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Linh vue k¥ thuit dwoc dé cap

Séang ché d& cip dén vi sinh vAt san xudt L-lysin thudc gibng
Corynebacterium va phuong phap san xudt L-lysin bang cach st dung vi sinh
vét nay.

Tinh trang ky thuit ciia sing ché

L-Lysin dugc st dung trong thitc dn chin nudi, va trong cic nganh
cong nghiép duge phdm va m§ pham cho con ngudi, va né thudong dugce tao ra
thong qua qua trinh 1én men bang cach sir dung cac chung thudc gibng
Corynebacterium hodc cac ching thudc gibng Escherichia. Pé tao ra L-lysin,
céc nghién ctru khac nhau dé phat trién cac ching san xuét co hi€u qua cao va
cdng nghé xtr 1y 1én men van dang duoc thuc hién. Cu thé, cha yéu st dung céc
phuong phép huéng dén cac giai phap cu thé dbi véi vat liéu dich, nhu 1am
tang su bidu hién ciia gen mi hoéa cac enzym lién quan dén qua trinh sinh téng
hop L-lysin hoic gy khuyét doan cac gen khéng can thiét cho qu4 trinh sinh
téng hop cia né (patent Han Québc s6 10-08380338).

Pé tim ra cac dic tinh c6 hiéu qua c6 thé 1am ting nang suit lysin, cac
tac gia sang ché da phat hién ra gen lién quan dén viéc san xuét lysin ¢6 ndng
dd cao bang cach dua viao ngiu nhién mot gen ndi sinh cia vi sinh vat thudc
gidng Corynebacterium, va v6i phat hién ndy di xac nhan duoc rang khi sy
biéu hién ciia gen nay ting trong vi sinh vat thudc giéng Corynebacterium,

nang suat ctia L-lysin c6 thé ting, nher d6 d3 tao ra sang ché nay.

Ban chit k§ thuit ciia sing ché
Vén dé can giai quyét

Mot muyc dich cta sang ché 1a @& xuét vi sinh vt san xuét L-lysin thudc
gidng Corynebacterium, c6 hoat tinh ciia protein chtra trinh tu axit amin néu
trong SEQ ID NO: 1 dugec cdi thi€n so véi hoat tinh ndi sinh.

Mot muc dich khac ctia sang ché 1a d& xuit phuong phdp san xuét

L-lysin bang cach sir dung vi sinh vat nay.

Giai phép k¥ thuit

Dé dat dugc cac muc dich néu trén, theo mot khia canh, sang ché dé
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xudt vi sinh vat sén xut L-lysin thudc gidng Corynebacterium, c6 hoat tinh cia
protein chira trinh ty axit amin néu trong SEQ ID NO: 1 dugc céi thién so véi
hoat tinh noi sinh.

MO ta chi tiét sang ché

Duéi day, sang ché s& dugc mo ta mot cach chi tiét. Trong khi 4o, mbi
phin giai thich va cac phuong 4n vi du duge dé cap trong ban mo ta nay c6 thé
ap dung dugce véi cac phén giai thich va cac phurong 4n vi du khéc. Nghia 13, tht
ca cac td hop cia cac yéu t6 khac nhau dugc dé cap trong bin mo ta nay déu
nim trong pham vi ciia sang ché. Hon nita, pham vi clia séng ché khéng bi giéi
han & phan mo ta cu thé duogc dua ra dudi day.

Trong ban md ta clia sang ché nay, thuat ngit “protein chira trinh tur axit
amin néu trong SEQ ID NO: 1”7 ¢o6 thé dugc st dung thay cho thuit ngir
“protein HM1524”. Ngoai ra, n6d co thé dugc st dung thay cho thuét ngi
“protein dugc ghi ma bai gen HM1524”. Ngoai ra, cum tir “protein vé co ban
chtra trinh ty axit amin néu trong SEQ ID NO: 1” hodc “protein chira trinh tu
axit amin néu trong SEQ ID NO: 1”7 ¢6 thé dugc sir dung thay nhau.

Ngoai ra, protein c6 thé chira polypeptit c6 miic twong ddng voi trinh tu
axit amin néu trong SEQ ID NO: 1 it nhét 12 80%, 90%, 95%, 97%, hodc 99%.
Vi du, hién nhién ring protein c6 trinh tr axit amin trong d6 trinh tw ndy duoc
lam khuyét doan, cai bién, thay thé, hodc cai xen mot phén nam trong pham vi
ctia sang ché, chimg ndo né c6 trinh ty axit amin c6 mirc tuong ddng néu trén
va ¢6 hiéu qua tuong duong véi protein chira trinh tur axit amin néu trong SEQ
ID NO: 1.

Ngoai ra, ching nao né c6 hoat tinh twong duong véi hoat tinh cua
protein chia trinh ty axit amin néu trong SEQ ID NO: 1, su dot bién c6 thé xay
ra bing cach thém doan trinh tuw vo nghia ndm phia trude hodc nim phia sau
trinh tu axit amin néu trong SEQ ID NO: 1 hodc dot bién ty nhién trong do,
hodc dot bién cam trong d6, khong bi loai trir, va protein c6 trinh tir axit amin
néu trong SEQ ID NO: 1 cling nam trong pham vi ctia séng ché.

Khi dugc st dung trong ban mo ta cua sang ché nay, thuat ngit “mirc
trong ddng” d& chi ty 16 phan tram sy gidng nhau gifta hai gbc polynucleotit
ho#c polypeptit, chi ra mirc tuong duong véi trinh tu axit amin hodc trinh tu
nucleotit nhit dinh, va c6 thé dugc biéu thi theo ty 1€ phﬁn tram. Trong ban mo
ta nay, trinh tu tuong d@)ng cua trinh tu axit amin hodc trinh tu nucleotit da cho
¢6 hoat tinh giéng nhau hoic twong duong véi hoat tinh cla trinh ty axit amin
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hoic trinh ty nucleotit d& cho ¢6 thé duge biéu thi theo “% mic tuong dong”.
Vi dy, mtc tuong déng c6 thé dugc xac nhan b%mg cach st dung phf?ln mém
tiéu chudn dé tinh toan céc thong sb nhu diém s, mirc ddng nhét, va mirc
tuong tu, dic hiéu, BLAST 2,0, hoac br;“lng cach so sanh céc trinh tu béng thir
nghiém lai h6a Nam trong céc diéu kién nghiém ngit x4c dinh, va céc diéu kién
lai héa thich hop xac dinh nidm trong pham vi k¥ thuit c6 lién quan va c6 thé
duoc x4c dinh bing phuong phap da biét dbi v6i ngudi co hiéu biét trong linh
vuce k¥ thuat nay (vi dy, J. Sambrook et al., Molecular Cloning, A Laboratory
Manual, 2nd Edition, Cold Spring Harbor Laboratory press, Cold Spring
Harbor, New York, 1989; F.M. Ausubel et al., Current Protocols in Molecular
Biology, John Wiley & Sons, Inc., New York).

Gen mi hoéa protein chira trinh tu axit amin néu trong SEQ ID NO: 1,
mac du khong bi gidi han' & do, co thé 1a polynucleotit chira trinh tu nucleotit
néu trong SEQ ID NO: 2, vi c6 thé 13 polynucleotit c6 mirc twong ddng voi
trinh tu nucleotit néu trong SEQ ID NO: 2 it nhét 12 80%, 90%, 95%, 97%,
hodc 99%. Hién nhién ring polynucleotit, do su suy bién ma di truyén, c6 thé
dugce dich mi thanh protein chira trinh ty axit amin néu trong SEQ ID NO: 1
hoic protein ¢6 mirc twong ddng trong dé ciing c6 thé nam trong pham vi ciia
sang ché. Theo cach khac, dAu do c6 thé duge tao ra tir trinh tr gen da biét, vi
du, trinh tu bat ky lai héa vé6i trinh tr bd trg v6i tht ca hodc mét phan ciia trinh
tu nucleotit ndy trong céc diéu kién nghiém ngit & ma héa protein c6 hoat tinh
cua protein chira trinh ty axit amin néu trong SEQ ID NO: 1, ¢6 thé nam trong
pham vi ctia sang ché ma khong giéi han pham vi ciia n6. Thuat ngit “diéu kién
nghiém ngit” dugc ding dé chi cac diéu kién cho phép lai hoa dic hiéu giira
cac polynucleotit. Cac diéu kién nhu vay dugc mo ta mot cach cu thé trong tai
liéu (vi du, bai bao cia tac gia J. Sambrook et al., néu trén). Vi du, diéu kién
nghiém ngit c6 thé bao gbm cac diéu kién trong d6 céc gen c6 mic tuong dong
cao, muc tuong df‘)ng 1a 80% hodac cao hon, cu thé 12 90% hoic cao hon, cu thé
‘hon 14 95% hodc cao hon, cu thé hon nira 13 97% hoic cao hon, va dic biét cu
th8 12 99% hodc cao hon lai héa v6i nhau, trong khi d6 gen ¢6 mirc twong dong
thip hon so véi mirc twong ddng néu trén khong lai héa véi nhau; hoic c6 thé
bao gdm cac didu kién rira thong thudng cia thir nghiém lai héa Nam, tic 1a
rira mot 14n, cu thé 13 hai 14n hodc ba l4n, & nff)ng d6 mudi va nhiét d6 trong
dwong v6i 60°C, 1xSSC, va 0,1% SDS; cu thé 1a 60°C, 0,1xSSC, va 0,1%
SDS; va cu thé hon 12 68°C, 0,1xSSC, va 0,1% SDS.

Thir nghiém lai hoa can hai axit nucleic chira céc trinh tu b0 trg, mdc du
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bat cip sai gifta cac nucleotit c6 thé sin co tiy thudc vao tinh nghiém ngit cia
thit nghiém lai héa. Thuat ngit “tinh bd tr¢” dugc sir dung dé mé ta mbi quan
hé giita cac nucleotit c6 thé lai héa v&i nhau. Vi du, d6i véi ADN, adenosin bd
trg v6i thymin, va xytosin bd trg véi guanin. Vi vy, sang ché ciing c¢6 thé bao
ham manh axit nucleic phan lap bd tro véi toan b trinh tu cling nhu trinh tu
axit nucleic hau nhu twong tir v6i né.

Cu thé, polynucleotit ¢6 mtrc trong ddng c6 thé duge lam khuyét doan
bang cach sir dung cac diu kién lai hoa bao gbm budc lai héa & tri s6 T, 12
55°C trong céc diéu kién duge mo ta trén day. Ngoai ra, tri s6 T, c6 thé 1a
60°C, 63°C, hoic 65°C, nhung khéng gi6i han & d6, va c6 thé duge kidm soat
mdt cach thich hop bdi ngudi cé hidu biét trong linh vuce ki thut nay thy thudce
vao muc dich cta ho. . . ' ,

Mitc nghiém ngit thich hop d lai héa polynucleotit phu thudc vao
chiéu dai va mirc bd tro cia polynucleotit, va cac bién nay 13 d4 biét trong linh
vuc k¥ thuat nay.

Pau dod dugc st dung trong sy lai hda cé thé 1a mot phén cta trinh tu bd
trg véi trinh tu nay nucleotit. Dau do nhu vy c6 thé duoc san xuit bang PCR
bang cach sir dung oligonucleotit dugc tao ra trén co sé trinh tu da biét 1a doan
mdi va manh gen chira trinh tu nucleotit 12 khuoén mAiu. Manh gen ¢6 thé 13, vi
du, it nhét khoang 50 nucleotit, 60 nucleotit, 70 nucleotit, 80 nucleotit, 90
nucleotit, hodc it nhat 100 nucleotit. Ngoai ra, ngudi ¢6 hidu biét trong linh vue
ky thuét nay c6 thé diéu chinh nhiét d6 va ndng d6 mudi cia dung dich rira khi
can iy thudc vao cac yéu t& nhu chidu dai cta ddu do.

Khi dugc st dung trong sang ché, thuat ngir “hoat tinh nodi sinh” dé chi
hoat tinh cu thé cia protein dugc sé hitu ban dau béi ching vi sinh vat bd me
true khi bién nap ching, trong trudng hop dé Dic tinh cua vi sinh vt nay
thay d6i thong qua sy cai bién di truyén do cac yéu 6 tu nhién hodc nhén tao.

Khi dugce st dung trong sang ché, thuat ngit “hoat tinh dugc cai thién so
v6i hoat tinh ndi sinh” dé chi sy ting cudng hoat tinh cia protein cua vi sinh
vét so vé6i hoat tinh noi sinh ctia né hodc hoat tinh ctia né trude khi cai bién. Su
cai thién hoat tinh c6 thé bao gbm ca viéc dua vao HM1524 ngoai lai va su
tang cudng noi sinh hoat tinh cia HM1524.

Cu thé, su cai thién hoat tinh theo sang ché ¢6 thé duge thuc hién b?lng
c4c phuong phép sau:

1) phuong phép lam ting sb lwong ban sao cta polynucleotit ma héa
protein,
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2) phuong phap cai bién trinh tu didu hoa sy biéu hién sao cho su biéu
hién cta polynucleotit dugc ting 1én,

3) phuong phap cai bién polytrinh tir nucleotit trén nhiém sic thé sao
cho hoat tinh ctia protein dugc ting cuong,

4) phuong phap dua vio polynucleotit da dugc cai bién trong d6 cac
codon cda polynucleotit ngoai lai hodc polynucleotit néu trén c6 hoat tinh cia
protein da dugc t8i wu héa, hodc

5) phuong phap cai bién dé thu duoc su ting cuong bang cach két hop
cac phuong phap néu trén, v.v.; tuy nhién, su cdi thién hoat tinh khong bi gigi
han & dé.

Viéc 1am ting sb luong ban sao cia polynucleotit trong phuong phéap 1)
néu trén c6 thé dugce thuc hién bé‘lng cach lién két 6. didu khién véi vecto, hodc
¢6 thé duoc thyce hién béng cach cai xen vao nhiém sic thé trong té bao vat cha,
nhung khong bi gioi han cu thé & d6. Cu thé, no6 co thé dugc thuc hién bang
cach lién két co didu khién polynucleotit ma hoéa protein theo sang ché véi
vecto ¢ thé sao chép va hoat dong chirc ning bét ké té bao vat chi, va dua né
vao t& bao vat chi. Theo cach khéac, né c6 thé duge thuc hién bing phuong
phap 1am ting sb luong ban sao cia polynucleotit trong nhiém sic thé trong té
bao vat chi bang cach lién két ¢6 didu khién polynucleotit véi vecto c¢6 thé cai
xen polynucleotit vao nhiém séc thé trong té bao vat chu, va dua né vao té bao
vat chu.

Ngoai ra, trong phuong phap 2) néu trén, viéc cai bién trinh tw didu hoa
su biéu hién sao cho su biéu hién cta polynucleotit ting c6 thé duge thuc hién
bing cach gdy ra su cai bién trong trinh ty ndy nhd viée gay khuyét doan, cai
xen, hodc sy thay thé khong bao toan hodc bao toan cua trinh tur axit nucleic,
hoic théng qua su két hop ciia chung dé ting cudng tiép hoat tinh cua trinh tu
diéu hoa su biéu hién, hoic béng cach thay thé béng trinh tu axit nucleic co
hoat tinh manh hon, nhung khéng bi gi6i han cu thé & d6. Trinh tu diéu hoa su
biéu hién c6 thé bao gém gen khoi dAu, trinh tu gen diéu khién, trinh tu ma hoa
cho vi tri gén két ribosom, trinh tu diéu hoa su két thiic ctia qua trinh phién ma
va dich m3, v.v., nhung khong bi gi6i han cu thé & do.

Gen khéi ddu khac loai manh c6 thé duoc lién két véi ving phia bén
trén ctia don vi biéu hién cia polynucleotit thay vi gen khoi ddu ban dau; vi du
vé gen khoi dédu manh 13 gen khoi du CJ7 (patent Han Qudc sb 0620092 va
Cong bd don qubc té s6 W02006/065095), gen khéi dau lysCPI (Cong bb don
qudc t& s6 W02009/096689), gen khéi ddu EF-Tu, gen khoi ddu groEL, gen
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khéi dAu aced hoic aceB, v.v., nhung gen khéi dau manh khéng bi giGi han &
d6. Ngoai ra, trong phuong phdp 3) néu trén, viéc cai bién polytrinh tu
nucleotit trén nhidm séc thé c6 thé dugce thuc hién bﬁng cach géy ra cai bién
trén trinh tu diéu hoa su biéu hién bﬁng cach lam khuyét doan, cai xen, hodc
thay thé khéng bao toan hoic bao toan trinh tr axit nucleic, hojc thong qua su
két hop cua ching, dé ting cudng tiép hoat tinh ciia polytrinh tur nucleotit, hodc
n6 ¢6 thé duoc thuc hién bing cach thay thé trinh tu polynucleotit bing trinh tur
polynucleotit dugce cai bién dé c6 hoat tinh manh hon nita; tuy nhién, cai bién
nay khong giéi han cu thé & do.

Ngoai ra, trong phuong phép 4) néu trén, viéc dua vao trinh tu
polynucleotit ngoai lai c6 thé dugc thuc hién bing cach dua vao té bao vat chu
polynucleotit ngoai lai ma hda protein ¢ hoat tinh cia né gidng nhau hozc -
tuong duong véi hoat tinh cia protein néu trén, hozic polynucleotit di duge cai
bién trong d6 cac codon cia polynucleotit ngoai lai di dugc t8i uu hoa.
Polynucleotit ngoai lai ¢6 thé dugc sir dung ma khong gidi han & ngudn gbc
hodc trinh tu ciia n6 chimng ndo noé ¢6 hoat tinh ctia né gidng nhau hoic trong
duong véi hoat tinh ctia protein. Ngoai ra, dbi véi su phién ma va su dich ma
da duoc t61 wu héa ciia polynucleotit ngoai lai trong té bao vat chu, nd co thé
dugc dua vao té bao vat chu sau khi tdi wu hoa cac codon cia nod. Viée dua vao
c6 thé duoc thuc hién boi ngudi c6 hidu biét trong linh vuc k¥ thuat ndy bing
cach chon loc phuong phap bién nap thich hop da biét trong linh vuc k§ thuat
ndy, va thong qua sy biéu hién cia polynucleotit d& dugc dua vao trong t& bao
vat chu, protein cé thé dugc tao ra, nho thé cai thién duogc hoat tinh cia no.

Cubi cung, phuong phép 5), dé cap dén viée cai bién dé thu dugc su
ting cudng bing cach két hop cac phuong phap 1) dén 4), c6 thé dugc thuc
hién bang viéc tng dung két hop it nhit mot trong s6 cac budc sau: 1am ting s6
lwong ban sao cta polynucleotit ma hoa protein, cai bién trinh tu didu hoa sy
bidu hién sao cho biéu hién cua polynucleotit ting, cai bién trinh tur
polynucleotit trén nhiém séc thé, va cai bién polynucleotit ngoai lai c6 hoat tinh
clia protein hodc polynucleotit cai bién da dwgc tdi wru héa codon ctia ching.

Trong ban mé ta nay, thuit ngix “vecto” dé chi ciu tric ADN bao gdm
trinh ty polynucleotit ma héa protein dich, dwoc lién két c6 diéu khién véi trinh
tu diéu hoa thich hop sao cho protein dich c6 thé dugc biéu hién trong vat chu
thich hop. Trinh tw diéu hoa bao gdm gen khoi ddu c6 kha niang khoi mao qua
trinh phién m4, trinh ty gen diéu khién bét ky dé kiém soat qua trinh phién ma3,
trinh tr m4 hoa mién gin két ribosom ARN thong tin thich hop, va trinh tur
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kiém soat su két thuc qué trinh phién ma va dich ma. Sau khi dugc bién nap
vao t& bao vat chi thich hop, vecto ¢6 thé duge sao chép hoidc hoat dong chirc
nang khong phan biét bd gen vat chu, va no6 cé thé dugc hop nhét vao chinh bd
gen vat chi ciia n6. Theo mot phuong an, polynucleotit ma hoéa protein dich
trong nhifm sic thé c6 thé dugc thay thé bang polynucleotit d3 dugc cai bién
thong qua vecto d& cai xen nhiém séc thé. Viéc cai xen polynucleotit vao nhiém
sdc thé c6 thé duge thue hién bing phuong phap bat ky da biét trong linh vuc
k¥ thuat ndy, vi du, tai t6 hop trong ddng, nhung khong gi6i han & d6.

Vecto duge sit dung theo sang ché khong bi giéi han cu thé, va vecto
bat ky da biét trong linh vuc k¥ thuét nay co thé duoc sir dung. Vi du vé vecto
duge st dung thong thudng c¢6 thé bao gdm plasmit tw nhién hoic tai t& hop,
cosmit, virut, va thé thuc khuén. _Vi’ du, ddi voi vecto thé thuc khuén hoic
vecto cosmit, pWE15, M13, MBL3, MBL4, IXII, ASHII, APII, t10, t11,
Charon4A, Charon21A, v.v., c6 thé dugc st dung, va dbi vé6i vecto plasmit, cac
vecto trén co s& pBR, pUC, pBluescriptll, pGEM, pTZ, pCL, pET, v.v. c6 thé
duoc st dung. Cu thé, vecto pDZ, pACYC177, pACYC184, pCL, pECCG117,
pUCI19, pBR322, pMW118, pCCIBAC, v.v. ¢6 thé duogc str dung.

Trong ban md ta nay, thut ngit “bién nap” dé chi quy trinh dua vecto
bao gdm polynucleotit ma héa protein dich vio té bao vat chii, nhd d6 c6 thé
bidu hién protein duoc ghi ma boi polynucleotit trong té bao vat chi. Chimng
nao polynucleotit da dugc bién nap c6 thé duogc biéu hién trong té bao vat chu,
khong quan trong viéc n6 dugc cai xen vao nhiém sic thé cia té bao vat chi va
nim trong d6 hoic nim bén ngoai nhifm sic thé, va co thé bao gém ca hai
trrdong hop. Ngoai ra, polynucleotit bao gdm ADN va ARN mi héa protein
dich. Polynucleotit c6 thé duoc dua vao ¢ dang bat ky mién 13 no c6 thé dugc
dua vao té bao vat cht va duoc biéu hién trong d6. Vi du, polynucleotit c6 thé
dugc dua vao té bao vat chi & dang catxet biéu hién, 1a cAu trac gen bao gém
tat ca cac yéu td cin thiét dé ty biéu hién. Catxet biéu hién c6 thé thudng bao
gdm gen khéi ddu lién két c6 didu khién véi polynucleotit, gen két thic, vi tri
ghn két ribosom, va codon két thuc. Catxet biéu hién co thé & dang vecto biéu
hién c6 kha ning tir sao chép. Ngoai ra, polynucleotit c¢6 thé duge dura vao té
bao vat chu nhu vay va lién két c¢6 diéu khién véi trinh tu can thiét cho sy biéu
hién cla nb trong té bao vat chu, nhung khong gi¢i han & do.

Ngoai ra, nhu dugc st dung trén day, thuat nglr “duoc lién két co diéu
khién” @& chi lién két vé mat chtrc ning gitta cac trinh tyr gen néu trén va trinh

tu gen khéi diu khoi mao va 1am trung gian qu4 trinh phién ma polynucleotit
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ma hoa protein dich theo sang ché.

Phuong phap bién nap vecto theo sang ché bao gbém phuong phép bét
ky dua axit nucleic vao té bao, va co thé dugc thuc hién béng cach chon loc k¥
thuat tiéu chuén thich hop da biét trong linh vuc k¥ thuat nay theo té bao vat
chi. Vi dy vé phuong phap niy bao gdm duc 15 dién, két tia canxi phosphat
(CaHPO,), két tia canxi clorua (CaCl2), tiém té bao, k§ thuat polyetylen glycol
(PEG), ky thuit DEAE-dextran, ky thudt liposom cation, ky thuét lithi
axetat-DMSO, v.v., nhung phuong phap nay khong bi gidi han & do.

DPéi véi té bao vat cha, tot hon 12 sir dung vat chu c6 hiéu qua dua vao
ADN cao va hiéu qua biéu hién cao d6i véi ADN di dugc dua vao; vi du, té
bao vét chi c6 thé 13 vi sinh vét thudc giéng Corynebacterium.

Trong ban md ta nay, thuat nglt “L-lysin” dé chi o-axit amin co ban,
nhu c4c axit amin thiét yéu, khong thé téng hop duge in vivo, va la L-axit amin
voi cong thire héa hoc NH,(CH,),CH(NH,)COOH. Ngoai ra, L-lysin c¢6 thé
nim trong pham vi ciia sang ché ngay ca khi & dang mudi.

Trong ban md ta nay, thuat ngtt “vi sinh vt san xuét L-lysin” dé chi
ching vi sinh vat co thé tao ra L-lysin theo muc dich cta sang ché, cu thé 1a dé
chi chung c6 thé tao ra L-lysin & ndng do cao bing céc thao tac theo séng ché.

‘Do d6, mién 13 vi sinh vat c6 kha nang san xuét L-lysin, dang chiing cha me
ctia n6 khong bi giéi han cu thé. Nghia 13, theo sang ché, ching bb me c6 thé
bao gdm ca ching c6 kha ning san xuét L-lysin va ching khong c6 kha ning
san xuat L-lysin. Kha ning san xuét L-lysin c6 thé bao gdm ca cac kha ning

- xay ra tu nhién hodc d3 dugc thao tac di truyén nhén tao. Vi sinh vit nay da

dugc thao tac di truyén nhan tao kha ning san xuét L-lysin c6 thé dugc cai bién
dé c6 kha ning san xuét L-lysin nhd chét gy dot bién nhu nitrosoguanidin

(NTG), v.v., hodc mirc biéu hién hoic hoat tinh ciia protein c6 muc dich cu thé

6 thé duge kiém soat dé thu duoc kha ning san xuét L-lysin, nhung vi sinh vt

nay khong bi giéi han ¢ do6. Cu thé, protein ¢c6 muc dich cu thé c6 thé bao gém
tAt ca cc protein tic ddng truc tiép/gian tiép cing con dudng sinh tbng hop

L-lysin, va béng cach lam ting hodc 1am gidm muc biéu hién hodc hoat tinh

cua no, vi sinh vat nay co thé dugc cai bién dé c6 kha niang san Xuét L-lysin;
ngoai ra, viéc cai bién ciing c6 thé dugc gay ra trong trinh ty axit amin hogc
trinh ty nucleotit ctia protein nay dé thu dugc kha ning san xuét L-lysin. Thao
tac di truyén nhan tao vi sinh vat nay, bao gém kiém soat su biéu hién cua
protein ¢6 muc dich cu thé va dua vao dot bién ngiu nhién bang cach sir dung
NTG, v.v. dugc mo ta trén day, cod thé duoc thuc hién thich hop béng k¥ thuét
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da biét béi ngudi c6 hiéu biét trong linh vue k§ thuit nay.

Vi sinh vat nay coé thé cu thé 1a vi sinh vat thudc giéng
Corynebacterium. Vi du, Corynebacterium glutamicum, Corynebacterium
ammoniagenes, Corynebacterium thermoaminogenes, Brevibacterium flavum,
hodc Brevibacterium fermentum, v.v. cé thé duoc st dung, nhung vi sinh vat
ndy khong bi giéi han & d6. Vi du, Corynebacterium glutamicum c6 thé dugc
sir dung 1am vi sinh vat thudc gibng Corynebacterium. Tuy nhién, vi sinh vat
nay khong chi giéi han & cac vi du ndy, va cic vi sinh vat da biét khéc thude
gidng Cofynebacterium c6 kha ning san xuit L-lysin c6 thé dugc st dung.

- Vi du vé& c4c vi sinh vat da biét thudc gibng Corynebacterium c6 kha
ning san xudt L-lysin 13 vi sinh vt dugc md ta trong patent Han Quéc
56 10-0397322 (hodc Cong bb don yéu cu cip patent My s 2003-0124688),
patent Han Quéc s 10-0924065 (hoic Cong bd don yéu ciu clp patent My
56 2010-0143984), patent Han Qudc s 10-0073610, vi/hoic Binder et al,
Genome Biology 2012, 13:R40, va ndi dung cia céc tai li¢u nay dugc dua vao
ban mb ta bang cach vién dan.

Theo khia canh khac, sang ché dé xuét phuong phap sén xuit L-lysin,
- bao gff)m: nudi cdy vi sinh vat san xuit L-lysin thudc gibng Corynebacterium,
c6 hoat tinh cla protein chira trinh ty axit amin néu trong SEQ ID NO: 1 dugc
cai thién so vdi hoat tinh ndi sinh, trong moi truong; va thu hoi L-lysin tir vi
sinh vat d3 dugc nudi céy hodc mdi truong chira no.

Vi sinh vat thudc gibng Corynebacterium san xuét L-lysin 12 nhu dugce
mo ta trén day.

Trong ban mb ta ndy, thuat ngit “nudi ciy” nghia 1a sinh truéng vi sinh
vét trong cc diéu kién méi trudng c6 kiém soat thich hop. Quy trinh nudi ciy
theo sang ché c6 thé duoc thuc hién theo méi trudng nudi cdy thich hop va cac
diéu kién nudi cdy da biét trong linh vuc k¥ thuit nay. Quy trinh nudi ciy nhu
vy c6 thé dugc diéu chinh dé dang dé st dung boi ngudi c6 hiéu biét trong
linh vuc k¥ thuét nay theo chiing dugc chon loc. Theo phuong phép néu trén,
viéc nudi ciy vi sinh vat nay c6 thé duge thuc hién bing phuong phép nudi cdy
theo mé, phuong phap nudi ciy lién tuc, phuong phap nudi ciy nap liéu theo
mé, v.v., nhung khong gi6i han & d6. Cu thé, dbi véi cac didu kién nudi ciy, do
pH ctia mdi trudng nudi cdy co thé duge didu chinh dén @6 pH thich hop (vi du,
pH 5 d&én pH 9, cu thé 12 pH 6 dén pH 8, va cu thé nhét 12 pH 6,8) bing céach st
dung hop chét bazo (vi duy, natri hydroxit, kali hydroxit, hoic amoniac) hodc

hop chat axit (vi du, axit phosphoric hodc axit sulfuric). Ngoai ra, trong qua
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trinh nuéi cdy, chit chéng tao bot nhur polyglycol este ctia axit béo c6 thé digc
cho vio dé ngin ngira su tao bot; ngoai ra, oxy hoic khi chira oxy c6 thé dugc
bom vao méi trudng nudi ciy dé duy tri trang thai hiéu khi cia no, hodc, dé
duy tri trang thai ky khi hodc ua vi khi cua mdi trudong nudi cdy, nito, hydro,
hodc khi cacbon dioxit c6 thé dugc bom, hoic viée nudi céy c6 thé dugc thuc
hién ma khong can phai bom khi. Nhiét d0 moi trudng nudi ciy c6 thé duge
duy tri & nhiét 46 ndm trong khoang tir 20°C dén 45°C, cu thé 13 nim trong
khodng tir 25°C dén 40°C, va viéc nudi céy 6 thé duoc lién tuc cho dén khi
lugng mong muén cia Vét liéu hiru ich dugc tao ra thu duogc, cu thé 1a trong
khoang tir 10 d&én 160 gio. Tuy nhién, méi truong nudi ciy khong chi gi6i han
& cac moi truong néu-trén. L-lysin dugce tao ra nhd viée nudi céy c6 thé dugc
tiét ra trong moi trudong hodc ¢6 thé duy tri trong cac té bao.

Ngoai ra, dbi véi ngudn cacbon cho méi trudng nudi ciy duge st dung,
duong va carbohydrat (vi du, glucoza, sucroza, lactoza, fructoza, maltoza,
molasza, tinh bdt, va xenluloza), dau va chét béo (vi du, dau dau tuong, dau
hoa huéng duong, dau lac, va dau dira), axit béo (vi du, axit palmitic, axit
stearic, va axit linoleic), con (vi dy, glyxerol va etanol), axit hitu co (vi duy, axit
axetic), v.v. ¢6 thé dugc sir dung riéng r& hodc két hop, nhung ngudn cacbon
khong bi giéi han & d6. Déi v6i ngudn nito, hop chit hitu co chira nito (vi du,
pepton, dich chiét ndm, nudc thit, dich chiét mach nha, dich chiét ngd cd dac,
bot dau tuong, va ure) hodc Ahqp chit vo co (vi du, amoni sulfat, amoni clorua,
amoni phosphat, amoni cacbonat, va amoni nitrat), v.v. c6 thé dudc st dung
riéng r& hoic két hop, nhung ngudn nito khong bi gidi han & d6. Ddi v6i ngudn
phospho, kali dihydro phosphat, dikali hydro phosphat, mubi chtra natri trong
tng, v.v. ¢6 thé duoc sir dung riéng r& hoic két hop, nhung ngudn phospho
khong bi giéi han & d6. Ngoai ra, cac vat liéu kich sinh truéng thiét yéu nhu
cac mudi kim loai khac (vi du, magie sulfat hodc st sulfat), axit amin, vitamin,
v.v. ¢6 thé chira trong méi truong. |

Theo phwong phép thu hdi L-lysin duge tao ra trong qua trinh nuéi cly
theo sang ché, axit amin dich c6 thé dugc thu gom tir canh trudng nudi cly
bing cach st dung phuong phép thich hop da biét trong linh vuc k¥ thuit nay
theo phuong phép nudi céy. Vi dy, ly tam, loc, séc ky trao ddi anion, két tinh,
HPLC, v.v. ¢6 thé duoc st dung, va L-lysin dich c¢6 thé dugc thu hdi tir moi
truong hodc vi sinh vat bang cach sir dung phuong phép thich hop da biét trong
linh vue k¥ thut ndy. Ngoai ra, budc thu hdi c6 thé bao gém trong quy trinh
tinh ché.
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Hiéu qua c6 loi theo sang ché

L-Lysin c6 thé dugc tao ra véi hiéu sult cao bang cach sir dung vi sinh
vat theo sang ché, c6 kha ning san xuit L-lysin.

Duéi day, sang ché s& dugc md ta mdt cach chi tiét théng qua céc
phuong 4n vi du. Tuy nhién, cdc phuong 4n vi du ndy dugc dua ra chi nhim
muyc dich minh hoa, v pham vi clia séng ché khéng chi gi¢i han & cac phuong
an vi du nay.

Vi du thwe hién sang ché
Vidu 1: Tao ra thu vién vi sinh vat dang dai thudc giéng Corynebacterium

- Khi chiét bd gen ADN tir Corynebacterium glutamicum ATCC13032,
bo gen ADN nay duoc xi Iy bang enzym giéi han Sau3AI va manh ADN duoc
tach theo kich c& thong qua dién di trén gel agaroza, va nho d6 thu dugc mot
céch c6 chon loc cac manh ADN c6 kich thudc nim trong khoang tir 3 kb dén 4
kb. Sau khi ndi cic méanh ndy bing vecto pECCG117 (patent Han Quéc
56 10-0057684), c6 Vi tri gidi han BamHI, va dua vao E. coli DH5a, san phim
thu dugc sau d6 dugc dit 1én méi trudng LB rin chira kanamyxin (25 mg/L),
va do d6 thu dugce khuin lac da dugc bién nap. PCR dugc thuc hién trén 100
khuén lac ngﬁu nhién béng cach st dung cdc doan mdi ¢6 trinh tr néu trong
SEQ ID NO: 3 va 4, va nhd d6 d3 phét hién ra riang ty 16 cta khudn lac chua
vecto trong d6 cdc manh ADN dich c6 kich thudc ndm trong khoang tir 3 kb
dén 4 kb dugc cai xen 12 90% hodc cao hon. T4t ca cac khuén lac thu duoc
dugc nudi cdy dong thoi sau khi cdy trong méi truong LB ldng chua
kanamyxin (25 mg/L); plasmit sau d6 duoc chiét bang cach st dung phuong
phap chiét plasmit da biét théng thuong, nhd d6 hoan thanh thu vién bd gen
ADN Corynebacterium glutamicum ATCC13032 .

SEQ ID NO: 3: 5'-ACGACGGGATCAGTACCGA-3'
SEQ ID NO: 4: 5'-AGCTATCTGTCGCAGCGCC-3'

Vi du 2: Diéu ché va danh gia vi sinh vét san xut lysin dugc dua vao thu vién
dang dai

Bing cach sir dung phuong phéap xung dién, thu vién bd gen ADN duge
tao ra trong Vi du 1 dwoc dwa vao chiing san xuét lysin Corynebacterium
glutamicum KCCM11016P (tén goi géc la KFCC10881, vi sinh vét nay dugc

Iru gifrllai tai TO chuc luu giit qubc té theo Hiép uéc Budapest va duge chi
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dinh theo sé truy nhip KCCM11016P; patent Han Quéc sb 10-0159812), va
sau khi dan 1én méi trudng hop 10ng thién nhién chira kanamyxin (25 mg/L) va
nubi cay & 30°C trong 24 gid, thu dugc khoang 2,000 khuén lac.

MBoi trudong hop 16ng thién nhién

20 g glucoza, 50 g (NH,),SO4, 10 g pepton, 5 g dich chiét ndm, 1,5 g
ure, 5 g KH,PO,, 10 g K,HPO,, 0,5 g MgSO4 7TH,0, 100 pg biotin, 1000 pg
thiamin HCI, 2000 pg canxi pantothenat, 2000 pg nicotinamit, 20 g thach,
25 mg kanamyxin (trong 1 L nu¢c cét)

200 pL moi trudng 16ng thién nhién dugc phéﬁ tan vao mdi dia cua dia
nudi ciy té bao 96 giéng, va sau khi ciy timg khuén lac thu dugc, viée nudi cly
lic dugc thuc hién trong 24 gid trong cac diéu kién 30°C va 1200 vong/phit.
Phin t& bao va dich ndi bé mit dugc tach bing cach ly tAm canh trudng nudi
cdy, va 50 uL dich ndi bé mit dugc trén véi dung dich phan tng chira lysin
oxidaza.

Moi truong 16ng thién nhién

20 g glucoza, 10 g pepton, 5 g dich chiét ndm, 1,5 g ure, 4 g KH,PO,,
8 g K,HPO,, 0,5 g MgSO,-7H,0, 100 ug biotin, 1000 pg thiamin HCI, 2000 pg
canxi pantothenat, 2000 pg nicotinamit, 25 mg kanamyxin (trong 1 L nuéc cét)

Dung dich phéan g A

0,02 don vi lysin oxidaza (Sigma-Aldrich), 0,2 don vi peroxidaza
(Sigma—Aldriéh), 2 mg ABTS (trong mdi 1 mL dung dich dém kali phosphat)

Sau d6, hé sb hép phu & ODyys duge phéan tich trong 30 phut, va 15
nhém thtt nghiém c6 hé sé hip phu cao hon so v6i nhém d6i chimg
(KCCM11016P/pECCG117) duoc chon loc. Pé xac nhan kha ning san xuét
lysin ctia mdi thé bién nap, mdi ching duoc cdy trong binh chin géc dung tich
250 mL chita 25 mL méi truong nhan giéng chira kanamyxin (25 mg/L) va
duoc nudi ciy lic trong 20 gid trong cac didu kién 30°C va 200 vong/phut.
1 mL méi trudng canh thit nhan gidng duoc cdy trong binh chén géc dung tich
250 mL chtra 24 mL mdi trudng san xudt chira kanamyxin (25 mg/L) va dugc
nudi cdy lic trong 96 gior & 37°C va 200 vong/phut. Sau khi két thuc viéc nuoi
cdy, ndng d6 L-lysin dugc phan tich bang cach str dung HPLC (Bang 1).

Méi trudng nhén gidng

20ggham&5g(NHOﬁO%IOgmmmegdmhdﬁ&n&mlﬁgum,
4 g KH,POy4, 8 g K,HPO,, 0,5 g MgSO,4-7H,0, 100 pg biotin, 1000 pg thiamin
HCI, 2000 pg canxi pantothenat, 2000 pg nicotinamit (trong 1 L nudc cét)

MBoi trudng san xuét (pH 7,0)
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100 g glucoza, 40 g (NH4),SOy, 2,5 g protein diu tuong, 5 g chét rin
ngd cb dac, 3 g ure, 1 g KH,PO,, 0,5 g MgSO,-7H,0, 100 pg biotin, 1000 pg
thiamin HCI, 2000 pg canxi pantothenat, 3000 pg nicotinamit, 30 g CaCOs;
(trong 1 L nude ct)

Bang 1 ,
Nong Nong
Néng | do . | Nong | db
Sé R . Sé R _
Tén chung tha do. Lysin Tén ching the | _ do. Lysin
f Lysin | trung - VLysm trung
(gL) | binh ‘ (L) | binh
(g/L) ) (g/L)
wimsppecceny | L | 432 | 938 g | L | 168 | 463
2 | 443 2 46,0
3 43,9 3 46,7
KCOMII016P7 456 1 43,5 434 | prownoss 108 1 44,0 43,8
2 | 443 2 43,8
3 42,5 3 43,6
e 1 N8 | 22 | eoprngron | L 43,1 | 428
2 | 426 2 | 425
3 42,3 3 429 |
KCOM 110267034 L] 452 | 446 | geewmaspess | 1| 431 ) 434
2 | 445 2 | 435 |-
3 44,0 3 43,6
(COMIIDIERFD 1 43,9 44.6 KCCW 11016P/ P95 1 44,6 44 4
2 | 455 2 | 443
3 44.4 3 44.4
KCCH T1018PPHIS 1 47,6 46,8 KM 11016P/ R4 1 42,6 429
2 | 462 2 42,4
3 46,7 3 43,6
KCCMII006P 166 1| 443 | 438 | goowumepsg | 1| 425 | 4LT
| 2 | 435 2 | 41,0
3 43,6 3 41,6
COMT1016P/K14 429 | B4 peounmmeuT 437 | 439
43,5 44,5
43,9 43,6

Tir cac két qua néu trén, KCCM11016P/H15 va KCCM11016P/M24
duoc chon loc, da thé hién hiéu qua cua kha ning san xuét lysin ting so v&i

nhém dbi ching, va plasmit duge chiét bang cach sir dung phuong phap chiét
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plasmit da biét thong thudong. Plasmit c¢6 ngudn gbec tr KCCM11016P/H15
duge goi 1a pEC-H15, va ¢6 ngudn gdc tir KCCM11016P/M24 duoc goi 1a
pEC-M24. Sau d6, viéc phén tich trinh ty nucleotit dugc thuc hién béng cach
stt dung céc doan mdi ¢6 trinh tu dugc néu trong SEQ ID NO: 3 va 4. Két qua
13, da phét hién dugc plasmit pPEC-H15 va pEC-M24 chua trinh tur nucleotit ¢6
14n lugt trinh tw néu trong SEQ ID NO: 15 va 16. Do d6, d3 phat hién ra réng
cd hai plasmit néu trén chira trinh tu nucleotit néu trong SEQ ID NO: 2, ma héa
trinh ty axit amin néu trong SEQ ID NO: 1. Do d6, gen ma héa trinh tu axit
amin néu trong SEQ ID NO: 1 dugc goi 1a HM1524, va tir phin sau trong ban
md ta nay dugc goi nhu vay.

Vi du 3: Tao ra vecto biéu hién qua mirc gen HM1524 _

Pé x4c nhan hiéu‘ qua cua HMIS24 dugc tim théy trong Vi du 2, vecto
dé biéu hién qua mirc gen twong tmg dugc tao ra.

Trén co s& trinh tu nucleotit d3 dugc bdo cdo, cac doan mdi duge thiét
ké dé cho phép cai xen céc vi tri gigi han Xhol & cac ddu 5’ va 3’ (cac trinh tu
1an luot néu trong SEQ ID NO: 5 va 6) dugc téng hop d& thu duge manh ADN
chtra viing nam trong khoang tir 200 bp ndm phia trén cia codon HM1524 bt
dau dén khoang 50 bp nim phia dudi cta codon két thic ciia né, va PCR dugc
thuc hién biang cach sir dung bd gen ADN cua Corynebacterium glutamicum
1am khuén miu. PCR dugc thuc hién bing cach bién tinh ban dau & 94°C trong
5 phut; 30 chu trinh bao gdm bién tinh & 94°C trong 30 gidy, gin mdi & 56°C
trong 30 gidy, va polyme hoa & 72°C trong 90 gidy; va polyme héa cudi & 72°C
trong 7 phut.

SEQ ID NO: 5: 5'-TCACTCGAGTGATGGCCAGGTTGTTGTC-3'

SEQ ID NO: 6: 5'-TCACTCGAGTTAGTCATAGGTACTAGTTT-3'

Sau khi xir Iy san phdm khuyéch dai PCR trén day bing enzym giéi han
Xhol, vecto pECCG117 duoc xir Iy bang Xhol, duoc ndi véi cdc manh ADN
thu duge, va dugc bién nap vao DH5a E. coli, va san phém thu duoc dugc dan
1én trén trén mdi trudng LB rin chira kanamyxin (25 mg/L). Sau khi sang loc
PCR (bing cich sir dung cac trinh tu duoc néu trong SEQ ID NO: 3 va 4)
khuén lac duge bién nap voi vecto trong d6 gen dich dugc cai xen, plasmit thu
dugc biang cach sir dung phuong phéap chiét plasmit da biét théng thuong, va
plasmit ndy dugc goi 1a pPECCG-HM1524.

Vi du 4: Phén tich kha ning san xuét lysin cia ching duoc dua vio vecto biéu
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hién qué mirc gen HM 1524

Khi dua vecto pECCG-HM1524 dugc tao ra trong Vi du 3 vao
Corynebacterium glutamicum KCCMI11016P (tizc la, ching san xuét lysin)
bang cach sir dung phuong phap xung dién, san phdm thu dugc dugc dan 1én
trén méi trudng hdp 16ng thién nhién chira kanamyxin (25 mg/L), va khuén lac
thu duoc sau khi nudi cdy trong 24 gid & 30°C. Chung thu dugc duge goi 1a
KCCM11016P/pECCG-HM1524, va ndng d6 L-lysin ctia canh trudng nudi cy
dugc phén tich sau khi nuéi cdy 3 mé theo phwong phap nuéi cdy trong binh
cita Vi du 2 (Bang 2). |

Bang 2
Mé 1 Mé 2 Mé 3
Nong Nong Nong
S6 | Néng | d6 | Nong | d6 | Nong | do
Tén chung th dé Lysin doé Lysin dé Lysin
fr | Lysin | trung | Lysin | trung | Lysin | trung
(g/L) | binh | (gL) | binh | (gL) | binh
(g/L) (:49) (L)
KCCM11016P 1 439 | 44,0 |435 43,9 ]43,1 43,6
2 44,2 437 43,9
3 43,8 445 43,8
KCCM11016P/pECCG-HM1524 | 1 46,8 | 46,9 |45,6 |46,2 |46)5 46,3
2 46,5 46,8 45,1
3 47,5 46,1 47,2

Két qua la, da phat hién ra ring kha ning san xudt lysin cia
KCCM11016P/pECCG-HM1524, ching trong d6 gen HM1524 dugc biéu hién
qua mic, di ting 6% so v6i kha ning san xuit cia ching bd me,
KCCM11016P.

Vi du 5: Tao ra vecto dé cai xen tiép nhiém séc thé tiép HM1524

Pé x4c nhén hiéu qua cia gen HM1524 duogc tim thdy trong Vi du 4,
vecto dugc tao ra dé cai xen tiép gen trén nhifm sic thé cua Corynebacterium.
Pé khuéch dai gen khoi ddu Pcj7, ¢6 ngudn gbec tir Corynebacterium
ammoniagenes (patent Han Qudc sé 10-0620092), cac doan mdi dugc tong hop
duoc thiét ké @& cho phép cai xen vi tri giéi han EcoRI & ddu 5’ va vi tri gi6i
han Ndel & d4u 3' ctia gen khéi ddu Pcj7 (cac trinh tyr 14n luot néu trong SEQ
ID NO: 7 va 8), va cho phép cai xen vi tri gi6i han Spel & dau 5’ va vi tri gidi
han Sall & d4u 3' cia gen khéi ddu Pcj7 (cac trinh ty 14n lrgt néu trong SEQ ID
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NO: 9 va 10). Két qua cia viéc thurc hién PCR bang cach sir dung cac doan mdi
da dugc tong hop (cac trinh ti néu trong SEQ ID NO: 7 va 8, va SEQ ID NO: 9
va 10) v6i bd gen ADN cta Corynebacterium ammoniagenes 1am khuoén mau,
cdc manh ADN cua gen khdi dau Pej7 thu duoc chira cac vi tri giéi han EcoRI
va Ndel & 1an lugt cac ddu 5’ va 3', cling nhu cac vi tri gi6i han Spel va Sall &
14n lwot cac dau 5' va 3'. PCR duogc thuc hién béng bién tinh ban ddu & 94°C
trong 5 phiit; 30 chu trinh bao gém bién tinh & 94°C trong 30 gidy, gin mdi &
56°C trong 30 gidy, va polyme héa & 72°C trong 30 gidy; va polyme héa cudi
cung & 72°C trong 7 phut.

Trén co s trinh tu nucleotit d3 dugc bao cdo, cic doan mdi duoc thiét
ké dé cho phép cai xen vi tri gidi han Ndel & vi tri codon bat dau va vi tri gigi
han Spel nam phl’a dudi ctia codon két thic (céc trinh tu 14n lugt néu trong
SEQ ID NO: 11 va 12) duogc téng hop d& khuéch dai ORF cua gen HM1524.
Két qua cuia viéc thuc hién PCR béng cach sir dung cac doan mdi ¢6 trinh tu
néu trong SEQ ID NO: 11 va 12 véi bo gen ADN cia Corynebacterium
glutamicum ATCC13032 lam khuén mAu, gen HM1524 cic manh ADN thu
dugc chira c4c vi tri gidi han Ndel va Spel 14n lugt & vi tri codon bit ddu va
nam phia duéi ctia codon két thuc. PCR duoc thyuc hién bing bién tinh ban dau
& 94°C trong 5 phut; 30 chu trinh bao gém bién tinh & 94°C trong 30 gidy, gin
mdi & 56°C trong 30 gidy, va polyme hoa & 72°C trong 90 gidy; va polyme héa
cudi cing ¢ 72°C trong 7 phut.

SEQ ID NO: 7: 5'-TCAGAATTCTTCCTTCAGGCTAATCTTTT-3'

SEQ ID NO: 8: 5-TCACATATGTGTTTCCTTTCGTTGGGTAC-3’

SEQ ID NO: 9: 5'-TCAACTAGTCTTCCTTCAGGCTAATCTTT-3’

SEQ ID NO: 10: 5'-TCAGTCGACTGTTTCCTTTCGTTGGGTAC-3'

SEQ ID NO: 11: 5'-TCACATATGCGCGTAGCTATGATTTC-3'

SEQ ID NO: 12: 5'-TCAACTAGTTTAGCCGTGATGCGTTTCAC-3'

Khi xtr Iy mdi san phim trong s& 3 san phim khuéch dai PCR néu trén -
bang enzym gi6i han twong dwong véi cac vi tri giéi han & mdi dau, vecto pDZ
(patent Han Qudc s 10-0924065) dugc ndi véi manh ADN, thu duge sau khi
xir Iy bang enzym gii han EcoR va Sall, va nhd d6 vecto pDZ-Pcj7-HM1524
duogc tao ra. '

Vi du 6: Phén tich kh4 ndng sdn xuat lysin cia ching bang viéc cai xen tié€p

nhiém sic thé ciia gen HM1524
Vecto pDZ-Pcj7-HM1524 dugce tao ra trong Vi du 5 dugc dua vao
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Corynebacterium glutamicum KCCM11016P bang cich sir dung phuong phap
xung dién, va trong s khuén lac duoc bién nap nho tai td hop tuong ddng, cac
khuan lac trong d6 gen HM1524 dugc cai xen nim phia duéi cia gen HM1524
codon két thiic trén nhiém séc thé duoc chon loc. Cac doan mdi ¢6 trinh tu néu
trong SEQ ID NO: 13 va 14 dugc sit dung dé sang loc khuan lac bang PCR.
Ching d3 chon loc duge goi 14 KCCM11016P::Pcj7-HM1524, va ndng do
L-lysin ctia canh trudng nudi ciy duoc phan tich sau khi nudi cdy theo phuong
phap nudi cdy trong binh cia Vi dy 2 (Bang 3).
| SEQ ID NO: 13: 5'-GTCGAACACGCCAGAACATT-3'
SEQ ID NO: 14: 5'-TACTCTCACGATCTCACCCT-3'

Béang 3
Mé 1 Mé 2 Mé 3
S6 Nong
Tén ching the | do Tén | S6 thu . . .
fr | Lysin | ching o Meél | Mé2 | Mé3
(g/L)
KCCM11016P 1 454 | 44,9 | 445 | 446 | 443 | 445
2 | 448 44,3 45,1
3 | 445 44,9 44,1
KCCM11016P::Pcj7-HM1524 | 1 | 47,7 | 474 | 468 | 47,1 | 472 | 472
2 | 471 47,5 46,9
3 | 475 47,1 47,4

Két qua 1a, da phat hién ra ring kha ning san xuét lysin cua
KCCM11016P::Pcj7-HM1524, chiing trong d6 gen HM1524 duoc cai xen tiép,
da tang khoang 6% so vé6i kha nang san xuit ctia ching bé me, KCCM11016P.
Chung KCCM11016P::Pcj7-HM1524 dugc goi 1a CA01-2297, va dugce luu gitr
tai Trung tAm nudi cdy vi sinh vat Han Qudc (KCCM), Té chirc luu gt qudc té
theo Hiép u6c Budapest, vao ngay 2 thang 8 nam 2016, dugc chi dinh theo sb
truy nhdp KCCM11876P.

Vi du 7: Tao ra lysin bing cich s dung vi sinh vit c6 ngudn gbc tir
KCCM10770P trong d6 gen HM1524 duge cai xen tiép 4

Vecto pDZ-Pcj7-HM1524 duogc tao ra trong Vi du 5 dugc bién nap vao
Corynebacterium glutamicum KCCM10770P, ching san xuat lysin (patent Han
Qubc s6 10-0924065). Pic tinh Corynebacterium glutamicum KCCM10770P

néu trén trong d6 7 gen lién két v6i con dudng sinh téng hop L-lysin dugc cai

-18-




37662

xen 1én nhiém séc thé ciia né. Khudn lac duogc phéan 14p c6 chon lgc b%mg PCR,
va ching dugc dua vao gen HM1524 dugc goi 1a Corynebacterium glutamicum
KCCM10770P::Pcj7-HM1524. Sau d6, ndng d6 L-lysin ciia canh trudng nudi
ciy duoc phan tich sau khi nudi cy theo phuong phap nudi ciy trong binh cta
Vidu 2 (Bang 4).

Béang 4
Mé 1 Meé2 Mé 3
Nong Nong Nong
S6 | Néng | d6 | Nong | d | Néng | do
Tén ching thir do Lysin do Lysin do Lysin
tw | Lysin | trung | Lysin | trung | Lysin | trung
(@L) | binh | (¢L) | binh | (gL) | binh
(g/L) (g'L) (g/L)
KCCM10770P 1 45,7 46,1 45,8 45,9 45,8 45,5
2 46,3 46,2 45,1
3 46,2 45,8 45,7
KCCM10770P::Pcj7-HM1524 | 1 47,8 48,3 48,5 48,1 47,5 47,7
2 48,5 47,5 | 47,5
3 48,7 48,2 48,1

Két qua 13, da phat hién ra ring kha ning san xuét lysin cta chung
Corynebacterium glutamicum KCCM10770P::Pcj7-HM1524 da ting khoang
5% so v6i kha nang san xuit cia ching bd me.

Vi du 8: Tao ra lysin bang cach sir dung vi sinh vat c6 ngudn gbc tir CI3P trong
d6 gen HM1524 duoc cai xen tiép

Vecto pDZ-Pcj7-HM1524 duogc tao ra trong Vi du 5 dugc bién nap vao
Corynebacterium glutamicum CI3P, ching san xuit lysin (Binder et al.
Genome Biology 2012, 13:R40). Pac tinh cta Corynebacterium glutamicum
CJ3P trong d6 3 gen lién quan dén su ting cudong kha ning san xudt L-lysin
duge cai xen 1én nhifm sic thé cta n6. Khuin lac duge phéan 14p c¢6 chon loc
bang PCR, va ching dugc dwa vao gen HM1524 dugc goi 14 Corynebacterium
glutamicum CJ3P::Pcj7-HM1524. Nong d6 L-lysin ctia canh trudmg nudi cly
duoc phan tich sau khi nuéi cdy theo phuong phap nudi cdy trong binh ctia Vi
du 2 (Bang 5).

Bang 5

| Tén ching | S6 | Mé 1 | Mé 2 Mé 3

-19-



37662

thi tu Nong Nong Nong
Nong do Nong do Nong do
do Lysin do Lysin do Lysin
Lysin trung Lysin trung Lysin trung
(gL) | binh | (gL) | binh | (g/L) | binh

(L) (@) (/L)
CI3P 1 8,0 8,0 7,5 8.4 8,1 8,1
2 7,5 8,5 7,9
3 8,6 9,1 8,2
CJ3P::Pcj7-HM1524 1 11,5 11,2 10,5 11,4 11,5 11,2
2 11,2 11,5 11,4
3 10,9 12,1 10,6

Két qua 13, da phat hién ra ring kha nang san xuit lysin cta ching
Corynebacterium glutamicum CJ3P::Pcj7-HM1524 da ting khoang 38% so véi

kha nang san xuat cia chung bo me.

Vi du 9: Tao ra lysin bang cach st dung vi sinh vit c6 ngudn gdc tir
KCCM11347P trong d6 gen HM1524 dugc cai xen tiép

Vecto pDZ-Pcj7-HM1524 duoc tao ra trong Vi du 5 duge bién nap vao
Corynebacterium glutamicum KCCM11347P, chiing san xuat lysin (tén goi gbc
la KFCC10750, vi sinh vat nay duge luu gifr lai tai T chirc luu gifr quéc té
theo Hi¢p uéc Budapest va dugce chi dinh theo ) truy nhdp KCCM11347P;
patent Han Qudc s6 10-0073610). Dic tinh cta Corynebacterium glutamicum
KCCM11347P trong d6 3 gen lién quan dén sy ting cudng kha ning san xuit
L-lysin dugc cai xen 1én nhiém sic thé cia n6. Khudn lac dugce phan 1ap c6
chon loc béng PCR, va ching dugc dua vao gen HM1524 duoc goi la
Corynebacterium glutamicum KCCM11347P::Pcj7-HM1524. Nong d6 L-lysin
clia canh truong nudi cdy duoc phan tich sau khi nudi cdy theo phuong phép
nudi ciy trong binh ctia Vi du 2 (Bang 6).

Bang 6
Mé 1 Me 2 Mé 3
, ‘ NG ; N6 ; N6
S6 | Nong Oilg Nong O?g Nong ong
A 1. , do do do
Tén ching thi do . do _ do )
. Lysin . Lysin . Lysin
tw | Lysin Lysin Lysin
@ | 8|y | T8 gy | TV
binh binh binh
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@D) @0) @D
1 | 386 37,5 37,5
KCCM11347P 2 | 37.8 | 383 | 382 | 379 | 386 | 380
3 | 385 38,0 37.9
1 | 415 2.1 41,6
KCCM11347P::Pcj7-HM1524 | 2 | 42,0 | 41,9 | 41,9 | 41,9 | 41,8 | 41,7
3 | 423 41,6 41,7

~ Két qua 13, da phat hién ra ring kha ning san xuit lysin ctia chiing
Corynebacterium glutamicum KCCM11347P::Pcj7-HM1524 43 ting khoang
10% so v6i kha nang san xuét ctia ching b me.

N6i chung, cac két qua néu trén chting minh ring déi véi ching c6 hoat
tinh cai thién cia gen HM1524 so v&i hoat tinh ndi sinh ctia nd, kha nang san
xuét lysin dugc cai thién, va dé xuét thém réng lysin co thé duoc tao ra véi
luong 16n bang cach cai thién hoat tinh cia protein duoc ghi ma boi gen néu
trén & vi sinh vat.

Tir phan mb ta néu trén, ngudi ¢ hiéu biét trong linh vuc nay s& hiéu
ring sang ché c¢6 thé dugc thuc hién theo cac phuong an cu thé khac ma khéng
lam thay ddi ban chét k§ thuat hoic cac ddu hiéu co ban cua sang ché. V& van
dé nay, cac phuong an cu thé dugc dé cap trong ban md ta nay chi nhim muc
dich minh hoa chir khéng gii han pham vi ctia séng ché. Nguoc lai, sang ché
khong chi bao gdm cac phuong 4n cu thé ndy ma cic phuong an thay thé, cai
bién, twong duong, va cic phuong 4n khéac c6 thé ndm trong pham vi ciia sang

ché nhu dugc x4c dinh béng bd yéu cau bao ho kém theo.

S truy nhap

Tén Vién luu gitt: Trung tdm nudi céy vi sinh vat Han Quéc (KCCM)
S truy nhap: KCCM11876P

Ngay truy nhép: 2/8/2016
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YEU CAUBAO HO

1. Vi sinh vat san xuét L-lysin thudc giéng Corynebacterium, c6 hoat tinh cia
protein chira trinh tu axit amin néu trong SEQ ID NO: 1 duogc céi thién so véi
hoat tinh noi sinh.

2. Vi sinh vét san xuét L-lysin thudc gidng Corynebacterium theo diém 1,

trong d6 vi sinh vat nay 1a Corynebacterium glutamicum.

3. Phuong phap san xuét L-lysin, bao gdm cac budc:

‘nudi cdy vi sinh vat san xuét L-lysin thudc gidng Corynebacterium, c6
hoat tinh cta protein chira trinh ty axit amin néu trong SEQ ID NO: 1 dugc cai
thién so v6i hoat tinh ndi sinh, trong moéi trudng; va

thu hdi L-lysin tir vi sinh vat da dugc nudi ciy hoic mdi trudong chira
no.

4. Phuong phap san xuét L-lysin theo diém 3,

trong do vi sinh vat nay 1a Corynebacterium glutamicum.
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DANH MUC TRINH TU

<110> CJ CheilJedang Corporation

<120> VI SINH VAT SAN XUAT L-LYSIN VA PHUONG PHAP SAN XUAT L-LYSIN BANG CACH
SU DUNG VI SINH VAT NAY

<130> OPA17196

<150> KR 10-2016-0152037
<151> 2016-11-15

<160> 16

<170> KopatentIn 2.0
<210> 1

<211> 418

<212> PRT

<213> Trinh ty nhén tao

<220>
<223> Axit amin HM1524

<400> 1 )
Met Arg Val Ala Met Ile Ser Met His Thr Ser Pro Leu Gln Gln Pro
1 5 10 15

Gly Thr Gly Asp Ser Gly Gly Met Asn Val Tyr Ile Leu Ser Thr Ala
20 25 30

Thr Glu Leu Ala Lys Gln Gly Ile Glu Val Asp Ile Tyr Thr Arg Ala
35 40 45

Thr Arg Pro Ser Gln Gly Glu Ile Val Arg Val Ala Glu Asn Leu Arg
50 55 60

Val Ile Asn Ile Ala Ala Gly Pro Tyr Glu Gly Leu Ser Lys Glu Glu
65 70 75 80

Leu Pro Thr Gln Leu Ala Ala Phe Thr Gly Gly Met Leu Ser Phe Thr
85 90 95

Arg Arg Glu Lys Val Thr Tyr Asp Leu Ile His Ser His Tyr Trp Leu
100 105 110

Ser Gly Gln Val Gly Trp Leu Leu Arg Asp Leu Trp Arg Ile Pro Leu
115 120 125
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Ile His Thr Ala His Thr Leu Ala Ala Val Lys Asn

130 135

Asp Ser Asp Thr Pro Glu Ser
145 150

Leu Val Asp Asn Ala Asp Val
165

140

Glu Ala Arg Arg Ile
155

Leu Ala Val Asn Thr
170

Gln Asp Leu Met His His Tyr Asp Ala Asp Pro Asp

180

Val Ser Pro Gly Ala Asp Val
195 200

Ala Thr Glu Arg Ser Arg Arg
210 215

Val Val Ala Phe Val Gly Arg
225 230

Leu Ile Lys Ala Val Ala Ala
245

Leu Arg Val Ile Ile Cys Gly
260

Asp Thr Tyr Arg His Met Ala
275 280

Arg Phe Leu Asp Pro Arg Pro
290 295

Ala Ala Asp Ile Val Ala Val
305 310

Val Ala Met Glu Ala Gln Ala
325

Val Gly Gly Leu Pro Ile Ala
340

185 190

Glu Leu Tyr Ser Pro
205

Glu Leu Gly Ile Pro
220

Leu Gln Pro Phe Lys
235

Leu Phe Asp Arg Asp
250

Gly Pro Ser Gly Pro

265 270

Glu Glu Leu Gly Val
285

Pro Ser Glu Leu Val
300

Pro Ser Phe Asn Glu
315

Ser Gly Thr Pro Val
330

Val Ala Glu Gly Glu

345 350

Val Asp Gly His Ser Pro His Ala Trp Ala Asp Ala

355 360

Leu Asp Asp Asp Glu Thr Arg
370 375

365

Ile Arg Met Gly Glu
380

His Ala Arg Thr Phe Ser Trp Ala Ala Thr Ala Ala

385 390

395
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Ser Tyr

Cys Glu
160

Gln Glu

175

Arg Ile

Gly Asn

Leu His

Gly Pro

240

Pro Asp
255

Asn Ala

Glu. Lys

Ala Val

Ser Phe

320

Ile Ala

335

Thr Gly

Leu Ala

Asp Ala

Gln Leu
400

Arg

Gln

Glu

Ser

Asp

Thr

Gln

Arg

Thr

Arg

Tyr

Gly

Ala

Leu

Thr

Val

Ser

Asp

Gln

Met

Val

Arg

Lys

Val

Asn

Pro

Ile

Arg

Leu

Arg

Leu

Leu

Glu

Ser
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Leu Tyr Asn Asp Ala Ile Ala Asn Glu Asn Val Asp Gly Glu Thr His
410

His Gly
<210> 2
<211>
<212>

<213>

<220>
<223>

<400> 2
atgcgcgtag

tcaggcggca
gaggtcgata
gagaatttgce
Cttcctactc
gttacttatg
cgcgatttgt
tcttatcggg
ctggtggata
catcactacg
ctttatagcc
ctgcacacaa
ctgatcaagg
atttgtggcg
' gaactgggcg
gccgtgtatce
gtcgccatgg

cccatcgcag

405

1257
ADN

ctatgatttc

tgaacgtcta

tttacactcg

gggtcattaa

agttggcggc

atctgatcca

ggcggattcc

atgattcgga

acgctgacgt

atgcggatcc

ctggaaatga

aggtagtggc

cggttgcggce

gcccttetgg

tcgaaaagcg

gggcggcgga

aggcgcaagc

tcgcggaagg

Trinh tyu nhén tao

Nucleotit HM1524

catgcacacc

cattctttcg

tgccacgagg

tatcgctgeg

gtttaccggce

ttctcactat

ccttattcat

cactccggag

gttggcggtg

ggatcggatt

tcgcgecgacg

ttttgtgggt

gttgtttgat

tccgaatgceg

aattcgecttt

catcgtggcecce

cagcggcaca

ggagacggga

tctccattgce
accgcgactg
ccttctcagg
gggccgtatg
ggaatgttgt
tggctgtctg
acggcacaca
tcggaggcge
aacactcagg
tctgtggtgt
gaacgttccc
cggttgcagc
cgcgatccgg
acaccggata
tﬁggacccgc
gtgccaagtt
ccggtcattg

ttgcttgtcg
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415

agcagcccgg

agctagcgaa

gtgagatcgt

aggggctttc

cgtttacgcg

gtcaggtggg

ctttggcggce

gtcgcatttg

aggagatgca

caccgggtgce

gtcgtgagct

cgtttaaggg

accgaaatct

cctataggca

gcccgecgag

ttaatgagtc

cggcccgggt

acggccactc

aactggtgat

acagggtatc

gagagtagct

caaagaggag

ccgggagaag

gtggttgctg

ggtgaagaat .

tgagcagcag

ggatttgatg-

ggacgtggaa

gggcattccg

cccgcaggtg

gcgcgtcatt

tatggcagag

cgagctagtg

cttcggactc

tggcggecctg

cccgcatgec

60

120

180

240

300

360

420

480

540

600

660

720

780

840

300

960

1020

1080
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tgggccgacg ccttagccac actcttggac gatgacgaaa cgcgcatcag aatgggtgaa

gacgccgtcg aacacgccag aacattctcc tgggcggcca ccgccgcaca gctatcgtcg

ctgtacaacg acgctattgc caacgaaaat gtcgacggtg aaacgcatca cggctaa

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

<220>
<223>

<400>

3
19
ADN

Trinh ty nhédn tao

Doan mdi ctlia thu vién ADN bd gen WT-1

3

acgacgggat cagtaccga

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

<220>
<223>

<400>

4
19
ADN

Trinh ty nhén tao

Poan mdi cia thu vién ADN bd gen WT-2

4

agctatctgt cgcagcgcc

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

<220>
<223>

<400>

5
28
ADN

Trinh ty nhén tao

Poan mdi XhoI diu 5’

5

tcactcgagt gatggccagg ttgttgtc

<210>
<211>
<212>

6
29
ADN

-26-

19

19

28

1140

1200

1257



<213> | Trinh tyu nhén tao

<220>
<223> Poan mdi XhoI dau 3’

<400> 6
tcactcgagt tagtcatagg tactagttt

<210> 7
<211> 29
<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> Poan mdi EcoRI 5’

<400> 7
tcagaattct tccttcaggc taatctttt

<210> 8

<211> 29

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> Poan mdi NdeI ddu 3’

<400> 8
tcacatatgt gtttcctttc gttgggtac

<210> 9

<211> 29

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> Poan mdi Spel diu 5’

<400> 9
tcaactagtc ttccttcagg ctaatcttt

<210> 10

37662

29

29

29

29
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<211> 29

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Poan mdi Sall dau 3’

<400> 10

tcagtcgact gtttcctttc gttgggtac 29
<210> 11

<211> 26

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Poan mdi s-Ndel

<400> 11

tcacatatgc gcgtagctat gatttc 26
<210> 12

<211> 29

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> Poan mdi t-Spel

<400> 12

tcaactagtt tagccgtgat gcgtttcac 29
<210> 13

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Poan mdi chon loc HM1524-1

<400> 13

gtcgaacacg ccagaacatt ' 20
<210> 14

<211> 20

<212> ADN

<213> Trinh ty nhédn tao
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<220>
<223>

<400> 14

tactctcacg

<210> 15

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

<400> 15

gatcggatac

gtgtggtttc

cggtgaggaa

caataaaccg

cggccaaggce

gatttttgcg

tgaaacgtgg

caaatgggaa

gcccatttgg

cactcgtgcg

tggtggattt

tcctttgaaa

ggttacaaag

taagtgccca

acaactccgce

caaagtggta

atctcaccct

4102
ADN

pEC-H15

ggctcagtcc

agcccggcga

ttgctgcaga

gaagacatcg

taggttgcaa

tctccgcecac

tggatccttg

acccctcaga

gaaactcgac

gggcctgagt

ttgcgtcttce

cgtggttgat

tggaaacccc

tttgggaaac

ctgcacttca

gaaagtgcgc

Trinh ty nhdn tao

actacgtttc

agtccaaaat

aacttggaaa

atttggatgt

atccccacca

ctgaaaccgc

ccctgcaaac

atcgcttctg

ctcttaaatc

tgcaaatccc

gctatctgaa

ccttgccctg

tcagaatcgc

tcgacctctt

cgacgcctaa

ggaaccttgt

37662

Poan mdi chon loc HM1524-2

ccacaccgga
ctgcctgtat
atacaccgaa
tttagaggcc
caagttgctc
aaggattcac
tttcaggaat
aggggttatc
ggcgtctact
caccacaaat
accgcgagga
gaatctttca
ttctgggggg
aaatcggegt

tcttgcccat

agcgggtgag
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agggaaggcyg

ggcctgaagg

ggccgcggat

atgatcagcg

tgatcagcga

cacagattcg

cacaccagtc

tagcgccagt

tgccgagett

tgctctgatt

tccaccacag

ggaatcacat

tgaactagcg

ctacttgccg

ctgatcccgce

gttcttgcgg

attggtttca
attcgccteg
gcgtgtacat
agtcatgggc
ttttgtggtg
agttttcctt
ccactggcca
tggggtaagt
cttcaacgtc
agtggatttg
attcgagttt
cagtcccact
ccagttgggg
agcttcttca
ggcatctcét

gcgaattcct

20

60

120

180

240

360

420

480

540

600

660

720

780

840

900

960



tcaggccatc

cggagccgtc

cgaggacttc

tgatgcgagce

ggtaccactc

acacctgtgg

ggttttctgg

ggcgteggtg

agccttcgac

gtgtggatgc

aggcgtcgac

ttttcattac

cgatgaacac

ctgcaagcat

gattggagaa

aggtgtagag

cgccgtegec

cgccggagag

gctggagtgg

gtccacgtag

cgtggtcttt

ctactgcgcc

ggataatcgc

tgcggacttc

gcttgtctgce

cggatccagc

ttcacgcggg

ttcaacctca

aactaggcgg

gccgtggaag

gcccttgact

gtttgcgatg

atcgctcatg

gaggcgtceg

accggagaag

gattttttcg

gttcatgatc

ggacagtgtg

gcgttctggt

caggtttccg

gatcagcgcg

gcccattgcet

ggattcgegg

tggcatcgcg

ctgttcgacg

gaagggttcg

gagtttcagc

tacgtgatcg

tttgtccagt

gttgatggcc

gctgcacctt

ataccaacga

gctgggtaca

atgaacccgt

ctgttcttgg

aggacttcgc

cgcacgatgg

gggttaccca

ccggtgtgcet

gcgttgcgga

taaagggtgg

aggtcgatgce

ccgaccatgg

ttgtctccga

tgggtgagct

acggattctt

gcgctggtca

ctcttgcgca

ttgatcatgt

gtgggggagg

agcagttcgt

actgcgtaga

ccggggcgga

tcaccgtagg

aggttgttgt

37662

ccaccaaagt
ctgcggaatc
cgttgaaacc
cttcttccat
tggcttcttce
cttcgctgce
tgtcggggaa
cgatgatggg
tttcccageg
ctcccttgat
gcacgcctgg
gtggggtggg
tcagaccgta
gacctggaac
gggcaccctt
tggtcacggt
gggtttcaaa
gtgcagggat
tgaccgacac
ctttgtccca
gggcggtgta
aagctgcgat
cacctagtgc
tttgtgaacg

cgtaaacgtc
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gatggcagca
ttcaatgtct
gccagtgatg
cactccgacg
ctggttgagg
gtcgggcatg
ggggattcct
ggaggtttcg
ttcaacggtg
ggggattcct
tagccaggtt
aagtagcacc
tgcgtggaac
ccagtgcttt
ggggcgtccg
gggttctgaa
aggaacggtg
tgggagccga
gatggtttcc
gacgatggca
gagcgggttg
gtgctgtggg
gcgcaggcca
accgaaaaag

cagcagggtg

acgacgtttt

gggtgctctg

atgacttcct

tcgcecggtge

taacccttga

gtttcgtcga

acgtagcctt

‘gtgaggccgt

cgctgggaga

tctttttcgg

ggggtgtgct

atttcgccac

attggtaggg

ccttggagga

gtggtgccgg

actacgtcgt

ttgggggctg

agtgctaggc

aactgggtct

acgcgggcac

tgctcaatga

cagttgggga

gcggcagttt

taggtggctg

gtgtcgccat

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



attccagcga
ctgacatggt
gctgectttct
ctctccattg
gaccgcgact
gccttcectcecag
ggggccgtat
cggaatgttg‘
ttggctgtct
tacggcacac
gtcggaggceg
gaacactcag
ttctgtggtg
ggaacgttcc
tcggttgcag
tcgcgatcceg
gacaccggat
tttggacccg
cgtgccaagt
accggtcatt
attgcttgtc
cgatgacgaa
ctgggcggcee
tgtcgacggt

actagtacct

gtgtggcgte
gtcccttcaa
tcggcgatct
cagcagcccg
gagctagcga
ggtgagatcg
gaggggcttt
tcgtttacgg
ggtcaggtgg
actttggcgg
cgtcgcattt
gaggagatgc
tcaccgggtg
cgtcgtgagc
ccgtttaagg
gaccgaaatc
acctataggc
cgcccgecga
tttaatgagt
gcggcccggyg
gacggccact
acgcgcatca
accgccgcac
gaaacgcatc

atgactaacg

cactctgggt

ctgcgttgcect

agaatgtggg

gaactggtga

aacagggtat

tgagagtagc

ccaaagagga

gccgggagaa

ggtggttgct

cggtgaagaa

gtgagcagca

aggatttgat

cggacgtgga

tgggcattcc

gcccgcaggt

tgcgecgtceat

atatggcaga

gcgagctagt

ccttcggact

ttggcggcect

ccccgcecatge

gaatgggtga

agctatcgtc

acggctaagt

gaaaattgat

37662

agtgctggag
ttagtgcccect
catgcgcgta
ttcaggcggce
cgaggtcgat
tgagaatttg
gcttcctact
ggttacttat
gcgcgatttg
ttcttatcgg
gctggtggat
gcatcactac
actttatagc
gctgcacaca
gctgatcaag
tatttgtgge
ggaactgggc
ggccgtgtat
cgtcgccatg
gcccatcgca
ctgggccgac
agacgccgtc
gctgtacaac
aaacgcgcgt

tcttcttegt
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ccattctttg

ttagtatata

gctatgattt

atgaacgtct

atttacactc

cgggtcatta

cagttggcgg

gatctgatcc

tggcggattc

gatgattcgg

aacgctgacg

gatgcggatc

cctggaaatg

aaggtagtgg

gcggttgcgg

ggcccttctg

gtcgaaaagc

€gggcggcgg

gaggcgcaag

gtcgcggaag

gccttageca

gaacacgcca

gacgctattg

cgtggaacat

cacggtcaga

gtttcgtatg

gagacgtccc

ccatgcacac

acattctttc

gtgccacgag

atatcgctgce

cgtttaccgg

attctcacta

cccttattca

acactccgga

tgttggcggt

cggatcggat

atcgcgcgac

cttttgtggg

cgttgtttga

gtccgaatgce

gaattcgctt

acatcgtggce

ccagcggcac

gggagacggg

cactcttgga

gaacattctc

CCaacCcgaaaa

aaagtggcaa

gcgaatggaa

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960



37662

cgcatccaac cagttcactg gatgggtcga cgtcaatctg accgaacagg gtgaggctga 4020
ggccaagcgc ggaggcgaac tcctcgtcga ggcaggcgtc ctcccaggcg ttgtatacac 4080
ctccttgctg cgtcgcecgecga tc 4102
<210> 16

<211> 3181

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> PEC-M24

<400> 16

gatcgccggg gcggacacct agtgcgcgca ggccagcggce agttttgcecgg acttctttgt 60
ccagttcacc gtaggtttgt gaacgaccga aaaagtaggt ggctggcttg tctgcgttga 120
tggccaggtt gttgtcgtaa acgtccagca gggtggtgtc gccatattcc agcgagtgtg 180
gcgtccactc tgggtagtgc tggagccatt ctttggtttc gtatgctgac atggtgtccc 240
ttéaactgcg ttgctttagt gccctttagt atatagagac gtcccgcectge tttcttegge 300
gaéctagaat gtgggcatgc gcgtagctat gatttccatg cacacctctc cattgcagca 360
gcccggaact ggtgattcag gcggcatgaa cgtctacatt ctttcgaccg cgactgagcect 420
agcgaaacag ggtatcgagg tcgatattta cactcgtgcc acgaggcctt ctcagggtga 480
gatcgtgaga gtagctgaga atftgcgggt cattaatatc gctgcgggge cgtatgaggg 540
gctttccaaa gaggagcttc ctactcagtt ggcggcgttt accggcggaa tgttgtcgtt 600
tacgcgccgg gagaaggtta cttatgatct gatccattct cactattgge tgtctggtca 660
ggtggggtgg ttgctgcgcg atttgtggcg gattcccctt attcatacgg cacacacttt 720
ggcggcggtg aagaattctt atcgggatga ttcggacact ccggagtcgg aggcgcgtcg 780
catttgtgag cagcagctgg tggataacgc tgacgtgttg gcggtgaaca ctcaggagga 840
gatgcaggat ttgatgcatc actacgatgc ggatccggat cggatttctg tggtgtcacc 9OQ
gggtgcggac gtggaacttt atagccctgg aaatgatcgc gcgacggaac gttcccgtcg 960

-32-



tgagctgggce
taagggcccg
aaatctgcgc
taggcatatg
gccgagcgag
tgagtcctt;

ccgggttgge

ccactcececeg”

catcaggatg
cgcacagcta
gcatcacggc
taacggaaaa
cactggatgg
cgaactcctc
cgcgatccgce
ccgcgactgg
aaccaaggaa
accaccagag
cctcgacgta
bttcgaggaa
cggcaactcc
agagctcaac
agtaaaccca
agcaaaccag

gcgtggtcect

attccgcectge
caggtgctga
gtcattattt
gcagaggaac
étagtggccg
ggactcgtcg
ggcctgccca
catgcctggg
ggtgaagacg
tcgtcgctgt
taagtaaacg
ttgattcttc
gtcgacgtca
gtcgaégcag
actgcéaaca
cgcctcaacg
aaatacggcg
ctcgcggatg
gttccacgca
gaaatcctgc
ctgcgtgcge
atcccaaccg
ggcggcacct
ggtaataagt

catgggcctc

acacaaaggt

tcaaggcggt

gtggcggeec

tgggcgtcga

tgtatcgggce

ccatggaggc

tcgcagtcge

ccgacgcctt

ccgtcgaaca

acaacgacgc

cgcgtegtygg

ttcgtcacgg

atctgaccga

gcgtectccc

tcgcactgaa

agcgtcacta

acgaccagtt

acgcagagta

ccgaatgcect

cacgcgcaaa

tggttaagca

gcatcccact

acctcgatcc

agctatttgt

gccctacctg

37662

agtggctttt
tgcggcgttg
ttctggtccg
aaagcgaatt
ggcggacatc
gcaagccagc
ggaaggggag
agccacactc
cgccagaaca
tattgccaac
aacataaagt
tcagagcgaa
acagggtgag
aggcgttgta
cgctgcagac
cggcgcactg
catggaatgyg
ctcccaggceca
caaggacgtt
gaagggcgaa
ccttgacggce
ggtctacgaa
tgaggcagca
aggtgagcac

cgtatacgaa

-33-

gtgggtcggt

tttgatcgceg

aatgcgacac

cgctttttgg

gtggccgtge

ggcacaccgg

acgggattgce

ttggacgatg

ttctcctggg

gaaaatgtcg

ggcaaactag

tggaacgcat

gctgaggcca

tacacctcct

cgccactgga

cagggccttg

cgccgcectect

aatgaccctc

gtggttcgtt

accgtcctca

atctccgatg

atcgccgaag

gcagccggeg

tcttcttget

aattaaagat

tgcagccgtt

atccggaccg

cggataccta

acccgcgcecc

caagttttaa

tcattgcggce

ttgtcgacgg

acgaaacgcg

cggccaccgce

acggtgaaac

tacctatgac

ccaaccagtt

agcgcggagg

tgctgcgteg

tcccagtgat

acaaggctgc

acgacacccc

gttacgcgga

ttgttcctta

tcgcagcaca

ctgatatcgce

acggttccgt

cagcagcagt

ttcgtattgg

cggatgcgtc

1020

1080

1140

1200

1260

1320

1380

1440

1500

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



gccacaagtc

acctggcgat

tcttatccaa

acgtttggcg

acccagaccg

agcctttaac

acgtgcgcat

ccccegtegg

aacaagtcga

tcaacgaact

ccgtccagge

acgccaacat

cgcggtcacc

tcaaggctcc

cggccgcgec

cgtcgcccag

caatccgcgg

gcttatcgac

ggaatcggca

cggcatggca

atacttcgga

gatctccctt

tgacgacatc

cgaaatcatt

ctgtccgaaa
ccaacgggaa
cacgaattgg
gaagccttcc
cgccégggta
gatcgtttcg
cgccgagact
ctcctcgegg
tccaggctcce
tccaaacttc
atcagcgaag

cgcggcgacce

37662

accaggtcac
tcacggttgt
gcatcgtcca
aagaccaaga
gtcgcatcac
tgatcatcta
tcgtcgcaaa
aagccctcat
accgcgaagc
agggegecga
ccatcgaacg

gcaccggcgt

cacggtgggg

cgatcgcacc

cgaaagatcc

aacccactca

cgcagtgcag

tgcctccgac

cgtctcccac

ggaatcctcce

ccaccgcatg

acgactccct

cacccaactc

ttgggtagaa

caggtcctcc

ggcgacgtca

gtcgacggca

ctcgacgtcc

gcagtggtca

gaatccgaaa

gaactgaaaa

gacgacccag

gccgacatga

gatatggaac

gccgccgaca

gccgatcgat

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3181





