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Linh vire k§ thuit dwee dé cap

Séng ché dé cap t6i homoserin dehydrogenaza dugc cai bién. Cu thé 13, sang ché dé
cip t6i homoserin dehydrogenaza duogc cai bién c6 polypeptit bao gdm mét hodc nhiéu
thay thé axit amin trong trinh tu axit amin cia protein c¢6 hoat tinh ctia homoserin
dehydrogenaza, trong d6 thay thé axit amin nay dugc thuc hién bing cach thay thé axit
amin & vi tri 285 bing isoloxin; axit amin & vi trf 398 b'?lng glutamin; hodc axit amin & ca
hai vi tri trong tmg bing ca isoloxin va glutamin. Ngoai ra, sing ché d& cap t6i phuong
phép san xuAt homoserin hodc L-axit amin thu dugc tir homoserin bing cach st dung
homoserin dehydrogenaza duoc cai bién, ché phdm d& san xuit homoserin hodc L-axit
amin thu duoc tir homoserin, phuong php 1am gia ting kha ning san xuat homoserin hozc
L-axit amin thu duogc tir homoserin, hodc tmg dung cia homoserin dehydrogenaza duoc
cai bién.

Tinh trang ky thuat ciia sing ché

Trong s6 céc L-axit amin, L-threonin, L-isoloxin, va L-methionin théng thuong st
dung homoserin duoc san xut bang homoserin dehydrogenaza (trong ban mé ta nay duoc
goi 1a “Hom”; EC:1.1.1.3) tr aspartat-semialdehyt (trong ban md t4 nay duogc goi la
“ASA”). Do d6, dé san xuét c4c axit amin nay bing phuong phép 1én men, can thiét phai
duy tri hoat tinh cta cac enzym duogc sir dung trong con dudng sinh tbng hop nay & ndng

d6 nhat dinh hodc cao hon, va d4 c¢6 nghién ctru tich cuc vé van dé nay.

Cu thé 13, hoat tinh ctia homoserin dehydrogenaza tic dong & diém phén nhanh cia
céc con dudng sinh tdng hop cua L-lysin va L-threonin 14 da biét dugc diéu tiét boi L-
threonin va L-isoloxin. Gan day, d4 c6 mot vai béo cdo v& Hom duoc khit man cam dbi
v6i su e ché hdi dudng boi L-threonin va phuong phép san xuit L-threonin bang cach
nay. Nam 1991, Eikmann e al. & Pirc d4 bao co Hom duge khir man cam bang cach thay
thé glyxin, ddy 1a gbc axit amin & vi tri 378 ctia Hom, bang glutamat (Eikmanns BJ et al.,
Appl. Microbial Biotechnol. 34: 617-622, 1991); va ndm 1991, Archer ez al. dd bao cdo 1a
viéc 1am mét tinh nhay cam dién ra khi ddu tan cting-C ctia Hom bi 1am hu hai do dot bién
chuyén-khung (Archer JA et al., Gene 107: 53-59, 1991).
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Ban chit ky thuit clia sdng ché
Vén dé k¥ thuat

Céc tac gia sang ché da tién hanh nghién ctru vé viéc 1am mAt tinh nhay cam ddi véi
su trc ché hdi dudng bang threonin, va tir d6, cac tac gia da xac dinh duoc 14 mot gen méi
m3 hoa Hom duoc cai bién dugc phén 1ap, va 1a kha ndng san xuét-L-axit amin duoc cai
thién & vi sinh vit ma & d6 gen méi nay duoc tai nap, nhdy d6 hoan thanh séng ché nay.
Giai phép k¥ thuat

Muc dich cta sang ché 1a d& xuit homoserin dehydrogenaza dugc cai bién c6
polypeptit bao gdm mét hodc nhidu thay thé axit amin trong trinh tw axit amin ctia protein
¢6 hoat tinh ctia homoserin dehydrogenaza, trong dé thay thé axit amin nay dugc thyc hién

-

S
biang céach thay thé axit amin ¢ vi tri 285 bang mot axit amin khéc; axit amin & vi trf 39

i

o0

bing axit amin khac; hodc axit amin & ca hai vi tri bang c4c axit amin khéc.

Mot muc dich khac cia sang ché dé xuat polynucleotit mi hod dehydrogenaza dugc
cai bién.

Mot muc dich khac nita ctia sang ché la d¢ xuat vi sinh vat thudc giong

Corynebacterium, bao gom homoserin dehydrogenaza dugc cai bien.

Mot muc dich khac nita cua sang ché 1a d€ xuat phuong phép san xuat homoserin
hodc L-axit amin thu dugc tir homoserin, bao gom: nudi cay vi sinh vat nay trong moi
trudong; va thu hoi homoserin hodc L-axit amin thu dugc tir homoserin tir vi sinh vat hodc
moi trudng nay.

Mot muc dich khac nita cta sdng ché 1a dé xuét ché pham d€ san xuat homoserin
hodc L-axit amin thu dugc tir homoserin, ma bao gdm homoserin dehydrogenaza duoc cai
bién hodc vi sinh vat bao gom homoserin dehydrogenaza dugc cai bién cua sang che.

Mot muc dich khac nita ctia sang ché 13 d€ xuat phuong phap lam gia tdng kha ndng
san xuit homoserin hodc L-axit amin thu dugc tir homoserin, ma bao gdm bie€u hién
homoserin dehydrogenaza dugc cai bién ctia sang ché & vi sinh vét thudc giong
Corynebacterium.

Mot muc dich khac nita cia séng ché 1a dé xuat viéc st dung homoserin

dehydrogenaza dugc cai bién dé san xuat homoserin hodc L-axit amin thu duogc tur
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homoserin cia ban mo6 ta nay.

Mot muc dich khac nita clia sing ché 14 d€ xuat viéc str dung polynucleotit d¢ san

xuat homoserin hodc L-axit amin thu dugc tir homoserin ctia ban mo ta nay.

Mot muc dich khéc nita ciia sdng ché 1a dé xuat viéc sir dung vi sinh vét thudc giong
Corynebacterium d€ san xuat homoserin ho#c L-axit amin thu dugc tir homoserin cia ban
mo ta nay.

Mot muc dich khac nita ctia sang ché 1a dé xuat viéc sir dung ché pham dé san xuat
homoserin hodc L-axit amin thu duoc tir homoserin cuia ban md ta nay.

Hiéu qua c6 loi

Homoserin dehydrogenaza dugc cai bién ctia sang ché c6 thé duge sit dung rong rai
dé san xuit khoi lvong 1én homoserin hodc L-axit amin thu dugc tr homoserin htu hiéu,
bai vi sy e ché hoi dudng bdi san pham cudi ciing duge khir man cadm so véi kiéu tu nhién
hodc kiéu hoang.

M0 ta chi tiet sang che

Duéi day, sang ché s& dugc mo ta chi tiét. Trong khi timg gidi thich va phuong an
minh hoa trong ban md ta nay c6 thé€ ap dung cho céc giai thich va phuong 4n minh hoa
khac. Nghia la, tat ca cac t0 hop cua nhi€u yéu to dugce de cap trong ban mo ta nay 1a thude
pham vi cua sang ché. Hon nita, pham vi cta sang ché khong nén bi gidi han boi phan mo

ta cu thé dudi day.

D8 dat dugc cac muc dich néu trén, mot khia canh cia sang ché 13 dé xuat homoserin
dehydrogenaza duoc cai bién ¢6 polypeptit bao gdm mot hoic nhiéu thay thé axit amin
trong trinh ty axit amin cua protein cé hoat tinh ctia homoserin dehydrogenaza, trong d6
thay thé axit amin nay dugc thuc hién bang cach thay thé axit amin & vi tri 285 hoic axit

amin & vi tri 398 bing axit amin khac, hogc bang t6 hop ctia chiing.

Cu thé 13, sang ché d& xuét bién thé homoserin dehydrogenaza cé polypeptit bao
gbém mdt hodc nhiéu thay thé axit amin trong trinh tu axit amin clia protein c6 hoat tinh ctia
homoserin dehydrogenaza, trong d6 thay thé axit amin nay dwoc thuc hién bang cach thay
thé axit amin & vi tri 285 béng isoloxin; axit amin & vi tri 398 bing glutamin; hodc axit

amin & cé hai vi trf twong Gmg bing isoloxin va glutamin. Cu thé hon 14, sang ché dé xuit
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homoserin dehydrogenaza dugc cai bién, trong d6 trong trinh ti axit amin ctia SEQ ID
NO: 1, axit amin & vi tri 285 dugc thay thé bang isoloxin; axit amin & vi tri 398 duoc thay
thé bang glutamin; hodc axit amin & ¢ hai vi trf duoc thay thé twong tmg bing isoloxin va

glutamin.

Trong ban moé ta nay, homoserin dehydrogenaza (EC:1.1.1.3) chi enzym xuc tac
tdng hop homoserin, chit trung gian hay gip dé sinh téng hop methionin, threonin, va
isoloxin ¢ thyc vat va vi sinh vat. Trong ban mo ta nay, homoserin dehydrogenaza c6 thé
duogc d& cap dén bét k& ngudn gbe midn 13 ¢6 hoat tinh chuyén dbi néu trén, va enzym thu
duoc tir sinh vat bat ky (thuc vat, vi sinh vat, v.v.) ¢ thé duoc st dung lam homoserin
dehydrogenaza. Cu thé 13, homoserin dehydrogenaza c6 thé thu duoc tir vi sinh vat thude
giéng Corynebacterium, va cu thé hon 1a c6 thé thu duoc tir Corynebacterium glutamicum.
Vi du, homoserin dehydrogenaza c6 thé 13 protein bao gom trinh tur axit amin ctia SEQ ID
NO: 1. Protein bao gdm trinh tr axit amin cta SEQ ID NO: 1 ¢6 thé dugc sir dung hoan
déi cho thuét ngit “protein ¢ trinh ty axit amin ciia SEQ ID NO: 1” hodc “protein gbm c6

trinh ty axit amin cia SEQ ID NO: 1”.

Trong ban md ta nay, nhidu phwong phap da biét rd trong linh vuc nay c6 thé duoc
st dung cho phwong phap thu duoc homoserin dehydrogenaza. Vi du vé phuong phép nay
bao gbém k¥ thuat tdng hop gen bao gbm t6i uu hoa céc codon sao cho thu duge protein véi
hiéu suét cao & vi sinh vét thudc giéng Corynebacterium, vi sinh vat nay thuong dugc st
dung dé& bidu hién protein, va phwong phap sang loc ngudn enzym hitu ich bang cach sir
dung tin sinh hoc dya vao bd gen di truyén hoc sinh thai ctia vi sinh vat, nhung khong chi

gi61 han ¢ cac phuong phép nay.

Trong ban mo6 ta nay, protein c¢6 hoat tinh homoserin dehydrogenaza khong loai trir
d6t bién c6 thé xay ra do c6 bd sung trinh tu khong ¢ nghia phia trudc hodc phia sau trinh
tu axit amin cta protein c¢6 hoat tinh ctia homoserin dehydrogenaza, vi dy, trinh tu axit
amin ctia SEQ ID NO: 1, hodc dot bién c6 trong tu nhién, hodc dot bién cam cua chung.
Ngoai ra, protein ¢6 cung hoat tinh hodc hoat tinh twong tmg véi protein bao gdm trinh tu
axit amin cia SEQ ID NO:1 tuong Ung v&i protein c¢6 hoat tinh cia homoserin
dehydrogenaza ciia ban mé ta nay. Vi du cu thé 1a, protein ¢6 hoat tinh ciia homoserin
dehydrogenaza clia ban mé ta nay c6 thé 1a protein gdm c6 trinh ty axit amin ciia SEQ ID
NO: 1 hodc trinh ty axit amin c6 mic tuong déng véino it nhat 1a 80%, 90%, 95%, hoic
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97%.

Ngoai ra, mdc du dugc md ta la “protein hodc polypeptit bao gbm trinh tr axit amin
ctia SEQ ID NO cuy thé” trong ban md ta ndy, hién nhién 14 protein bat k¥ c6 trinh tur axit
amin v6i khuyét doan, cai bién, thay thé hoic bd sung mot phén ctia trinh tu ndy ciing thudc
pham vi ctia sang ché mién 13 protein ndy c6 trinh tir axit amin v6i mtic twong ddng bét ky
trong s6 cac mirc tuong dong néu trén va thé hién tac dung twong ting véi protein néu trén.
Vi dy, trong ban mé ta nay, protein c¢6 hoat tinh cia homoserin dehydrogenaza c6 thé 1a
homoserin dehydrogenaza thu dwoc tir Corynebacterium glutamicum. Cu thé hon 13,
protein c6 hoat tinh ctia homoserin dehydrogenaza cé thé 13 trinh tw axit amin (SEQ ID
NO: 1) cta homoserin dehydrogenaza thu dugc tu Corynebacterium glutamicum
ATCC13032, trinh ty axit amin (SEQ ID NO: 49) ciia homoserin dehydrogenaza thu duoc
tir Corynebacterium glutamicum ATCC14067, hodc trinh ty axit amin (SEQ ID NO: 50)
ctia homoserin dehydrogenaza thu dugc tir Corynebacterium glutamicum ATCC13869. Do
homoserin dehydrogenaza c¢6 trinh ty néu trén thé hién twong dong véi nhau & mic 80%,
90%, 95%, hoac 97% hodc 16n hon, va do homoserin dehydrogenaza thé hién tac dung
twong tmg véi tic dung ctia homoserin dehydrogenaza, hién nhién 12 ching dugc bao gdém

trong protein c6 hoat tinh ctia homoserin dehydrogenaza ctia ban moé ta nay.

Nhu duogc st dung trong ban moé ta nay, thuat ngt “mirc tuong d6ng” chi % tuong
ddng gitta hai polynucleotit hoic polypeptit. Mirc tuong déng chi mirc d so khép véi trinh
tw axit amin hodc trinh ty nucleotit d& cho, va c6 thé duoc biéu thi bing ty 1& phan tram.
Trong ban md ta nay, trinh tu ¢ muc tuong déng c6 hoat tinh giéng hodc tuong tu voi
trinh tu axit amin hodc trinh ty nucleotit d& cho dugc biéu thi 1a “% tuong d@)ng”. Mtc
tuong d@)ng gitta cac trinh ty tr m6t nhém nay so véi mdt nhom khac co thé duoc xac dinh
bing k¥ thuat da biét trong linh vuc nay. Vi du, mic twong dong c6 thé duge xdc nhan
bing cach st dung phin mém tiéu chudn, nghia 13, BLAST 2.0, dé tinh toén céc tham sd,
nhu diém, muc twong ddng, va muc tuong tu hodc bang céch so sanh céc trinh ty thong
qua cac thr nghiém lai ho4 Southern, va didu kién lai ho4 thich hop can xé4c dinh c6 thé
xé4c dinh dwoc bing phuwong phap thudc hiéu biét clia ngudi ¢é trinh d§ trung binh trong
linh vuc k¥ thuat nay (vi du, J. Sambrook et al., Molecular Cloning, A Laboratory Manual,
274 Edition, Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989;
F.M. Ausubel ef al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc.,
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New York).

Nhur duoc str dung trong ban mé ta ndy, thudt ngit “cai bién”, “duoc cai bién”, hodc
“bién thé” chi thé nudi cly hoic cé thé thé hién bién ddi c6 thé di truyén hodc khong thé di
truyén & mot kidu hinh én dinh. Cu thé 13, thuat ngit “bién thé” c6 thé nhim dé chi bién
thé, trong d6 hoat tinh ctia bién thé duoc gia taing mot cach hiéu qua bdi vi mdt hode nhiéu
axit amin trong trinh ty axit amin twong Ung v6i protein c¢6 hoat tinh cuia homoserin
dehydrogenaza dugc cai bién so vé6i kiéu hoang, kiéu nguyén thuy hoic kiéu khong dwoc
cai bién, hoic bién thé, trong do su trc ché hdi dudng bai isoloxin, threonin, hodc din xuét
ctia ching, dwoc huy bo, hodc bién thé trong d6 gia ting hoat tinh va tic ché hdi dudng déu

dugc huy bé.

Trong ban md ta nay, thuit ngit “homoserin dehydrogenaza dugc cai bién” cé the
duge st dung hoan doi véi “bién thé homoserin dehydrogenaza”. Mit khéic, bién thé nay

c6 thé khéng c6 trong tu nhién.

Cu thé 13, homoserin dehydrogenaza duoc cai bién cua sang ché cé thé 1 protein
duoc cai bién c6 polypeptit bao gdm mot hodc nhiéu thay thé axit amin trong trinh tw axit
amin cua protein c6 hoat tinh ciia homoserin dehydrogenaza, trong d6 thay thé axit amin
nay dugc thuc hién béng cach thay thé axit amin & vi tri 285 béng isoloxin, axit amin & vi
tri 398 bing glutamin, hodc t6 hop cla chiing. Trinh tu axit amin ctia protein ¢6 hoat tinh
ctia homoserin dehydrogenaza 1a nhu dugc mo ta & trén, va co6 thé 13, vi dy, trinh tu axit
amin ctia SEQ ID NO: 1. Ngoai ra, axit amin & vi tri 285 c6 thé 1a truong hop trong d6
threonin duoc thay thé bing isoloxin, va axit amin & vi tri 398 c6 thé 1a truong hop trong

d6 arginin duoc thay thé bang glutamin.

Ngoai ra, homoserin dehydrogenaza duogc cai bién clia sing ché c6 thé 1a protein
duoc cai bién co polypeptit bao gdm mdt hodc nhidu thay thé axit amin trong trinh tu axit
amin cua protein c6 hoat tinh ctia homoserin dehydrogenaza, trong d6 thay thé axit amin
nay dugc thyc hién bing cach thay thé axit amin & vi tri 378 béng tryptophan. Ngoai ra,
homoserin dehydrogenaza dugc cai bién cta sang ché c6 thé 14 protein dugc cai bién ¢6
polypeptit bao gdm mdt hogic nhiéu thay thé axit amin trong trinh tu axit amin ctia protein
¢6 hoat tinh ciia homoserin dehydrogenaza, trong dé thay thé axit amin nay duoc thuc hién
béng cach thay thé axit amin & vi trf 285 bang isoloxin, axit amin & vi trf 398 béang glutamin,
hodc t6 hop cua chiing; trong homoserin dehydrogenaza dugc cai bién nay, axit amin & vi
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tri 378 c6 thé duoc thay thé tiép bing tryptophan. Cu thé hon 13, axit amin & vi tri 378 ¢
thé 13 trudong hop trong d6 glyxin dugc thay thé bing tryptophan.

Cu thé hon nita 13, homoserin dehydrogenaza dugc cai bién cua sang ché 13 protein
duoc cai bién c6 polypeptit bao gdm mot hodc nhiu thay thé axit amin trong trinh ty axit
amin ctia SEQ ID NO: 1, trong d6 thay thé axit amin nay dugc thuc hién bang cach thay
thé axit amin & vi tr 285 béng isoloxin, axit amin & vi tri 398 béng glutamin, hodc t& hop
ctia ching. Vi du, homoserin dehydrogenaza duoc cai bién ciia sang ché c6 thé 1a protein
bao g@)m trinh tu axit amin cia SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, hoac
SEQ ID NO: 13. Ngoai ra, dt bién co thé xay ra do bd sung trinh tw khong c6 nghia phia
trude hodce phia sau trinh ty axit amin, dot bién c6 trong tu nhién, hoac dot bién cam cla
ching 1a khong bi loai trir. Ngoai ra, protein cé cing hoat tinh hodc hoat tinh twong ung
v6i homoserin dehydrogenaza duoc cai bién twong tmg véi protein ¢6 hoat tinh cua
homoserin dehydrogenaza ctia ban mé ta nay. Vi du cu thé 13, homoserin dehydrogenaza
duogc cai bién ctia sang ché c6 thé 1a protein gdm cé trinh tu axit amin ctia SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, hoac SEQ ID NO: 13, hoac protein c6 mic tuong dong
v6i trinh tu axit amin néu trén it nhat 1 80%, 90%, 95%, hoic 97%. Ngoai ra, mic du duge
mb ta 1a “protein hodic polypeptit c6 trinh ty axit amin ctia SEQ ID NO cu thé” trong ban
md ta ndy, hién nhién 14 protein bét ky c6 trinh tur axit amin v&i khuyét doan, cai bién, thay
thé hodc bd sung mot phin cua trinh ty nay cé thé cling thudc pham vi ctia séng ché mién
la protein nay cé trinh tu axit amin v6i mic tuong ddng bt ky trong s6 cic mirc twong

dong néu trén va thé hién tac dung twong tmg véi protein néu trén.

Ngoai ra, homoserin dehydrogenaza dwgc cai bién ciia sang ché 1a homoserin
dehydrogenaza dugc cai bién ¢ polypeptit bao gdm mot hoic nhiéu thay thé axit amin
trong trinh tu axit amin clia protein c6 hoat tinh cia homoserin dehydrogenaza. Hién nhién
1a protein bét k¥ ma bao gdm cai bién, trong d6 axit amin & vi trf 285 hogc 398 dugc thay
thé bang axit amin khac, va thé hién tac dung twong Gmg v&i homoserin dehydrogenaza, 1a
thudc pham vi clia séng ché.

Ngoai ra, khac véi protein kiéu hoang hogc nguyén thuy, hodc khong phai protein
duoc cai bién c6 hoat tinh ctia homoserin dehydrogenaza, homoserin dehydrogenaza dugc
cai bién ctia sdng ché c6 thé 1a trudng hop trong d6 e ché hdi dudng boi san pham cudi
cung, nghia la, isoloxin, threonin, methionin, hodc homoserin, dan xuit hodc chit tuong
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tur cia ching duge huy bé hodc dugc khir man cam. Nhu duge sir dung trong ban md ta
ndy, thudt ngit “@c ché hdi dudng” nghia 13 sin phidm chuyén hoa cudi cling ngin chin
phdn Ung cua giai doan trudc d6. Do do, khi su uc ché hdi dudng ciia homoserin
dehydrogenaza dugc huy bo hodc dugc khir mAn cam, hiéu suét ciia homoserin va hiéu sut
ctia L-axit amin thu duge tir homoserin c6 thé dugce cai thién so voi khi sy e ché hdi dudng

khoéng duoc huy bé hodc duoc khir min cam.

L-axit amin thu dugc tir homoserin chi L-axit amin ma c6 thé dugc sinh téng hop
bing cach st dung L-homoserin 1am tién chat, va khong bi giéi han mién 1a chat c6 thé
sinh tdng hop tir L-homoserin. L-axit amin thu dugc tir homoserin c6 thé bao gdm khong
chi L-axit amin thu dugc tir homoserin ma con dan xuét ctia né. Vi du, L-axit amin thu
duoc tir homoserin ¢6 thé 14 L-threonin, L-isoloxin, O-axetyl homoserin, O-sucxinyl-L-
homoserin, O-phospho-L-homoserin, L-methionin, va/hodc L-glyxin, nhung khong chi
gidi han ¢ nhitng axit amin nay. Cu thé hon 13, L-axit amin thu dugc tir homoserin c6 thé
la L-threonin, L-isoloxin, O-axetyl homoserin, O-sucxinyl-L-homoserin, va/hodc L-

methionin, nhung khong chi gidi han & nhiing axit amin nay.

Mot khia canh khic cta sidng ché dé xuat polynucleotit md hoa homoserin

dehydrogenaza duogc cai bién.
Homoserin dehydrogenaza va bién thé 1a nhu dugc mo ta & trén.

Nhu dugce st dung trong ban mé ta nay, thudt nglt “polynucleotit” & polyme
nucleotit bao gdm cac monome nucleotit dugc lién két theo cach c6 diéu khién cong hod
tri thanh chudi, va vi du vé chung 1a sgi ADN hoac ARN c6 d¢ dai dinh trudc hodc dai
hon, va cu thé hon 13, chi manh polynucleotit ma hod homoserin dehydrogenaza dugc cai
bién. Polynucleotit ma hoa protein duoc ci bién ciia sang ché c6 thé dugc bao gdm khong
han ché mién 14 ¢6 trinh tu polynucleotit m& hod protein dugc cai bién ¢6 hoat tinh cta

homoserin dehydrogenaza cua sang che.

Trong ban md ta nay, polynucleotit ma hod trinh ty axit amin cta bién thé homoserin
dehydrogenaza co thé thu duoc cu thé tir vi sinh vat thudc giéng Corynebacterium, va cu
thé hon 1a thu dugc tir Corynebacterium glutamicum, nhung khdng chi gi6i han ¢ nhing
vi sinh vat nay.

Ngoai ra, trong polynucleotit ma hoa protein, nhiéu cai bién c6 thé dugc thyc hién

8
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& ving ma hod ma khéng thay ddi trinh tir axit amin cta protein, do thoai hoa codon hozc
xét dén céc codon duge wu tién & sinh vat ma d6 protein nay sé biéu hién. Cu thé 14,
polynucleotit ¢é thé 13 polynucleotit bao gdm trinh tir polynucleotit ma hoa protein hodc
trinh tur polynucleotit c6 mirc twong ddng v&i trinh tu polynucleotit néu trén it nhat 1 80%,
90%, 95%, hoic 97%. Ngoai ra, hién nhién 1a trinh tu polynucleotit v&i khuyét doan, cai
bién, thay thé hodc bd sung mot phan cia trinh ti ¢6 thé cling thudc pham vi clia sang ché
mién 13 trinh tu polynucleotit ma hod protein c6 mirc tvong ddng néu trén va thé hién tac
dung vé co ban gidng véi hodc twong tmg véi protein néu trén. Polynucleotit ma hoa protein
¢6 hoat tinh ctia homoserin dehydrogenaza cua ban mé t& ndy c6 thé ¢ trinh tu
polynucleotit ma ho trinh ty axit amin ctia SEQ ID NO: 1. Vi dy, polynucleotit c6 thé c6
trinh ty polynucleotit cia SEQ ID NO: 48, nhung khong chi gidi han ¢ nhitng axit amin
nay. Ngoai ra, polynucleotit ma hoa homoserin dehydrogenaza duge cai bién ciia sang ché
c6 thé c6 trinh tir polynucleotit ma hod polypeptit bao gdm mdt hogc nhiéu thay thé axit
amin trong trinh ty axit amin cia SEQ ID NO: 1, va cu thé 13 ¢6 thé c6 trinh ty polynucleotit
ma hoa SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, hodc SEQ ID NO: 13. Vi duy,
polynucleotit c6 thé cé trinh tu polynucleotit ctia SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, hodc SEQ ID NO: 9, nhung khong chi gi¢i han ¢ nhitng trinh tu nay.

Ngoai ra, doan do cé thé dugc diéu ché tir trinh tw gen da biét, vi du, trinh tu bt ky
ma lai hod véi trinh tu bd trg cho tit ca hodc mot phan cia trinh ty polynucleotit trong diéu
kién nghiém ngit d& ma hoa protein ¢ hoat tinh ctia homoserin dehydrogenaza ctia ban
md ta nay, cling c6 thé duoc bao gdbm ma khéng c6 gi6i han. “Diéu kién nghiém ngat”
nghia 13 céc diéu kién ma & d6 cho phép lai hoa dic hidu giita cac polynucleotit. Cac diéu
kién nay dugc mo ta cu thé trong tai liéu (v du, J. Sambrook e al., infra). Diéu kién nghiém
ngit c6 thé bao gdm, vi du, didu kién trong d6, cic gen mic tuong ddng cao, mirc twong
déng 80% hodc cao hon, cu thé 12 90% hodc cao hon, cu thé hon 14 95% hoic cao hon, dic
biét cu thé hon 14 97% hodc cao hon, cu thé hon nita 13 99% hoic cao hon dugc lai hoa véi
nhau va cdc gen c6 muc tuong dong thip hon mirc twong ddng néu trén khong duoc lai véi
nhau, hoic diéu kién rira thong thuong clia qua trinh lai hoa Southern, nghia la, rira mot
14n, cu thé 14, hai hoic ba 1in & ndng d6 mubi va nhiét do twong tmg 60°C, 1xSSC, 0,1%
SDS, cu thé 13, 60°C, 0,1xSSC, 0,1% SDS, va cu thé hon 13 68°C, 0,1xSSC, 0,1% SDS.
Qua trinh lai ho4 doi hoi 1a hai polynucleotit c6 chira trinh tur bd trg, mic du tuy thude vao

murc d6 nghiém ngit ctia su lai hod, sy ghép cap khong phu hop gitta cdc bazo 1a ¢6 thé.
9
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Thuét ngi “bd trg” duoc sit dung dé mo ta mdi quan hé gitta cac bazo nucleotit ma cé thé
lai hod véi nhau. Vi du, d8i v6i ADN, adenosin 12 bd tro cho thymin va xytosin 1& bd tro
cho guanin. Do d6, sédng ché c6 thé bao gém manh nucleotit dugc phén 14p b tro cho toan
bd trinh tu cling nhu trinh tu nucleotit vé co ban tuong tu véi nd. Cu thé 13, polynucleotit
c¢6 mirc tuong ddng c6 thé duoc phat hién bing cach sir dung céc diéu kién lai hod bao gém
budc lai hod & gia tri Tm 12 55°C trong diéu kién néu trén. Hon nita, gid tri Tm c6 thé 13
60°C, 63°C, hoic 65°C, nhung khong chi giéi han & cac nhiét d6 nay, va cé thé dugc kiém
soat thich hgp bdi nguoi ¢6 trinh d§ trung binh trong linh vuc k¥ thuét nay tuy thudc vao
muc dich lai hod. Mirc d6 nghiém ngit thich hop dé lai hod cac polynucleotit tuy thudc vao
dd dai ctia polynucleotit va mtrc do bd tro, va cac bién sb nay la da biét 5 trong linh vuc

nay (Sambrook et al., supra, 9.50-9.51, 11.7-11.8).

Mot khia canh khac nita cua sang ché d& xuét vi sinh v4t bao gdm homoserin
dehydrogenaza dugc cai bién. Cu thé 13, sang ché d& xuét vi sinh vat thudc gidng
Corynebacterium san xuit homoserin hodc L-axit amin thu duoc tir homoserin, bao gém
homoserin dehydrogenaza duoc cai bién. Ngoai ra, sang ché dé xuét vi sinh vat thudc gidng
Corynebacterium san xut L-alanin, bao gdm homoserin dehydrogenaza dugc cai bién.

Tuy nhién, sang ché khong chi giéi han & cac vi sinh vat nay.
Homoserin dehydrogenaza va bién thé 1a nhu dugc moé ta ¢ trén.

Cu thé 13, vi sinh vét bao gdm homoserin dehydrogenaza dugc céi bién cta sang ché
chi vi sinh vat ma vén c6 kha ning san xuit homoserin hoic L-axit amin thu dugc tir
homoserin, hodc vi sinh vat ma kha nang san xuit homoserin hoic L-axit amin thu dugc tir
homoserin duoc mang lai cho ching gbc khong c6 kha ning san xuit homoserin hogc L-
axit amin thu dugc tir homoserin. Cu thé 13, vi sinh vat bao gdm homoserin dehydrogenaza
c6 thé 1a vi sinh v4t bidu hién homoserin dehydrogenaza duoc ci bién, trong d6 trong trinh
tu axit amin cua SEQ ID NO: 1, axit amin & vi tri 285 dugc thay thé béng isoloxin; axit
amin o vi tri 398 dugc thay thé béng glutamin; hodc axit amin & ca hai vi tri dugc thay thé
tuong ting bang isoloxin va glutamin, nhu khong chi gii han & vi sinh vét nay. Vi sirh vét
c6 thd 1a t& bao hodc vi sinh vit ma bao gdm polynucleotit md hod homoserin
dehydrogenaza duoc cai bién hodc ma c6 kha nang biéu hién polypeptit dugc cai bién bang
cach bién nap vao vat truyén bao gdm polynucleotit md hod homoserin dehydrogenaza
duoc cai bién. Cho cac muc dich cia sing ché, t& bao vat chu hoic vi sinh vat ¢6 thé 1a vi
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sinh vat bat ky c6 kha ning san xuat homoserin hodc L-axit amin thu dugc tir homoserin,

ma bao gdm polypeptit dugc cai bién.

Vi sinh vét bao gdm homoserin dehydrogenaza duoc cai bién clia sang ché c6 kha
nang san xuAt homoserin, L-axit amin thu dugc tir homoserin, hodc L-alanin dugc cai thién
so v6i vi sinh vat kiéu hoang ho#c vi sinh vat bao gém protein c6 hoat tinh cua homoserin
dehydrogenaza duoc cai bién. Do d6, homoserin, L-axit amin thu dugc tir homoserin, hodc

L-alanin c¢6 thé thu dugc vdi hiéu suat cao tir vi sinh vat nay.

Trong ban md ta nay, loai vi sinh vét bao gdm homoserin dehydrogenaza dugc cai
bién khong bi gi6i han cu thé &, ma co thé 1a Enterobacter sp., Escherichia sp., Erwinia
sp., Serratia sp., Pseudomonas sp., Providencia sp., Corynebacterium sp., hodc
Brevibacterium sp. Cu thé hon 13, vi sinh vat ¢6 thé 1a vi sinh vat thudc gibng

Corynebacterium.

Trong ban mé ta ndy, “vi sinh vat thudc gidng Corynebacterium’” cu thé c6 thé 1a
Corynebacterium  glutamicum, Corynebacterium ammoniagenes, Brevibacterium
lactofermentum,  Brevibacterium  flavum,  Corynebacterium  thermoaminogenes,
Corynebacterium efficiens, v.v., nhung khong chi gioi han & nhiing vi sinh vét nay. Cu thé
hon 13, trong ban md ta ndy, vi sinh vat thudc giéng Corymebacterium cb thé 1a

Corynebacterium glutamicum.

Trong khi d6, vi sinh vat bao gbm homoserin dehydrogenaza dugc cai bién c6 thé
14 vi sinh vat ma vét truyén bao gdm polynucleotit mi hod bién thé homoserin
dehydrogenaza dugc dua vao, nhung khong chi giéi han & vi sinh vat nay.

A

Nhu dugc stt dung trong ban mb ta nay, thut ngit “vét truyén” chi ciu tric ADN
bao gdm trinh ty nucleotit ctia polynucleotit ma hod protein dich, & d6 trinh tu nucleotit
dich nay duoc lién két theo cach c6 diéu voi trinh te d6i chimg thich hop sao cho né ¢6 thé
duoc biéu hién & vat chi thich hop. Trinh tu d6i chimg bao gém doan khoi dau ¢6 kha ning
khoi ddu qua trinh phién ma, trinh tu didu hanh dé kiém soat phién m4, trinh tw ma hod
mién gén két-ribosom ARNtt thich hop, va trinh tw kiém soét viéc két thiic qué trinh phién
ma va dich ma. Vat truyén, sau khi duoc bién nap véi té bao vat chu thich hop, c6 thé duoc
sao chép hodc hoat ddng bét ké bd gen clia vat chu, hoic co thé duoc tich hop vao ban than

bd gen clia vét chu.
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Vit truyén duoc sir dung theo séng ché khong bi giéi han cu thé, midn 12 c6 thé sao
chép trong t€ bao vat chu, va c6 thé st dung vat truyén bat ky da biét trong linh vuc nay.
Vi du vé vt truyén quy udc c6 thé bao gém plasmit, cosmit, virut, va thé thuc khuan tur
nhién hoic ti t6 hop. Vi du, ¢6 thé st dung pWEI15, Ml3, MBL3, MBL4, IXII, ASHII, APII,
110, t11, CharondA, va Charon21A 1am vt truyén thuc khudn thé hogc vat truyén cosmit;
va c6 thé su dung loai pBR, loai pUC, loai pBluescriptll, loai pGEM, loai pTZ, loai pCL,
va loai pET 1am vét truyén plasmit. Cu thé 13, c6 thé st dung vat truyén pACYC177,
pACYC184, pCL, pECCG117, pUC19, pBR322, pMW118, va pCCI1BAC, nhung khong chi
giéi han & vit truyén niy.

Vit truyén c6 thé st dung theo sang ché khong bi gidi han cu thé, va cé thé st dung
vat truyén bidu hién bat ky d biét. Ngoai ra, polynucleotit ma hoa protein dich trong nhiém
sic thé co thé duoc cai xen théng qua vat truyén dé cai xen nhifm sic thé. Viéc cai xen
polynucleotit vao nhidm sic thé c6 thé duoc thuc hién bing phuong phép bét ky da bibt
trong linh vuc nay (vi du, tai td hop tuong ddng), nhung khong chi gidi han & phuong phép
nay. C6 thé bao gdm bd sung chat danh d4u chon loc dé xac nhan cé cai xen gen thanh
cdng vao nhiém séc thé. Chét danh d4u chon loc 1a dé sang loc cac t& bao ma duoc bién
nap véi vét truyén, néi theo cach khac, 1a dé xac dinh xem lidu phén tir polynucleotit dich
¢6 duoc cai xen hay khong. Chat danh diu ma cung cép kiéu hinh c6 thé chon loc nhu, tinh
khéang thudc, hién tuong dinh dudng thu ddng, tinh khéng céc chit doc t& bao, hodc biéu
hién c4c protein bé mit ¢6 thé duoc sir dung. Trong méi trudng duge xir 1y voi chét chon
loc, chi cc té& bao biéu hién chét danh diu chon loc c6 thé séng s6t, hodc cac t& bao thé
hién kiéu hinh khac, va do d6 céc té bao duoc bién nap thanh cong co thé duoc chon loc

thong qua phuong phép nay.

Nhu duoc st dung trong ban mo ta nay, thuat ngit “bién nap” chi viéc dua vat truyén
bao gdm polynucleotit ma hod protein dich vao té bao vat chii theo cach sao cho protein
ndy dugc mi hod bdi polynucleotit nay duoc biéu hién & té bao vat chiu. Mién la
polynucleotit dugc bién nap cé thé duoc biéu hién & té bao vat chi, n6 c6 thé duoc tich
hop hodc dua vao nhidm sic thé cua té bao vat chii, hogic c6 thé tdn tai ngoai nhiém sic
thé. Hon nita, polynucleotit bao gdm ADN va ARN m3 ho4 protein dich. Polynucleotit c¢6
thé duoc dua vao & dang bét ky, mién 13 c6 thé duoc dua vao t bao vat chu va dugce biéu

hién & d6. Vi dy, polynucleotit c6 thé duoc dua vao t& bao vat chu & dang cat-xet biéu hién,
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ma 13 cAu tric gen bao gdm tAt ca cac yéu td can thiét cho bidu hién ty sinh ctia né. Cat-xet
biéu hién c6 thé bao gdm doan khoi ddu duoc lién két theo cach c6 diéu khién véi
polynucleotit, yéu t& két thic phién ma, vi tri gin két ribosom, hosc yéu t6 két thuc dich
ma. Cat-xet biéu hién cé thé & dang vét truyén biéu hién c6 thé tu sao chép. Ngoai ra,
polynucleotit c6 thé duge dua vao té bao vat cha & dang nhu vy va duoc lién két theo cach
c6 didu khién v6i cac trinh ty cin thiét 3 bidu hién & t& bao vat chil, nhung khong chi gisi
han & nhing trinh tw nay. Phuong phép bién nap bao gdm phuong phép bat ky dua
polynucleotit vao t& bao, va c¢6 thé dugc thuc hién bang cach chon loc mot ky thuat chuén
thich hop da biét trong linh vuc nay, tuy thudc vao té bao vat chi. Vi du vé phuong phap
nay bao gém, duc 16 dién, két tha bing canxi phosphat (Ca(H2PO4),, CaHPO4, hoic
Ca3(POs),), canxi clorua (CaCly), vi tiém, k¥ thudt polyetylenglycol (PEG), k¥ thuat
DEAE-dextran, k¥ thuét cation liposom, k¥ thudt lithi axetat-DMSO, v.v., nhung khéng
chi gidi han & céc k¥ thudt nay.

Ngoai ra, thuat ngit “lién két theo cach co diéu khién” nghia 13 trinh tir polynucleotit
duoc lién két v& mit chic ning véi trinh ty khoi diu ma khéi dau va diéu tiét qua trinh
phién ma cta polynucleotit ma ho4 protein dich ciia sang ché. Lién két theo cach c6 didu
khién c6 thé duoc didu ché bing cach sir dung k§ thuat tai t5 hop gen da biét trong linh vuce
ndy, phan c4t va lién két ADN dic hiéu-vi tri c6 thé duoc thuc hién bang cach st dung

lyaza va ligaza d3 biét, nhung khong chi gi6i han & cac enzym nay.

Vi sinh v4t bao gdm homoserin dehydrogenaza dugc cai bién cé thé 13 vi sinh vt
ma dd duoc bién nap dé bao gdbm homoserin dehydrogenaza dugc cai bién & vi sinh vat
thudc gibng Corynebacterium. Vi du, vi sinh vat thudc gidng Corynebacterium cé thé bao
gbm ching khang v6i 2-amino-3-hydroxy-valerat (AHV); chung san xuét L-threonin bing
céch thay thé loxin, ma 13 axit amin & vi tri 377 cua aspartat kinaza (LysC), bang lysin dé
1am mét su trc ché hdi dudng cua LysC, day la enzym quan trong dAu tién c6 vai trod trong
con dudng sinh tdng hop threonin; chiing san xuat L-isoloxin bang cach thay thé axit amin
& vi tri 323 cta gen ilvA, ma ma hod L-threonin dehydrataza (enzym dau tién c6 vai trd
trong con dudng sinh tbng hop ctlia isoloxin) & chung san xuét L-threonin, bang alanin
(4ppl. Enviro. Microbiol., Dec. 1996, p.4345-4351); chung san xuét O-axetyl homoserin
bang cach 1am bat hoat O-axetylhomoserin (thiol)-lyaze, ma tham gia vao con dudng phan

huy ctia O-axetyl homoserin, va xystathionin gamma-synthaza; hodc chung san xuat
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methionin bang cach lam bat hoat cac yéu td dieu hoa phién ma ctia methionin va xystein,

nhung khdng chi gidi han & nhitng chiing nay.

Mot khia canh khac ctia sang ché dé xuit phuong phap san xuit homoserin hodc L-
axit amin thu duoc tir homoserin, bao gdm: nudi ciy vi sinh vat nay trong méi trudng; va
thu hdi homoserin hodc L-axit amin thu dugc tir homoserin tir vi sinh vat hodc méi trudng
nay.

Nhu md ta & trén, vi sinh vat c6 thé 1a vi sinh vat thudc giéng Corynebacterium, bao
gdbm homoserin dehydrogenaza bién thé ciia ban md ta nay, va cu thé hon 1a
Corynebacterium glutamicum. Ngodi ra, vi sinh vét thudc giéng Corynebacterium hogc
Corynebacterium glutamicum c6 thé 13 vi sinh vat san xuat homoserin hoic L-axit amin
thu duoc tir homoserin. L-axit amin thu dugc tir homoserin khong chi bao gém L-axit amin
thu dugc tir homoserin ma con dan xuét ctia né. Vi du, L-axit amin thu duoc tir homoserin
c6 thé 13 L-threonin, L-isoloxin, O-axetyl homoserin, O-sucxinyl-L-homoserin, O-
phospho-L-homoserin, L-methionin, va/hodc L-glyxin, nhung khong chi giéi han & nhing
axit amin nay. Cu thé hon 13, L-axit amin thu dwgc tir homoserin ¢6 thé 14 L-threonin, L-
isoloxin, O-axetyl homoserin, O-sucxinyl-L-homoserin, va/hodc L-methionin, nhung
khong chi gi6i han & nhimng axit amin ndy. Ngoai ra, vi sinh vat thudc giéng
Corynebacterium hodc Corynebacterium glutamicum c6 thé 13 vi sinh vét san xuét L-

alanin.

Homoserin hodc L-axit amin thu duge tir homoserin ¢ thé 14 méi trudng nudi cdy
chtta homoserin hodc L-axit amin thu duge tir homoserin, ma duoc san xuat béi vi sinh vat
dugc mé ta trong ban mo6 ta nay, dich ndi cua dich nudi cdy nay, san phim duoc ché bién
cua chung, hodc dang dugc tinh ché ctia chiing. S& 1a thudc hiéu biét ctia ngudi ¢6 trinh do
trung binh trong linh vyc k¥ thuit nay 1a homoserin hodc L-axit amin thu dugc tir

homoserin khong chi bao gdm dang trung tinh ctia ching, ma con ca dang mudi ctia chiing.
Phuong phap san xu4t homoserin hoic L-axit amin thu dugc tir homoserin c6 thé d&

dang xac dinh dugc boi nguoi cé trinh dd trung binh trong Iinh vuc k¥ thudt nay trong didu

kién nubi céy duoc tdi wu hod va diéu kién hoat tinh enzym da biét trong linh vuc nay.
Theo phuong phép néu trén, nudi cdy vi sinh vét c6 thé dugc thuc hién theo quy

trinh phan mé, quy trinh lién tuc, quy trinh nuéi cdy nap chit dinh duéng mot Jan phan mé,
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v.v. d3 biét trong linh vuc nay, nhung khong chi gi¢i han & quy trinh nudi ciy nay v.v. Cu
thé 13, dbi vé6i diéu kién nudi céy, d6 pH cua dich nudi cly c6 thé duoc diéu chinh dén do
pH thich hop (vi du, tr pH 5 dén pH 9, cu thé 13 tir pH 6 dén pH 8, va cu thé nhét 13 vé6i
hop chét bazo thich hop (vi du, natri hydroxit, kali hydroxit, hodc amoniac) hodc hop chét
axit (vi du, axit phosphoric hodc axit sulfuric), va diéu kién hiéu khi ctia méi truomg nudi
cdy duoc duy tri bing cach dwa oxy hodc hdn hop khi ¢ chira-oxy vao moi trudong nay.
Nhiét d6 nudi cdy néi chung c6 thé ndm trong khoang tir 20°C dén 45°C, va cu thé 14 tir
25°C dén 40°C trong khoang tir 10 dén 160 gid, nhung khong chi gidi han & cac diéu kién
nudi ciy nay. Threonin, isoloxin, hoic axetyl homoserin dugc san xuét bing céch nudi cdy
néu trén c6 thé dugce bai tiét vao moi truong nudi ciy hoic c6 thé duogc gitt lai trong céac té

bao.

Ngoai ra, vi du v& ngudn cacbon s& st dung trong mdi trudng nudi cay c6 thé bao
gém duong va hydrat cacbon (vi du, glucoza, sucroza, lactoza, fructoza, maltoza, mat
duong, tinh bdt, va xenluloza); diu va chat béo (vi du, ddu d4u nanh, diu hudng duong,
dau lac, va dau dira); axit béo (vi du, axit palmitic, axit stearic, va axit linoleib); alcol (vi
du, glyxerol va etanol); va axit hitu co (vi du, axit axetic), nhung khong chi gidi han & cac
chit nay. Cac ngudn cacbon nay cé thé duoc sir dung don doc hodc két hop, nhung khong
chi gii han & cac ngudn nay. Vi du v& ngudn nito s& sir dung trong méi trudng nudi cay
c6 thé bao gdm céac hop chit hitu co cé chira-nito (vi du, pepton, chiét xuat nim men, nudc
thit, chiét xuit mach nha, ngo dbc rugu, bot dau nanh, va ure) hoic hop chét vo co (vi du,
amoni sulfat, amoni clorua, amoni phosphat, amoni cacbonat, va amoni nitrat), v.v.. Cac
ngudn nito nay c6 thé duoc sir dung don ddc hodc két hop, nhung khong chi gisi han & cac
ngudn nay. Vi du v& ngudn phospho sé& sir dung trong mdi trudng nudi cly co thé bao gdbm
kali dihydro phosphat, di kali hydro phosphat, mudi cé chtta-natri twong tmg, v.v., nhung
khong chi giéi han & cac ngudn nay. Ngoai ra, mudi kim loai (v du, magie sulfat hodc sat
sulfat), axit amin, vitamin, v.v., ma 13 cac chat thuc dAy-sinh truong thiét yéu, cé thé c6
trong moi trudng nay.

Trong ban mé ta nay, phuwong phéap dé thu hdi homoserin hogc L-axit amin thu duge
tir homoserin duoc san xuit trong budc nudi cdy c6 thé thuc hién bing cach thu gom san
phdm dich tir dich nudi ciy bang cach sir dung phuong phap thich hop da biét trong linh
vuc ndy. Vi dy, phuong phép nhu ly tAm, loc, séc ky trao dbi ion, két tinh, HPLC, v.v. c6
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thé duoc st dung, va chit mong mudn ma 14 homoserin hodc L-axit amin thu duoc tir
homoserin, ¢6 thé duoc thu hdi tir dich nudi céy hoéc vi sinh vat duoc nudi céy béng cach
st dung phuong phép thich hop d3 biét trong linh vuc nay. Hon nita, viéc thu hdi c6 thé
bao gdm quy trinh tinh ché bd sung va c6 thé duoc thuc hién bang cach st dung phuong
phap thich hop da biét trong linh vuc nay. Quy trinh bd sung c6 thé duoc dua vao dé gia

tang viéc thu hdi san phdm dich trude/sau bude nudi cay hodc bude thu hoi.

Mot khia canh khac nita ciia sang ché dé xuat ché pham de san xuat homoserin hodc
L-axit amin thu duogc tir homoserin, ma bao gom homoserin dehydrogenaza dugc cai bién

hodc vi sinh vat bao gdom homoserin dehydrogenaza dugc cai bién cua sang cheé.

Ché phém dé san xuét homoserin hodc L-axit amin thu dugc tir homoserin chi ché
pham c6 kha ning san xuit homoserin hoic L-axit amin thu dugc tir homoserin, trong d6
ché phim bao gdm homoserin dehydrogenaza dugc cai bién, trong d6 trong trinh tur axit
amin cta SEQ ID NO: 1, axit amin & vi tri 285 dugc thay thé bang isoloxin, axit amin & vi
tri 398 dugc thay thé bing glutamin, hodc axit amin & ca hai vi tri dugc thay thé twong ting
bing isoloxin va glutamin; polynucleotit ma hoa homoserin dehydrogenaza dugc cai bién;
hodc vi sinh vat bao gdm polynucleotit. Vi du, polynucleotit c6 thé bao gém thanh phan bd
sung c6 kha ning diéu khién polynucleotit khong bi gii han. Vi du, polynucleotit c6 thé &
dang dugc bao gdm trong vat truyén sao cho gen dugc lién két theo cach c6 thé diéu khién

duoc ¢6 thé duoc biéu hién & t€ bao vat chi dugc dua vao nay.

Ngoai ra, ché phim c6 thé con bao gdm ta dugc thich hop bit ky thuong dwoc st
dung trong ché phdm dé san xuat homoserin hogc L-axit amin thu dugc tir homoserin. T4
duoc c6 thé, vi du, chit bao quén, chét 1am 4m, chét phén tan, chét tao hdn dich, chat dém,

chat 8n dinh, cht déng truong, v.v., nhung khong chi gidi han & nhing chét nay.

Mot khia canh khac nita ctia sang ché dé xudt phuong phép lam gia ting kha ning
san xuAt homoserin hodc L-axit amin thu duoc tir homoserin in vi sinh vat, ma bao gbm
thay thé axit amin & vi trf 285 béng isoloxin; axit amin & vi tri 398 béng glutamin; hodc
axit amin & ¢4 hai vi trf tuong tng bang isoloxin va glutamin, trong trinh tu axit amin cta

SEQ ID NO: 1 ¢6 hoat tinh ctia homoserin dehydrogenaza.

Thuét ngft “homoserin dehydrogenaza”, va “homoserin hodc L-axit amin thu dugc

tir homoserin” 1a nhu dugc mo ta & trén.
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Mot khia canh khac nfta cua sang ché d€ xuat viéc st dung homoserin
dehydrogenaza dugc cai bién dé san xuat homoserin hodc L-axit amin thu dugc tu

homoserin.

Mot khia canh khac nita ctia sang ché dé xuat viéc st dung polynucleotit ma hoa
homoserin dehydrogenaza dugc cai bién dé san xuat homoserin hodc L-axit amin thu dugc
tr homoserin.

Mot khia canh khac nita ctia sing ché de xuat viéc st dung vi sinh vat thudc giong
Corynebacterium, ma bao gom homoserin dehydrogenaza dugc cai bi€n, d¢ san xuat

homoserin hoac L-axit amin thu dugc tir homoserin.

de xuat viéc st dung ché pham dé san xuat

(4)e]
(¢
=
>

Mot khia canh khéc nita cua san
homoserin hodc L-axit amin thu duoc tir homoserin, dé€ san xuit homoserin hoac L-axit

amin thu dugc tir homoserin.
Vi du thire hién sang ché

Dudi day sang ché s& duoc mé ta chi tiét kém theo cac phuong 4n minh hoa. Tuy
nhién, cac phuong 4n minh hoa dé cap trong ban mé ta nay chi nhdm muc dich minh hoa

va khong dugc hiéu 1a giodi han pham vi ctia sang che.

Vi du 1: Sang loc vi sinh vat khiang-AHV thoéng qua cai bién nhén tao

Trong vi du nay, tién hanh thi nghiém mang lai tinh khéng 2-amino-3-hydroxy-
valerat (trong ban mo ta nay dugc goi la “AHV”), 1a mét chét tuong tu L-threonin, b?mg
cach st dung Corynebacterium glutamicum KFCC10881 (Patent Han Qudc sb 0159812)
lam ching gbc, d& huy bd su Gc ché hdi dudng béi L-threonin ctia homoserin

dehydrogenaza (trong ban mé ta nay dugc goi la “Hom”, EC:1.1.1.3).

Gay cam {mg cai bién bing phuwong phap cai bién nhan tao stt dung N-metyl-N'-
nitro-N-nitrosoguanidin (trong ban md ta nay dugc goi la “NTG”). Chung KFCC10881,
duoc nudi cly trong méi truong gibng trong 18 gid, dwge ching nhiém vao 4 mL méi
truong gidng, va tiép d6 nudi cly cho dén khi ODgeo dat khoang 1,0. Ly thim mdi truong
nudi cly dé thu hdi té bao, va tiép d6 cac té bao dugc rira hai 1an bang 50 mM dém Tris-
malat (pH 6,5) va tao hdn dich trong 4 mL cudi cling ctia dém nay. Thém dung dich NTG
(2 mg/mL trong 0,05 M dém Tris-malat (pH 6,5)) vao hdn dich t€ bao ¢ ¢6 ndng dd cubi

ciing 12 150 mg/L, va tiép d6 d& yén & nhiét d6 phong trong 20 phut. Sau d6, thu hdi t€ bao
17
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bing c4ch ly tAm, va rira hai 14n bing cing dém nay d& loai b6 NTG. Tao hdn dich t& bao
rira xong trong 4 mL dung dich 20% glyxerol va tiép d6 bao quan & -70°C cho dén khi sir
dung. Dan céy chiing dugc xir Iy-NTG 1én méi trudng t6i thidu c6 chira 3 g/l AHV, va sau
d6 thu duge 155 chung KFCC10881 khéang-AHV bang quy trinh trén.
MBbi trudng gidng (pH 7,0)
glucoza 20 g, pepton 10 g, chiét xudt nAm men 5 g, ure 1,5 g, KH2PO4 4 g, KoHPO4

8 g, MgS04 7H20 0,5 g, biotin 100 pg, thiamin HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 2000 pg (tinh cho 1 L nudc cét)

MBoi trudmg t6i thidu (pH 7,2)

Glucoza 5 g, KH2POs 1 g, (NH4)2SO4 5 g, MgSO4 7TH20 0,4 g, NaCl 0,5 g, biotin
200 pg, thiamin HCI 100 pg, canxi pantothenat 100 pg, nicotinamit 0,03 g, ure 2 g,
Na»B407 10H,0 0,09 mg, (NH4)sMo7027 4H20 0,04 mg, ZnSO4 7H20 0,01 mg, CuSO4
5H20, MnCl; 4H;0 0,01 mg, FeCl3.6H20 1 mg, CaCl» 0,01 mg (tinh cho 1 L nude cit)

Vi du 2: thit nghiém san xudt L-threonin di véi chiing KFCC10881 khang-AHV

Tién hanh thir nghiém kha ning san xuat-L-threonin trén 155 ching khang-AHV
thu duoc trong Vidu 1. 155 ching thu dugc trong Vi du 1 dugc chiing nhiém vao binh nén
nudi cdy (250 mL) ¢ chira mdi trudng gidng (25 mL), va tiép d6 nudi cly kém theo lic &
30°C & 200 vong/phit trong 20 gid. Ching nhiém mai trudng nudi ciy gidng (1 mL) vao
binh nén nudi cdy (250 mL) ¢6 chita moi trudng san xuét L-threonin dudi day (24 mL), va
tiép d6 nudi cdy kém theo lic & 30°C & 200 vong/phtt trong 48 gid.

MBbi trudng san xuét L-threonin (pH 7,2)

Glucoza 30 g, KH,PO42 g, ure 3 g, (NH4)2S04 40 g, pepton 2,5 g, CSL (Sigma) 5 g
(10 mL), MgSO4 7H20 0,5 g, loxin 400 mg, CaCOs3 20 g (tinh cho 1 L nu6c cét)

Sau khi nuéi céy, do xac dinh lugng axit amin da san xuét bang cach str dung HPLC.
Nong d6 ctia méi trudng nudi cdy c6 chira axit amin cho 22 chung, ma da chimng t6 c¢6 kha
nang san xuét -L-threonin rét t&t trong s6 155 ching da tht nghiém, dugc thé hién trong
Bang 1. Chung tng clr cho 22 chung dugce xac nhan thong qua trinh trén duoc ky hiéu tir
KFCC10881-1 dén KFCC10881-22.

Béang 1
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Thir nghiém vé kha ning san xuét L-threonin ctia ching khang-AHV

OD Thr |Hse |Gly |Ala Ile Lys  |Thr+Hse
+Gly+Ile

KFCC10881 |[58,5 10,0 0,1 0,3 0,1 0,0 13,3 0,4
KFCC10881-1|60,1 (2,0 1,5 2,8 1,6 2,7 5,7 7,7
KFCC10881-2|57,1 3,0 2,2 0,8 3,1 1,3 12,5 |73
KFCC10881-3 (47,3 |2,8 2,3 0,8 3.4 1,4 10,5 |7,3
KFCC10881-4 (51,7 3,2 2,1 0,8 3,2 1,3 134 |74
KFCC10881-5(58,4 (3,1 2,2 0,8 3,3 1,3 12,4 |74
KFCC10881-6(52,6 (3,4 2,5 0,7 3,4 1,0 12,8 17,6
KFCC10881-7(14,2 {0,4 0,2 0,3 0,2 0,6 11,1 (1,5
KFCC10881-8|55,8 |3,0 2,0 0,8 3,3 1,3 13,0 (7,1
KFCC10881-9(44,3 |3,2 2,8 0,6 3,1 0,9 12,6 |7,5
KFCC10881- (47,5 |3,7 3,0 0,7 3,4 0,8 12,6 |82
10

KFCC10881- |57,0 |2,7 1,8 0,7 3,4 1,2 11,6 (6,4
11

KFCC10881- |51,8 |3,3 3,5 0,6 3,2 0,9 12,4 (8,3
12

KFCC10881- (49,8 3,0 2,3 0,7 3,4 1,3 12,8 |73
13

KFCC10881- [62,7 |24 2,1 2,5 3,2 3,0 3,3 10,0
14

KFCC10881- |62,4 |29 2,7 0,7 3,2 1,1 12,3 |74
15

KFCC10881- |59,6 |2,8 2,5 0,8 3,3 1,3 11,4 |74
16

KFCC10881- |24,1 |0,1 0,2 0,2 1,6 0,2 10,4 (0,7
17

19
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KFCC10881- 60,5 2,6 2,5 0,7 3,2 1,0 12,3 16,8
18

KFCC10881- |60,0 3,0 1,9 2,8 2,7 3,0 5.4 9,3
19

KFCC10881- (65,8 (2,7 2,0 0,8 3,4 1.4 13,0 16,9
20

KFCC10881- (17,3 0,3 0,3 0,3 0,2 0,6 11,1 |15
21

KFCC10881- 60,1 3,5 1,9 2,0 2,5 2,8 2,7 10,2
22

Nhu thé hién trong Bang 1, luong L-threonin, L-homoserin, L-glyxin, L-alanin, va
L-isoloxin, ma dugc san xuat boi 22 chiing ¢6 tinh khang véi AHV, gia ting so v&i nhom

d6i chimg, trong khi d6 lugng L-lysin giam di.

Con dudng sinh téng hop L-threonin va L-lysin dwoc phén tach tir diém bét dau tir
aspartat-semialdehyt (trong ban mé ta nay duogc goi 1a “ASA”). Nghia 13, luong L-lysin
dugc san xudt giam di khi luong L-threonin dugc san xuit ting lén. Do d6, luong
homoserin (Hse), L-glyxin (Gly), va L-isoloxin (Ile), ma c6 thé 1a san phim phu trong con
duodng sinh téng hop L-threonin, ¢6 thé gia ting khi luong L-threonin dugc san xuét gia
ting, va do d6 luong tdng cong cia cac axit amin ndy duge san xuét (Thr + Hse + Gly +
Ile) cling dugc x4c nhén.

Do d6, trong sb6 cac chung khang-AHV néu trén, 4 ching (KFCC10881-1,
KFCC10881-14, KFCC10881-19, va KFCC10881-22), ma di c6 lugng L-lysin san xudt
giam di, lwong L-threonin san xuét gia ting, va luong tong cong cua Thr+Hse+Gly+le sén
xudt gia tang, duoc lua chon 1a cac ching khang-AHV t6t nhAt.

Vi du 3: Phén tich trinh tw nucleotit ctia chiing c6 kha ning san xuat threonin rét t6t

thu duoc tt KFCC10881

Pé phan tich trinh tw nucleotit clia cac enzym sinh tbng hop L-threonin cta cac
chung duge chon loc trong Vi du 1 néu trén, tién hanh thir nghiém duéi day. Dya vao thong
tin gen theo Kyoto Encyclopedia of Genes and Genomes (KEGG), thu duoc lan luot trinh

tu nucleotit ctia som (SEQ ID NO: 1, NCgl1136), ma ma hod homoserin dehydrogenaza
20
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cua Corynebacterium glutamicum ATCC13032, va trinh ty nucleotit cua B (SEQ ID
NO: 2, Gene No. NCgl1137), ma ma hoa homoserin kinase. hom va thrB di biét gdm c6
cAu trtic operon (Peoples et al., Mol. Biol. 2(1):63-72, 1988).

Pé thu duoc manh ADN c¢6 chita hom-thrB operon cua chung da lua chon, tién hanh
PCR bing cach sir dung ADN bd gen ciia ching 1am khudn mau va t5 hop cac doan mdi
c6 trinh ty ctia SEQ ID NO: 3 va SEQ ID NO: 4. Str dung ADN polymeraza d¢ trung thuc
cao PfuUltra™ (Stratagene) lam polymeraza cho phan tmg PCR. DPiéu kién PCR nhu sau:
1am bién tinh & 96°C trong 30 gidy; u & 52°C trong 30 gidy; va polyme hoa & 72°C trong
3 phut, va lap lai tong cong 30 chu trinh. Do d6, c6 thé khuéch dai manh gen (2778 cip
bazo; SEQ ID NO: 5), ma bao gém trinh tu nucleotit (300 cap bazo) cé chira vi tri doan
khoi dau phia truée codon khoi dau ciia SEQ ID NO: 1 dé bao gém 200 cip bazo phia sau
codon két thic ciia SEQ ID NO: 2.

Xac dinh trinh tw nucleotit bang cach sir dung doan mdi duge diéu ché ¢ trén bing
ABI PRISM 3730XL Analyzer (loai mao quan 96; Applied Biosystems). Trong trinh tu
nucleotit twong tmg voi hom trong s& hom-thrB operon & KFCC10881-1, xytosin, day la
nucleotit & vi tri 854 cua SEQ ID NO: 1, dugc d6t bién thanh thiamin, va do d6 codon ACT
mé hod gbc threonin dwoc dot bién thanh codon ATT ma ho4 gbc isoloxin (trong ban md
ta ndy duoc goi 13 “cai bién T285I”; SEQ ID NO: 6). Ngoai ra, trong trinh tu nucleotit
tuong tng vGi hom-thrB operon & KFCC10881-14, guanin, day 1a nucleotit ¢ vi tri 1193
of SEQ ID NO: 1, dugc d6t bién thanh adenin, va do d6 codon CGA ma hod gbc arginin
dugc dot bién thanh codon CAA mi hoé gbc glutamin (trong ban mo ta nay duoc goi la
“cai bién R398Q”; SEQ ID NO: 7). Ngoai ra, trong trinh tu nucleotit tuong ing v&i hom-
thrB operon & KFCC10881-19, guanin, dy la nucleotit & vi tri 1132 ctia SEQ ID NO: 1,
duoc dot bién thanh xytosin, va do d6 codon GGG mi hoa géc glyxin dugc dot bién thanh
codon TGG ma hoa gbc tryptophan (trong ban mé ta nay duogc goi 1a “ci bién G378W”;
SEQ ID NO: 8). Ngoai ra, trong trinh tu nucleotit twong Uung v6i hom-thrB operon &
KFCC10881-22, guanin, diy 1a nucleotit & vi tri 1132 ctia SEQ ID NO: 1, dugc dot bién
thanh adenin, va guanin, day la nucleotit ¢ vi tri 1134, dugc dot bién thanh xytosin, va do
d6 codon GGG ma hoa gbc glyxin dugc dot bién thanh codon AGC ma hoa gbe serin (trong
ban mo ta ndy dugc goi la “cai bién G378S”; SEQ ID NO: 9). Pdng thoi, khong phat hién
¢6 cai bién nao & thrB, twong tng véi SEQ ID NO: 2.
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Theo phan tich trinh ti nucleotit néu trén, cé thé tir 46 x4c nhan 13 sy e ché hoi
dudng boi L-threonin dugc khtr man cam nhu trong Hom (SEQ ID NO: 10) duge biéu hién
& KFCC10881-1, threonin, dy 14 gbc axit amin & vi tri 285, dugc dot bién thanh isoloxin
(cai bién T285T1); trong Hom (SEQ ID NO: 11) duoc bidu hién & KFCC10881-14, arginin,
day 1a gbc axit amin & vi tri 398, dugc dot bién thanh glutamin (cai bién R398Q); trong
Hom (SEQ ID NO: 12) dugc biéu hién & KFCC10881-19, glyxin, ddy 13 gbc axit amin &
vi tri 378, duoc dot bién thanh tryptophan (cai bién G378W); va trong Hom (SEQ ID
NO: 13) duoc biéu hién & KFCC10881-22, glyxin, day la géc axit amin & vi tri 378, duoc
d6t bién thanh serin (cai bién G378S).

Vidu 4: Diéu ché ching méi ma homoserin dehydrogenaza duoc dua vao

C6 doan mdi cua SEQ ID NO: 14 va SEQ ID NO: 15 dugc didu ché ¢ diéu ché
ching trong d6 céc bién thé (T2851, R398Q, G378W, va G378S) duoc xic dinh trong Vi

du 2 duogc dua vao ching kiéu hoang.

Pé didu ché ching ma 14n lugt cai bién & hom T285L, R398Q, G378W, va G378S
duoc dua vao, tién hanh PCR béng cach st dung ADN ctia by gen dugc chiét xut 1an luot
tir chung KFCC10811-1, KFCC10811-14, KFCC10811-19, va KFCC10811-22 1am khudn
mau va st dung doan mdi ctia SEQ ID NO: 14 va SEQ ID NO: 15. St dung ADN
polymeraza d6 trung thuc-cao PfuUltra™ (Stratagene) lam polymeraza cho phan tmg PCR.
Piéu kién PCR nhu sau: 1am bién tinh & 95°C trong 30 gidy; 0 & 55°C trong 30 gidy; va
polyme hoé & 72°C trong 2 phut, va ldp lai tng cong 28 chu trinh. Tt d6, thu dugc manh
gen (1668 cap bazo) bao gdm vi tri doan khéi dau (khoang 300 cip bazo) cua gen hom
(1338 cip bazo). Tinh ché san phim da khuéch dai bing cach sir dung bo kit tinh ché PCR
(QUIAGEN), va tiép d6 sir dung 1am manh ADN cai xen d diéu ché vat truyén. Dong
thoi, sau khi xr Iy bdng enzym giéi han smal, ty 1& ndng d6 mol (M) cua vét truyén pDZ
duoce xr Iy gia nhiét & 65°C trong 20 phut so v6i manh ADN cai xen dugc khuéch dai boi
PCR néu trén duoc dit & 1:2, va tiép d6 tach dong bang cach st dung Infusion Cloning Kit
(TaKaRa) theo huéng dan sir dung. Sau do, diu ché cac vat truyén, nghia la, pDZ-T2851,
pDZ-R398Q, pDZ-G378W, va pDZ-G378S, dé dua cac cai bién T2851, R398Q, G378W,
va G378S vao nhiém sdc the.

Corynebacterium glutamicum ATCC13032 dugc bién nap vé6i 1an luot vat truyén
trong sb cac vat truyén da diéu ché bing cach duc 16 dién. Sau khi lai chéo cép hai, thu
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duogc cac ching duge thay thé véi 1an luot nucleotit trong s6 cac nucleotit da cai bién trén
nhiém sic thé. Bing cach sir dung t6 hop cc doan mdi liét ké bén dudi va sir dung k§ thuat
PCR MASA (khuéch dai dic hiéu alen dot bién - Mutant Allele Specific Amplification)
(Takeda et al., Hum. Mutation, 2, 112-117 (1993)), trudc tién xac dinh su phu hop cta thay
thé bing cach chon loc ching d4 khuéch dai trong tb hop cac doan mdi twong tmg v&i trinh
tu 14n luot trong sb cac trinh ty dd cai bién (CTR-T285I: SEQ ID NO: 16 va SEQ ID
NO: 17; CTR-R398Q: SEQ ID NO: 16 va SEQ ID NO: 18; CTR- G378W: SEQID NO: 16
va SEQ ID NO: 19; va CTR-G378S: SEQ ID NO: 16 va SEQ ID NO: 20). Ngoai ra, phan
tich trinh tu hom cua cc ching da chon dé xdc nhan tiép tinh phi hop cta thay thé biang
céch st dung SEQ ID NO: 16 va SEQ ID NO: 21 va bang cach phan tich trinh tu dugc cai
bién theo cach twong ty nhu trong Vi du 2. Chiing dugc thay thé véi 14n luot nucleotit duoc

cai bién tuong tmg dugc goi Ia CTR-T2851, CTR-R398Q, CTR-G378W, va CTR-G378S.

Vidu 5: Do xac dinh hoat tinh cua homoserin dehydrogenaza

Po x4c dinh hoat tinh cta enzym Hom & cc ching d diéu ché. Ching kiéu hoang
ATCC13032 trong nhém d6i chiing va CTR-T285I, CTR-R398Q, CTR-G378W, va CTR-
G378S duge didu ché trong Vi dy 4 duge ching nhidm vao 25 mL mbi trudng gidng, va
tiép d6 nudi cdy cho dén khi dat dén pha log mudn. Thu héi cac té bao bang cach ly tam,
rira hai 14n bang dém 0,1 M kali phosphat (pH 7,6), va cudi cling tao hdn dich trong 2 mL
dém nay c6 chira glyxerol & néng d6 30%. Phéa v& hdn dich té bao bang cach vat 1y bang
hat thuy tinh thong thuong phuong phap tao xody trong 10 phut, va tiép d6 thu hdi dich ndi
qua hai 1an ly tam (13.000 vong/phut, 4°C, 30 phut) va st dung lam dich chiét the dé do
xac dinh hoat tinh cia enzym Hom. Pé do xé4c dinh hoat tinh cia Hom, thém dung dich
coenzym (0,1 mL) vao dung dich phan tng dé do x4c dinh hoat tinh enzym (dém kali
phosphat (pH 7,0), 25 mM NADPH, 5 mM aspartat semi-aldehyt), va sau d6 ¢ phan tmg
& 30°C. Hoat tinh ctia Hom U duoc x4c dinh 13 s6 pmol NADPH da tiéu thu/phut theo
ndng do ctia L-threonin (0 mM, 10 mM), va két qua hoat tinh enzym dugc trinh bay trong
Béang 2 dudi day.

Bang 2

Do x4c dinh hoat tinh Hom (U) va sy khtr min cam bang L-threonin

Hoat tinh enzym (U) theo lugng L-threonin d3 thém
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Ching vao (mM)

0 mM 10 mM
ATCC13032 0,92 0,02
CTR-T2851 1,11 0,82
CTR-R398Q 1,31 1,12
CTR-G378W 1,39 1,21
CTR-G378S 1,38 1,22

r
S 04

T thi nghiém nay, d3 xac nhén la trong Hom c6 chira 1an luot cai bién trong so cac
W, va G378S, c6 giam tc ch h k

" P
noat tin

a»

cai bién T2851, R398Q, G378
chita 10 mM L-threonin, khac voi Hom kiéu hoang, va do d6 c6 xay ra su khit man cam

v4i L-threonin.

Vi du 6: Didu ché va d4nh gia ching vi sinh vat gidng Corynebacterium cé tinh

ning san suit L-threonin

Phét tridn cac ching san xuit L-threonin tir Corynebacterium glutamicum kiéu
hoang ATCC13032. Cu thé 13, d phén giai e ché hdi dudng ctia aspartate kinaza (LysC),
day 1a enzym quan trong hoat dong trude tién trong con dudng sinh téng hop threonin,

loxin, day 12 axit amin & vi tri 377 ctia LysC, dugc thay thé bang lysin (SEQ ID NO: 22).

Cu thé hon 13, d diéu ché cac ching, trong d6 cai bién LysC (L377K) dugc dua
vao, thuc hién PCR béng cach st dung nhiém séc thé cia ATCC13032 lam khudn mau va
str dung cac doan mdi ciia SEQ ID NO: 23 va SEQ ID NO: 24 hoic SEQ ID NO: 25 va
SEQ ID NO: 26. St dung ADN polymeraza d6 trung thuc cao PfuUltra™ (Stratagene) lam
polymeraza cho phan ung PCR. Diéu kién PCR nhu sau: 1am bién tinh & 95°C trong 30
gidy; 1 & 55°C trong 30 gidy; va polyme hod ¢ 72°C trong 1 phut, va ldp lai tong cong 28
chu trinh. Tt d6, manh ADN (515 cdp bazo) & ving ngugc chiéu 5° va manh AND (538
cdp bazo) & vung xudi chiéu 3’ 1an luot thu duge véi vi tri cai bién ctia gen IysC 1am trung
tam. Thyc hién PCR vé6i hai manh ADN d4 khuéch dai 1am khuén mau bang céch st dung
cac doan mdi ctia SEQ ID NO: 23 va SEQ ID NO: 26. Sau khi lam bién tinh & 95°C trong
5 phut, thyc hién PCR téng cdng 28 chu trinh trong didu kién sau: lam bién tinh & 95°C
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trong 30 gidy; u & 55°C trong 30 gidy; va polyme hod & 72°C trong 2 phut. Sau do, thuc
hién phan ing polyme hoa & 72°C trong 5 phut. Tir d6, manh ADN (1023 cép bazo) bao
gbm cai bién ciia gen LysC, ma mé hoé bién thé aspartokinaza trong d6 loxin & vi tri 377
duogc thay thé b'ﬁmg lysin, dugc khuéch dai. Tinh ché san phém da khuéch dai béng cach st
dung b kit tinh ché PCR (QUIAGEN) va sir dung 1am manh ADN cai xen dé diéu ché vat
truyén. Ddng thoi, sau khi xir Iy bing enzym gidi han Smal, ty 18 ndng d6 mol ctia (M) vat
truyén pDZ duoc xir 1y gia nhiét & 65°C trong 20 phiit so v&i manh ADN cai xen dugc
khuéch dai béng PCR & trén duogce dat la 1:2, va tiép dé tach dong béng cach str dung bo kit
tach dong dung hop (Infusion Cloning Kit) (TaKaRa) theo huéng dan sir dung ctia bd kit.
Sau d6, didu ché vat truyén pDZ-L377K d& dua cai bién L377K vao nhiém séc thé.

ATCC13032 duoc bién nap véi vat truyén di diéu ché bang cach duc 16 dién. Sau
khi lai chéo cAp hai, thu dugc chung trong d6 Ian luot cai bién nucleotit trong s cac cai

bién nucleotit dugc thay thé bang nucleotit dwoc cai bién, va ching niy dwoc goi la CIP1.

Dé x4c nhan mot cach rd rang su thay d6i kha ning san xuat L-threonin ctia ching
nay, 1an luot cai bién trong s6 céc cai bién dugc nhan dién trong Vi du 4 duoc dwa vio gen
ma hoa homoserin dehydrogenaza. Cuy thé 13, d& dua 14n Iwot cai bién trong sb cac cai bién
T2851, R398Q, G378W, va G378S vao ching CTR-L377K, CJP1 dugc bién nap voi lan
luot vat truyén trong sd cac vét truyén pDZ-T2851, pDZ-R398Q, pDZ-G378W, va pDZ-
G378S da diéu ché trong Vi du 4 bang cach duc 15 dién, va sau d6 thu duoc céc ching
trong d6 1an luot cai bién nucleotit dugc thay thé bang nucleotit dugc cai bién trén nhiém
séc thé bang cach lai chéo cép hai theo cach twong tuy nhu trong Vi du 4. Chung dugc thay
thé béng 14n luot nucleotit dugc cai bién trong s6 cac nucleotit dugc cai bién nay duge goi

la CJP1-T285I, CJP1-R398Q, CJP1-G378W, va CJP1-G378S.

Céc chung CJP1-T2851 va CJP1-R398Q dugc ndp luu tai Korean Culture Center of
Microorganism (KCCM), ddy 1a Co quan c6 thdm quyén hru giit qudc t theo Hiép udce

Budapest, ngay 26/9/2017, tuong tmg véi s truy cap 1a KCCM12119P va KCCM12120P.
Béang 3

X4c nhin kha ning san xuat-L-threonin cua 4 ching da diéu ché

Chung Axit amin (g/L)
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Thr Lys
CJP1 0,40 3,60
CJP1-T2851 1,10 3,00
CJP1-R398Q 1,21 2,75
CJP1-G378W 1,30 2,68
CJP1-G378S 1,25 2,78

Tir d6, & cac ching ma d6 1an luogt cai bién duge dua vao, luong L-lysin da san Xudt
giam di & mirc tir 0,7 g/L dén 0,9 g/L, so véi ching CIP1.

Ddng thoi, d& thu dwoc chung ddng thdi bao gdm céc cai bién T2851 va R398Q,
ching CJP1-T2851 dugc bién nap véi vat truyén pDZ-R398Q, va tiép d6 thu dugc ching
(CIP1-T2851, R398Q) theo c4ch twong tir nhw néu trén. Ngoai ra, dé thu duge ching dong
thoi bao gdm céc cai bién G378W va R398Q, ching CIP1-G378W dugc bién nap véi vat
truyén pDZ-R398Q, va tiép d6 thu duoc ching (CIP1-G378W, R398Q) theo cich tuong
tu nhu néu trén. Ngoai ra, dé thu dwoc ching ddng thoi bao gdm cac cai bién T285I va
G378W, ching CJP1-T2851 dugc bién nap véi vat truyén pDZ-G378W, va tiép d6 thu
duoc chung (CJP1-T285I, G378 W) theo cach twong tu nhu néu trén. Thyuc hién thtr nghém
v& kha ning san xut L-threonin theo phuong phap dugc mé ta trong Vi du 2, va két qua

duoc thé hién trong Bang 4 dudi day.
Bang 4

Xac nhan kha nang san xuat-L-threonin clia 3 ching da dieu ché

Ching Axit amin (g/L)

Thr Lys
CJP1 0,41 3,55
CJP1-G378W 1,30 2,68
CJP1-T2851,R398Q 1,41 2,65
CJP1-G378W,R398Q 2,12 1,92
CJP1-T2851,G378W 1,92 2,15

26



52912 27175

T d6, kha ning san xuét-threonin duoc x4c nhin 13 cao hon khi hai kiéu cai bién
clia sang ché duoc dua vao, so véi chung CJP1-G378W thé hién kha ning san xuht-threonin
cao nhat trong cic Vi dy. O cac ching trong d6 hai cai bién duoc dua vao, lugng threonin
san xuét tang & muc tir 1,1 g/L dén 1,7 g/L so véi chung CJP1, day 1a nhém dbi chimg, va

do do, khéng dinh 13 tac dung khir min cdm Hom d3 duoc cai thién dang Kké.

Vi du 7: Diu ché va d4nh gi4 ching vi sinh vat gibng Corynebacterium san xubt L-

isoloxin

Dé san xuft ching san xudt isoloxin, diéu ché vat truyén dé ting cudng biéu hién
clia gen ilv4 duge cai bién (V323A) (dppl. Enviro. Microbiol., Dec. 1996, p.4345-4351),
ma m4 hoa L-threonin dehydrataza da biét (enzym dau tién trong con dudng sinh tdng hop

isoloxin) & chung dugc diéu ché trong Vi du 6.

Cu thé 13, dé diéu ché vat truyén dé dua cai bién vao, ma nhim dich gen ilvd, cip
doan mdi (SEQ ID NO: 27 va SEQ ID NO: 28) dé khuéch dai viing ngugc chidu 5' va cip
doan mdi (SEQ ID NO: 29 va SEQ ID NO: 30) dé khuéch dai ving xudi chidu 3’ duogc
thiét ké voi vi tri cai bién lam trung tdm. Cai xen céac vi tri enzym gidi han BamHI (dugc
gach chan) & mbi ddu tin ciing ctia cac doan mdi ctia SEQ ID NO: 27 va SEQ ID NO: 30,
va cac doan mdi ctia SEQ ID NO: 28 va SEQ ID NO: 29 duoc thiét ké sao cho cai bién

dugc thay thé-nucleotit (dugc gach chan) 1a & vi tri & ving ma & d6 s& gay cam tmg lai

chéo.
Bang 5
SEQ ID NO: |Trinh tu nucleotit
27 ACGGATCCCAGACTCCAAAGCAAAAGCG
28 ACACCACGgCAGAACCAGGTGCAAAGGACA
29 CTGGTTCTGcCGTGGTGTGCATCATCTCTG
30 ACGGATCCAACCAAACTTGCTCACACTC

Thuec hién PCR v6i nhi®m sic thé cta kiéu hoang 1am khudén méu béang cach st dung
cac doan mdi cia SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, va SEQ ID NO: 30.

Sau khi 1am bién tinh ¢ 95°C trong 5 phut, thuc hién PCR téng cong 30 chu trinh trong
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diéu kién sau: 1am bién tinh & 95°C trong 30 gidy; u & 55°C trong 30 gidy; va polyme hoé
& 72°C trong 30 gidy. Sau d6, thyc hién phan tmg polyme hoéd & 72°C trong 7 phut. T 4o,
thu dwoc manh ADN (627 cip bazo) & ving nguoc chidu 5’ va manh ADN (608 cip bazo)
& ving xudi chidu 3’ v6i vi tri cai bién cia gen ilv4 1am trung tam.

Thuc hién PCR v6i hai manh ADN d4 khuéch dai 1am khu6n miu béng cach su
dung cac doan mdi cua SEQ ID NO: 27 va SEQ ID NO: 30. Sau khi lam bién tinh & 95°C
trong 5 phut, thuc hién PCR téng cong 30 chu trinh trong diéu kién sau: 1am bién tinh &
95°C trong 30 gidy; u & 55°C trong 30 gidy, va polyme hod & 72°C trong 60 gidy. Sau do,
thuc hién phan tng polyme hod ¢ 72°C trong 7 phut. Tir d6, manh ADN (1217 cép bazo)
duoc khuéch dai, bao gdm cai bién gen ilv4 ma hoé bién thé IlvA trong d6 valin & vi tri
323 duoc thay thé bing alanin. Vat truyén pECCG117 (Patent Han Qudc s6 10-0057684)
va manh ADN (1011 céip bazo) dugc xtr 1y v6i enzym giéi han BamHI, dwoc nbi bang cach
str dung ADN ligaza, va tiép d6 tach dong dé thu dugc plasmit. Plasmit thu duge nhu vay
duoc goi la pECCG117-ilvA(V323A).

Vat truyén pECCG117-ilvA(V323A) duoc dua vao 1an lugt ching trong sb cac
chimg CJP1-T2851,R398Q, CIP1-G378W,R398Q, va CJP1-T2851,G378W dugc diéu ché
trong Vi du 6 bang cach duc 16 dién va céy vao mdi truong chon loc ¢é chira kanamyxin
(25 mg/L) dé thu duoc ching dugc bién nap. Nudi cdy ching dugc bién nap nhu vay bing
phuong phép nudi cdy binh nén nhu ctia Vi du 2, va phan tich ndng d6 ctia L-isoloxin trong
mdi trudng nudi cdy. Két qua duge thé hién trong Bang 6.

Bang 6

Pénh gia cac ching d4 diéu ché

Ching L-isoloxin (g/L)
CJP1/pECCG117-ilvA(V323A) 0,7
CIP1-G378W/pECCG117-ilvA(V323A) 0,9

CJP1-T285I,R398Q/pECCG117-ilvA(V323A) |1,1

CIP1-G378W,R398Q/pECCG117-ilvA(V323A) |1,2

CJP1-T2851,G378W/pECCG117-ilvA(V323A) |1,0
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Tir d6, khéng dinh duoc 13 & ching bao gdm cai bién ~om(G378W), ndng do6 ctia L-
isoloxin dwogc cai thién & muc 0,2 g/L so véi chung dbi chimg. Ngoai ra, & ching bao gdm
ci bién hom, trong d6 hai cai bién duoc dua vao dong thdi, kha ning san xuat L-isoloxin
duogc cai thién hon nita & mirc tir 0,3 g/L dén 0,5 g/L so véi ching ddi chimg. Hon nita,
trong s6 céc ching dd didu ché, 1,1 g/ L-isoloxin dugc san xut & ching CJP1-

T285L,R398Q/pECCG117-ilvA(V323A) bao gdm cé hai cai bién T285I va R398Q.

Vi du 8: Piéu ché va d4nh gi4 ching sin xult-O-axetyl-homoserin (OAH) duoc

thay thé véi Hom duoc cai bién

8-1. Diu ché ching ATCC13032 duoc thay thé bang Hom dwoc cai bién

Hai kiéu cai bién (T285I va R398Q) duoc dua vao ching ATCC13032 theo cich
tuong tu nhu trong Vi du 7, va d3 didu ché nhu vay duogc goi 1a

ATCC13032::Hom'BR,

oo
"
<
3
U]

8-2. Khuvét doan gen metB

Trong vi du nay, thu dugc gen metB mi hod xystathionin gamma-synthaza trong
con dudng phan huy O-axetyl-homoserin théng qua PCR béng c4ch st dung ADN nhiém
sic thé ctia Corynebacterium glutamicum ATCC13032 lam khuon miu. Dya trén GenBank
of the National Institutes of Health (NIH GenBank), thu dugc théng tin vé trinh tur nucleotit
ctua metB (NCBI Registration No. Ncgl2360; SEQ ID NO: 31). Ngoai ra, dua trén thong
tin ndy, tdng hop céc doan mdi (SEQ ID NO: 32 va SEQ ID NO: 33) ¢6 chira dau tan cling-
N va trinh tu lién két ctia gen metB va céc doan mdi (SEQ ID NO: 34 va SEQ ID NO: 35)
c¢6 chira dau tn cung-N va trinh tu li€én két cua gen metB. Thuc hién PCR v61 ADN nhiém
séc thé cua Corynebacterium glutamicum ATCC13032 lam khuén mau bang cach sit dung
oligonucleotit ctia trinh tw nucleotit cia SEQ ID NO: 32 va SEQ ID NO: 33 va SEQ ID
NO: 34 va SEQ ID NO: 35 lam doan mdi. Str dung ADN polymeraza d¢ trung thuc cao
PfuUltra™ (Stratagene) 1am polymeraza. Didu kién PCR nhu sau: 1am bién tinh & 96°C
trong 30 gidy; 0 & 53°C trong 30 gidy; va polyme hod & 72°C trong 1 phut, va lap lai téng
céng 30 chu trinh. Twr d6, thu dugce gen duoc khuéch dai (500 cip bazo) cé chira dau tan
cing-N va lién két ctia gen metB va gen duge khuéch dai (500 cip bazo) c6 chira dau tan

cung-C va lién két ctia gen metB.
Thuc hién PCR béng cach st dung hai gen duoc khuéch dai thu duge & trén lam
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khudn mAu cho téng cong 10 chu trinh trong diéu kién sau: 1am bién tinh & 96°C trong 60
gidy; u ¢ 50°C trong 60 gidy; va polyme hod & 72°C trong 1 phut. Sau do, thém vao do
trinh tw nucleotit ciia SEQ ID NO: 32 va SEQ ID NO: 35, va tiép d6 lap lai tng cong 20
chu trinh. Tt d6, thu duge gen AmerB dugc khuéch dai (1000 cip bazo), day 1a cat-xet lam
bét hoat metB c6 chira dAu tin cting N-lién két-dau tan ciing-C clia gen metB. Gen metB
thu duge thong qua PCR duoc xit Iy bing enzym gidi han Xbal va Sall dugc bao gém &
dAu tan cing, va tiép d6 tach dong vao vat truyén pDZ(KR 0924065), trong d6 enzym gi6i
han Xbal va Sall duogc xur 1y, béng céch ndi. Sau d6, diéu ché vat truyén pDZ-AmetB tai td
hop trong d6, cat-xet lam bit hoat metB dugc tach dong cubi cing.

Corynebacterium glutamicum ATCC13032 va ATCC13032::Hom™R dugc bién
nap voéi vat truyén pDZ-AmetB dugc diéu ché & trén. Sau khi lai chéo cép hai, thu duoc
Corynebacterium glutamicum ATCC13032 AmetB va ATCC13032::Hom" R AmetB, trong
dé gen metB dugc lam bét hoat trén nhidm sic thé. Khéng dinh gen metB dugc bat hoat
béng cach thyc hién PCR béng céch st dung cac doan mdi cia SEQ ID NOS: 32 va 25, va
tiép d6 so sanh véi ATCC13032 trong d6 gen metB khong dugc lam bat hoat.

8-3. Khuyét doan gen merY

Trong vi du nay, thu dugc gen metY ma hod O-axetyl homoserin (thiol)-lyaza trong
con dudng phan huy O-axetyl-homoserin théng qua PCR bang cach sir dung ADN nhidm
sac thé ctia Corynebacterium glutamicum ATCC13032 lam khudn mAu. Dya trén GenBank
of the National Institutes of Health (NIH GenBank), thu dugc thong tin vé trinh tw nucleotit
cua gen metY (NCBI Registration No. Ncgl0625; SEQ ID NO: 36). Ngoai ra, dya vao
thong tin nay, téng hop duge cac doan mdi (SEQ ID NO: 37 va SEQ ID NO:38) c6 chita
dAu tan ciing-N va trinh t lién két ctia gen metY va cac doan mdi (SEQ ID NO: 39 va SEQ
ID NO: 40) ¢6 chira d4u tin cing-C va trinh tir lién két ctia gen metY.

Thuc hién PCR v&i ADN nhiém sic thé cta Corymebacterium glutamicum
ATCC13032 lam khudén mau bang cach sir dung oligonucleotit ctia trinh tu nucleotit cua
SEQ ID NO: 39 va SEQ ID NO: 40 lam doan mdi. Sir dung ADN polymeraza ¢ trung
thuc cao PfuUltra™ (Stratagene) 1am polymeraza. Diéu kién PCR nhu sau: lam bién tinh
& 96°C trong 30 gidy; u & 53°C trong 30 gidy; va polyme hod & 72°C trong 1 phut, va lap
lai téng cdng 30 chu trinh. T d6, thu dugc gen dugc khuéch dai (500 cip bazo) c6 chira
dau tan cung-N va lién két ctia gen metY va gen duogc khuéch dai (500 cip bazo) c chira
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déu tan cing-C va lién két ctia gen metY. Thuc hién PCR bang cach st dung hai gen duoc
khuéch dai thu dugc nay lam khuén mau cho tdng cong 10 chu trinh trong diéu kién sau:
lam bién tinh & 96°C trong 60 gidy; 1 & 50°C trong 60 gidy; va polyme hoa & 72°C trong
1 phut. Sau d6, trinh ty nucleotit ciia SEQ ID NO: 37 va SEQ ID NO: 40 dugc thém vao
do, va tiép do lap lai téng cdng 20 chu trinh. T do, thu dugc gen dmetY dugce khuéch dai
(1000 cdp bazo), ma la cat-xet lam bét hoat metB c6 chitra dau tdn ciing-N-lién két-dau tan

cung-C cua gen metY.

Gen metY thu duge thong qua PCR duoc xit 1y bing enzym gi6i han Xbal va Sall
duoc bao gdm & dAu tan cing, va tiép d6 tach dong vao vat truyén pDZ(KR2008-0025355),
trong d6 enzym gi6i han Xbal va Sall dugc xit Iy, bang cach ndi. Sau d6, didu ché vat

truyén pDZ-AdmetY t4i td hop trong do cat-xet 1am bt hoat merY dugc tach dong cudi clng.

Cac ching Corynebacterium glutamicum ATCC13032, ATCC13032::Hom®™R,
ATCC13032 AmetB, va ATCC13032::Hom™R AmerB dugc bién nap v6i vat truyén pDZ-
AmetY dugc diéu ché & trén. Sau khi lai chéo cép hai, thu duoc Corynebacterium
glutamicum ATCC13032 AmetY, ATCC13032::Hom!™® AmerY, ATCC13032 AmetB
AmetY, va ATCC13032::HomFBR AmetB AmetY, trong d6 gen metY duoc 1am bét hoat trén
nhidm sic thé. Gen merY d3 dugc lam bt hoat cudi cung dugc khéng dinh béng cach thuc
hién PCR bing céach st dung cac doan mdi ciia SEQ ID NO: 37 va SEQ ID NO: 40, va sau
d6 so sanh v6i ATCC13032 trong d6 gen metY khong dugc lam bat hoat.

8-4. Piéu ché va danh gid ching san xuit O-axetyl-homoserin

Tién hanh so sanh gitta kha ning san xuét-O-axetyl-homoserin clia cic ching
ATCC13032, ATCCI13032 AmetB, ATCC13032 AmetY, ATCC13032 AmetB AmetY,
ATCC13032::Hom"™R, ATCC13032::Hom"™R AmetB, ATCC13032::Hom" ™R AmetY, va
ATCC13032::Hom!BR AmetB AmetY duge didu ché tir Vi du 8-1 dén Vi du 8-3, trong d6
gen metB, metY, metBY dugc 1am khuyét doan va gen hom dugc cai bién dugce thay thé
vao.

Cu thé 13, nudi cy cac khudn lac don nhét trong mdi trudng rén LB trong ti 4m
32°C, va cdy mdt vong diu que cy lan luot timg khuan lac don nhit dugc ching nhiém
vao mdi trudng hiéu chudn O-axetyl-homoserin (25 mL), va nudi cay tiép & 32°C &

250 vong/phit trong tir 42 dén 64 gio. Phan tich O-axetyl-homoserin tir 1an luot san phdm
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dugc nubdi cdy bang HPLC, va két qua duoc thé hién trong Bang 7 dudi day.
Moi truong san xudt L-O-Axetylhomoserin (pH 7,2)

glucoza 30 g, KHoPO4 2 g, ure 3 g, (NH4)2SO4 40 g, pepton 2,5 g, CSL (Sigma) 5 g
(10 mL), MgS0O4:7H20 0,5 g, methionin 400 mg, loxin 400 mg, CaCO3 20 g (tinh cho 1 L
nude cht)

Bang 7

Dénh gi4 kha ning san xudt O-Axetyl-homoserin

Ching San xuit O-AH (g/L)
ATCC13032 - 0,0

metB 0,3

metY 0,3

metBY 0,5
ATCC13032::Hom"™R |- 0,0
(T2851 +R398Q) metB 1.2

metY 1,4

metBY 3,5

Tir d6, nhu thé hién trong Bang 7 & trén, O-axetyl homoserin khong c6 tich lu§ khi
nudi cdy ching dbi chung Corynebacterium glutamicum ATCC13032, trong khi d6 c6 1an
luot 0,3 g/L, 0,3 g/L, va 0,5 g/L O-axetyl homoserin tich luy & chiung ATCC13032 AmetB,
ATCC13032 AmetY, va ATCC13032 AmetB AmetY twong Uing cé gen metB, gen metY, va

gen metBY dugc 1am bat hoat.

Ngoai ra, trong truong hop ching ATCC13032::Hom™R trong dé gen hom dugc
thay thé ¢ dang d6t bién, va cac ching ATCC13032:Hom™R AmerB,
ATCC13032::Hom™R AmetY, va ATCC13032::Hom"BR AmetB AmetY trong d6 gen metB,
gen metY, va gen metBY tuong tmg duoc lam bat hoat, khing dinh dugc la O-axetyl
homoserin ¢6 tich uy véi luong 1,2 g/L, 1,4 g/L, va 3,5 g/L twong tmg cho mdi ching

trong s6 cac ching nay.
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Do do, tir ket qua trén, khang dinh duoc la lugng axit amin dich sén xuat, ma st
dung homoserin 1am tién chat bang cach st dung hom dugc cai bién cia sang ché cé thé

dugc gia ting dang ké.

Vi du 9: Diéu ché va danh gi4 ching san xuit methionin (Met)

Vi du 9-1: Diéu ché vat truyén tai td hop dé khuyét doan gen mcbR

Trong vi du nay, d& didu ché ching san xudt methionin, diéu ché vat truyén lam bat
hoat gen mcbR (J. Biotechnol. 103:51-65, 2003), ma ma hoa protein diéu hoa phién ma

methionin va xystein d4 biét & chung duoc didu ché trong Vi du 6.

Cu thé 13, didu ché vat truyén plasmit tai t& hop bing céch sit dung phuong phap
dudi day dé loai bd gen mcbR trén nhidm sic thé ctia Corynebacterium ATCC13032. Dya
trén trinh ty nucleotit dugc ghi nhén tai Genbank of the National Institutes of Health (NIH
GenBank), thu dugc gen mchR va trinh ty xung quanh gen nay (SEQ ID NO: 41) cta

Corynebacterium glutamicum.

Dé thu dugc gen duoc khuyét doan-mcbR, thuc hién PCR véi ADN nhiém sic thé
cta Corynebacterium glutamicum ATCC 13032 1am khudn mAu bang cach st dung cic
doan mdi ciia SEQ ID NO: 42 va SEQ ID NO: 43 va SEQ ID NO: 44 va SEQ ID NO: 45.
Sau khi 1am bién tinh & 95°C trong 5 pht. Thyc hién PCR téng cdng 30 chu trinh trong
diéu kién sau: 1am bién tinh & 95°C trong 30 gidy; G & 53°C trong 30 gidy; va polyme hoa
& 72°C trong 30 gidy. Tt d6, thu dugc cac manh ADN (700 cap bazo).

Vat truyén pDZ (Patent Han qudc s 10-0924065), ma khong thé tich dong &
Corynebacterium glutamicum, va xtt 1y cac manh gen mcbR dugc khuéch dai bang enzym
2161 han smal dé dua vao nhifm séc thé. Sau d6, nbi cac manh nay bang cach str dung ADN
ligaza, va tiép d6 bién nap véi E. coli DH5a, 16i phét cdy vao mdi trudng rén LB c6 chia
kanamyxin (25 mg/L). Chon loc céac khuén lac duoc bién nap véi vat truyén, trong d6 cac
manh dugc khuyét doan ctia gen dich dugc cai xen thong qua PCR, va thu dugc plasmit
bing cach sit dung phuong phép chiét xuét plasmit. Plasmit thu duge nhu vay duoc goi la
pDZ-AmcbR.

Vi du 9-2: Diéu ché va danh gid ching vi sinh vt oibng Corynebacterium san Xuét

L-methionin

Lan luot ching trong s6 cac ching CJP1-G378W, CJP1-T285LR398Q, CJP1-
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G378W,R398Q, CJP1-T285L,G378W, va CIP1 ma dwoc didu ché trong Vi du 6 bang cach
t41 td hop tuong ddng trén nhifm sic thé, duoc bién nap vai vét truyén pDZ-AmcbR duoc
diéu ché trong Vi du 9 bing cach str dung phwong phap duc 18 dién (van der Rest ef al.,
Appl. Microbiol. Biotechnol. 52:541-545, 1999). Sau 46, thuc hién tai t6 hop cép hai trén
mdi trudong rin c6 chita X-gal. Ching trong d6 gen mcbR dugc 1am khuyét doan dwoc
khing dinh bing phwong phap PCR véi ching Corynebacterium glutamicum duge bién
nap, trong d6 hoan thanh tai t& hop cip hai bing cach sir dung céc doan mdi ciia SEQ ID
NO: 46 va SEQ ID NO: 47. Cac ching tai t0 hop nidy twong tng duoc goi 1A
Corynebacterium glutamicum CJP1-G378W/AmcbR, CJP1-T285L,R398Q/AmcbR, CJP1-
G378W,R398Q/AmcbR, CJP1-T285I,G378W/AmcbR, va CJP1/AmcbR.

Dé phan tich kha ning san xut-L-methionin cia cac ching CJP1-G378W/AmcbR,
CJP1-T285L,R398Q/AmcbR, CJP1-G378W,R398Q/AmcbR, va CJP1-
T2851,G378W/AmcbR d3 didu ché, nudi cly cac ching ciing véi ching gdc cia ching,
Corynebacterium glutamicum CJP1/AmcbR, theo cach dudi day.

Corynebacterium  glutamicum CJP1/AmcbR va cic ching ciia sing ché
(Corynebacterium  glutamicum CJP1-G378W/AmcbR, CJP1-T2851,R398Q/AmcbR,
CIJP1-G378W,R398Q/AmcbR, va CJP1-T2851,G378W/AmcbR) duoc ching nhiém vao
binh nén nudi cdy (250 mL) c6 chira méi trudng gibng bén dudi (25 mL), va tiép d6 nudi
ciy kém theo lic & 30°C & 200 vong/phut trong 20 gid. Sau d6, ching nhiém moi truong
nudi cdy gidng (1 mL) vao binh nén nudi cdy (250 mL) c6 chira mdi trudng san xut bén
dudi (24 mL), va tiép d6 nudi cdy kém theo lic 30°C & 200 vong/phut trong 48 gid. Thanh
phin ctia méi trudng gidng va méi trudng san xut nhu dudi day.

MBoi trudng giéng (pH 7.0)

glucoza 20 g, pepton 10 g, chiét xudt ndm men 5 g, ure 1,5 g, KH2PO4 4 g, K>HPOy4
8 g, MgS04-7H0 0,5 g, biotin 100 pg, thiamin HCI 1.000 pg, canxi pantothenat 2.000 pg,
nicotinamit 2.000 pg (tinh cho 1 L nudc cat)

MBoi trudng san xuat (pH 8,0)

glucoza 50 g, (NH4)2S:03 12 g, chiét xudt ndm men 5g KH,POs 1g,
MgSO4-7H,0 1.2 g, biotin 100 pg, thiamin HCI 1.000 pg, canxi pantothenat 2.000 pg,
nicotinamit 3000 pg, CaCOs 30 g (tinh cho 1 L nuéc cét)
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Sau khi nuéi ciy bang phuong phap nudi cdy néu trén, phan tich nong d6 cta L-

methionin trong timg moi trudng nudi cdy, va két qua duoc thé hién trong Bang 8.
Bang 8

Dénh gi4 ching d diéu ché

Ching L-methionin (g/L)
CJP1/AmcbR 0,01
CJP1-G378W/AmcbR 0,13
CJP1-T285I,R398Q/AmcbR 0,18
CJP1-G378W,R398Q/AmcbR 0,20
CJP1-T2851,G378W/AmcbR 0,17

Tir d6, khing dinh dugc 1a & ching bao gdm cai bién G378W hom, kha ning san
xuét-L-methionin dugc cai thién & mic 0,12 g/L so v&i ching d6i ching. Ngoai ra, khéng
dinh dugc 13 & ching bao gdm céi bién hom, trong d6 hai cai bién duoc dua vao dong thdi,
kha ning san xudt-L-methionin dugc cai thién & mirc tir 0,16 g/L dén 0,19 g/L so v6i chiing
d6i chimg.

Can ct trén cac két qua nay, khang dinh dugc 14 lugng L-methionin dugc san XUAt

c6 thé gia tang dang k& bang cach st dung #om dugc céi bien cua ban mo ta nay.

Trong khi sang ché dugc mo ta c6 dan chiéu dén cac phuong 4n minh hoa cu thé,
nén hiéu 13 ngudi ¢6 trinh do trung binh trong linh vuc k¥ thudt cta sing ché c6 thé thuc
hién phuong 4n nay ¢ dang cu thé khac ma khong tach roi véi ban chét hodc dic tinh co
ban cua sang ché. Do d6, cac phuong 4n néu trén dugc xem 13 d& minh hoa & moi khia canh
va khong mang tinh gi6i han. Hon nita, pham vi ciia sang ché dugc xac dinh bang céc yéu
cdu bao hd keém theo, chir khong phai béi ban mo ta chi tiét, va nén hidu 1a moi cai bién
hoc bién thé thu dugc tir ¥ nghia va pham vi clia sang ché va phuong 4n tuong duong cta

n6 12 bao gdém trong pham vi cia yéu cu bao ho kém theo.
[S6 truy cap]

Tén co quan luu giit: Korean Culture Center of Microorganism (International

Depositary Authority)
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S6 nép lwu: KCCM12119P
Ngay ndp lvu: 26/9/2017

Tén co quan luu gift: Korean Culture Center of Microorganism (International

Depositary Authority)
S6 ndp luu: KCCM12120P

Ngay nop lwu: 26/9/2017
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

g‘o. CJ Cheilledang Corporation
CJ CHEILJEDANG CENTER,
330, DONGHO-RO,
JUNG-GU, SEOUL 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

1. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the
DEPOSITOR:
Corynebacterium glutamicum CJP1-T2851

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
KCCMI12119P

I. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

O a scientific description
[ a proposed taxonomic designation

(Mark with a cross where applicable)

The microorganism identified under I above was accompanied by:

1. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on September. 26. 2017 (date of the original deposit).

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms

Address :  Yurim B/D

Signature(s) of person(s) having the power
to represent the International Depositary

Authority or of authorized offi cial(s)'

45, Hongjenae-2ga-gil —
Seodaemun-gu == %[ g% %
SEOUL 120-861 Date: September. 26. 2017,/ 2| TS B
i ==
Republic of Korea E”i;{ et
1 §3” Den .
Where Rule 6.4(d) applies, such date is the date on which the status of international--depesitary authority was

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

r A
To. CJ Cheilledang Corporation
CJ CHEILJEDANG CENTER, RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
330, DONGHO-RO, issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPGSITARY AUTHORITY
JUNG-GU, SEOUL 100-400

identified at the bottom of this page
REPUBLIC OF KOREA

. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Corynebacterium glutamicum CJP1-R398Q KCCM12120P

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
{3 a scientific description
[ a proposed taxonomic designation

(Mark with a cross where applicable)

Il. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on September. 26. 2017 (date of the original deposit).l

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature(s) of person(s) having the power

to represent the International Depositary
Address :  Yurim B/D

45, Hongjenae-2ga-gil Authority or of authorized &fi&l!?}ﬁ
Seodaemun-gu aﬂﬁ% i %
SEOUL 120-861 Date: September. 26. 2017%@_[}}*ngii@1
Republic of Korea éﬁigﬁ
=i

' Where Rule 6.4(d) applies, such date is the date on which the status of internalioiat=depositaty” authority was

acquired.

Form BP/4 (sole page)
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Yéu ciu bio ho

1. Homoserin dehydrogenaza duoc cai bién, trong d6 trong trinh tu axit amin ctia SEQ ID
NO: 1, axit amin & vi tri 285 duogc thay thé béng isoloxin; axit amin & vi tri 398 duoc
thay thé bing glutamin; hodc axit amin & ca hai vi tri 1an lugt dugc thay thé bang
isoloxin va glutamin.

2. Homoserin dehydrogenaza duoc cai bién theo diém 1, trong d6 trong trinh ty axit amin
cua SEQ ID NO: 1, axit amin & vi tri 378 con dwoc thay thé bang tryptophan.

3. Polynucleotit ma hoa homoserin dehydrogenaza duoc cai bién duge chon tir homoserin
dehydrogenaza bit ky theo cac diém 1 va 2.

4. Vi sinh vat thudc giéng Corynebacterium, bao gdbm homoserin dehydrogenaza dugc cai
bién duoc chon tir homoserin dehydrogenaza bét ky theo cac diém 1 va 2.

5. Vi sinh vt theo diém 4, trong d6 vi sinh vat thudc gidng Corynebacterium 1a vi sinh
vat thudc giéng Corynebacterium san xuit homoserin hodc L-axit amin thu dugc tir
homoserin.

6. Vi sinh vt theo diém 5, trong d6 L-axit amin thu dugc tir homoserin 1a it nhét mot loai
dugc chon tir nhém gém c6 L-threonin, L-isoloxin, O-axetyl homoserin, va L-
methionin.

7. Vi sinh vat theo diém 4, trong d6 vi sinh vat thudc giéng Corynebacterium sén xuét L-
alanin.

8. Vi sinh vat theo diém 4, trong d6 vi sinh vat thudc giéng Corynebacterium 1a
Corynebacterium glutamicum.

9. Phuong phép san xudt homoserin hodc L-axit amin thu dugc tir homoserin, bao gbm:
nudi ciy vi sinh vat theo diém 4 trong méi trudng; va
thu hdi homoserin hoic L-axit amin thu dugc tir homoserin tir vi sinh vat dugc nudi
ciy hodc méi truong nudi cdy nay.
10. Phuong phap theo diém 9, trong d6 L-axit amin thu duge tir homoserin 14 it nhit mot
loai dugc chon tir nhém gém c¢O L-threonin, L-isoloxin, O-axetyl homoserin, va L-

methionin.
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<400> 2

atggcaattg aactgaacgt cggtcgtaag
60

aacctcggac ctggctttga cactttaggt
120

gtggaaatta ttccatctgg cttggaagtg
180

cctcttgatg gctcccacct ggtggttaaa
240

gctgaagttc ctggattgcg agtggtgtgce
300

ggctcctctg ctgcagcggce ggttgctggt
360

ccgctgactc aagagcagat tgttcagttg
420

gctgcggett ctgtgctggg tggagcagtg
480

aagagccagc cacagtatgc tgctgtacca
540

gcgctggttce ctaatttcca cgcatccacc
600

gtcactcaca tcgatgcgcg atttaacgtg
660

cagcagcgtc ctgatttgct gtgggagggt
720

gcagaagtgt tgcctattac ctctgagtgg
780

gcataccttt ccggtgccgg cccaaccgcce
840

aaggttttgg aagatgctcg tgagtctggce
900

ccagtcaagg ttgaagttaa ccaaccttag
930

<210> 3

<211> 18

<212> ADN

<213> Trinh tyg nhan tao

<220>

<223> doan mdi

gttaccgtca

ttggcactgt

gaagtttttg

gctattcgtg

cacaacaaca

gttgctgcag

tcctctgecect

gtgtcgtgga

cttgaggtgce

gaagctgtgce

tccecgegttyg

actcgtgacc

gtaaaccgcc

atggtgctgt

attaaggtgc

cggtacctgg

cggtatacga

gcgaaggcca

ctggcctgaa

ttccgcagtce

ctaatggttt

ttgaaggcca

caaatctgtc

aggacaatat

gccgagtect

cagtgatgat

gtctgcacca

tgcgcaaccg

ccactgagcc

ttgagcttga

atcttctgca

cactgtcgaa

aggcgaagtc

ggcagctgac

tcgtggtctt

ggcggattte

cccagataat

tatcgacggc

tcgtgcgact

tcccactgaa

cgttgcgttg

gccttatcgt

tggctacgcg

aattccagac

ggttgcggga
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<400> 3

ctgcgacagc atggaact

18

<210> 4

<211> 18

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> doan mdi

<400> 4

caacgacaaa cgcccatc

18

<210> 5

<211> 2778

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> manh gen

<400> 5

ctgcgacagc atggaactca gtgcaatggc
60

aagctccaaa atgtcctccec cgggttgata
120

agagtttttc cgttgaaaac taaaaagctg
180

gcaaaaatga acagcttggt ctatagtggc
240

gggtggccga aacaaagtaa taggacaaca
300

atgacctcag catctgcccc aagctttaac
360

attgcccttt taggattcgg aacagtcggc
420

ggtgatgaac ttgcgcaccg cattggtggce
480

gatatctcaa agccacgtga aggcgttgca
540

ctcatcgagc gcgaggatgt tgacatcgtc
600

tgtaaggccet

ttagatttca

ggaaggtgaa

taggtaccct

acgctcgacc

cccggcaagg

actgaggtga

ccactggagg

cctgagctgce

gttgaggtta

gcaccaacaa

taaatatact

tcgaatttcg

ttttgttttg

gcgattattt

gtcccggcetce

tgcgtctgat

ttcgtggcat

tcactgagga

tcggcggcat

tgattgagcg

aaaaatcttg

gggctttaaa

gacacatgta

ttggagaatc

agcagtcgga

gaccgagtac

tgctgtttct

cgcttttgca

tgagtaccca
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cgtgaggtag
660

cttgttgcag
720

tacttcgagg
780

gctggcgatc
840

gacgccatgg
900

ggttacgccg
960

gcaattttgg
1020

ggtatcagca
1080

aagttgttgg
1140

cgcgtgcacc
1200

aatgcaatct
1260

ggtggcgcege
1320

gtgcacggtg
1380

ggtgagacca
1440

gctgaattgg
1500

gagcgcgatg
1560

tcccgecaccg
1620

cgcctcgaaa
1680

taccgtcacg
1740

ggcactgtcg
1800

ttctcgcagce

ctcactctgce

ctgctgttgce

agatccagtc

attccaccgg

aagctgatcc

catccatcgce

acatcagcgc

ccatctgtga

cgactctatt

ttgttgaagc

caaccgcgtce

gccgtgcetcece

ccactcgtta

ctagcctgtt

atgatgcacg

ttgaactgct

gggactaatt

gtacctggat

gtatacgaca

52912

tctgaaggcec

tgagcttgct

aggcgcaatt

tgtgatgggce

cgctgactat

aactgcagac

tttccacacc

tgccgacatt

gaagttcacc

acctgtgtcc

agaagcagct

tgctgtgctt

aggtgagtcc

ccacctcgac

ctctgagcaa

tctgatcgtg

gaaggctaag

ttactgacat

cttctgcaaa

ctgtcgaagt

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcc

cgtgttaccg

gaggcagcac

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgtcg

acctacgcta

atggatgtgg

ggaatctccc

gtcacccact

cctgttgtta

ggcaattgaa

cctcggacct

ggaaattatt

ttgttaccgce

aagccgcaaa

gcccactgeg

gcaccaccaa

tggctgaggce

atgacgccgce

cggatgatgt

dgCaggcagyy

gaaagtcggc

cgtcggtaaa

tgttctacgg

ttggtgccge

acctgccgat

aagatcgcgt

tgcgtacaat

ctgcgctgga

aggcaatcaa

ctgaacgtcg

ggctttgaca

ccatctggct

caataaggct

cgttgacctg

tcgctcececetg

cttcatcttg

aactcgtttg

atccaaggct

gtactgcgaa

~eAao
ccacaccatc

tatttctgcet

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttce

gggggttttg

ccgacaggaa

atctgatctt

cagtgtgatc

gtcgtaaggt

ctttaggttt

tggaagtgga
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agtttttggc gaaggccaag gcgaagtccc
1860

tattcgtgct ggcctgaagg cagctgacgce
1920

caacaacatt ccgcagtctc gtggtcttgg
1980

tgctgcaget aatggtttgg cggatttccc
2040

ctctgccttt gaaggccacc cagataatgce
2100

gtcgtggaca aatctgtcta tcgacggcaa
2160

tgaggtgcag gacaatattc gtgcgactgce
2220

agctgtgcge cgagtccttc ccactgaagt
2280

ccgcgttgca gtgatgatcg ttgcgttgca
2340

tcgtgaccgt ctgcaccagc cttatcgtgce
2400

aaaccgcctg cgcaaccgtg gctacgcggce
2460

ggtgctgtcc actgagccaa ttccagacaa
2520

taaggtgctt gagcttgagg ttgcgggacc
2580

ccaacaagga aggccccctt cgaatcaaga
2640

ctgaacacgt gaaccttaca ggtgcccggce
2700

cggttgtttt caccgaggct ttcttggatg
2760

gatgggcgtt tgtcgttg

2778

<210> 6

<211> 1338

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> T285T

tcttgatggce

tgaagttcct

ctcctectgcet

gctgactcaa

tgcggecttcet

gagccagcca

gctggttcect

cactcacatc

gcagcgtcect

agaagtgttg

atacctttcc

ggttttggaa

agtcaaggtt

agggggcctt

gcgttgagtg

aatccggcegt

tcccacctgg

ggattgcgag

gcagcggcgyg

gagcagattg

gtgctgggtyg

cagtatgctg

aatttccacg

____________

gatttgctgt

cctattacct

ggtgccggcec

gatgctcgtg

gaagttaacc

attagtgcag

gtttgagttc

ggatggcgca

tggttaaagc

tggtgtgcca

ttgctggtgt

ttcagttgtc

gagcagtggt

ctgtaccact

catccaccga

ttaacgtgte

gggagggtac

ctgagtgggt

caaccgccat

agtctggcat

aaccttaggc

caattattcg

cagctggatg

gacgaaggct
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<400> 6
atgacctcag
60

attgcccttt
120

ggtgatgaac
180

gatatctcaa
240

ctcatcgagc
300

cgtgaggtag
360

cttgttgcag
420

tacttcgagg
480

gctggcgatc
540

gacgccatgg
600

ggttacgccg
660

gcaattttgg
720

ggtatcagca
780

aagttgttgg
840

cgcgtgcacc
900

aatgcaatct
960

ggtggcgcgce
1020

gtgcacggtg
1080

ggtgagacca
1140

catctgcccce

taggattcgg

ttgcgcaccg

agccacgtga

gcgaggatgt

ttctcgcage

ctcactctgce

ctgctgttgce

agatccagtc

attccaccgg

aagctgatcc

catccatcge

acatcagcgce

ccatctgtga

cgattctatt

ttgttgaage

caaccgcgtc

gccgtgcectcece

ccactcgtta

52912

aagctttaac

aacagtcggc

cattggtggc

aggcgttgceca

tgacatcgtc

tctgaaggcecce

tgagcttgcet

aggcgcaatt

tgtgatgggc

cgctgactat

aactgcagac

tttccacacc

tgccgacatt

gaagttcacc

acctgtgtcc

agaagcagct

tgctgtgcett

aggtgagtcc

ccacctcgac

ccecggcaagyg

actgaggtga

ccactggagg

cctgagctgce

gttgaggtta

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcc

cgtgttaccg

gaggcagcac

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgtcg

acctacgcta

atggatgtgg

gtcccggcetce

tgcgtctgat

ttcgtggcat

tcactgagga

tcggcggcat

ttgttaccge

aagccgcaaa

gcccactgceg

gcaccaccaa

tggctgaggc

atgacgccge

cggatgatgt

agcaggcagg

gaaagtcggc

cgtcggtaaa

tgttctacgg

ttggtgccgce

acctgccgat

aagatcgcgt

agcagtcgga

gaccgagtac

tgctgtttct

cgcttttgca

tgagtaccca

caataaggct

cgttgacctg

tcgctccectg

cttcatcttg

aactcgtttg

atccaaggct

gtactgcgaa

ccacaccatc

tatttctgct

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttce

gggggttttg
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52912

ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa

atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt

ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc

gctgaattgg

1200

gagcgcgatg

1260

tccecgecaccg

1320

cgcctcgaaa gggactaa

1338

<210> 7

<211> 1338

<212> ADN

<213> Trinh tyu nhdn tao

<220>

<223> R398Q

<400> 7

atgacctcag catctgcccc aagctttaac
60

attgcccttt taggattcgg aacagtcggc
120

ggtgatgaac ttgcgcaccg cattggtggce
180

gatatctcaa agccacgtga aggcgttgca
240

ctcatcgagc gcgaggatgt tgacatcgtc
300

cgtgaggtag ttctcgcagc tctgaaggcc
360

cttgttgcag ctcactctgc tgagcttgct
420

tacttcgagg ctgctgttgc aggcgcaatt
480

gctggcgatc agatccagtc tgtgatgggce
540

gacgccatgg attccaccgg cgctgactat
600

ggttacgccg aagctgatcc aactgcagac
660

gcaattttgg catccatcgc tttccacacc
720

cccggcaagg

actgaggtga

ccactggagg

cctgagctgce

gttgaggtta

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcc

cgtgttaccg

gtcccggctce

tgcgtctgat

ttcgtggcat

tcactgagga

tcggcggcat

ttgttaccgc

aagccgcaaa

gcccactgceg

gcaccaccaa

tggctgaggc

atgacgccgce

cggatgatgt

agcagtcgga

gaccgagtac

tgctgtttcet

cgcttttgca

tgagtaccca

caataaggct

cgttgacctg

tcgctcectg

cttcatcttg

aactcgtttg

atccaaggct

gtactgcgaa



52912

ggtatcagca acatcagcgc tgccgacatt
780

aagttgttgg ccatctgtga gaagttcacc
840

cgcgtgcacc cgactctatt acctgtgtcce
900

aatgcaatct ttgttgaagc agaagcagct
960

ggtggcgcgce caaccgcgtc tgectgtgett
1020

gtgcacggtg gccgtgctcec aggtgagtcce
1080

ggtgagacca ccactcgtta ccacctcgac
1140

gctgaattgg ctagcctgtt ctctgagcaa
1200

gagcgcgatg atgatgcacg tctgatcgtg
1260

tcccgcaccg ttgaactgcet gaaggctaag
1320

cgcctcgaaa gggactaa

1338

<210> 8

<211> 1338

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> G378W

<400> 8

atgacctcag catctgcccc aagctttaac
60

attgccecttt taggattcgg aacagtcggc
120

ggtgatgaac ttgcgcaccg cattggtgge
180

gatatctcaa agccacgtga aggcgttgca
240

ctcatcgagc gcgaggatgt tgacatcgtc
300

gaggcagcac

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgteg

acctacgcta

atggatgtgg

ggaatctccc

gtcacccact

cctgttgtta

cccggcaagg

actgaggtga

ccactggagg

cctgagctgce

gttgaggtta

agcaggcagg

gaaagtcggc

cgtcggtaaa

tgttctacgg

ttggtgccgce

acctgccgat

aagatcgcgt

geotacaat

tUL/\J actaac

ctgcgctgga

aggcaatcaa

gtcccggcetce

tgcgtctgat

ttcgtggcat

tcactgagga

tcggcggcecat

ccacaccatc

tatttctgct

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttc

gggggttttyg

atctgatctt

cagtgtgatc

agcagtcgga

gaccgagtac

tgctgtttct

cgcttttgca

tgagtaccca
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cgtgaggtag ttctcgcagc tctgaaggcc
360

cttgttgcag ctcactctgc tgagcttgct
420

tacttcgagg ctgctgttgc aggcgcaatt
480

gctggcgatc agatccagtc tgtgatgggce
540

gacgccatgg attccaccgg cgctgactat
600

ggttacgccg aagctgatcc aactgcagac
660

gcaattttgg catccatcgc tttccacacc
720

ggtatcagca acatcagcgc tgccgacatt
780

aagttgttgg ccatctgtga gaagttcacc
840

cgcgtgcacc cgactctatt acctgtgtcce
900

aatgcaatct ttgttgaagc agaagcagct
960

ggtggcgcgce caaccgcgtce tgctgtgett
1020

gtgcacggtg gccgtgctec aggtgagtcc
1080

ggtgagacca ccactcgtta ccacctcgac
1140

gctgaattgg ctagcctgtt ctctgagcaa
1200

gagcgcgatg atgatgcacg tctgatcgtg
1260

tccecgecaccyg ttgaactgcect gaaggctaag
1320

cgcctcgaaa gggactaa

1338

<210> 9

<211> 1338

<212> ADN

<213> Trinh ty nhan tao

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcc

cgtgttaccg

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgtcg

acctacgcta

atggatgtgg

ggaatctccc

gtcacccact

cctgttgtta

10

ttgttaccgce

aagccgcaaa

gcccactgceg

gcaccaccaa

tggctgaggc

atgacgccgce

cggatgatgt

gaaagtcggc

cgtcggtaaa

tgttctacgg

ttggtgccge

acctgccgat

aagatcgcgt

tgcgtacaat

ctgcgctgga

aggcaatcaa

caataaggct

cgttgacctg

tcgctcceccectg

cttcatcttg

aactcgtttg

atccaaggct

gtactgcgaa

clalacialc

tatttctgct

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttc

gtgggttttyg

ccgacaggaa

atctgatctt

cagtgtgatc
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<220>
<223>

<400> 9
atgacctcag
60

attgcccttt
120

ggtgatgaac
180

gatatctcaa
240

ctcatcgagce
300

cgtgaggtag
360

cttgttgcag
420

tacttcgagg
480

gctggcgatc
540

gacgccatgg
600

ggttacgccg
660

gcaattttgg
720

ggtatcagca
780

aagttgttgg
840

cgcgtgcacc
900

aatgcaatct
960

ggtggcgcege
1020

gtgcacggtg
1080

G3785s

catctgcccce

taggattcgg

ttgcgcaccyg

agccacgtga

gcgaggatgt

ttctcgcagce

ctcactctgce

ctgctgttgce

agatccagtc

attccaccgg

aagctgatcc

catccatcgce

acatcagcgce

ccatctgtga

cgactctatt

ttgttgaagce

caaccgcgtce

gccgtgcectcee

52912

aagctttaac

aacagtcggc

cattggtggc

aggcgttgca

tgacatcgtc

tctgaaggcece

tgagcttgcet

aggcgcaatt

tgtgatgggce

cgctgactat

aactgcagac

tttccacacc

tgccgacatt

gaagttcacc

acctgtgtcc

agaagcagct

tgctgtgcett

aggtgagtcc

cccggcaagyg

actgaggtga

ccactggagg

cctgagctgce

gttgaggtta

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcc

cgtgttaccg

gaggcagcac

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgtcg

acctacgcta

11

gtcccggcete

tgcgtctgat

ttcgtggcat

tcactgagga

tcggcggcecat

ttgttaccgce

aagccgcaaa

gcccactgceg

gcaccaccaa

tggctgaggc

atgacgccgce

cggatgatgt

agcaggcagg

gaaagtcggce

cgtcggtaaa

tgttctacgg

ttggtgccgce

acctgccgat

agcagtcgga

gaccgagtac

tgctgtttct

cgcttttgca

tgagtaccca

caataaggct

cgttgacctg

tcgctcectg

cttcatcttg

aactcgtttg

atccaaggct

gtactgcgaa

ccacaccatc

tatttctgcect

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttc



52912

ggtgagacca ccactcgtta ccacctcgac atggatgtgg
1140
gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc
1200
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact
1260
tcccgcaccg ttgaactgct gaaggctaag cctgttgtta
1320
cgcctcgaaa gggactaa
1338
<210> 10
<211> 445
<212> PRT
<213> Trinh tu nhdn tao
<220>
<223> Hom (KFCC10881-1)
<400> 10
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro
1 5 10
Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly
20 25
Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu
35 40
Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val
50 55
Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr
65 70 75
Leu Ile Glu Arg Glu Asp Val Asp Ile Val Vval
85 90
Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala
100 105
Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala
115 120
Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp
130 135
Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro
145 150 155
Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile
165 170
Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly

12

aagatcgcgt

tgcgtacaat

ctgcgctgga

aggcaatcaa

Thr

Leu

Ser

60

Glu

Glu

Leu

Ala

Leu

140

Leu

Val

Ala

Lys

Val

Ala

45

Asp

Asp

Val

Lys

His

125

Tyr

Arg

Asn

Asp

Gly

Gly

30

His

Ile

Ala

Ile

Ala

110

Ser

Phe

Arg

Gly

Tyr

Pro

15

Thr

Arg

Ser

Phe

Gly

95

Gly

Ala

Glu

Ser

Thr

175

Ala

gagcgttttg

ccgacaggaa

atctgatctt

cagtgtgatc

Gly

Glu

Ile

Lys

Ala

80

Gly

Lys

Glu

Ala

Leu

160

Thr

Asp
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Ser

Ala

Ser

225

Gly

Gly

Glu

Val

Val

305

Gly

Ala

Ala

Leu

Ser

385

Glu

Glu

vVal

Leu

Asp

210

Ile

Ile

His

Gly

Ser

290

Glu

Gly

Arg

Asn

Asp

370

Leu

Arg

Ser

Lys

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

<220>
<223>

52912

180 185

Ala Glu Ala Thr Arg Leu Gly Tyr
195 200

Val Glu Gly His Asp Ala Ala Ser
215

Ala Phe His Thr Arg Val Thr Ala
230

Ser Asn Ile Ser Ala Ala Asp Ile
245 250

Thr Ile Lys Leu Leu Ala Ile Cys
260 265

Lys Ser Ala Ile Ser Ala Arg Val
275 280

His Pro Leu Ala Ser Val Asn Lys
295

Ala Glu Ala Ala Gly Arg Leu Met
310

Ala Pro Thr Ala Ser Ala Val Leu
325 330

Asn Lys Val His Gly Gly Arg Ala
340 345

Leu Pro Ile Ala Asp Phe Gly Glu
355 360

Met Asp Val Glu Asp Arg Val Gly
375

Phe Ser Glu Gln Gly Ile Ser Leu
390

Asp Asp Asp Ala Arg Leu Ile Val
405 410

Asp Leu Ser Arg Thr Val Glu Leu
420 425

Ala Ile Asn Ser Val Ile Arg Leu
435 440

11
445
PRT
Trinh ty nhan tao

Hom (KFCC10881-14)

13

Ala

Lys

Asp

235

Glu

Glu

His

Ser

Phe

315

Gly

Pro

Thr

Val

Arg

395

val

Leu

Glu

Glu

Ala

220

Asp

Ala

Lys

Asp

Gly

Thr

Leu

380

Thr

Thr

Lys

Arg

Ala

205

Ala

Val

Ala

Phe

Ile

285

Asn

Gly

Val

Glu

Thr

365

Ala

Ile

His

Ala

Asp
445

190

Asp

Ile

Tyr

Gln

Thr

270

Leu

Ala

Asn

Val

Ser

350

Arg

Glu

Arg

Ser

Lys
430

Pro

Leu

Cys

Gln

255

Asn

Leu

Ile

Gly

Gly

335

Thr

Tyr

Leu

Gln

Ala

415

Pro

Thr

Ala

Glu

240

Ala

Lys

Pro

Phe

Ala

320

Ala

Tyr

His

Ala

Glu

400

Leu

Val
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<400>

Met

1

Ser

Val

Gly

Pro

65

Leu

Ile

Ser

Leu

Ala

145

Ala

Asn

Ser

Ala

Ser

225

Gly

Gly

Glu

Val

Val
305

Thr

Ala

Met

Gly

Arg

Ile

Glu

Val

Ala

130

val

Gly

Phe

Leu

Asp

210

Ile

Ile

His

Gly

Ser

290

Glu

11
Ser

Val

Arg

35

Pro

Glu

Glu

Tyr

Val

115

Asp

Ala

Asp

Ile

Ala

195

Val

Ala

Ser

Thr

Lys

275

His

Ala

Ala

Gly

Leu

Leu

Gly

Arg

Pro

100

Thr

Ala

Gly

Gln

Leu

180

Glu

Glu

Phe

Asn

Tle

260

Ser

Pro

Glu

Ser

Ile

Met

Glu

Val

Glu

85

Arg

Ala

Ala

Ala

Ile

165

Asp

Ala

Gly

His

Ile

245

Lys

Ala

Leu

Ala

Ala

Ala

Thr

Val

Ala

70

Asp

Glu

Asn

Glu

Ile

150

Gln

Ala

Thr

His

Thr

230

Ser

Leu

Ile

Ala

Ala
310

Pro

Leu

Glu

Arg

Pro

Val

Val

Lys

Ala

135

Pro

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Ser

295

Gly

Ser

Leu

Tyr

40

Gly

Glu

Asp

Val

Ala

120

Ala

Val

Val

Asp

Leu

200

Ala

Val

Ala

Ala

Ala

280

Val

Arg

52912

Phe

Gly

Gly

Ile

Leu

Ile

Leu

105

Leu

Asn

Val

Met

Ser

185

Gly

Ala

Thr

Asp

Ile

265

Arg

Asn

Leu

Asn

10

Phe

Asp

Ala

Leu

Val

90

Ala

Val

Val

Gly

Gly

170

Thr

Tyr

Ser

Ala

Ile

250

Cys

Val

Lys

Met

14

Pro

Gly

Glu

Val

Thr

75

Val

Ala

Ala

Asp

Pro

155

Ile

Gly

Ala

Lys

Asp

235

Glu

Glu

His

Ser

Phe
315

Gly

Thr

Leu

Ser

60

Glu

Glu

Leu

Ala

Leu

140

Leu

Val

Ala

Glu

Ala

220

Asp

Ala

Lys

Pro

Phe

300

Tyr

Lys

Val

Ala

45

Asp

Asp

Val

Lys

His

125

Tyr

Arg

Asn

Asp

Ala

235

Ala

Val

Ala

Phe

Thr

285

Asn

Gly

Gly

Gly

30

His

Ile

Ala

Ile

Ala

110

Ser

Phe

Arg

Gly

Tyr

190

Asp

Ile

Tyr

Gln

Thr

270

Leu

Ala

Asn

Pro

15

Thr

Arg

Ser

Phe

Gly

95

Gly

Ala

Ser

Thr

175

Ala

Pro

Leu

Cys

Gln

255

Asn

Leu

Ile

Gly

Gly

Glu

Ile

Lys

Ala

80

Gly

Lys

Glu

Ala

Leu

160

Thr

Asp

Thr

Ala

Glu

240

Ala

Lys

Pro

Phe

Ala
320
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Gly Gly

Ala Arg

Ala Asn

Leu Asp

370

Ser Leu
385

Glu Arg

Glu Ser

Val Lys

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

<400>
Met Thr
1

Ser Ala

Val Met

Gly Gly

50

Pro Arg
65

Leu Ile

Ile Glu

Ser Val

Ala Pro Thr Ala Ser
325

Asn Lys Val His Gly
340

Leu Pro Ile Ala Asp
355

Met Asp Val Glu Asp
375

Phe Ser Glu Gln Gly
390

Asp Asp Asp Ala Arg
405

Asp Leu Ser Arg Thr
420

Ala TIle Asn Ser Val
435

12
445
PRT
Trinh ty nhdn tao

Hom (KFCC10881-19)

12
Ser Ala Ser Ala Pro

Val Gly Ile Ala Leu
20

Arg Leu Met Thr Glu

Pro Leu Glu Val Arg

55

Glu Gly Vval Ala Pro
70

Glu Arg Glu Asp Val
85

Tyr Pro Arg Glu Val
100

Val Thr Ala Asn Lys
115

Ala

Gly

Phe

360

Arg

Ile

Leu

Val

Ile
440

Ser

Leu

Tyr

40

Gly

Glu

Asp

Val

Ala
120

52912

Val

Arg

345

Gly

Val

Ser

Ile

Glu

425

Arg

Phe

Gly

Gly

Ile

Leu

Ile

Leu

105

Leu

Leu
330
Ala
Glu
Gly
Leu
Val
410

Leu

Leu

Asn

10
Phe
Asp
Ala
Leu
Val

90

Ala

Val

15

Gly

Pro

Thr

Val

Arg

395

Val

Leu

Glu

Pro

Gly

Glu

Val

Thr

75

Val

Ala

Ala

Asp

Gly

Thr

Leu

380

Thr

Thr

Lys

Arg

Gly

Thr

Leu

Ser

60

Glu

Glu

Leu

Ala

Val

Glu

Thr

365

Ala

Ile

His

Ala

Asp
445

Lys

Val

Ala

45

Asp

Asp

Val

Lys

His
125

Val

Ser

350

Arg

Glu

Gln

Ser

Lys
430

Gly

Gly

30

His

Ile

Ala

Ile

Ala

110

Ser

Gly

335

Thr

Tyr

Leu

Gln

Ala

415

Pro

Pro

15

Thr

Arg

Ser

Phe

Gly

95

Gly

Ala

Ala

Tyr

His

Ala

Glu

400

Leu

Val

Gly

Glu

Ile

Lys

Ala

80

Gly

Lys

Glu
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Leu

Ala

145

Ala

Asn

Ser

Ala

Ser

225

Gly

Gly

Glu

Val

Val

305

Gly

Ala

Ala

Leu

Ser

385

Glu

Glu

Val

Ala

130

Val

Gly

Phe

Leu

Asp

210

Ile

Ile

His

Gly

Ser

290

Glu

Gly

Arg

Asn

Asp

370

Leu

Arg

Ser

Lys

Asp

Ala

Asp

Ile

Ala

195

Val

Ala

Ser

Thr

Lys

275

His

Ala

Ala

Asn

Leu

355

Met

Phe

Asp

Asp

Ala
435

Ala

Gly

Gln

Leu

180

Glu

Glu

Phe

Asn

Ile

260

Ser

Pro

Glu

Pro

Lys

340

Pro

Asp

Ser

Asp

Leu

420

Ile

Ala

Ala

Ile

165

Asp

Ala

Gly

His

Ile

245

Lys

Ala

Leu

Ala

Thr

325

Val

Ile

vVal

Glu

Asp

405

Ser

Asn

Glu

Ile

150

Gln

Ala

Thr

His

Thr

230

Ser

Leu

Ile

Ala

Ala

310

Ala

His

Ala

Glu

Gln

390

Ala

Arg

Ser

Ala

135

Pro

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Ser

295

Gly

Ser

Gly

Asp

Asp

375

Gly

Arg

Thr

Val

Ala

Val

Val

Asp

Leu

200

Ala

vVal

Ala

Ala

280

Val

Arg

Ala

Gly

Phe

360

Arg

Ile

Leu

Val

Ile
440

52912

Asn

Val

Met

Ser

185

Gly

Ala

Thr

Ile

265

Arg

Asn

Leu

Val

Arg

345

Gly

Val

Ser

Ile

Glu

425

Arg

Val

Gly

Gly

170

Thr

Tyr

Ser

Ala

Ile

Cys

Val

Lys

Met

Leu

330

Ala

Glu

Trp

Leu

Val

410

Leu

Leu

16

Asp

Pro

155

Ile

Gly

Ala

Lys

Glu

His

Ser

Phe

315

Gly

Pro

Thr

Val

Arg

395

val

Leu

Glu

Leu

140

Leu

Val

Ala

Glu

Ala

220

Asp

T
'__l
)

Lys

Pro

Phe

300

Tyr

Asp

Gly

Thr

Leu

380

Thr

Thr

Lys

Arg

Tyr

Arg

Asn

Asp

Ala

205

Ala

Val

p
[
Q

Phe

Thr

285

Asn

Gly

Val

Glu

Thr

365

Ala

Ile

His

Ala

Asp
445

Phe

Arg

Gly

Tyr

190

Asp

Ile

Leu

Ala

Asn

Val

Ser

350

Arg

Glu

Arg

Ser

Lys
430

Glu

Ser

Thr

175

Ala

Pro

Leu

Leu

Ile

Gly

Gly

335

Thr

Tyr

Leu

Gln

Ala

415

Pro

Ala

Leu

160

Thr

Asp

Thr

Ala

Lys

Pro

Phe

Ala

320

Ala

Tyr

His

Ala

Glu

400

Leu

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

<400>
Met Thr
1

Ser Ala
Val Met
Gly Gly

50

Pro Arg
65

Leu Ile
Ile Glu
Ser Val

Leu Ala
130

Ala Val
145

Ala Gly
Asn Phe
Ser Leu
Ala Asp

210

Ser Ile
225

Gly Ile

Gly His

13
445
PRT

Trinh tu nhén tao

Hom

13
Ser

Val

Arg

35

Pro

Glu

Glu

Tyr

Val

115

Asp

Ala

Asp

Ile

Ala

195

Val

Ala

Ser

Thr

Ala

Gly

20

Leu

Leu

Gly

Arg

Pro

100

Thr

Ala

Gly

Gln

Leu

180

Glu

Glu

Phe

Asn

Ile

Ser

Ile

Met

Glu

Val

Glu

85

Arg

Ala

Ala

Ala

Ile

165

Asp

Ala

Gly

His

Ile

245

Lys

Ala

Ala

Thr

Val

Ala

70

Asp

Glu

Asn

Glu

Ile

150

Gln

Ala

Thr

His

Thr

230

Ser

Leu

(KFCC10881-22)

Pro

Leu

Glu

Pro

Val

Val

Lys

Ala

135

Pro

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Leu

Tyr

40

Gly

Glu

Asp

Val

Ala

120

Ala

Val

Val

Asp

Leu

200

Ala

Val

Ala

Ala

52912

Phe

Gly

25

Gly

Ile

Leu

Ile

Leu

105

Leu

Asn

Val

Met

Ser

185

Gly

Ala

Thr

Asp

Ile

Asn

10

Phe

Asp

Ala

Leu

Val

90

Ala

vVal

Val

Gly

Gly

170

Thr

Tyr

Ser

Ala

Ile

250

Cys
17

Pro

Gly

Glu

Val

Thr

75

Val

Ala

Ala

Asp

Pro

155

Ile

Gly

Ala

Lys

Asp

235

Glu

Glu

Gly
Thr

Leu

Glu
Leu
Ala
Leu
140
Leu
Val
Ala
Glu
Ala
220
Asp
Ala

Lys

Lys

Val

Ala
45

r Asp

Asp

Val

Lys

His

125

Tyr

Arg

Asn

Asp

Ala

205

Ala

Val

Ala

Phe

Gly

Gly

His

Ile

Ala

Ile

Ala

110

Ser

Phe

Arg

Gly

Tyr

190

Asp

Ile

Tyr

Gln

Thr

Pro

15

Thr

Arg

Ser

Phe

Gly

Gly

Ala

Glu

Ser

Thr

175

Ala

Pro

Leu

Cys

Gln

255

Asn

Gly

Glu

Ile

Lys

Ala

80

Gly

Lys

Glu

Ala

Leu

160

Thr

Asp

Thr

Ala

Glu

240

Ala

Lys
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Glu

Val

Val

305

Gly

Ala

Ala

Leu

Ser

385

Glu

Glu

vVal

Gly

Ser

290

Glu

Gly

Arg

Asn

Asp

370

Leu

Arg

Ser

Lys

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

<220>
<223>

<400>
tcgagctcgg tacccctgcecg acagcatgga actce

34

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

<220>
<223>

<400>

Lys

275

His

Ala

Ala

Asn

Leu

355

Met

Phe

Asp

Asp

Ala
435

14
34
ADN

260

Ser

Pro

Glu

Pro

Lys

340

Pro

Asp

Ser

Asp

Leu

420

Ile

Ala

Leu

Ala

Thr

325

Val

Ile

Val

Glu

Asp

405

Ser

Asn

Ile

Ala

Ala

310

Ala

His

Ala

Glu

Gln

390

Ala

Arg

Ser

Ser

Ser

295

Gly

Ser

Gly

Asp

Asp

375

Gly

Arg

Thr

Val

Trinh ty nhan tao

doan mdi

14

15
34
ADN

Trinh ty nhan tao

doan mdi

15

Ala

280

Val

Arg

Ala

Gly

Phe

360

Arg

Ile

Leu

Val

Ile
440

52912

265

Arg

Asn

Leu

Val

Arg

345

Gly

Val

Ser

Ile

Glu

425

Arg

Val

Lys

Met

Leu

330

Ala

Glu

Ser

Leu

Val

410

Leu

Leu

18

His

Ser

Phe

315

Gly

Pro

Thr

Val

Arg

395

Val

Leu

Glu

Pro

Phe

300

Tyr

Asp

Gly

Thr

w =
o D
O o

Thr

Lys

Arg

Thr

285

Asn

Gly

Val

Glu

Thr

365

Ala

Ile

His

Ala

Asp
445

270

Leu

Ala

Asn

Val

Ser

350

Arg

Glu

Arg

Ser

Lys
430

Leu

Ile

Gly

Gly

335

Thr

Tyr

Leu

Gln

Ala

415

Pro

Pro

Phe

Ala

320

Ala

Tyr

His

Ala

Glu

400

Leu

Val
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ctctagagga tccccttagt ccctttcgag gcgg
34

<210> 16

<211> 18

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 16
caccggcgct gactatgc

18

<210> 17

<211> 18

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 17

aatcgggtgc acgcgagce

18

<210> 18

<211> 18

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 18

ttggattgta cgcaggga

18

<210> 19

<211> 18

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 19

ccacacgcga tcttccac

18

19
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

52912

20

18

ADN

Trinh ty nhan tao

doan mdi

20

gctcacgcga tcttccac

18

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

<220>
<223>

<400>

21

18

ADN

Trinh ty nhédn tao

doan mdi

21

ttagtccctt tcgaggcg

18

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

<400>
Val Ala
1

Glu Arg

Gly Asn

Glu Leu

50

Glu Met
65

Val Ala

Gly Ser

Ile Val

22
421
PRT
Trinh ty nhé&n tao

1lysC(L377K)

22

Leu Val Val Gln Lys Tyr Gly Gly

Ile Arg Asn Val Ala Glu Arg Ile

20 25

Asp Val Val Val Val Cys Ser Ala

35 40

Leu Glu Leu Ala Ala Ala Val Asn

55

Asp Met Leu Leu Thr Ala Gly Glu

70

Met Ala Ile Glu Ser Leu Gly Ala

85 90

Gln Ala Gly Val Leu Thr Thr Glu

100 105

Asp Val Thr Pro Gly Arg Val Arg

20

Ser

Val

Met

Pro

Arg

75

Glu

Arg

Glu

Ser

Ala

Gly

Val

60

Ile

Ala

His

Ala

Leu

Thr

Asp

45

Pro

Ser

Gln

Gly

Leu

Glu

Lys

30

Thr

Pro

Asn

Ser

Asn

110

Asp

Ser

15

Lys

Thr

Ala

Ala

Phe

95

Ala

Glu

Ala

Ala

Asp

Arg

Leu

80

Thr

Arg

Gly
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Lys

Asp

145

Leu

Asp

Leu

Ser

Val

225

Ile

Gly

Ser

Ala

Asp

305

Arg

Asn

Gly

Arg

Ile

385

Leu

Ala

Ile

130

Val

Ala

Gly

Glu

Lys

210

Pro

Ala

Val

Asp

Glu

290

Gly

Ala

Val

Met

Asp

370

Ser

His

Gly

115

Cys

Thr

Ala

Val

Lys

195

Ile

Leu

Gly

Ala

Lys

275

Ile

Thr

Met

Leu

Lys

355

Val

Val

Glu

Thr

Ile

Thr

Ala

Tyr

180

Leu

Leu

Arg

Ser

Thr

260

Pro

Asn

Thr

Glu

Tyr

340

Ser

Asn

Leu

Gln

Gly
420

Val

Leu

Leu

165

Thr

Ser

Val

Val

Met

245

Asp

Gly

Ile

Asp

Ile

325

Asp

His

Val

Ile

Phe

405

Arg

Ala

Gly

150

Asn

Ala

Phe

Leu

N

w =
O Q

Lys

Glu

Asp

Ile

310

Leu

Asp

Pro

Asn

Arg

390

Gln

Gly

135

Arg

Ala

Asp

Glu

Arg

215

Ser

Asp

Ser

Ala

Met

295

Thr

Lys

Gln

Gly

Ile

375

Glu

Leu

120

Phe

Gly

Asp

Pro

Glu

200

Ser

Ser

Ile

Glu

Ala

280

Val

Phe

Lys

Val

Val

360

Glu

Asp

Gly

52912

Gln

Gly

Val

Arg

185

Met

Val

Tyr

Pro

Ala

265

Lys

Leu

Thr

Leu

Gly

345

Thr

Lys

Asp

Gly

Gly

Ser

Cys

170

Ile

Leu

Glu

Ser

Val

250

Lys

vVal

Gln

Cys

Gln

330

Lys

Ala

Ile

Leu

Glu
410

21

Val

Asp

155

Glu

Val

Glu

Tyr

Asn

235

Glu

val

Phe

Asn

Pro

315

Val

Val

Glu

Ser

ASp

395

Asp

Asn

140

Thr

Ile

Pro

Leu

Ala

220

Asp

Glu

Thr

Arg

Val

300

Arg

Gln

Ser

Phe

Thr

380

Ala

Glu

125

Lys

Thr

Tyr

Asn

Ala

205

Arg

Pro

Ala

Val

Ala

285

Ser

Ser

Gly

Leu

Met

365

Ser

Ala

Ala

Glu

Ala

Ser

Ala

190

Ala

Ala

Gly

Val

Leu

270

Leu

Ser

Asp

Asn

Val

350

Glu

Glu

Ala

Val

Thr

Val

Asp

175

Gln

Val

Phe

Thr

Leu

255

Gly

Ala

Val

Gly

Trp

335

Gly

Ala

Ile

Arg

Val
415

Arg

Ala

160

Val

Lys

Gly

Asn

Leu

240

Thr

Ile

Asp

Glu

Arg

320

Thr

Ala

Leu

Arg

Ala

400

Tyr
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<210> 23
<211> 34
<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> doan mdi

<400> 23

tcgagctcgg tacccgctgce gcagtgttga atac
34

<210> 24

<211> 30

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 24

tggaaatctt ttcgatgttc acgttgacat
30

<210> 25

<211> 30

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 25

atgtcaacgt gaacatcgaa aagatttcca
30

<210> 26

<211> 34

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mbi

<400> 26

ctctagagga tccccgttca cctcagagac gatt
34

<210> 27

<211> 28

<212> ADN

<213> Trinh tyu nhan tao

22
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<220>
<223> doan mdéi

<400> 27
acggatccca gactccaaag caaaagcg
28

<210> 28

<211> 30

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 28
acaccacggc agaaccaggt gcaaaggaca
30

<210> 29

<211> 30

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> doan mdéi

<400> 29

ctggttctgc cgtggtgtgc atcatctctg
30

<210> 30

<211> 28

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 30

acggatccaa ccaaacttgc tcacactc
28

<210> 31

<211> 1161

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> gen metB

23
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<400> 31
ttgtcttttg
60

ccagacgact
120

aacgctccaa
180

gtggcattag
240

tccggcatgg
300

gtcctcggca
360

tggggcgtcg
420

aaggacaaca
480

gacatcgaag
540

accttcgcat
600

tccaccacca
660

gaccaggaaa
720

gttttcgatg
780

cactgcgaca
840

gtgctctacc
900

cgcttcggceg
960

tgtacctcca
1020

gagcacccag
1080

gacctcgtgce
1140

acccaaacac

actacggttc

acgaactgcg

agcagaccgt

ctgcaaccga

acgatgctta

aatacaccgt

ccaagctgat

cagtagcaaa

ccccatacct

agtacatcgg

tggacgaaga

catacctgac

acgcagaaaa

caggtctgaa

gcatgatctc

ccaaactgat

caaccatgac

gcatctccat

52912

ccagggtttc

gattaacacc

caaaggctac

cgcagcactc

catcctgttc

cggcggaacc

tgttgatacc

ctgggtggaa

gctcaccgaa

gcagcagcca

aggacactcc

actgctgttc

cgccecgtggce

gatcgcggaa

gaaccaccca

cgtcecgttte

ctgtctggcc

ccaccagtca

tggtattgaa

tccactgcat

ccaatctatg

gagtacaccc

gaaggcgcaa

cgcatcatcc

taccgcctga

tccgtcgtgg

accccaacca

ggcaccaacg

ctaaaactcg

gacgttgttg

atgcagggcg

ctcaagaccc

ttcctggact

ggccacgaag

gcaggcggceg

gagtccctcg

gctgccggcet

gacattgaag

24

cgattcacgc

cctccaccac

gtgtgggcaa

agtatggccg

tcaagccggg

tcgacaccgt

aagaggtcaa

acccagcact

ccaagctggt

gcgcacacgc

gcggcecttgt

gcatcggacc

ttgcagtgcg

ccecgeccaga

tcgcagcgaa

aagaagcagc

gtggcgtgga

ctcagctcga

acctgctcge

tgggtatgag

cttcgcgcecag

ccccaccatc

cgcattctcc

cgatcacatc

attcaccgca

ggcagcgatc

tggcatcacc

tgttgacaac

agtcctgcac

ggttaccaac

gatcccatca

catggatcgc

ggtctccacc

gcagatgaag

taagaagttc

atccctcctg

ggttccccgce

agatgtcgag



52912

caggccctca ataaccttta g

1161

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

<220>
<223>

<400>

32

24

ADN

Trinh tu nhan tao

doan mdéi

32

tctagacgcc cgcatactgg cttc

24

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

<220>
<223>

<400>

cccatccact aaacttaaac agatgtgatc gcccggc

37

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

<220>
<223>

<400>

tgtttaagtt tagtggatgg ggaagaacca cccaggcc

38

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

<220>
<223>

<400>

33

37

ADN

Trinh ty nhén tao

doan mdi

33

34
38
ADN
Trinh ty nhan tao

doan mdi
34
35
23

ADN
Trinh ty nhdn tao

doan mdi

35

gtcgaccaat cgtccagagg gcg

23

25
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<210> 36
<211> 13
<212> AD
<213>

<220>
<223> ge

<400> 36
atgccaaagt
60

gcaggccagt
120

gctttegtgt
180

cctgtttact
240

ctcgaaggtg
300

attttgaacc
360

accgagactc
420

aaccccgacg
480

ggcgagactt
540

gcgcaccgcea
600

cgcccecgcecteg
660

aacggctccg
720

aaggatggaa
780

aagtacgcag
840

gacaccggct
900

ctttcectge
960

aaccacgaga
1020

14
N

n metyY

acgacaattc

cagtagacgc

tcgactccgce

cccgcectcac

gcgtccacgce

tggcaggagc

tattccttat

accctgagtc

tcgccaacce

acagcgttcc

agctcggcgce

gactgggcgg

agccagtatt

accttggtgc

ccaccctctce

gcctggagcg

aggtggaaaa

52912

Trinh ty nhén tao

caatgctgac

acagaccagc

tgagcacgcc

caacccaacc

tgtagcgttc

gggcgaccac

cactcttaac

ctggcaggca

acaggcagac

actgatcatc

agacgttgtce

cgtgcttatc

cccctactte

accagccttc

cgcattcaac

cCcacaacgaa

ggttaacttc

cagtggggct

gcacgaaacc

aagcagcegtt

gttgaggctt

tcctcecggac

atcgtcacct

cgcctgggta

gccgttcage

gtcctggata

gacaacacca

gtcgctteccce

gacggcggaa

gtcactccag

ggcctcaagg

gcatgggctg

aacgccatca

gcaggcctga

26

ttgaaacccg

ttccgatcta

tcgcacttga

tggaaaaccg

aggccgcaac

ccccacgcect

tcgatgttte

Caaacaccaa

ttcctgcggt

tcgctaccge

tcaccaagtt

agttcgattg

atgctgctta

ttcgcgttgg

cagtccaggg

aggttgcaga

aggattcccce

ctccattcac

ccaatccacc

ggatctaggce

catcgcttcce

caccaacgcc

ctacggtggc

cttcgtggaa

agcattcttce

ggctgaagtt

agcgctcgtg

ctacaccggc

gactgtcgaa

ccacggattg

ccttctacge

catcgacacc

attcctcaac

ttggtacgca
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accaaggaaa agcttggcct gaagtacacc
1080

ggcaaggatg aggcttgggc atttatcgac
1140

atcggcgatg ttcgctcecct cgttgttcac
1200

gaagctggcc tggcacgcgc gggcgttacce
1260

gagaccattg atgatatcat cgctgacctc
1314

<210> 37

<211> 24

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdéi

<400> 37

tctagaccat cctgcaccat ttag

24

<210> 38

ggctccgtte

gccctgaagce

Cccadgcaacca

cagtccaccg

gaaggcgget

<211> 37

<212> ADN

<213> Trinh tuy nhan tao
<220>

<223> doan mdéi

<400> 38

cccatccact aaacttaaac acgctcctgc caggttc
37

<210> 39

<211> 39

<212> ADN

<213> Trinh tuy nhan tao
<220>

<223> doan mdi

<400> 39

tgtttaagtt tagtggatgg gcttggtacg caaccaagg

39

<210> 40

27

tcaccttcga

tacactccaa

ccacccattc

tccgectgtce

ttgctgcaat

gatcaagggc

ccttgcaaac

acagtccgac

cgttggcatc

ctag
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<211> 23

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi

<400> 40

gtcgacgatt gctccggett cgg

23

<210> 41

<211> 2213

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> gen mcbR

<400> 41
aatctggatt
60

acacgtgcca
120

aaagagtgat
180

gcctctccaa
240

gaaattaggc
300

ttggagcgga
360

tgccctaggt
420

gattaaaggc
480

tggtttgtta
540

gatcttcagc
600

cttcactcgg
660

acaggccttt
720

tccgeccaggt

aaagttcggc

ttcatggccg

tctccactga

catcaccttt

gccggttaaa

tggattacat

actgatgctc

ggcggcetgge

ttcatcacat

aagaagtaat

tggtcatttt

tttggcacgce

tttttcgecg

agactcctaa

ggtacttaat

taataacaat

attggcagca

ggatcattat

agcaaggaat

tgcttggaat

gtctgattgg

ctgctttaaa

ggggtggaaa

ccgtctgott

atcttgtcac

aagtttgacc

ccttccgggg

acaatgaata

ttcaccgaaa

tggtggtcta

tttgctgaac

cttcggagtg

tgctgtcatt

tccgtaggge

aagcgctaga

28

taggcaatga

gcctgectgg

tcacaggatt

aattcgggcg

attggaatag

gaaaaggaga

gctggttgga

atagtcgtcg

gatgttgccg

ttgctgacga

ctgttgatat

cttgcctgtg

gataccgaac

tttgtcttgt

gcttctaagg

cttaaatcga

gtcgacacct

accacatgct

ttgcctccaa

gtattatcgg

gtggcggctt

tcgtgcagtt

ttcgatatca

gattaaaact
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atacgaaccg
780

cccgaaagga
840

ggggcaaacc
900

aaccttttca
960

gacgtggcga
1020

tacctggaga
1080

aaggatccgg
1140

aaagatttcc
1200

gatagcgaaa
1260

ctgactgatt
1320

ttggtgttcc
1380

gagacggctc
1440

tagtttcttc
1500

ttttagcttt
1560

cacgttgcgt
1620

tttcggcagt
1680

atggggtgag
1740

ctttttgttt
1800

taagtgggta
1860

ggttgttgct
1920

gtttgtctat

cgtggccgaa

gtcgtcgcaa

ccacagaagg

aggcgagcect

acctcgatca

aagataaaat

gcggctcgca

agggcattgt

tgctcactga

ttgatggtgg

gcgatttggce

attttccgaa

aacctcagcg

ttcgcgectce

acgggttttg

aatcatcagg

tgcgcgatag

tttgcgttcce

gacccaatag

52912

attggtgtta

cgtggctgcet

tcgaccaagc

tattcgcgtce

ctattccctt

gctgtggcgt

catcgcgttc

tgcagcagtg

gaagaacggc

acttgctgga

tcggcagttg

ggggtatctt

cgacgctgct

ttgttcgcga

gtgagttcca

gcgcggtttt

atgtcgcgcet

aaaatgacca

agtgcgattg

gacagttcgt

agcgcttcag

ccccgacagce

atcggtattg

ttcggatcga

gaagcgtggce

tttgatcagt

ttagagcacc

tacccaggca

tctcgattgg

ttgtcggctc

cgttggggga

ttaagcgctg

tttctttgcg

cgtttgttgce

tgcgtcgtgt

gctctaggtg

tcatgatgat

ctgtggggaa

29

cgtatcttga

gcaagagtaa

gtctcctcga

atcgtatcct

aggacgcctt

gtgagcgcac

gcattgagga

gcgagtggtg

ccacccaggc

tccacaacat

cacctgcgga

ggcgtcgata

catggcggcg

ggcctgtttt

gtgaagcgtt

ccacaggaag

gtgcactttg

tgtttggagg

tggtcctgtyg

aacagaccaa

aacaagtgcc

tagcgcaacc

ccgtgaagcet

ggttattgca

cgtcggtatg

agaaccagaa

aaact

Q
(9]
9!

CC

(e}

tcataagact

gaatcagctg

cagtcctctt

ctactcaatt

agccceccttcet

cggttcattt

gcttcgttga

gaggcgttcc

atgcgctttt

aaatcgtcgg

agcgtccaca

aggccaaggg

68/75



acagtgggaa
1980

agaatccgga
2040

ttgcggtgag
2100

gcgtggtgcet
2160

cattgctcac
2213

<210> 42
<211> 28
<212>
<213>

<220>
<223> do

<400> 42

gatcggcgcg

tgcgtaatcg

gattgcggcet

caaatatttt

gcgaccagcg

ADN
Trinh ty nhdn tao

an moi

52912

aggatcgaca

ttggtttgga

gtgatgaaca

agctgctcag

aggaaagatt

ggcccgggcece tgcecctggttt gtcttgta

28

<210> 43
<211> 35
<212> ADN
<213>

<220>

<223> do

<400> 43

an mdi

Trinh ty nhédn tao

tcacgatcat

agctgcggta

gtggcaaaac

tgggcatcga

ccacttcctc

cggaaaatga agaaagttcg gccacgtcct ttcgg

35

<210> 44
<211> 35
<212> ADN
<213>

<220>

<223> do

<400> 44

an mdi

Trinh ty nhan tao

aggacgtggc cgaactttct tcattttccg aaggg

35

<210> 45
<211> 28

30

gaacttcagc

catggacatc

gaaactaaga

aacataagcg

aggagttagg

atgccgttag

gccatgttga

acttccgecect

ggcagaggca

aag
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<212> ADN

<213> Trinh ty nhén tao
<220>
<223> doan mdi

<400> 45
atcccggggt ttcgatgccc actgagca
28

<210> 46
<211> 20
<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 46

aatctggatt tccgccaggt

20

<210> 47

<211> 20

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 47

cttcctaact cctgaggaag

20

<210> 48

<211> 1338
<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> gen hom kiéu dai
<400> 48

atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga

60

attgceccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac

120

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct

180

31
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gatatctcaa
240

ctcatcgagce
300

cgtgaggtag
360 ‘

cttgttgcag
420

tacttcgagg
480

gctggcgatc
540

gacgccatgg
600

ggttacgccg
660

gcaattttgg
720

ggtatcagca
780

aagttgttgg
840

cgcgtgcacc
900

aatgcaatct
960

ggtggcgcegce
1020

gtgcacggtg
1080

ggtgagacca
1140

gctgaattgg
1200

gagcgcgatg
1260

tccegcaccyg
1320

cgcctcgaaa
1338

agccacgtga

gcgaggatgt

ttctcgcagce

ctcactctgc

ctgctgttgce

agatccagtc

attccaccgg

aagctgatcc

catccatcgce

acatcagcgc

ccatctgtga

cgactctatt

ttgttgaagce

caaccgcgtce

gccgtgcetce

ccactcgtta

ctagcctgtt

atgatgcacg

ttgaactgct

gggactaa

52912

aggcgttgceca

tgacatcgtc

tctgaaggcec

tgagcttgcet

aggcgcaatt

tgtgatgggc

cgctgactat

aactgcagac

tttccacacc

tgccgacatt

gaagttcacc

acctgtgtcc

agaagcagct

tgctgtgcectt

aggtgagtcc

ccacctcgac

ctctgagcaa

tctgatcgtg

gaaggctaag

cctgagctgce

gttgaggtta

ggcaagtctg

gatgcagcgg

ccagtggttg

atcgttaacg

gcagattctt

gtcgaaggcce

cgtgttaccg

gaggcagcac

aacaaggaag

cacccactgg

ggtcgcctga

ggcgacgtcg

acctacgcta

atggatgtgg

ggaatctccc

gtcacccact

cctgttgtta

32

tcactgagga

tcggcggcecat

ttgttaccgc

aagccgcaaa

gcccactgcecg

gcaccaccaa

tggctgaggc

cggatgatgt

agcaggcagg

gaaagtcggc

cgtcggtaaa

tgttctacgg

ttggtgccgce

acctgccgat

aagatcgcgt

tgcgtacaat

ctgcgctgga

aggcaatcaa

cgcttttgceca

tgagtaccca

caataaggct

cgttgacctg

tcgctcectg

cttcatcttg

aactcgtttg

atccaaggcet

gtactgcgaa

ccacaccatc

tatttctgct

caagtccttt

aaacggtgca

acgaaacaag

cgctgatttc

gggggttttyg

ccgacaggaa

atctgatctt

cagtgtgatc
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<210> 49
<211> 445

<212> PRT

<213> Trinh ty nhan tao
<220>

<223> ATCC14067 hom

<400> 49

Met Thr Ser Ala Ser
1 5

Ser Ala Val Gly Ile

Val Met Arg Leu Met

35

Gly Gly Pro Leu Glu
50

Pro Arg Glu Gly Val
65

Leu Ile Glu Arg Glu
85

Ile Glu Tyr Pro Arg
100

Ser Val Val Thr Ala
115

Leu Ala Asp Ala Ala
130

Ala Val Ala Gly Ala
145

Ala Gly Asp Gln Ile
165

Asn Phe Ile Leu Asp
180

Ser Leu Ala Glu Ala
195

Ala Asp Val Glu Gly
210

Ser Ile Ala Phe His
225

Gly Ile Ser Asn Ile
245

Gly His Thr Ile Lys

Ala

Ala

Thr

Val

Ala

70

Asp

Glu

Asn

Glu

Ile

150

Gln

Ala

Thr

His

Thr

230

Ser

Leu

52912

(NCg11136)

Pro

Leu

Glu

Val

vVal

Lys

Ala

135

Pro

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Leu

Tyr

40

Gly

Glu

Asp

Val

Ala

120

Ala

Val

Val

Asp

Leu

200

Ala

Val

Ala

Ala

Phe

Gly

Gly

Ile

Leu

Ile

Leu

105

Leu

Asn

Val

Met

Ser

185

Gly

Ala

Thr

Asp

Ile

Asn

10

Phe

Asp

Ala

Leu

Val

90

Ala

Val

Val

Gly

Gly

170

Thr

Tyr

Ser

Ala

Ile

250

Cys

33

Pro

Gly

Glu

Val

Thr

75

vVal

Ala

Ala

Asp

Pro

155

Ile

Gly

Ala

Lys

Asp

235

Glu

Glu

Gly

Thr

Leu

Glu

Leu

Ala

Leu

140

Leu

Val

Ala

Glu

Ala

220

Asp

Ala

Lys

Lys

Val

Ala

45

Asp

Asp

Val

Lys

His

125

Tyr

Arg

Asn

Asp

Ala

205

Ala

Val

Ala

Phe

Gly

Gly

30

His

Ile

Ala

Ile

Ala

110

Ser

Phe

Arg

Gly

Tyr

190

Asp

Ile

Tyr

Gln

Thr

Pro

15

Thr

Arg

Ser

Phe

Gly

Gly

Ala

Glu

Ser

Thr

175

Ala

Pro

Leu

Cys

Gln

255

Asn

Gly

Glu

Ile

Lys

Ala

80

Gly

Lys

Glu

Ala

Leu

160

Thr

Asp

Thr

Ala

Glu

240

Ala

Lys
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Glu Gly

Val Ser
290

Val Glu
305

Gly Gly
Ala Arg
Ala Asn
Leu Asp

70
Ser Leu

385

Glu Arg
Glu Ser

Val Lys

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

<220>
<223>

<400>
Met Thr
1

Ser Ala
Val Met

Gly Gly
50

Pro Arg
65

260

Lys Ser Ala Ile Ser
275

His Pro Leu Ala Ser
295

Ala Glu Ala Ala Gly
310

Ala Pro Thr Ala Ser
325

Asn Lys Val His Gly
340

Leu Pro Ile Ala Asp
355

Met Asp Val Glu Asp
375

Phe Ser Glu Gln Gly
390

Asp Asp Asp Ala Arg
405

Asp Leu Ser Arg Thr
420

Ala Ile Asn Ser Val
435

50
445
PRT
Trinh ty nhédn tao

ATCC13869 hom

50
Ser Ala Ser Ala Pro
5

Val Gly Ile Ala Leu
20

Arg Leu Met Thr Glu
35

Pro Leu Glu Val Arg
55

Glu Gly Val Ala Pro
70

Ala

280

Val

Arg

Ala

Gly

Phe

360

Arg

Ile

Leu

Val

Ile
440

Ser

Leu

Tyr

40

Gly

Glu

52912

265

Arg

Asn

Leu

Val

Arg

345

Gly

Val

Ser

Ile

Glu

425

Arg

Phe

Gly

25

Gly

Ile

Leu

Val

Lys

Met

Leu

330

Ala

Glu

Gly

Leu

Val

410

Leu

Leu

Asn

10

Phe

Asp

Ala

Leu

34

His

Ser

Phe

315

Gly

Pro

Thr

Val

Arg

395

Val

Leu

Glu

Pro

Gly

Glu

Val

Thr
75

Pro

Phe

300

Tyr

Asp

Gly

Thr

w =

@ M
oo

Thr

Lys

Arg

Gly

Thr

Leu

Ser

60

Glu

Thr

285

Asn

Gly

Val

Glu

Thr

365

Ala

Ile

His

Ala

Asp
445

Lys

Val

Ala

45

Asp

Asp

270

Leu

Ala

Asn

Val

Ser

350

Arg

Glu

Arg

Ser

Lys
430

Gly

Gly

30

His

Ile

Ala

Leu

Ile

Gly

Gly

335

Thr

Tyr

Leu

Gln

Ala

415

Pro

Pro

15

Thr

Arg

Ser

Phe

Pro

Phe

Ala

320

Ala

Tyr

His

Ala

Glu

400

Leu

Val

Gly

Glu

Ile

Lys

Ala
80
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Leu

Ile

Ser

Leu

Ala

145

Ala

Asn

Ser

Ala

Ser

225

Gly

Gly

Glu

Val

Val

305

Gly

Ala

Ala

Leu

Ser
385

Ile Glu

Glu

val'

Ala

130

Val

Gly

Phe

Leu

Asp

210

Ile

Tle

His

Gly

Ser

290

Glu

Gly

Arg

Asn

Asp

370

Leu

Tyr

Val

115

Asp

Ala

Asp

Ile

Ala

195

Val

Ala

Ser

Thr

Lys

275

His

Ala

Ala

Asn

Leu

355

Met

Phe

Arg

Pro

100

Thr

Ala

Ala

Gln

Leu

180

Glu

Glu

Phe

Asn

Ile

260

Ser

Pro

Glu

Pro

Lys

340

Pro

Asp

Ser

Glu

85

Arg

Ala

Ala

Ala

Ile

165

Asp

Ala

Gly

His

Ile

245

Lys

Ala

Leu

Ala

Thr

325

Val

Ile

Val

Glu

Asp

Glu

Asn

Glu

Ile

150

Gln

Ala

Thr

His

Thr

230

Ser

Leu

Ile

Ala

Ala

310

Ala

His

Ala

Glu

Gln
390

Val

Val

Lys

Ala

135

Pro

Ser

Met

Arg

Asp

215

Arg

Ala

Leu

Ser

Ser

295

Gly

Ser

Gly

Asp

Asp

375

Gly

Asp

Val

Ala

120

Ala

vVal

Val

Asp

Leu

200

Ala

Val

Ala

Ala

Ala

280

Val

Arg

Ala

Gly

Phe

360

Arg

Ile

52912

Ile

Leu

105

Leu

Asn

vVal

Met

Ser

185

Gly

Ala

Thr

Asp

Ile

265

Arg

Asn

Leu

Val

Arg

345

Gly

Val

Ser

Val

90

Ala

Val

Val

Gly

Gly

170

Thr

Tyr

Ser

Ala

Ile

250

Cys

Val

Lys

Met

Leu

330

Ala

Glu

Gly

Leu

35

Val

Ala

Ala

Asp

Pro

155

Ile

Gly

Ala

Lys

Asp

235

Glu

Glu

His

Ser

Phe

315

Gly

Pro

Thr

Val

Arg
395

Glu

Leu

Ala

Leu

140

Leu

Val

Ala

Glu

Ala

220

Asp

Ala

Lys

Pro

Phe

300

Tyr

Asp

Gly

Thr

Leu

380

Thr

Val

Lys

His

125

Tyr

Arg

Asn

Asp

Ala

205

Ala

Val

Ala

Phe

Thr

285

Asn

Gly

Val

Glu

Thr

365

Ala

Ile

Ile

Ala

110

Ser

Phe

Arg

Gly

Tyr

190

Asp

Ile

Tyr

Gln

Thr
270

Leu L

Ala

Asn

Val

Ser

350

Arg

Glu

Arg

Gly

Gly

Ala

Glu

Ser

Thr

175

Ala

Pro

Leu

Cys

Gln

255

Asn

Ile

Gly

Gly

335

Thr

Tyr

Leu

Gln

Gly

Lys

Glu

Ala

Leu

160

Thr

Asp

Thr

Ala

Glu

240

Ala

Lys

Pro

Phe

Ala

320

Ala

Tyr

His

Ala

Glu
400
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Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu
405 410 415

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val
420 425 430

Val LysWAla Ile Asn Ser Val Ile Arg Leu Glu Arg Asp
435 440 445
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