccaacg
1560
aaactcggcce
1620
gcggcggttg
1680
gatttcttgc
1740
gtcttcttca
1800
aacttaggcc
1860
aagatctctt
1920
ccaagcgagt
1980
cctcgectgg
2040
ggcggcgtcee
2100
gcgctgatct
2160
gcagcgggcea
2220
ttggcggtgg
2280
gattgggtgc
2340
gccgcgttcg
2400
ccggccggcet
2460
gccttceegg
2520
gccgccgaga
2580
gaagcccagg
2640
cgcacctgcg
2700
ccaaagcctg
2760
gccatcgccg
2820
accagcttct
2880
acttctgcaa
2940

atagggcagt
ccatcgtggt
gccaattcga
cgctgattcc
tctggacccc
tggcaccgct
gcttcagttt
tgttgggtat
gtgcagcagc
tgggcactct
tcatcgtcac
aggcactgac
tggatgtcgg
tctccgcaac
ttccgggtgce
agggtgcgeg
ttgtggatac
tcgcctacga
cccccaatat
ctggctccag
cgctcgcgga
tggacaacaa
cgattttgcc
tgcttatcga
ggctagctac
gactgttcac
cgacacgtga
ctgtggtgat
tcggcagcag

caccagaacc

48476

agtctctgac
gtttttcacc
tgccaacgcc
ttacgctttg
aaccttcatc
gctctcgagce
catcaccggc
gcgctctttg
agcatgggceg
aagctccgta
cggcatcgtg
ccgcatcceceg
cgaagtctcc
ccctgttceceg
cccagtcagce
tttctggcag
ttccggcaac
ggtgcagcgc
ccactccgag
cttgagcgcc
actaactgaa
gtgccgcatc
caatgcctca
cgcgaccctc
agaagacaat
cgaggaacca
tggtttcggt
catcttggtc

caccaacgaa

tgtggggcca

cttcagttgg
gccttcecggtg
gccaacatcc
gtgctgctac
atcgccggcea
tccccagagce
gcggtcatcg
gctaaaacct
ttggggtggce
ggctacttgt
ctgtcacgtt
ggtatgggtc
cagcaggatt
ccaccaatgt
gacggtcgct
gcccgcgaga
gccccatttg
cgcaccaaga
gcgtaccgca
gtcgcggaat
accatcggcg
cgcatcaaca
gagctccgcg
gctcccageg
cccgattacg
acccaccttg
gcctccgact
tcecctggtygg
caatccccgt

ccggtctacc

gttctaagct
tccctattge
ttggttggac
atctgcgtgt
tcaccgccac
gcgtagtagt
gcgcgtatct
ccctgtgggce
tgattcaagc
tgtacctggc
ctggtctgcc
gctttattcg
tctccaccca
ctgccggtat
tccecgettget
tcgccaccgg
cgccactgtc
agctggccag
acggttgcct
ccggtgceccga
aggcccacga
ccgacggcca
acgccaagtc
acgtcaaggc
catcacttgc
tggtgaagaa
acaccgtcaa
ctgccggtac
tggcctctgt

tggatctgga

aaccttcatc
caatggcctt
tctgagcttc
gttttatgcg
caaggtcgtg
tcttcttggt
gttacgcaag
gttgggctct
cgtcgtgggce
tgtgctgggt
agaggtccaa
cccgaacacc
gctggtcgca
tgtccgcgga
cgccgatcac
caaggaagtc
ttcggcagcece
cttgggcagc
cattgtggcc
tccececgegece
gatgggtatc
tgccgtecte
cctggcctceg
aatggtcact
catggcgatg
ggaaaagaca
gggcatggca
cgcgttcectce
tgaagccacc

tcaagcccge
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acgtgggatg
3000
gcatggacct
3060
gaccgcgtca
3120
atctacgcat
3180
gtggattatt
3240
caggtggaat
3300
aatccacaga
3345

acggtgcagg
ccaccggcgg
tcttgaccac
tcaacgacgc
ccggccgcecag
ccgtggtgat

tgcagatcgc

48476

aacagatgtc
cgacggcctc
cggcaccggce
ctcaccacac
tctcagccac
tctggtcgat

tgaagtacaa

accgacgtca
ctagttgacc
tccgacagca
tccectgtcgg
agcatccgtg
gaggttcatt

ctcgttggtt

ccgacggcaa
tgtccacgcc
acgtgacctc
aaggcatcga
attcctccaa
cctcacaaac

ggtaa

cacctccacc
tgcccgecte
gaccgtgaag
gatcggcacc
gcttccgggt

ctcagacacc

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

<400>

Met
1
Ser
Pro
Ser
Arg
65
Val
Thr
Ile
Glu
Thr
145
Arg
Ser
Gly
Pro
Asn
225
Asn
Arg
Phe

Met

Gly
305

Asn
Gly
Glu
Leu
50

Pro
Arg
Gly
Ala
Ile
130
Arg
Leu
Ile
Gln
Gln
210
Thr
Val
Leu
Leu
Ile

290
Ile

2
1114
PRT

Corynebacterium glutamicum

2
Gly

Leu
Ala
35

Lys
Ala
Ser
Phe
Ser
115
vVal
Ala
Leu
Ile
Val
195
Ile
Arg
Ile
His
Gly
275

Pro

Asp

Gln
Arg
20

Arg
Asn
Glu
Thr
Leu
100
Ala
Leu
Glu
Thr
Gly
180
Asn
Phe
Glu
Thr
Pro
260
Val

Tyr

Ala

Gln
Ser
Lys
Ser
Pro
Gly
85

Arg
Phe
Gly
Lys
Leu
165
Ala
Val
Phe
Val
Leu
245
His
Gly

Leu

Arg

Val
Arg
Lys
Pro
Glu
70

Ser
Thr
Asn
Ala
Glu
150
Ser
Pro
Val
Tyr
Phe
230
Thr
Glu
Thr

Arg

Leu
310

Ser
Ile
Ala
Thr
55

Pro
Met
Val
Thr
Val
135
Asp
Val
Leu
Met
Gly
215
Lys
Val
Gln
Thr
Arg

295
Lys

Ser
Val
Val
40

Ala
Glu
Ala
Met
Ala
120
Leu
Ala
Thr
Leu
Ser
200
Leu
Pro
Leu
vVal
Leu
280

Ala

Gln

Ser
Ala
25

Ala
Ser
Lys
Ile
Ile
105
Asn
Thr
Asp
Leu
Thr
185
Thr
Phe
Gly
Gly
Gly
265
Gly
Gly

Phe

Leu
10

Pro
Arg
Ala
His
Ala
90

Gly
Thr
Ser
Gly
Leu
170
Arg
Ala
Ala
Ala
Val
250
Ile
Val

Ile

Gly

Ser
Ala
Thr
Thr
Thr
75

Thr
Ala
Leu
Leu
Gly
155
Gly
Met
Phe
Leu
Trp
235
Tyr
Phe
Val

Asp

Gly
315

Asn
Pro
Asp
Gln
60

Ser
Leu
Ala
Pro
Val
140
Ser
Gly
Met
Ala
Phe
220
Ala
Met
Asp
Ala
Met

300
Met

Asn
Pro
Gly
45

Ala
Asp
Leu
Leu
Asn
125
Ile
Gly
Val
Leu
Tyr
205
Met
Pro
Val
Pro
Gln
285

Arg

Ala

Ser
Ala
30

Asp
Ala
Ser
Ser
Ser
110
Leu
Pro
Phe
Thr
Ser
190
Trp
Ala
val
Leu
Gln
270
Cys

Pro

Met

Glu
15

Pro
Arg
Gln
Asp
Arg
95

Pro
Ile
Val
Phe
Ile
175
Ser
Leu
Val
Val
Pro
255
Ile

Leu

Leu

Gln
Val
Ser
Thr
Val
80

Ile
Ala
Thr
Leu
Arg
160
Leu
Glu
Leu
Leu
Asn
240
Ala
Val
Ile

Trp

Ile
320
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Ile
Ile
Trp
Thr
Arg
385
Ala
Ala
Ile
Ala
Trp
465
Leu
Val
Ile
Ser
Ala
545
Asp
Ala
Arg
Ile
Asp
625
Pro
Ile
Arg
Trp
Val
705
Ala
Ser
Arg
Ser
Leu

785
Pro

vVal
Ala
Met
Ala
370
Ala
Leu
Asn
Leu
Leu
450
Thr
Ser
Leu
Gly
Leu
530
Ala
Phe
val
Ser
Pro
610
Val
Ser
vVal
Phe
Gln
690
Asp
Ala
Leu
Asn
Ala
770

Ala

Ala

Tyr
Ser
Leu
355
Ile
vVal
Ile
Gly
Gly
435
Val
Pro
Leu
Leu
Ala
515
Ala
Ala
Leu
Leu
Gly
595
Gly
Gly
Glu
Arg
Arg
675
Ala
Thr
Gly
Gly
Gly
755
Val

Glu

Gly

Val
Leu
340
Leu
Met
Val
Pro
Leu
420
Trp
Leu
Thr
Leu
Gly
500
Tyr
Lys
Ala
Leu
Gly
580
Leu
Met
Glu
Phe
Gly
660
Leu
Arg
Ser
Ile
Ser
740
Cys
Ala

Leu

Leu

Ala
325
Ala
Gln
Pro
Ser
Ile
405
Phe
Thr
Leu
Phe
Ala
485
Ala
Leu
Thr
Trp
Gly
565
Val
Pro
Gly
Val
Ser
645
Pro
Leu
Glu
Gly
Ala
725
Leu
Leu
Glu

Thr

Asp

Ile
Asp
Val
Arg
Asp
390
Val
Ala
Leu
His
Ile
470
Pro
Ala
Leu
Ser
Ala
550
Thr
Phe
Glu
Arg
Ser
630
Ala
Arg
Ala
Ile
Asn
710
Tyr
Ala
Ile
Ser
Glu

790
Asn

Ser
Asp
Pro
Leu
375
Leu
Val
Tyr
Ser
Leu
455
Ile
Leu
Asn
Arg
Leu
535
Leu
Leu
Phe
Val
Phe
615
Gln
Thr
Leu
Asp
Ala
695
Ala
Glu
Val
Val
Gly
775

Thr

Lys

48476

Gln
Ala
Tyr
360
Ser
Gln
Phe
Gly
Phe
440
Arg
Ala
Leu
Gly
Lys
520
Trp
Gly
Ser
Ile
Gln
600
Ile
Gln
Pro
Val
His
680
Thr
Pro
Val
Ala
Ala
760
Ala

Ile

Cys

Phe
Ala
345
Gly
Arg
Leu
Phe
Gln
425
Ser
Val
Gly
Ser
Phe
505
Lys
Ala
Trp
Ser
Ile
585
Asn
Arg
Asp
val
Pro
665
Gly
Gly
Phe
Gln
Pro
745
Asp
Asp

Gly

Arg

Gly
330
Pro
Ile
Asn
Gly
Thr
410
Phe
Ala
Phe
Ile
Ser
490
Ser
Leu
Leu
Leu
Val
570
Val
Leu
Pro
Phe
Pro
650
Gly
Gly
Lys
Ala
Arg
730
Asn
Trp
Pro

Glu

Ile

Tyr
Phe
Ile
Ala
Ser
395
Ala
Asp
Phe
Tyr
Thr
475
Ser
Phe
Gly
Gly
Ile
555
Gly
Thr
Gly
Asn
Ser
635
Pro
Ala
Val
Glu
Pro
715
Arg
Ile
Val
Arg
Ala

795
Arg

Ile
Ile
Gly
Ala
380
Lys
Phe
Ala
Thr
Ala
460
Ala
Pro
Ile
Leu
Ser
540
Gln
Tyr
Gly
Gln
Thr
620
Thr
Pro
Pro
Gln
Val
700
Leu
Thr
His
Pro
Ala
780
His

Ile

Ile
Tyr
Val
365
Asp
Leu
Gly
Asn
Leu
445
Arg
Thr
Glu
Thr
Leu
525
Ala
Ala
Leu
Ile
Ala
605
Lys
Gln
Met
vVal
Gly
685
Ala
Ser
Lys
Ser
Gly
765
Ala

Glu

Asn

Thr
Gln
350
Thr
Gly
Thr
Val
Ala
430
Ile
Glu
Lys
Arg
Gly
510
Gly
Ala
Val
Leu
Val
590
Leu
Il'e
Leu
Ser
Ser
670
Ala
Leu
Ser
Lys
Glu
750
Ser
Ala

Met

Thr

Thr
335
Gln
Leu
Asp
Phe
Pro
415
Ala
Pro

Glu

Val

Val

495
Ala

Met
Val
Val
Tyr
575
Leu
Thr
Ser
vVal
Ala
655
Asp
Arg
Ile
Ala
Leu
735
Ala
Ser
Phe

Gly

Asp

Arg
His
Leu
Asp
Ile
400
Ile
Asn
Tyr
Val
Val
480
Val
Val
Arg
Gly
Gly
560
Leu
Ser
Arg
Leu
Ala
640
Gly
Gly
Phe
Phe
Ala
720
Ala
Tyr
Leu
Ala
Ile

800
Gly
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805 810 815
His Ala Val Leu Ala Phe Pro Ala Ile Leu Pro Asn Ala Ser Glu Leu
820 825 830
Arg Asp Ala Lys Ser Leu Ala Ser Ala Ala Glu Met Leu Ile Asp Ala
835 840 845
Thr Leu Ala Pro Ser Asp Val Lys Ala Met Val Thr Glu Ala Gln Gly
850 855 860
Leu Ala Thr Glu Asp Asn Pro Asp Tyr Ala Ser Leu Ala Met Ala Met
865 870 875 880
Arg Thr Cys Gly Leu Phe Thr Glu Glu Pro Thr His Leu Val Val Lys
885 890 895
Lys Glu Lys Thr Pro Lys Pro Ala Thr Arg Asp Gly Phe Gly Ala Ser
900 905 910
Asp Tyr Thr Val Lys Gly Met Ala Ala Ile Ala Ala Val Val Ile Ile
915 920 925
Leu Val Ser Leu Val Ala Ala Gly Thr Ala Phe Leu Thr Ser Phe Phe
930 935 940
Gly Ser Ser Thr Asn Glu Gln Ser Pro Leu Ala Ser Val Glu Ala Thr
945 950 955 960
Thr Ser Ala Thr Pro Glu Pro Val Gly Pro Pro Val Tyr Leu Asp Leu
965 970 ] 975
Asp Gln Ala Arg Thr Trp Asp Asp Gly Ala Gly Thr Asp Val Thr Asp
980 985 990
Val Thr Asp Gly Asn Thr Ser Thr Ala Trp Thr Ser Thr Gly Gly Asp
995 1000 1005
Gly Leu Leu Val Asp Leu Ser Thr Pro Ala Arg Leu Asp Arg Val Ile
1010 1015 1020
Leu Thr Thr Gly Thr Gly Ser Asp Ser Asn Val Thr Ser Thr Val Lys
1025 1030 1035 1040
Ile Tyr Ala Phe Asn Asp Ala Ser Pro His Ser Leu Ser Glu Gly Ile
1045 1050 1055
Glu Ile Gly Thr Val Asp Tyr Ser Gly Arg Ser Leu Ser His Ser Ile
1060 1065 1070
Arg Asp Ser Ser Lys Leu Pro Gly Gln Val Glu Ser Val Val Ile Leu
1075 1080 1085
Val Asp Glu Val His Ser Ser Gln Thr Ser Asp Thr Asn Pro Gln Met
1090 1095 1100
Gln Ile Ala Glu Val Gln Leu Val Gly Trp
1105 1110
<210> 3
<211> 3345
<212> ADN
<213> Corynebacterium glutamicum
<400> 3
atgaatggtc aacaagtgag ttcttcgctt tcgaataatt cggagcagtc cggcctgegt
60
ggcaggatcg ttgctccagc accgccggceg cctgtgecccg aggcgcgcaa gaaggctgtce
120
gcacgcacgg atggtgatcg ctcgagtttg aaaaactcgc ctacggcatc cgccacgcag
180
gcagcccaga cgcgtccagc agaaccggaa ccagaaaagc acacctccga ttctgatgtg
240
gtgcgctcga ctggctccat ggcaatagcc acgctgctga gtcgtatcac cggtttcectg
300
cgcaccgtga tgattggtgc ggcgctgtcg ccggctatcg cgtcggcgtt caacactgcce
360
aacacgctgc ccaacctgat cactgaaatc gtgttgggtg cggtgctgac atcgctggtt

420
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attccggtgce
480
cggctactca
540
gcgccgctge
600
acggcctttg
660
atggctgtgt
720
aatgtgatca
780
catgagcagg
840
ggtgtggttg
900
cgccctcectgt
960
atcgtgtacg
1020
gcagatgatg
1080
ggcatcatcg
1140
gacggcgacg
1200
gcattgatcc
1260
tttgcctacg
1320
tctgctttca
1380
cgtgaagagg
1440
ctttcecctgt
1500
gcggccaacyg
1560
aaactcggcc
1620
gcggcggttg
1680
gatttcttgce
1740
gtcttcttca
1800
aacttaggcc
1860
aagatctctt
1920
ccaagcgagt
1980
cctcgeccectgg
2040
ggcggcgtcc
2100
gcgctgatct
2160
gcagcgggca
2220

ttacccgege
ccctgteggt
tgacacggat
cgtattggcect
tgaacacccg
ccttgaccgt
tgggcatttt
cacagtgtct
ggggtatcga
tggcaatctc
ctgcaccgtt
gcgtcacttt
atagggcagt
cgatcgtggt
gccaattcga
cgttgattcc
tctggacccce
tggcaccgcet
gcttcagttt
tgttgggtat
gtgcagcagc
tgggcactct
tcatcgtcac
aggcactgac
tggatgtcgg
tctccgcaac
ttccgggtge
agggtgcgcg
tcgtggatac

tcgecctacga

48476

ggaaaaggaa
tacgctgctg
gatgctgtcc
gctgccacag
tgaagtgttc
gctgggcgtyg
tgatccgcag
aatcatgatt
tgcgcgtttyg
ccagttcggt
tatttatcag
actcaccgcecg
ggtctctgac
gtttttcacc
ttccaccgcecce
ttacgctttg
aaccttcatc
gctctcgagce
catcaccggc
gcgctctttg
agcatgggcg
aagctccgta
cggcatcgtg
ccgcatccceg
cgaagtctcc
ccctgttceceg
cccagtcagce
tttctggcag
ttccggcaac

ggtgcagcge

gacgccgacg
ggtggtgtca
tctgagggac
attatcttct
aaacccggcg
tacatggtgb
atcattttcc
ccgtacctgce
aagcaattcg
tacatcatca
caacactgga
attatgccgce
cttcagttgg
gccttcggtg
gctaacatcc
gtgctgctgc
atcgccggcea
tccccagagce
gcggtcatcg
gctaaaacct
ttggggtggc
ggctacttgt
ctgtcacgtt
ggtatgagtc
cagcaagatt
ccaccaatgt
gacggtcgcect
gcccgcgaga
gccccatttg

cgcaccaaga

gcggttccgg

ccatcttgtc
aagtcaacgt
acggcctgtt
cgtgggcacc
tgcctgegeg
tcggcgtggg
gtcgcgcggg
gtggcatggc
ccactcgtat
tgttgttgca
gactgtcccg
gttccaagct
tgccgattgce
ttggttggac
atttgcgtgt
tcaccgceccac
gtgtggtggt
gcgcgtatct
ccctgtggge
tgattcaagc
tgtacctggce
ctggtctgcc
gctttattcg
tctccaccca
ctgccggtat
tcecgettget
tcgccaccgg
cgccactgtc

agctggccag

gttcttcagg
gattatcggc
ggtcatgtcc
tgccctgtte
tgttgtcaac
tttgcacccg
caccaccctt
cattgatatg
gatggcgatc
tgcctcactg
ggttccttat
caacgccgcg
gaccttcatt
caatggcctt
gttgagcttc
gttttatgcg
caaggtcgtg
gcttcttggt
gttgcgcaag
gttgggctct
cgtcgtgggce
tgtgttgggt
agaggtccaa
cccgaacacc
gctggtcgceca
tgtccgcgga
cgccgatcac
caaggaagtc
ttcggcagcc

cttgggcagc
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ttggcggtygg
2280
gattgggtgc
2340
gccgcecgtteg
2400
ccggccggcet
2460
gccttccecgg
2520
gccaccgaga
2580
gaagcccagg
2640
cgcacctgcg
2700
ccaaagcccg
2760
gccatcgceceg
2820
accagcttct
2880
acctctgcaa
2940
acgtgggatg
3000
gcatggacct
3060
gaccgcgtca
3120
atctacgcat
3180
gtggattatt
3240
caggtggaat
3300
aatccacaga
3345

<210> 4

<211> 1114
<212> PRT
<213>

<400> 4
Met Asn Gly
1
Ser

Gly Leu

Glu Ala
35
Lys

Pro

Leu
50
Pro

Ser

Arg Ala

65

Val Arg Ser

Thr Gly Phe

Ile Ala Ser

115

cccccaatat
ctggctccag
cgctcgecgga
tggacaacaa
cgattttgcc
tgcttatcga
ggctagctac
gactgttcac
ccaagcgcga
ctgtggtgat
tcggcagcag
caccagaacc
acggtgcagg
ccaccggcgg
tcttgaccac
tcaacgacgc
ccggccgcag
ccgtggtgat

tgcagatcgc

Gln Gln

Arg
20
Arg

Gly
Lys

Asn Ser

Glu Pro

Thr Gly
85
Leu Arg
100

Ala Phe

vVal
Arg
Lys
Pro
Glu
70

Ser

Thr

Asn

48476

ccactccgag
cttgagcgcc
actaactgaa
gtgccgcatc
cgatgcctca
cgcaaccctc
agaagacaat
cgaggaacca
cggcttcggce
catcttggtt
caccaacgaa
tgtggggcca
aacagatgtc
cgacggcctc
cggcaccggc
ctcaccacac
tctcagccac
tctggtcgat

tgaagtacaa

Ser Ser

Ile Val

Ala Val
40
Thr Ala
55
Pro Glu

Met Ala

Val Met

Thr Ala

120

gcgtaccgca
gtcgcggaat
accatcggcg
cgcatcaaca
gagctccgceg
gctcccagceg
cccgattacg
acccaccttg
gcctccgact
tcecctggtgg
caatccccat
ccggtctacc
accgacgtca
ctagttgacc
tccgacagca
tccttgtegg
agcatccgceg
gaggttcatt

ctcgttggtt

Corynebacterium glutamicum

Leu Ser
10

Pro

Ser

Ala
25
Ala

Ala

Arg Thr

Ser Ala Thr
Thr
75

Thr

Lys His

Ile Ala
90

Ile Gly Ala
105
Asn

Thr Leu

acggttgcct
ccggtgccga
aggcccacga
ccgacggcca
acgccaagtc
acgttaaggc
catcacttgc
tggtgaagaa
acaccgtcaa
ctgccggtac
tggcttctgt
tggatctgga
ccgacggcaa
tgtccacgcc
acgtgacctc
aaggcatcga
attcctccaa
cctcacaaac

ggtaa

Asn Asn Ser
Ala
30

Asp

Pro Pro

Asp Gly
45
Gln Ala
60

Ser

Ala

Asp Ser

Leu Leu Ser

Ala Ser
110

Leu

Leu

Asn
125

Pro

cattgtggcc
tccecegegcece
gatgggtatc
tgccgtcectce
cctggcectcet
aatggtcact
catggcgatg
ggaaaagaca
gggcatggca
cgcgttcecte
tgaagccacc
tcaagcccgce
cacctccacc
tgccecgcecte
gaccgtgaag
gatcggcacc
gcttccgggt

ctcagacacc

Glu
15
Pro

Gln
Val
Arg Ser
Gln Thr
Val

80
Ile

Asp
Arg
Ala

Pro

Ile Thr
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Glu
Thr
145
Arg
Ser
Gly
Pro
Asn
225
Asn
Arg
Phe
Met
Gly
305
Ile
Ile
Trp
Thr
Arg
385
Ala
Ala
Ile
Ala
Trp
465
Leu
Val
Ile
Ser
Ala
545
Asp
Ala

Arg

Ile

Ile
130
Arg
Leu
Ile
Gln
Gln
210
Thr
Val
Leu
Leu
Ile
290
Ile
vVal
Ala
Met
Ala
370
Ala
Leu
Asn
Leu
Leu
450
Thr
Ser
Leu
Gly
Leu
530
Ala
Phe
Val

Ser

Pro

Val
Ala
Leu
Ile
Val
195
Ile
Arg
Ile
His
Gly
275
Pro
Asp
Tyr
Ser
Leu
355
Ile
Val
Ile
Gly
Gly
435
Val
Pro
Leu
Leu
Ala
515
Ala
Ala
Leu
Leu
Gly

595
Gly

Leu
Glu
Thr
Gly
180
Asn
Ile
Glu
Thr
Pro
260
Val
Tyr
Ala
Val
Leu
340
Leu
Met
vVal
Pro
Leu
420
Trp
Leu
Thr
Leu
Gly
500
Tyr
Lys
Ala
Leu
Gly
580

Leu

Met

Gly
Lys
Leu
165
Ala
Val
Phe
Val
Leu
245
His
Gly
Leu
Arg
Ala
325
Ala
Gln
Pro
Ser
Ile
405
Phe
Thr
Leu
Phe
Ala
485
Ala
Leu
Thr
Trp
Gly
565
Val

Pro

Ser

Ala
Glu
150
Ser
Pro
Val
Tyr
Phe
230
Thr
Glu
Thr
Arg
Leu
310
Ile
Asp
Val
Arg
Asp
390
vVal
Ala
Leu
His
Ile
470
Pro
Ala
Leu
Ser
Ala
550
Thr
Phe

Glu

Arg

Val
135
Asp
Val
Leu
Met
Gly
215
Lys
Val
Gln
Thr
Arg
295
Lys
Ser
Asp
Pro
Leu
375
Leu
Val
Tyr
Ser
Leu
455
Ile
Leu
Asn
Arg
Leu
535
Leu
Leu
Phe

Val

Phe

48476

Leu
Ala
Thr
Leu
Ser
200
Leu
Pro
Leu
Val
Leu
280
Ala
Gln
Gln
Ala
Tyr
360
Ser
Gln
Phe
Gly
Phe
440
Arg
Ala
Leu
Gly
Lys
520
Trp
Gly
Ser
Ile
Gln

600
Ile

Thr
Asp
Leu
Thr
185
Thr
Phe
Gly
Gly
Gly
265
Gly
Gly
Phe
Phe
Ala
345
Gly
Arg
Leu
Phe
Gln
425
Ser
Val
Gly
Ser
Phe
505
Lys
Ala
Trp
Ser
Ile
585

Asn

Arg

Ser
Gly
Leu
170
Arg
Ala
Ala
Ala
Val
250
Ile
Val
Ile
Gly
Gly
330
Pro
Ile
Asn
Gly
Thr
410
Phe
Ala
Phe
Ile
Ser
490
Ser
Leu
Leu
Leu
Val
570
Val

Leu

Pro

Leu
Gly
155
Gly
Met
Phe
Leu
Trp
235
Tyr
Phe
Val
Asp
Gly
315
Tyr
Phe
Ile
Ala
Ser
395
Ala
Asp
Phe
Tyr
Thr
475
Ser
Phe
Gly
Gly
Ile
555
Gly
Thr

Gly

Asn

Val
140
Ser
Gly
Met
Ala
Phe
220
Ala
Met
Asp
Ala
Met
300
Met
Ile
Ile
Gly
Ala
380
Lys
Phe
Ser
Thr
Ala
460
Ala
Pro
Ile
Leu
Ser
540
Gln
Tyr
Gly

Gln

Thr

Ile
Gly
Val
Leu
Tyr
205
Met
Pro
Val
Pro
Gln
285
Arg
Ala
Ile
Tyr
Val
365
Asp
Leu
Gly
Thr
Leu
445
Arg
Thr
Glu
Thr
Leu
525
Ala
Ala
Leu
Ile
Ala

605
Lys

Pro
Phe
Thr
Ser
190
Trp
Ala
Val
Leu
Gln
270
Cys
Pro
Met
Thr
Gln
350
Thr
Gly
Thr
Val
Ala
430
Ile
Glu
Lys
Arg
Gly
510
Gly
Ala
Val
Leu
Val
590

Leu

Ile

Val
Phe
Ile
175
Ser
Leu
Val
Val
Pro
255
Ile
Leu
Leu
Ala
Thr
335
Gln
Leu
Asp
Phe
Pro
415
Ala
Pro
Glu
Val
Val
495
Ala
Met
Val
Val
Tyr
575
Leu

Thr

Ser

Leu
Arg
160
Leu
Glu
Leu
Leu
Asn
240
Ala
Ile
Ile
Trp
Ile
320
Arg
His
Leu
Asp
Ile
400
Ile
Asn
Tyr
Val
Val
480
Val
vVal
Arg
Gly
Gly
560
Leu
Ser

Arg

Leu
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610

Asp Val Gly Glu Vval

625
Pro Glu Phe Ser
645

Pro

Ser

Ile Val Arg Gly

660
Arg Phe Arg Leu Leu
675
Ala

Gln Glu

690
Asp

Trp Arg

vVal Thr
705
Ala

Ser Gly

Ala Ile Ala
725

Leu

Gly

Ser
740
Cys

Ser Leu Gly

Arg Asn Gly Leu

755
Ala Val Ala Glu
770

Ala

Ser

Leu Glu Leu Thr

785

Pro Ala Gly Leu Asp

805
Ala Val Leu Ala
820

Lys

His

Ala
835
Ala

Arg Asp Ser

Thr Leu Pro Ser

850
Leu Ala Thr Glu
865

Arg

Asp

Thr Leu
885

Pro

Cys Gly

Glu Thr
900
Val

Lys Lys
Thr
915
Ser

Asp Tyr Lys

Val vVal
930
Ser

Leu Leu

Gly Ser Thr Asn

945
Thr Ala Thr Pro
965

Thr

Ser

Asp Gln Ala Arg

980
Val Thr Asp Gly Asn
995
Gly Leu Leu Val Asp
1010
Leu Thr Thr Gly Thr
1025
Ile Tyr Ala Phe Asn
1045
Glu Ile Gly Thr Val
1060
Arg Asp Ser Ser Lys
1075
Val Asp Glu Val His

1090

Ser
630
Ala
Arg
Ala
Ile
Asn
710
Tyr
Ala
Ile
Ser
Glu
790
Asn
Phe
Leu
AsSp
Asn
870
Phe
Lys
Gly
Ala
Glu
950
Glu
Trp
Thr
Leu
Gly
103
Asp
Asp

Leu

Ser

615
Gln

Thr
Leu
Asp
Ala
695
Ala
Glu
Val
Val
Gly
775
Thr
Lys
Pro
Ala
Val
855
Pro
Thr
Pro
Met
Ala
935
Gln
Pro
Asp

Ser

Ser
101

Ser Asp Ser Asn

0

48476

Gln
Pro
Val
His
680
Thr
Pro
Val
Ala
Ala
760
Ala
Ile
Cys
Ala
Ser
840
Lys
Asp
Glu
Ala
Ala
920
Gly
Ser
Val

Asp

Thr
1000

Asp
Val
Pro
665
Gly
Gly
Phe
Gln
Pro
745
Asp
Asp
Gly
Arg
Ile
825
Ala
Ala
Tyr
Glu
Lys
905
Ala
Thr
Pro

Gly

Gly
985

Ala Trp Thr Ser Thr

Phe
Pro
650
Gly
Gly
Lys
Ala
Arg
730
Asn
Trp
Pro
Glu
Ile
810
Leu
Thr
Met
Ala
Pro
890
Arg
Ile
Ala
Leu
Pro

970
Ala

Ser
635
Pro
Ala
Val
Glu
Pro
715
Arg
Ile
vVal
Arg
Ala
795
Arg
Pro
Glu
Val
Ser
875
Thr
Asp
Ala
Phe
Ala
955

Pro

Gly

620

Thr Gln Ala
640

Gly

Leu Val

Ala
655
AsSp

Pro Met Ser

Val Ser
670
Ala

Pro Gly

Gln Gly Phe
685

Ala

Arg

val
700
Leu

Leu Ile Phe

Ala Ala
720
Ala

Ser Ser

Thr Leu
735
Ala

Lys Lys.
Glu
750
Ser

His Ser Tyr

Pro Gly Ser Leu

765
Ala Ala Phe Ala
780

His

Ala

Glu Met Ile
800

Gly

Gly

Ile Asn Thr Asp

815
Ala Ser Glu Leu
830

Ile

Asp

Met Leu Ala
845

Glu

Asp

Thr Gln
860

Leu

Ala Gly

Ala Met Ala Met
880
Val Lys
895

Ala

His Leu Val

Gly Phe Gly Ser
910

Val Val

925

Thr

Ala Ile Ile

Leu Ser Phe Phe

940

Ser Val Glu Ala Thr

960

Val Tyr Leu Asp Leu
975

Val Thr

990

Thr Asp Asp

1005

Gly Gly Asp

Thr Pro Ala Arg Leu Asp Arg Val Ile

5

Ala Ser Pro His

Tyr Ser Gly Arg

Ser
109

108

Gln Thr Ser

5

1050

1065
Pro Gly Gln Val

0

1020

Val Thr Ser Thr Val

1035

Ser Leu Ser Glu Gly

1055

Leu Ser His Ser

1070

Ser Val Val Ile

1085

Asn Pro Gln

Ser

Glu

Thr
1100

Asp

Lys
1040
Ile
Ile

Leu

Met
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Gln

1105

<210> 5
<211> 3345
<212> ADN
<213>
<400> 5
atgaatggtc
60
ggcaggatcg
120
gcacgcacgg
180
gcagcccaga
240
gtgcgctcga
300
cgcaccgtga
360 )
aacacgctgc
420
attccggtgce
480
cggctgctca
540
gcgccgcetge
600
acggcctttg
660
atggctgtgt
720
aatgtgatca
780
catgagcagg
840
ggtgtggttg
900
cgccctcectgt
960
atcgtgtacg
1020
gcagacgatg
1080
ggcatcattg
1140
gacggcgacg
1200
gcactgatcc
1260
tttgcctacg
1320
tctgctttca
1380
cgtgaagagg
1440
ctgtccctgt
1500
gcggccaacg

1560

Ile Ala Glu Val Gln
1110

aacaagtgag
ttgctccagce
atggtgatcg
cgcgtctggce
ctggctccat
tgattggtgc
ccaacctgat
ttacccgcege
ccctgteggt
tgacacggat
cgtattggct
tgaacacccg
ccttgaccgt
tgggcatttt
cacagtgtct
ggggtatcga
tggcgatctc
ctgcgcegtt
gcgtcacctt
atagggcagt
ccatcgtggt
gccaattcga
cgctgattcc
tctggacccc
tggcaccgcect

gtttcagttt

48476

Corynebacterium glutamicum

ttcttecgett.
accgccggceg
ctcgagtttg
agaaccggaa
ggcaatagcc
ggcgctgtcg
cactgagatc
ggaaaaagaa
gacgctgctg
gatgctgtcc
gctgccacag
tgaagtgttc
gctgggcegtyg
tgatccgcag
aatcatgatt
tgcgcgtttg
ccagttcggt
tatttatcag
gctcaccgcg
agtctctgac
gttcttcacc
tgccaacgcce
ttacgctttg
aaccttcatc
gctgtcgagce

catcaccggc

Leu Val Gly Trp

tcgaataatt
cctgtgccecceg
aaaaactcgc
ccagaaaagc
acgctgctga
ccggctatceg
gtgttgggtg
gacgccgacg
ggcggtgtca
tctgagggac
attttcttct
aaacccggcg
tacatggtgce
atcattttcc
ccgtacctgce
aagcagttcg
tacatcatca
cagcactgga
attatgccgce
cttcagttgg
gccttcggtyg
gccaacatcc
gtgctgctac
atcgccggca
tccececggage

gcggtcatcg

cggagcagtc
aggcgcgcaa
ctacggcatc
acacctccga
gtcgtatcac
cgtcggegtt
cggtgctgac
gcggttccgg
ccatcctgtc
aagtcaacgt
acggcctgtt
cgtgggcacc
tgcctgcgceg
tcggegtggg
gtcgcgcggg
gtggcatggce
ccactcgcat
tgttgctgca
gactgtcccg
gttccaagcect
tccctattge
ttggttggac
atctgcgtgt
tcaccgccac
gtgtggtggt

gcgcgtatcet

cggcctgegt
gaaggctgtc
cgccacccag
ttctgatgtg
cggtttcctg
caacactgcc
atcgctggtt
gttcttcagg
gattatcggc
ggtcatgtcc
tgccctgttce
tgttgtcaac
tttgcacccg
caccaccctt
cattgatatg
catggcgatc
tgcgtcgatt
agttccttat
caacgcggca
gaccttcatc
caatggcctt
tctgagcectte
gttttatgcg
caaggtcgtg
gcttcttggt

gttgcgcaag



aaactcggcc
1620
gcggcggttg
1680
gatttcttgce
1740
gtcttcttca
1800
aacttaggcecc
1860
aagatctctt
1920
ccaagcgagt
1980
cctcgectgg
2040
ggcggcgtee
2100
gcgctgatct
2160
gcagcgggca
2220
ttggcggtgg
2280
gattgggtgc
2340
gccgegtteg
2400
ccggccggcet
2460
gccttceegg
2520
gccgccgaga
2580
gaagcccagg
2640
cgcacctgceg
2700
ccaaagcctyg
2760
gccatcgccg
2820
accagcttct
2880
acttctgcaa
2940
acgtgggatg
3000
gcatggacct
3060
gaccgcgtca
3120
atctacgcat
3180
gtggattatt
3240
caggtggaat
3300
aatccacaga
3345

tgttgggtat
gtgcagcagc
tgggcactct
tcatcatcac
aggcactgac
tggatgtcgg
tctccgcecaac
ttcccggege
agggtgcacg
tcgtggatac
tcgcctacga
cccccaatat
ctggctccag
cgctcgcgga
tggacaacaa
cgattttgcc
tgcttatcga
ggctagctac
gactgttcac
cgacacgtga
ctgtggtgat
tcggcagcag
caccagaacc
acggtgcagg
ccaccggcgg
tcttgaccac
tcaacgacgc
ccggccgecag
ccatggtgat

tgcagatcgc

48476

gcgctctttg
agcatgggcg
aagctccgta
cggcatcgtg
ccgcatcceceg
cgaagtctcc
ccctgttecg
cccagtcggce
tttctggcag
ttccggcaac
ggtgcagcgce
ctactccgag
cttgagcgcecce
actaactgaa
gtgccgcecatc
cgatgcctca
cgcgaccctc
agaagacaat
cgaggaacca
tggtttcggt
catcttggtt
caccaacgaa
tgtggggcca
aacagatgtc
cgacggcctc
cggcaccggc
ctcaccacac
cctcagccac
tctggtcgat

tgaagtacaa

gctaaaacct
ttggggtggce
ggctacttgt
ctgtcacgtt
ggtatgagtc
cagcaagatt
ccaccaatgt
gacggtcgct
gcccgcgaga
gccccatttg
cgcaccaaga
gcgtaccgceca
gtcgcggaat
accatcggcg
cgcatcaaca
gagctccgcg
gctcccagceg
cccgattacg
acccaccttg
gcctccgact
tccectggtgg
caatccccat
ccggtctacc
accgacgtca
ctagttgacc
tctgacagca
tccectgtegg
agcatccgceg
gaggttcatt

ctcgttggtt

ccctgtgggce
tgattcaagc
tgtacctggce
ctggtctgcc
gctttattcg
tctccaccca
ccgccggtat
tccgettget
tcgccaccgg
cgccactgtc
agctggccag
acggttgcct
ccggtgccga
aggcccacga
ccgacggcca
acgccaagtc
acgtcaaggc
catcacttgce
tggtgaagaa
acaccgtcaa
ctgccggtac
tggcttctgt
tggatctgga
ccgacggcaa
tgtccacgcc
acgtgacctc
aaggcatcga
attcctccaa
cctcacaaac

ggtaa

gttgggctct
cgtcgtgggce
tgtgttgggt
agaggtccaa
cccgaacacce
gctggtcgceg
tgtccgcgga
tgccgatcac
caaggaagtc
ttcggcagcece
cttgggcagc
cattgtggcc
tccecegegee
gatgggtatc
tgccgtecte
cctggccteg
aatggtcact
catggcgatg
ggaaaagaca
gggcatggca
cgcgttcectc
tgaagccacc
tcaagcccge
cacctccacc
tgcccgecte
gaccgtgaag
gatcggcacc
gcttccgggt

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

<400>
Asn Gly

Met
1
Ser
Pro
Ser
Arg
65
Val
Thr
Ile
Glu
Thr
145
Arg
Ser
Gly
Pro
Asn
225
Asn
Arg
Phe
Met
Gly
305
Ile
Ile
Trp
Thr
Arg
385
Ala

Ala

Ile

Gly
Glu
Leu
50

Leu
Arg
Gly
Ala
Ile
130
Arg
Leu
Ile
Gln
Gln
210
Thr
Val
Leu
Leu
Ile
290
Ile
Val
Ala
Met
Ala
370
Ala
Leu

Asn

Leu

6
1

114

PRT
Corynebacterium glutamicum

6

Leu
Ala
35

Lys
Ala
Ser
Phe
Ser
115
Val
Ala
Leu
Ile
Val
195
Ile
Arg
Ile
His
Gly
275
Pro
Asp
Tyr
Ser
Leu
355
Ile
Val
Ile

Gly

Gly

Gln
Arg
20

Arg
Asn
Glu
Thr
Leu
100
Ala
Leu
Glu
Thr
Gly
180
Asn
Phe
Glu
Thr
Pro
260
Val
Tyr
Ala
Val
Ile
340
Leu
Met
Val
Pro
Leu

420
Trp

Gln
5
Gly
Lys
Ser
Pro
Gly
85
Arg
Phe
Gly
Lys
Leu
165
Ala
Val
Phe
Val
Leu
245
His
Gly
Leu
Arg
Ala
325
Ala
Gln
Pro
Ser
Ile
405

Phe

Thr

Val
Arg
Lys
Pro
Glu
70

Ser
Thr
Asn
Ala
Glu
150
Ser
Pro
Val
Tyr
Phe
230
Thr
Glu
Thr
Arg
Leu
310
Ile
Asp
Val
Arg
Asp
390
Val

Ala

Leu

Ser
Ile
Ala
Thr
55

Pro
Met
Val
Thr
Val
135
Asp
Val
Leu
Met
Gly
215
Lys
Val
Gln
Thr
Arg
295
Lys
Ser
Asp
Pro
Leu
375
Leu
Val

Tyr

Ser

48476

Ser
Val
Val
40

Ala
Glu
Ala
Met
Ala
120
Leu
Ala
Thr
Leu
Ser
200
Leu
Pro
Leu
vVal
Leu
280
Ala
Gln
Gln
Ala
Tyr
360
Ser
Gln
Phe

Gly

Phe

Ser
Ala
25

Ala
Ser
Lys
Ile
Ile
105
Asn
Thr
Asp
Leu
Thr
185
Thr
Phe
Gly
Gly
Gly
265
Gly
Gly
Phe
Phe
Ala
345
Gly
Arg
Leu
Phe
Gln

425
Ser

Leu
10

Pro
Arg
Ala
His
Ala
90

Gly
Thr
Ser
Gly
Leu
170
Arg
Ala
Ala
Ala
Val
250
Ile
Val
Ile
Gly
Gly
330
Pro
Ile
Asn
Gly
Thr
410

Phe

Ala

Ser
Ala
Thr
Thr
Thr
75

Thr
Ala
Leu
Leu
Gly
155
Gly
Met
Phe
Leu
Trp
235
Tyr
Phe
Val
Asp
Gly
315
Tyr
Phe
Ile
Ala
Ser
395
Ala

Asp

Phe

Asn
Pro
AsSp
Gln
60

Ser
Leu
Ala
Pro
Val
140
Ser
Gly
Met
Ala
Phe
220
Ala
Met
Asp
Ala
Met
300
Met
Ile
Ile
Gly
Ala
380
Lys
Phe

Ala

Thr

Asn
Pro
Gly
45

Ala
Asp
Leu
Leu
Asn
125
Ile
Gly
Val
Leu
Tyr
205
Met
Pro
Val
Pro
Gln
285
Arg
Ala
Ile
Tyr
Val
365
Asp
Leu
Gly

Asn

Leu

Ser
Ala
30

Asp
Ala
Ser
Ser
Ser
110
Leu
Pro
Phe
Thr
Ser
190
Trp
Ala
Val
Leu
Gln
270
Cys
Pro
Met
Thr
Gln
350
Thr
Gly
Thr
Val
Ala

430
Ile

Glu
15

Pro
Arg
Gln
Asp
Arg
95

Pro
Ile
vVal
Phe
Ile
175
Ser
Leu
Val
Val
Pro
255
Ile
Leu
Leu
Ala
Thr
335
Gln
Leu
Asp
Phe
Pro
415

Ala

Pro

Gln
Val
Ser
Thr
vVal
80

Ile
Ala
Thr
Leu
Arg
160
Leu
Glu
Leu
Leu
Asn
240
Ala
Ile
Ile
Trp
Ile
320
Arg
His
Leu
Asp
Ile
400
Ile

Asn

Tyr
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Ala
Trp
465
Leu
Val
Ile
Ser
Ala
545
Asp
Ala
Arg
Ile
Asp
625
Pro
Ile
Arg
Trp
Val
705
Ala
Ser
Arg
Ser
Leu
785
Pro
His
Arg
Thr
Leu
865
Arg

Lys

Asp

Leu
450
Thr
Ser
Leu
Gly
Leu
530
Ala
Phe
Val
Ser
Pro
610
Val
Ser
Val
Phe
Gln
690
Asp
Ala
Leu
Asn
Ala
770
Ala
Ala
Ala
Asp
Leu
850
Ala
Thr

Glu

Tyr

435
Val

Pro
Leu
Leu
Ala
515
Ala
Ala
Leu
Leu
Gly
595
Gly
Gly
Glu
Arg
Arg
675
Ala
Thr
Gly
Gly
Gly
755
Val
Glu
Gly
Val
Ala
835
Ala
Thr
Cys
Lys

Thr
915

Leu
Thr
Leu
Gly
500
Tyr
Lys
Ala
Leu
Gly
580
Leu
Met
Glu
Phe
Gly
660
Leu
Arg
Ser
Ile
Ser
740
Cys
Ala
Leu
Leu
Leu
820
Lys
Pro
Glu
Gly
Thr

900
Val

Leu
Phe
Ala
485
Ala
Leu
Thr
Trp
Gly
565
Val
Pro
Ser
Val
Ser
645
Pro
Leu
Glu
Gly
Ala
725
Leu
Leu
Glu
Thr
Asp
805
Ala
Ser
Ser
Asp
Leu
885

Pro

Lys

His
Ile
470
Pro
Ala
Leu
Ser
Ala
550
Thr
Phe
Glu
Arg
Ser
630
Ala
Arg
Ala
Ile
Asn
710
Tyr
Ala
Ile
Ser
Glu
790
Asn
Phe
Leu
Asp
Asn
870
Phe

Lys

Gly

Leu
455
Ile
Leu
Asn
Arg
Leu
535
Leu
Leu
Phe
Val
Phe
615
Gln
Thr
Leu
Asp
Ala
695
Ala
Glu
vVal
Val
Gly
775
Thr

Lys

Pro

Ala

Val
855
Pro
Thr

Pro

Met

48476

440
Arg

Ala
Leu
Gly
Lys
520
Trp
Gly
Ser
Ile
Gln
600
Ile
Gln
Pro
Val
His
680
Thr
Pro
Val
Ala
Ala
760
Ala
Ile
Cys
Ala
Ser
840
Lys
Asp
Glu

Ala

Ala
920

Val
Gly
Ser
Phe
505
Lys
Ala
Trp
Ser
Ile
585
Asn
Arg
Asp
Val
Pro
665
Gly
Gly
Phe
Gln
Pro
745
Asp
Asp
Gly
Arg
Ile
825
Ala
Ala
Tyr
Glu
Thr

905
Ala

Phe
Ile
Ser
490
Ser
Leu
Leu
Leu
Val
570
Ile
Leu
Pro
Phe
Pro
650
Gly
Gly
Lys
Ala
Arg
730
Asn
Trp
Pro
Glu
Ile
810
Leu
Ala
Met
Ala
Pro
890

Arg

Ile

Tyr
Thr
475
Ser
Phe
Gly
Gly
Ile
555
Gly
Thr
Gly
Asn
Ser
635
Pro
Ala
Val
Glu
Pro
715
Arg
Ile
Val
Arg
Ala
795
Arg
Pro
Glu
Val
Ser
875
Thr

Asp

Ala

Ala
460
Ala
Pro
Ile
Leu
Ser
540
Gln
Tyr
Gly
Gln
Thr
620
Thr
Pro
Pro
Gln
Val
700
Leu
Thr
Tyr
Pro
Ala
780
His
Ile
Asp
Met
Thr
860
Leu
His
Gly

Ala

445
Arg

Thr
Glu
Thr
Leu
525
Ala
Ala
Leu
Ile
Ala
605
Lys
Gln
Met
Val
Gly
685
Ala
Ser
Lys
Ser
Gly
765
Ala
Glu
Asn
Ala
Leu
845
Glu
Ala
Leu

Phe

vVal
925

Glu
Lys
Arg
Gly
510
Gly
Ala
Val
Leu
Val
590
Leu
Ile
Leu
Ser
Gly
670
Ala
Leu
Ser
Lys
Glu
750
Ser
Ala
Met
Thr
Ser
830
Ile
Ala
Met
Val
Gly

910
Val

Glu
Val
Val
495
Ala
Met
Val
Val
Tyr
575
Leu
Thr
Ser
Val
Ala
655
Asp
Arg
Ile
Ala
Leu
735
Ala
Ser
Phe
Gly
Asp
815
Glu
Asp
Gln
Ala
Val
895

Ala

Ile

Val
vVal
480
Val
Val
Arg
Gly
Gly
560
Leu
Ser
Arg
Leu
Ala
640
Gly
Gly
Phe

Phe

Ala

720

Ala
Tyr
Leu
Ala
Ile
800
Gly
Leu
Ala
Gly
Met
880
Lys

Ser

Ile
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Leu Val Ser Leu Val Ala Ala Gly Thr Ala Phe Leu Thr Ser Phe Phe
930 935 940

Gly Ser Ser Thr Asn Glu Gln Ser Pro Leu Ala Ser Val Glu Ala Thr

945 950 955 960

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

965 970 975
Asp Gln Ala Arg Thr Trp Asp Asp Gly Ala Gly Thr Asp Val Thr Asp
980 985 990
Val Thr Asp Gly Asn Thr Ser Thr Ala Trp Thr Ser Thr Gly Gly Asp
995 1000 1005

Gly Leu Leu Val Asp Leu Ser Thr Pro Ala Arg Leu Asp Arg Val Ile
1010 1015 1020

Leu Thr Thr Gly Thr Gly Ser Asp Ser Asn Val Thr Ser Thr Val Lys

1025 1030 1035 1040

Ile Tyr Ala Phe Asn Asp Ala Ser Pro His Ser Leu Ser Glu Gly Ile

1045 1050 1055
Glu Ile Gly Thr Val Asp Tyr Ser Gly Arg Ser Leu Ser His Ser Ile
1060 1065 1070
Arg Asp Ser Ser Lys Leu Pro Gly Gln Val Glu Ser Met Val Ile Leu
1075 1080 1085

Val Asp Glu Val His Ser Ser Gln Thr Ser Asp Thr Asn Pro Gln Met
1090 1095 1100

Gln Ile Ala Glu Val Gln Leu Val Gly Trp

1105 1110

<210> 7

<211> 3345

<212> ADN

<213> Corynebacterium glutamicum

<400> 7

atgaatggtc aacaagtgag ttcttcgctt tcgaataatt cggagcagtc cggcctgcegt

60

ggcaggatcg ttgctccagc accgccggcg cctgtgcecccg aggcgcgcaa gaaggctgtce

120

gcacgcacgg atggtgatcg ctcgagtttg aaaaactcgc ctacggcatc cgccacccag

180

gcagcccaga cgcgcccggc agaaccggaa ccagaaaagc acacctccga ttctgatgtg

240

gtgcgctcga ctggctccat ggcaatagcc acgctgctga gtcgtatcac cggtttcectg

300

cgcaccgtga tgattggtgc ggcgctgtcg ccggceccatcg cttcggegtt caacactgcec

360

aacacgctgc ccaacctgat cactgaaatc gtgttgggtg cggtgctgac atcgctggtt

420

attccggtcc ttacccgcge ggaaaaagaa gacgccgacg gcggttccgg gttcttcagg

480

cggctgctca ccctgtcecggt gacgctgctg ggtggtgtca ccatcctgtc gattatcgge

540

gcgccgctge tgacacggat gatgctgtcc tctgagggac aagtcaacgt ggtcatgtcc

600

acggcctttg cgtattggct gctgccacag attttcttct acggcctgtt tgccctgttce

660

atggctgtgt tgaacacccg tgaagtgttc aaacccggcg cgtgggcacc tgttgtcaac

720

aatgtgatca ccttgaccgt gctgggcgtg tacatggtgc tgcctgcgcg tttgcacccg

780

catgagcagg tgggcatttt tgatccgcag atcattttcc tcggcgtggg caccaccctt

840

ggtgtggttg cacagtgtct aatcatgatt ccgtacctgc gtcgcgcggg cattgatatg

900

48476
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cgccctctgt
960
atcgtgtacg
1020
gcagacgatg
1080
ggcatcatcg
1140
gacggcgatg
1200
gcactgatcc
1260
tttgcctacg
1320
tctgctttca
1380
cgtgaagagg
1440
ctttccctgt
1500
gcggccaacg
1560
aaactcggcc
1620
gcggcggttyg
1680
gatttcttgc
1740
gtcttcttca
1800
aacttgggcc
1860
aagatctctt
1920
ccaagcgagt
1980
cctcgcectgg
2040
ggcggcgtce
2100
gcgctgatct
2160
gcagcgggea
2220
ttggcggtag
2280
gattgggtgc
2340
gccgegtteg
2400
ccggccggcet
2460
gccttcecgg
2520
gccgccgaga
2580
gaagcccagg
2640
cgcacctgecg
2700

ggggtatcga

tggcaatctc
ctgcgcecgtt
gcgtcacctt
atagggcagt
ccatcgtggt
gccaattcga
cgctgattcc
tctggacccc
tggcaccgct
gtttcagttt
tgttgggtat
gtgcagcagc
tgggcactct
tcttcgtcac
aggcactgac
tggatgtcgg
tcgcagcaac
ttccecggege
aaggcgcgcg
ttgtggatac
tcgcctacga
cccccaacat
ctggctccag
cgctcgcgga
tggacaacaa
cgattttgcc
tgcttatcga
ggctagctac

gactgttcac

48476

tgcgcgtttg
ccagttcggt
tatttatcag
gctcaccgcg
agtctctgac
gttcttcacc
tgccaacgcc
ttacgctttg
aaccttcatc
gctgtcgagc
catcaccggc
gcgctctttg
agcatgggcg
aagctccgta
cggcatcgtg
ccgcatccca
cgaagtctcc
ccctgtgecg
cccagtcggce
tttctggcag
ttccggcaac
ggtgcagcgc
ccactccgag
cttgagcgcc
actaactgaa
gtgccgcatc
cgatgcctca
cgcgaccctc
agaagacaat

cgaggaacca

aagcaattcg
tacatcatca
cagcactgga
attatgccecge
cttcagttgg
gccttcggtg
gccaacatcc
gtgctgctac
atcgccggea
tceceeggage
gcggtcatcg
gctaaaacct
ttggggtgge
ggctacttgt
ttgtcacgtt
ggtttgagcc
gagcaggatt
ccaccgatgt
gacggtcgtt
gcccgcgaga
gccccatttg
cgcaccaaga
gcgtaccgca
gtcgcggaat
accatcggcg
cgcatcaaca
gagctccgeg
gctcccagceg
cccgattacg

acccaccttg

gtggcatggce
ccactcgcat
tgttgctgca
gactgtcccg
gttccaagct
tccctattge
ttggttggac
atctgcgtgt
tcaccgccac
gtgtggtggt
gcgcgtatct
ccctgtgggce
tgattcaagc
tgtacctggce
ctggtttgcc
ggtttattcg
tctccaccca
ccgccggtat
tccgtcectget
tcgccaccgg
cgccactgtc
agctggccag
acggttgcct
ccggtgccga
aggcccacga
ccgacggcca
acgccaagtc
acgtcaaggc
catcacttgc

tggtgaagaa

gatggcgatc
tgcgtcgatt
agttccttat
caacgcggca
aaccttcatc
caatggcctt
tctgagcttc
gttttatgcg
caaggtcgtg
gcttcttggt
gttgcgcaac
gttgggctct
cgtcgtgggc
tgtgttgggt
ggaggtccaa
cccgaatacc
gctggtcgeg
tgtccgcgga
cgccgatcac
caaggaagtc
ttcggcagcce
cttgggcagce
cattgtggcc
tccececgegcece
gatgggtatc
tgccgtcecte
cctggceccteg
aatggtcact
catggcgatg

ggaaaagaca
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ccaaagcctg
2760
gccatcgecg
2820
accagcttct
2880
acctctgcaa
2940
acgtgggatyg
3000
gcatggacct
3060
gaccgcgtca
3120
atctacgcat
3180
gtggattatt
3240
caggtggaat
3300
aatccacaga

cgacacgtga
ctgtggtgat
tcggcagcag
caccagaacc
acggtgcagg
ccaccggcgg
tcttgaccac
tcaacgacgc
ccggccgcag
ccgtggtgat

tgcagatcgce

48476

tggtttcggt
catcttggtt
caccaacgaa
tgtggggcca
aacagatgtc
cgacggcctc
cggcaccggc
ctcaccacac
tctcagccac
tctggtcgat

tgaagtacaa

gcctccgact
tccectggtygg
caatccccgt
ccggtctacc
accgacgtca
ctagttgacc
tccgacagca
tcecectgtegg
agcatccgcg
gaggttcgtt

cttgttggtt

acaccgtcaa
ccgccggtac
tggcctctgt
tggatctgga
ccgacggcaa
tgtccacgcecc
acgtgacctc
aaggcatcga
attcctccaa
cctcacaaac

ggtaa

gggcatggca

cgcgttccte
tgaagccacc
tcaagcccgc
cacctccacc
tgcccgecte
gaccgtgaag
gatcggcacc
gcttccgggt

ctcagacacc

3345

<210
<211
<212
<213

<400

>
>
>
>

>

8
1114
PRT

Corynebacterium glutamicum

8

Met Asn Gly Gln

1
Ser

Pro
Ser
Arg
65

Val
Thr
Ile
Glu
Thr
145
Arg
Ser
Gly
Pro
Asn

225
Asn

Gly
Glu
Leu
50

Pro
Arg
Gly
Ala
Ile
130
Arg
Leu
Ile
Gln
Gln
210

Thr

vVal

Leu
Ala
35

Lys
Ala
Ser
Phe
Ser
115
Val
Ala
Leu
Ile
val
195
Ile

Arg

Ile

Arg
20

Arg
Asn
Glu

Thr

Leu

100-

Ala
Leu
Glu
Thr
Gly
180
Asn
Phe

Glu

Thr

Gln
5
Gly
Lys
Ser
Pro
Gly
85
Arg
Phe
Gly
Lys
Leu
165
Ala
Val
Phe

val

Leu
245

Val
Arg
Lys
Pro
Glu
70

Ser
Thr
Asn
Ala
Glu
150
Ser
Pro
Val
Tyr
Phe

230
Thr

Ser
Ile
Ala
Thr
55

Pro
Met
Val
Thr
Val
135
Asp
Val
Leu
Met
Gly
215

Lys

Val

Ser
Val
Val
40

Ala
Glu
Ala
Met
Ala
120
Leu
Ala
Thr
Leu
Ser
200
Leu

Pro

Leu

Ser
Ala
25

Ala
Ser
Lys
Ile
Ile
105
Asn
Thr
Asp
Leu
Thr
185
Thr
Phe

Gly

Gly

Leu
10

Pro
Arg
Ala
His
Ala
90

Gly
Thr
Ser
Gly
Leu
170
Arg
Ala
Ala

Ala

Val
250

Ser
Ala
Thr
Thr
Thr
75

Thr
Ala
Leu
Leu
Gly
155
Gly
Met
Phe
Leu
Trp

235
Tyr

Asn
Pro
Asp
Gln
60

Ser
Leu
Ala
Pro
Val
140
Ser
Gly
Met
Ala
Phe
220

Ala

Met

Asn
Pro
Gly
45

Ala
Asp
Leu
Leu
Asn
125
Ile
Gly
Val
Leu
Tyr
205
Met

Pro

Val

Ser
Ala
30

Asp
Ala
Ser
Ser
Ser
110
Leu
Pro
Phe
Thr
Ser
190
Trp
Ala

Val

Leu

Glu
15

Pro
Arg
Gln
AsSp
Arg
95

Pro
Ile
Val
Phe
Ile
175
Ser
Leu
Val

Val

Pro
255

Gln
Val
Ser
Thr
Val
80

Ile
Ala
Thr
Leu
Arg
160
Leu
Glu
Leu
Leu
Asn

240
Ala
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Arg
Phe
Met
Gly
305
Ile
Ile
Trp
Thr
Arg
385
Ala
Ala
Ile
Ala
Trp
465
Leu
Val
Ile
Ser
Ala
545
Asp
Ala
Arg
Ile
Asp
625
Pro
Ile
Arg
Trp
Val
705

Ala

Ser

Leu
Leu
Ile
290
Ile
Val
Ala
Met
Ala
370
Ala
Leu
Asn
Leu
Leu
450
Thr
Ser
Leu
Gly
Leu
530
Ala
Phe
Val
Ser
Pro
610
Val
Ser
Val
Phe
Gln
690
Asp

Ala

Leu

His
Gly
275
Pro
Asp
Tyr
Ser
Leu
355
Ile
vVal
Ile
Gly
Gly
435
Val
Pro
Leu
Leu
Ala
515
Ala
Ala
Leu
Leu
Gly
595
Gly
Gly
Glu
Arg
Arg
675
Ala
Thr

Gly

Gly

Pro
260
Val
Tyr
Ala
Val
Ile
340
Leu
Met
Val
Pro
Leu
420
Trp
Leu
Thr
Leu
Gly
500
Tyr
Lys
Ala

Leu

Gly
580

LeuA

Leu
Glu
Phe
Gly
660
Leu
Arg
ser

Ile

Ser

His
Gly
Leu
Arg
Ala
325
Ala
Gln
Pro
Ser
Ile
405
Phe
Thr
Leu
Phe
Ala
485
Ala
Leu
Thr
Trp
Gly
565
Val
Pro
Ser
Val
Ala
645
Pro
Leu
Glu
Gly
Ala

725
Leu

Glu
Thr
Arg
Leu
310
Ile

Asp

val

‘Arg

Asp
390
Val
Ala
Leu
His
Ile
470
Pro
Ala
Leu
Ser
Ala
550
Thr
Phe
Glu
Arg
Ser
630
Ala
Arg
Ala
Ile
Asn
710

Tyr

Ala

Gln
Thr
Arg
295
Lys
ser
Asp
Pro
Leu
375
Leu
Val
Tyr
Ser
Leu
455
Ile
Leu
Asn
Arg
Leu
535
Leu
Leu
Phe
Val
Phe
615
Glu
Thr
Leu
Asp
Ala
695
Ala

Glu

vVal

48476

val
Leu
280
Ala
Gln
Gln
Ala
Tyr
360
Ser
Gln
Phe
Gly
Phe
440
Arg
Ala
Leu
Gly
Asn
520
Trp
Gly
Ser

Ile

Gln
600

Ile

Gln
Pro
Val
His
680
Thr
Pro

Val

Ala

Gly
265
Gly
Gly
Phe
Phe
Ala
345
Gly
Arg
Leu
Phe
Gln
425
Ser
Val
Gly
Ser
Phe

505
Lys

Ala

Trp
Ser
Phe
585
Asn
Arg
Asp
Val
Pro
665
Gly
Gly
Phe

Gln

Pro

Ile

Val

Ile

Gly

Gly
330
Pro
Ile
Asn
Gly
Thr
410
Phe
Ala
Phe
Ile
Ser
490
Ser
Leu
Leu
Leu
Val
570
Val
Leu
Pro
Phe
Pro
650
Gly
Gly
Lys
Ala
Arg

730
Asn

Phe
Val
Asp
Gly
315
Tyr
Phe
Ile
Ala
Ser
395
Ala
Asp
Phe
Tyr
Thr
475
Ser
Phe
Gly
Gly
Ile
555
Gly
Thr
Gly
Asn
Ser
635
Pro
Ala
Val
Glu
Pro
715

Arg

Ile

Asp
Ala
Met
300
Met
Ile
Ile
Gly
Ala
380
Lys
Phe
Ala
Thr
Ala
460
Ala
Pro
Ile
Leu
Ser
540
Gln
Tyr
Gly
Gln
Thr
620
Thr
Pro
Pro
Gln
Val
700
Leu

Thr

His

Pro
Gln
285
Arg
Ala
Ile
Tyr
Val
365
Asp
Leu
Gly
Asn
Leu
445
Arg
Thr
Glu
Thr
Leu
525
Ala
Ala
Leu
Ile
Ala
605
Lys
Gln
Met
Val
Gly
685
Ala
Ser

Lys

Ser

Gln
270
Cys
Pro
Met
Thr
Gln
350
Thr
Gly
Thr
Val
Ala
430
Ile
Glu
Lys
Arg
Gly
510
Gly
Ala
Val
Leu
Val
590
Leu
Ile
Leu
Ser
Gly
670
Ala
Leu
Ser

Lys

Glu

Ile
Leu
Leu
Ala
Thr
335
Gln
Leu
Asp
Phe
Pro
415
Ala
Pro
Glu
Val
Val
495
Ala
Met
Val
Val
Tyr
575
Leu
Thr
Ser
Val
Ala
655
Asp
Arg
Ile
Ala
Leu

735
Ala

Ile
Ile
Trp
Ile
320
Arg
His
Leu
Asp
Ile
400
Ile
Asn
Tyr
Val
Val
480
Val
Val
Arg
Gly
Gly
560
Leu
Ser
Arg
Leu
Ala
640
Gly
Gly
Phe
Phe
Ala
720

Ala

Tyr
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Arg Asn Gly

Ser
Leu
785
Pro
His
Arg
Thr
Leu
865
Arg
Lys
Asp
Leu
Gly
945
Thr
Asp
Val

Gly

Leu
1025

Ala
770
Ala
Ala
Ala
Asp
Leu
850
Ala
Thr
Glu
Tyr
Val
930
Ser
Ser
Gln

Thr

Leu
101

Thr Thr Gly Thr

755
Val

Glu
Gly
Val
Ala
835
Ala
Thr
Cys
Lys
Thr
915
Ser
Ser
Ala

Ala

Asp
995

Leu Val Asp Leu Ser
1015
Ser Asp Ser Asn

0

740
Cys

Ala
Leu
Leu
Leu
820
Lys
Pro
Glu
Gly
Thr
900
Val
Leu
Thr
Thr
Arg

980
Gly

Leu
Glu
Thr
Asp
805
Ala
Ser
Ser
Asp
Leu
885
Pro
Lys
Val
Asn
Pro
965

Thr

Asn

Ile Tyr Ala Phe Asn

Gln
1105

<210
<211
<212
<213

Ile
Ser
Glu
790
Asn
Phe
Leu
Asp
Asn
870
Phe
Lys
Gly
Ala
Glu
950
Glu

Trp

Thr

Gly

Val
Gly
775
Thr
Lys
Pro
Ala
Val
855
Pro
Thr
Pro
Met
Ala
935
Gln
Pro

Asp

Ser

1030

Asp Ala Ser Pro His

48476

Ala
760
Ala
Ile
Cys
Ala
Ser
840
Lys
Asp
Glu
Ala
Ala
920
Gly
Ser
Val

Asp

Thr
1000

745
Asp

Asp
Gly
Arg
Ile
825
Ala
Ala
Tyr
Glu
Thr
905
Ala
Thr
Pro

Gly

Gly
985

Ala Trp Thr Se ¥ Thr

Trp
Pro
Glu
Ile
810
Leu
Ala
Met
Ala
Pro
890
Arg
Ile
Ala
Leu
Pro

970
Ala

Val
Arg
Ala
795
Arg
Pro
Glu
Val
Ser
875
Thr
Asp
Ala
Phe
Ala
955

Pro

Gly

Pro

Ala

780

His

Ile
Asp
Met
Thr
860
Leu
His
Gly
Ala
Leu
940
Ser

Val

Thr

Gly
765
Ala
Glu
Asn
Ala
Leu
845
Glu
Ala
Leu
Phe
Val
925
Thr
Val

Tyr

Asp

750
Ser

Ala
Met
Thr
Ser
830
Tle
Ala
Met
Val
Gly
910
Val
Ser
Glu

Leu

vVal
990

Ser
Phe
Gly
Asp
815
Glu
Asp
Gln
Ala
Val
895
Ala
Ile
Phe
Ala
Asp

975
Thr
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Leu
Ala
Ile
800
Gly
Leu
Ala
Gly
Met
880
Lys
Ser
Tle
Phe
Thr
960

Leu

Asp

1005

1 020

Val

1035

Thr Pro Ala Arg Lieu Asp Arg Val Ile

Thr Ser Thr Val Lys

1040

Ser L.eu Ser Glu Gly Ile

1045 1050 1055
Glu Ile Gly Thr Val Asp Tyr Ser Gly Arg Ser I.e<u Ser His Ser Ile
1060 1065 1070
Arg Asp Ser Ser Lys Leu Pro Gly Gln Val Glu S er val val Ile Ley
1075 1080 1085

Val Asp Glu Val Arg Ser Ser Gln Thr Ser Asp T hr Asn Pro Gln Met+

1090 1095 1 100

Ile Ala Glu Val Gln Leu Val Gly Trp
1110

> 9

> 36

> ADN

> Trinh ty nhén tao

> 9

<400

cctcgaattc atgaatggtc aacaagtgag ttcttc

36

<210
<211
<212
<213

> 10
> 36
> ADN

>

Trinh ty nhédn tao
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<400> 10

tctactgcag ttaccaacca acgagttgta cttcag
36

<210> 11

<211> 36

<212> ADN

<213> Trinh ty nhan tao

<400> 11

tctactgcag ttaccaacca acaagttgta cttcag
36

<210> 12

<211> 20

<212> ADN

<213> Trinh ty nhé&n tao

<400> 12

atgctgcgcec gtttatttat
20

<210> 13

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<400> 13

ataaataaac ggcgcagcat
20

<210> 14

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<400> 14

tgatgctgca ccgtttattt
20

<210> 15

<211> 20

<212> ADN

<213> Trinh tu nhan tao

<400> 15

aaataaacgg tgcagcatca
20

<210> 16

<211> 20

<212> ADN
<213> Trinh ty nhan tao

<400> 16

tctgccagag gtccaaaact
20

<210> 17

<211> 20
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<212> ADN
<213> Trinh tu nhan tao

<400> 17

agttttggac ctctggcaga
20

<210> 18

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<400> 18

tttgccggag gtccaaaact
20

<210> 19

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<400> 19

agttttggac ctccggcaaa
20

<210> 20

<211> 44

<212> ADN

<213> Trinh tu nhdn tao

<400> 20

ctcgatggaa ttccgttaag gcgcgcactc gtacatgaat ggtce
44

<210> 21

<211> 41

<212> ADN

<213> Trinh tyu nhdn tao

<400> 21

cgcgggatcc ttaccaacca acgagttgta cttcagcgat c

41
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