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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén vi sinh vat thudc chi Corynebacterium san sinh 5’-inosin
monophosphat, v6i hoat tinh cia protein san sinh IMP dugc nang cao; phuong phap dé
diéu ché 5’-inosin monophosphat bang cach sir dung vi sinh vét ndy, bao gbm diéu ché

5’-inosin monophosphat; phuong phap dé tang san sinh 5’-inosin monophosphat.
Tinh trang ky thuit ciia sang ché

5’-inosin monophosphat (sau day goi 1a ‘IMP”) la mot nguyén lig¢u c6 ban chét 1a
axit nucleic, 12 chét trung gian trong con dudng chuyén hoa axit nucleic va dugc sit dung
trong cac linh vuc khac nhau nhu thuc pham, dugc phidm va cic tng dung y té khéc
nhau. Pic biét, IMP duoc st dung rdng rai lam phu gia hodc gia vi thuc phém cung voi
5’-guanin monophosphat (sau ddy goi 12 ‘GMP”). Mac du bén thén IMP dugc biét 1 c6
huong vi thit bo, nhung né ciing dugc biét dén dé tang huong vi cia bdt ngot (MSG);

va vi thé duoc chu y dén nhu loai gia vi axit nucleic lam ting huong vi.

Vi du vé cac phuong phap diéu ché IMP bao gém phuong phép phan huy axit
ribonucleic duge chiét xudt tir cic té& bao ndm men (Cong bd Patent Nhat Ban sb
1614/1957), phuong phap phosphoryl hoéa inosin dugc san xuét bang cach lén men
(Agri. Biol. Chem., 36, 1511, v.v.) va phuong phap nudi cdy vi sinh vat truc tiép san
sinh IMP va thu hdi IMP trong mdi trudong nudi chy. Trong s6 cac phuwong phap nay,
duogc st dung rong rai nhét 14 phuong phap sit dung vi sinh vat ¢6 kha nang truc tiép san

sinh IMP.

Dé san xuit IMP véi nang suat cao bang cach st dung phuong phap san Xudt tryc
tiép IMP qua qué trinh 1én men vi sinh vat, IMP dugc san sinh mot cach thuan loi. pé
thuc hién muc dich do, céac tac gid cia sang ché da tién hanh nghién ctru sdu rong va da
phat hién ra protein lién quan dén san sinh IMP; két qua 13, ho da xéac dinh ImpE1 va
ImpE2 1a nhitng protein lién quan dén san sinh IMP. N6 da dugc x4c nhan rang khi céc
hoat tinh cia ImpE1 va ImpE2, 1a cdc protein li€én quan dén san sinh IMP dugc tang

cudng, ndng do IMP da tang 1én, do d6 hoan thanh sing ché nay.
Ban chit k§ thuit ciia sang ché

Muc dich cta sang ché 1a dé xuat vi sinh vat thudc chi Corynebacterium san xuat
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IMP, v6i hoat tinh cta protein san sinh IMP dugc nang cao.

Muc dich cta sang ché 1a d& xudt phuwong phap dé didu ché IMP bao gébm nudi ciy

vi sinh vat thudc chi Corynebacterium cia sang ché trong moi truong.

Muc dich khéc nita cia sang ché 1a dé xuét ché pham dé san xuat IMP chira protein

c6 hoat tinh san sinh IMP ctia sdng ché dugc nang cao.

Muc dich khac nita ctia sang ché 1a d& xuat phuong phap dé tang san sinh IMP bao
gdm ting cudng hoat tinh cta protein san sinh IMP cla sing ché trong vi sinh vat cua

chi Corynebacterium.
Hiéu qua dat dugc cua sang ché

Theo sang ché, IMP ¢6 thé duogc diéu ché béng cach stt dung vi sinh vat thudc chi
Corynebacterium san xuét IMP, vé6i hoat tinh cta protein san sinh IMP dugc nang cao.
M6 ta chi tiét sang ché

Sang ché s& duge mo ta chi tiét du6i day. Trong d6, mdi md ta va phuong an vu
tién cua sang ché c6 thé dugce 4p dung cho cac md ta va phwong 4n khac, twong Ung.
T 13, tit ca su két hop cua céc yéu t6 khac nhau dugc thé hién ¢ day thudc vé pham
vi ctia sang ché. Ngoai ra, pham vi cua séng ché s& khong bi gi6i han boi phén md ta
dudi day. Hon nita, cac mo ta cu thé duoc thé hién dudi ddy khdng nén dugce hiéu 1a gici

han pham vi cta sang ché.

Dé dat dugc cac muc dich trén, theo khia canh khac clia sdng ché 1a dé xuét vi sinh
vat thudc chi Corynebacterium san sinh IMP, v6i hoat tinh cta protein san sinh IMP

dugc tang cudng.

Nhu duge st dung & ddy, thut nglt “protein san sinh 5°-inosin monophosphat- dé
cap dén protein lién quan dén san sinh ngoai bao cua 5’-inosin monophosphat (IMP).
Dbi véi cac muc dich cla sang ché, thuat ngit trén co thé duogc st dung thay thé cho
protein c6 kha nang san sinh IMP, protein c¢6 kha ndng san sinh 5 ’-inosin monophosphat,
protein san sinh IMP, v.v. va cu thé 1a c6 thé duogc biéu thi nhu ImpE, cu thé hon 1a
ImpE1 va ImpE2, nhung sang ché khong giéi han & day. Ngoai ra, protein c6 thé dugc
lay tt Corynebacterium sp.,. Cu thé 13 Corynebacterium stationis, nhung sang ché
khong giGi han ¢ ddy. Vi du, protein ¢6 ngudn gbc tir Corynebacterium stationis va co

kha ning san sinh IMP va c6 tac dung tuong tu, co thé duoc st dung nhu protein cua
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sang ché.

Protein c6 thé bao gém, vi du, trinh ty axit amin ¢6 ma nhén biét SEQ ID NO: 1
hodc SEQ ID NO: 2, ma con chita cac trinh ty ¢ hoat tinh trong tw nhu protein va nguoi
¢6 hiéu biét trung binh trong cliing linh vuc k¥ thuét c6 thé c6 duoc thong tin trinh tu tr
Ngén hang gen ctia NCBI, co s¢ dit liéu da biét. Ngoai ra, protein c6 thé chira trinh tu
axit amin c6 ma nhén biét SEQ ID NO: 1 hoic SEQ ID NO: 2 hodc trinh ty axit amin
¢6 it nhat 80%, 90%, 95%, 96%, 97%, 98% hoic 99% twong ddng hodc déng nhat véi
trinh tu c6 ma nhan biét SEQ ID NO: 1 ho#c SEQ ID NO: 2. Ngoai ra, rd rang la protein
bi x6a, sta déi, thay thé hodc thém mot sb trinh tu c6 thé dugc st dung 1am protein cta
sdng ché mién 1a trinh ty axit amin c6 cAu truc trong ddng hoic dbng nhit véi protein &

trén va thé hién mot tac dung twong tu vdi protein.

Tuc 13, mic du duoc mo ta 1a “protein ¢6 trinh ty axit amin ¢6 ma nhan biét SEQ
ID NO cu thé” hoic protein chira trinh ty axit amin c6 ma nhan biét SEQ ID NO cu thé”
theo sang ché, protein c6 thé ¢6 hoat tinh tvong ddng hodc twong ty véi protein c6 trinh
tu axit amin c¢6 ma nhan biét SEQ ID NO twong ung. Trong trudng hgp nhu vay, 0 rang
1a bt ky protein ndo ¢ trinh ty axit amin bi x0a, stra ddi, thay thé, thay thé bao thi hodc
thém vao mot phan cta trinh tu cling c6 thé duoc str dung trong séng ché. Vi du, trong
truong hop c6 hoat tinh gidng hodc twong tu vé6i hoat tinh cua protein bi bién d6i, né
khong loai trir viéc bd sung trinh tu phia truéc hodc phia sau cla trinh ty axit amin,
khong lam thay dbi chure nang ctia protein, dot bién c6 thé x4y ra mot cach tu nhién, dot
bién im lang hodc thay thé béo tha va ngay ca khi c6 thém hodc dot bién trinh ty, nd r&
rang thudc pham vi bao hd cua sang ché.

Nhu duoc st dung ¢ day, thuat nglt “tuwong d6ng” hodc “dong nhit” dé cap dén
mitc d6 phit hop véi hai trinh ty axit amin hogc trinh tw nucleotit nhat dinh va c6 thé
duoc biéu thi bang phan tram.

Céc thuat ngt “tuong ddng” hodc “dong nhat” thuong cé thé duge st dung thay
thé cho nhau.

Tuong dong hodc ddng nhat vé trinh tu bao thu cua cac chudi polynucleotit hozc
polypeptit dugc bao tdn c6 thé duge x4ac dinh bang cc thudt todn cdn chinh tiéu chuan
va ¢c6 thé duogc stir dung v6i ham phat khoang tréng mic dinh duge thiét 14p boi chuong

trinh dang dugc st dung. Céc chudi trong dong vé co ban hodc gibng hét nhau thuong
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duoc du kién s& lai ghép véi mitc dd nghiém ngt trung binh hodc cao, doc theo toan bd
chidu dai hoic it nhit khoang 50%, khoang 60%, khodng 70%, khoang 80%, hodc
khoang 90% toan bd chiéu dai cta trinh ty. Polynucleotit ¢6 chira don vi ma héa (codon)

thoai bién thay vi don vi ma hoa trong polypeptit lai hoa cling dugc xem xét.

Cho du hai trinh tu polynucleotit hodc polypeptit ¢ tinh tuong ddng, tuong tu
hoic ddng nhat c6 thé dugc xac dinh bang thuat toan may tinh da biét nhu chuong trinh
“FASTA” (Pearson et al., (1988) [Proc. Natl. Acad. Sci. USA 85]: 2444: sir dung tham
s6 mic dinh trong 2444). Ngoai ra, nd ¢ thé duoc xac dinh béng thuét toan Needman-
Wunsch (Needman va Wunsch, 1970, J. Mol. Biol. 48: 443-453), duoc thuc hién trong
chuong trinh Needman cua gbéi EMBOSS (EMBOSS: B phin mém mé sinh hoc cla
khu vuc Chau Au, Rice et al., 2000, Trends Genet. 16: 276-277) (phién ban 5.0.0 hodc
cao hon) (géi chuong trinh GCG (Devereux, J., et al., Nghién ctu vé axit nucleic 12:
387 (1984)), BLASTP, BLASTN, FASTA (Atschul, [S.] [F.,] [ET AL, ] MOLEC BIOL
215]: 403 (1990); Huéng din méy tinh khdng 18, Martin J. Bishop, [ED.,] Nha xuét ban
Hoc thuat, San Diego, 1994 va [CARILLO ETA/.] (1988) SIAM J Ung dung Toan 48:
1073). Vidu, su tuong déng, tuong tu hodc déng nhét c6 thé dugc xac dinh béng BLAST
hodc ClustalW ctia Trung tim Thong tin Cong nghé sinh hoc Qudc gia (National Center
for Biotechnology Information: NCBI).

Su tuong dong, twong tu hodc ddng nhét ctia cic trinh ty polynucleotit hodc
polypeptit co thé duoc xac dinh bang cach so sanh thong tin trinh tu st dung, vi du,
chwong trinh may tinh GAP (vi du, Needman et al., (1970), J Mol Biol.48: 443) da duoc
cong bd (vi du, Smith va Waterman, Adv. Appl. Math (1981) 2: 482). Tom lai, chuong
trinh GAP dinh nghia su tuong ddng, twong tw hodic ddng nhat 12 gié tri thu dugc bing
céch chia sb lugng cac ky hiéu dugc can chinh twong tmg (nghia 14, nucleotit hodc axit
amin) vao téng sb diu hiéu trong trinh tu ngén hon cua hai trinh tu. Cac tham sb mic
dinh cho chuong trinh GAP c6 thé bao gém (1) ma tran so sanh don phén (chta gid tri
1 cho gidng nhau va 0 cho khong gidng nhau) va ma trén so sanh trong s6 ctia Gribskov
et al. (1986), Nucl. Acids Res. 14: 6745, nhu dugc boc 19 trong Schwartz va Dayhoff,
bién tap, Atlas vé trinh tu va ciu trac protein, Quy nghién ciu y sinh qudc gia, trang
353-358, 1979; (2) ham phat 3,0 cho mdi khoang trbng dich chuyén va ham phat 0,10
cho mdi ky tu trong mdi khoang tréng dich chuyén (hodc ham phat mé khoang trong

dich chuyén 10 va ham phat mé rong khoang trong 0,5); va (3) khong c6 ham phat cho
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cac khoang trong dich chuyén cudi cing. Theo d6, nhu duge st dung & day, thut ngit

“trong dong” hodc “dong nhat” dé cép dén sy lién quan gitta cac trinh ty.

Nhu duge st dung & ddy, thuat nglt “ndng cao hoat tinh”, c6 nghia Ia hoat tinh cta
protein dugc dua vao hodc hoat tinh dugc cai thién so vGi hoat tinh ndi sinh hodc hoat
tinh trudc khi bién ddi cta vi sinh vat. “Viéc dua vao” ¢ nghia la hoat tinh ctia protein
cu thé, vén khong c6 tu nhién hodc nhan tao dbi véi vi sinh vat, dugc biéu hién. “Hoat
tinh noi sinh” dé cap dén hoat tinh ctia protein cu thé duoc so hitu béi ching géc trudc
bién dbi khi vi sinh vét bi bién nap do bién dbi gen gy ra boi cac yéu td ty nhién hogc

nhan tao.

Vi du, viéc ndng cao hoat tinh c6 thé bao gdm ca viéc nang cao hoat tinh bang cach
dua protein san sinh IMP tir bén ngoai vao trong té bao chu hodc ting hoat tinh cla

protein san sinh IMP ndi sinh.

Cu thé, theo sang ché, viéc nang cao hoat tinh c6 thé duoc thuc hién br?mg cac

phuong phdp sau:
1) Tang sb luong ban sao cua polynucleotit ma hoa cho (tirc 1a, ma hoa) protein;
2) Bién déi trinh tu diéu hoa biéu hién dé ting biu hién polynucleotit;

3) Bién ddi trinh tu polynucleotit trén nhi®m sic thé dé nang cao hoat tinh cta

protein; hodc

4) Két hop cua cac phuong phap trén, tuy nhién sang ché khong khong gi¢i han &
cac phuong phap nay.

Trong phuong phép 1) & trén, viéc ting s6 lwong ban sao ctia polynucleotit ma hoa
céc enzym c6 thé dat dugc bang cach lién két chirc ning ctia polynucleotit v&i vecto,
hodc bing cach chén polynucleotit vao nhidm séc thé clia t& bao chu, nhung sang ché
khong gidi han cu thé & cach ndo. Ngoai ra, trong mdt phuong 4n, vigc tang s6 luong
ban sao c6 thé duoc thuc hién biang cach dua polynucleotit ngoai sinh biéu hién hoat
tinh protein hodc polynucleotit dang bién thé, trong d6 don vi ma hoa dugc t6i wu hoa
cho polynucleotit ¢ trén, vao té bao chil. Polynucleotit ngoai sinh ¢ thé dugc sir dung
ma khong gidi han v& ngudn gbc hodc trinh ty cia no mién 12 n6 thé hién céc hoat tinh
gidng/twong ty protein. Nguoi co hiéu biét trung binh trong cung linh vuc k¥ thuat c6

thé thuc hién viéc thém vao bang cach chon phwong phap bién nap da biét va protein c6
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thé dugc didu ché bai sy biéu hién cla polynucleotit dugc dua vao trong té bao chu dé
tang hoat tinh ctia nd. Su gia tang s6 luong ban sao co thé 1a do polynucleotit duoc biéu
hién song ddi lién tuc. Trong trudong hop nay, cc trinh tw polynucleotit méd hoa cac
protein san sinh IMP khac nhau ¢6 thé xuét hién theo cach bét chéo, tuan tu va 13p lai.
Khi polynucleotit lién tuc biéu hién & dang séng doi, mot phin chdng lap c6 thé xay ra,
nhung sang ché khong giéi han & do. Cu thé 13, theo sang ché, sd lugng ban sao cia
trinh tu polynucleotit ¢6 ma nhén biét SEQ ID NO: 3, SEQ ID NO: 4 hoic SEQ ID NO:

5 ¢6 thé dugc tang lén.

Ngoai ra, phuong phap 2) bién ddi trinh tw didu hoa bidu hién dé ting biéu hién
polynucleotit c6 thé dugc thuc hién béng cach taora bién dbi trén trinh tu didu hoa biéu
hién théng qua viéc x6a, thém, thay thé khong béo tht hodc bao thi cua trinh tu nucleotit
hodc két hop chung; hodc béng cach thay thé trinh tu didu hoa biéu hién béng trinh tu
nucleotit ¢6 hoat tinh manh hon, nhung sdng ché khong gi6i han & do. Trinh ty didu
chinh biéu hién bao gdm nhung khong gi6i han cu thé & ving gen khéi dong, trinh ty
vAn hanh, trinh ty ma hda cho vi tri gén v6i ribosom va trinh tu diéu hoa két thic phién
mi va dich ma. Cu thé 13, viing gen khoi dong di ban manh thay vi ving gen khéi dong
nguyén ban co thé dugc lién két phia trude véi don vi biéu hién polynucleotit va cac vi
du vé& viing gen khdoi dong manh c6 thé bao gdm ving gen khai dong CJ7, ving gen
khoi dong lysCP1, ving gen khéi dong EF-Tu, ving gen khéi dong GroEL, ving gen
khai dong aceA hodc aceB, v.v.. Ty 1€ biéu hién ctia polynucleotit ma hoa protein c6 thé
duoc cai thién bang céach lién két chirc ndng cta chat xuc tic véi polynucleotit, nhung

séng ché khong bi gi¢i han & do.

Hon nira, phuong phap 3) bién ddi trinh tu polynucleotit trén nhiém sdc thé, mac
du khong gidi han cu thé & do, co thé duoc thuc hién béng cach dua vao bién thé cua
trinh tu didu hoa bidu hién thong qua viéc x6a, thém, thay thé khong bao thu hodc bao
thu cua trinh tu polynucleotit hodc két hop dé ting cudng hon nita hoat tinh cua trinh tu
polynucleotit, hodc bang cach thay thé trinh tu bang trinh tu polynucleotit dugc diéu
chinh dé c¢6 hoat tinh manh hon.

Cudi ciing, 4) phuong phép sira d6i dé tang cudng két hop tir cac phuong phép 1)
dén 3) o thé duoc thuc hién bang cach 4p dung mot hodc nhiéu phuong phap trong s6
phuong phap tang sb lugng ban sao clia polynucleotit ma hoa protein, phuong phap bién

dbi trinh tu polynucleotit dé tang cuong biéu hién polynucleotit, va phuong phap bién
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dbi trinh tu polynucleotit trén nhidm sic thé va bién ddi polynucleotit ngoai sinh biéu
hién hoat dong ctia protein hodc polynucleotit dang bién thé, trong d6 don vi ma hoa

dugc toi uu hoa.

Ngoai ra, rd rang la protein cling co thé bao gdm polynucleotit c6 thé duoc dich
ma béi don vi ma héa thoai bién trong protein c6 trinh tu axit amin ¢6 ma nhan biét SEQ
ID NO: 1 hoac SEQ ID NO: 2, hoac vao protein c6 tuong déng cua né. Vi du, protein
¢6 thé bao gdm trinh tu polynucleotit c6 ma nhan biét SEQ ID NO: 3, SEQ ID NO: 4
hodac SEQ ID NO: 5. Ngoai ra, trinh tu ma hoa protein c6 hoat tinh cua protein co trinh
fir axit amin c6 md nhén biét SEQ ID NO: 1 hodc SEQ ID NO: 2 bang c4ch lai trong cac
diéu kién nghiém ngit véi diu do c6 thé dugc diéu ché tir cc trinh tu gen da biét, vi du,
trinh tu bd sung cho tt ca hodc mot phén cua trinh tu nucleotit, c6 thé duoc dua vao ma
khong bi gi6i han. Thuat ngit “didu kién nghiém ngat” d& cap dén céc diéu kién cho
phép lai hoa giita cac polynucleotit cu thé. Nhitng didu kién nay dugc mo ta cu thé trong
tai liéu (vi du, J. Sambrook et al., Sangdong). Vi du, cac diéu kién nghiém ngit co thé
bao gdm céc diéu kién trong dé cic gen co sy tuong ddng cao (vi du, 40% trd 1én, tbt
hon 12 90% trd 18n, 95% tro 18n, 97% trd 1én, va tbt nhét 14 99% trd 1én) c6 thé lai giita
chung, trong khi cac gen co su tu’bng ddng thap hon ching khong thé lai v&i nhau; hodc
céc didu kién dé lai southern thong thudng (nghia 1a didu kién dé rira mot 1an, cu the 1a
rtra hai hodc ba 1an & ndng d6 mudi va nhiét do twong g v6i 60°C, 1 x SSC (saline-
sodium citrate: salin-natri xitrat), va 0,1% SDS (sodium dodecyl sulfate: natri dodexyl
sulfat), tét hon 1a dudi 60°C, 0,1 x SSC, va 0,1% SDS, va tot nhét 13 du6i 68°C, 0,1
SSC va 0,1% SDS).

Phép lai doi hoi hai axit nucleic ¢ trinh tu bd sung, mic du su khong phu hop gitta
cac bazo c6 thé phu thude vao mic do nghiém ngat ciia phép lai. Thuat ngit “bd sung”
duoc st dung dé mo ta mdi quan hé gitta cdc bazo nucleotit c6 kha nang lai v6i nhau.
Vi du, lién quan dén ADN, adenosin bd sung cho thymin va xytoxin bd sung cho guanin.
Do d6, sang ché ciing c6 thé bao gdm cac trinh tu axit nucleic c¢6 ban chét tuong tu nhau
cling nhu cac doan axit nucleic bi cd 1ap bd sung cho toan b trinh tu.

Cu thé 14, polynucleotit ¢6 su tuong ddng c6 thé dugc phat hién bang cac diéu kién
lai bao gdm budc lai & gia tri Tm 12 55°C va st dung céc diéu kién duoc mo ta & trén.
Hon nira, gia tri Tm co thé 1a 60°C, 63°C hoic 65°C, nhung sang ché khong gidi han ¢

nhiét do nay; va co thé duoc diéu chinh phu hop bdi ngudi c6 hiéu biét trung binh trong
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cung linh vyc k¥ thuét theo muc dich cta nd.

Murc d6 ph hop cta viée lai cac polynucleotit phu thudc vao do dai va tinh bd
sung cua cac polynucleotit va céac bién dugc biét dén trong k¥ thuit ndy (tham khao

Sambrook et al., supra, 9,50-9,51, 11,7-11,8).

Nhu dugce str dung & day, thuat nglt “vecto™ dé cap dén céu tric ADN chira trinh
tu nucleotit ciia polynucleotit ma hoa protein mong mudn, duoc lién két chirc ning véi
trinh tu diéu hoa thich hop sao cho protein mong mubn dugc biéu hién trong té bao chu
thich hop. Trinh ty diéu hoa c6 thé chtra ving gen khéi dong c6 kha ning bét diu phién
ma, bAt ky trinh ty van hanh nao dé diéu hoa phién ma, trinh tw ma hoéa vi tri ribosom
lién két voi ARN thong tin phit hop va trinh tu didu hoa két thuc phién ma va dich ma.
Sau khi dugc bién nap trong té bao chil thich hop, vecto c6 thé duoc sao chép hoic thuc
hién chirc ning cta nd thong qua bd gen cla vat chu, hodc ¢ thé duoc tich hop vao

chinh bd gen ctia no.

Vecto dugc st dung trong sang ché khong bi gidi han cu thé mién 14 né co thé
duoc biéu hién trong té bao chii, va bét ky vecto nao dugc biét dén trong k¥ thuat nay
déu co thé dugc st dung. Viduy vé vecto thuong dugce st dung bao gém plasmit tu nhién
hodc tai td hop, cosmid, virut va vi khuin. Vi dy, pwel5, M13, MBL3, MBLA4, IXII,
ASHII, APII, t10, t11, Charon4A, va Charon21A cé thé duoc str dung lam vecto phage
hodc vecto cosmid; va vecto gbc pBR, gbe pUC, gbc pBluescriptl], gbc pGEM, gbc
pTZ, géc pCL va géc pET cé thé duoc st dung nhu vecto plasmit. Cu thé, cac vecto
pDZ, pACYC177, pACYC184, pCL, pECCGI117, pUC19, pBR322, pMW118 va
pCCIBAC ¢co thé duoc stir dung, nhung vecto khong bi gigi han ¢ day.

Vecto ¢6 thé duoc sir dung trong sang ché khong bi gi6i han cu thé, va vecto biéu
hién da biét c6 thé duoc st dung. Ngoai ra, polynucleotit ma hoa protein dich c6 thé
duoc chén vao nhiém sic thé thong qua vecto dé chén vao nhidm séc thé noi bao. Viée
chén polynucleotit vao nhiém sic thé c6 thé duge thuc hién bang bat ky phuong phap
nao, vi du, bang cach tai td hop tuong dong, nhung sang ché khéng gidi han & phuong
phéap nay. Vecto ¢ thé chira ddu chon loc dé chi ra viéc chén vecto vao nhiém sic thé.
Duoc st dung dé chi ra té bao duoc bién nap voi vecto, tic la, xem gen dich c6 dugc
dua vao bo gen cua té bao chi hay khong, dAu hiéu chon loc ¢ thé cung cép cho té bao

kha nang khang thube, khang tac nhan giy doc té bao, khuyét dudng hodc chon loc biéu
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hién kiéu hinh nhu biéu hién protein bé mat. Trong moi truong c6 tdc nhén chon loc
duoc xir 1y, chi cdc t€ bao bi€u hién cé dau chon loc ton tai hodc biu hién ki€u hinh

khéc, va do do cac té€ bao dugc bién nap cé thé dugc chon.

Nhu duge sit dung & déy, thuat ngt “bién nap” c6 nghia 1a vecto chira polynucleotit
ma hoa protein dich dugc dua vao té bao chl, sao cho protein dugc mad hoa boi
polynucleotit c6 kha ndng biéu hién trong t& bao chii. Polynucleotit dugc bién nap c6
thé 1a bét ké vi tri ndo mién 1a polypeptit c6 kha nang bidu hién trong té bao chi, bat ké
polynucleotit duge chén va dinh vi vao nhiém séc thé cua t& bao chit hay nim & phan
ngoai ctia nhiém sdc thé. Ngoai ra, polynucleotit bao gdbm ADN va ARN, ma hoa protein
dich. Polynucleotit c6 thé dugc dua vao véi bét ky hinh dang nao mién 1a polynucleotit
¢6 kha nang dugc dua vao té bao chu va duoc biéu hién. Vi du, polynucleotit ¢6 thé
duoc dua vao té bao cha dudi dang catxet bidu hién c6 cdu tric gen chira tht ca cac yéu
t§ can thiét cho su tu biéu hién. Catxet biéu hién co thé chira viung gen khéi dong, tin
hiéu két thuc phién ma, vi tri gén két ribosom, va tin hiéu két thuc dich mi, c6 thé duoc
lién két chire ning véi polynucleotit. Céc catxet biéu hién c6 thé 1a vecto biéu hién thyc
hién tu sao chép. Ngoai ra, chinh polynucleotit c6 thé duogc dua vao té bao chii dé dugc
lién két chirc nang véi trinh tu cin thiét cho bidu hién trong té bao chii, nhung séng ché
khong bi gidi han & d6. Phuong phép bién nap bao gém bat ky phuong phép dua axit
nucleic vao té bao va c6 thé duoc thuc hién béng cach lua chon k¥ thuat tiéu chuén phu
hop dugc biét dén trong k¥ thuat nay. Vi dy, cdc vi du vé phuong phap nay c6 thé bao
gdm dién bién nap, canxi photphat Ca3(PO4); két tiia, canxi clorua (CaCly) két tia, vi
tiém, k§ thuét polyetylenglycol (PEG), k§ thuat DEAE-dextran, k§ thuét liposom cation,
ky thuat lithium axetat-DMSO (dimetyl sulfoxit), nhung sang ché khéng gi6i han & cac

ky thuat nay.

Ngoai ra, thuat ngt “lién két chtc nang” tham chidu dén lién két chirc ning gitra
trinh tu vung gen khoi dong, b4t dau va lam trung gian cho qué trinh phién ma cua
polynucleotit ma hda protein dich cua sang ché va trinh tu polynucleotit. Lién két chire
ning c6 thé dugc didu ché bang céach st dung k¥ thuét tai t hop gen duge biét dén trong
ky thuét nay, su phan tich va cit ADN tai vi tri cu thé co thé duogc thuc hién béng cach
st dung enzym gidi han va ligaza trong k¥ thuét nay, nhung sang ché khoéng bi gii han

& cac k¥ thuat nay.
Nhu duoge st dung & ddy, thuat ngit “vi sinh vét thudc chi Corynebacterium san
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sinh IMP” dé cép dén vi sinh vat thudc chi Corynebacterium c6 kha nang san sinh IMP
thong qua hinh thire tu nhién hoac bién thé ctia né. Cu thé 1a, theo sang ché, vi sinh vat
thudc chi Corynebacterium san sinh IMP ¢6 thé 13 vi sinh vat di ting cudng kha ning
san sinh IMP bang cach chén gen lién quan dén co ché san xudt ctia chiing ban dia hoic
IMP ngoai sinh, hodc bang cach ting cudng hodc lam suy yéu hoat dong ctia gen noi
sinh. Cu thé hon 13, vi sinh vat thudc chi Corynebacterium san sinh IMP ¢6 thé 1a vi sinh
vat trong d6 kha ndng san sinh IMP dugc cai thién so v§i chung gbc trude khi bién nap

hodc vi sinh vat khong bién doi.

Theo séng ché, “vi sinh vat thudc chi Corynebacterium” c6 thé cu thé 1a
Corynebacterium glutamicum, Corynebacterium ammoniagenes, Brevibacterium
lactofermentum,  Brevibacterium  flavum, Corynebacterium thermoaminogenes,
Corynebacterium efficiens, Corynebacterium stationis, v.v., nhung sang ché khéng gidi
han & céac vi sinh vat nay. Cu thé hon 13, theo sang ché, vi sinh vét thudc chi
Corynebacterium c6 thé 1a Corynebacterium stationis. Vi du cu thé cta vi sinh vat thudc
chi Corynebacterium cé thé 1a Corynebacterium stationis ¢4 kha nang san sinh IMP
duoc cai thién bang cach ting cudng hoat tinh cla protein ¢ chiic nang san sinh IMP

ra bén ngoai té bao, nhung sdng ché khong gidi han & day.

Khia canh khéc ctia sang ché dé xudt phuong phap didu ché IMP bao gdm nudi
chy vi sinh vat ctia chi Corynebacterium c6 hoat tinh tang cudng cla protein san sinh

IMP trong mdi trudng nudi cy.

Cu thé 1a, phwong phép ciia sang ché c6 thé con bao gbm budc thu hdi IMP tir vi

sinh vat hodc moi truong nudi cay.

Trong phuong phap, nuoi cAy vi sinh vat c6 thé dugc thuc hién bang nudi ciy theo
mé, nudi cdy lién tuc va nudi cdy theo mé-bd sung thirc dn da duge biét dén trong k¥
thuat nay. Hon nita, di v6i didu kién nuoi cdy, do pH thich hop (tirc 1, do pH tir 5 dén
9, tt hon 1a d pH tir 6 dén 8, va tét nhit 1a do pH 6,8) ¢6 thé dugc duy tri bang cach
st dung hop chit hoa hoc bazo (tic 13, natri hydroxit, kali hydroxit, amoniac) hodc hop
chét hoa hoc axit (tire 13, axit phosphoric hodc axit sunfuric). Ngoai ra, diéu kién hiéu
khi c6 thé duoc duy tri bing cach dua oxy hogc hon hgp khi ¢6 chira oxy vao mdi truong
nudi cdy. Nhiét do nudi cdy co thé duoc duy tri & 20°C dén 45°C, va t6t hon 1a tir 25°C

dén 40°C. Hon nita, thoi gian nudi c6 thé khoang 10 dén 160 gio. Tuy nhién, dicu kién
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nudi cdy khong bi gi6i han & day. IMP dugc san xuat ra bang cach nudi céy néu trén co

thé dugc tiét vao moi trudong nudi cdy hodc cé thé van con bén trong t€ bao.

Hon nita, mdi trudng nudi ciy c6 thé chtra dudng va cacbohydrat (vi du, glucoza,
sucroza, lactoza, fructoza, maltoza, ri duong, tinh bt va xenluloza), dau va chat béo (vi
du, dAu ddu nanh, diu hat hudng duong, dau dau phong, va dau dira), axit béo (vi du,
axit palmitic, axit stearic, va axit linoleic), rugu (vi du, glyxerol va etanol) va axit hitu
co (vi du, axit axetic) riéng 1€ hodc két hop nhu ngudn cacbon, nhung mdi trudng nudi
cay khong bi gidi han & d6. Ngoai ra, mdi trrong nudi cly c6 thé chira hop chét hitu co
chtra nito (vi dy, pepton, chiét xuAt nAm men, canh thit, chiét xuit mach nha, dich chiét
ngd, bdt ddu nanh va ure) hodc hop chit vo co (vi du, amoni sulfat, amoni clorua,
phosphat hodc amoni, amoni cacbonat va amoni nitrat) riéng 1¢ hodc két hop nhu ngudn
nito, nhung moi trudng nudi ciy khong bi gi6i han & d6. Ngoai ra, moi truong nudi chy
c¢6 thé chira kali dihydrogen phosphat, dipotali hydro phosphat hodc mudi ¢ chira natri
tuong tng riéng 1é hoac két hop nhur ngudn phospho, nhung mdi trudng nudi cly khong
bi gi¢i han & do. Ngoai ra, moi truong nudi cdy c6 thé chira cic chét kich thich ting
trudng thiét yéu khac bao gbdm mudi kim loai (vi du, magie sunfat hodc st sunfat), axit

amin va vitamin.

Phuong phép cua sang ché dé thu hdi IMP duoc tao ra tir phuong phap nudi chy &
trén c6 thé thu IMP mong mudn tir moi trudng nudi ciy bang phuwong phap phu hgp da
duoc biét dén trong k¥ thuat nay theo phuong phap nudi cdy. Vi duy, ly tam, loc, sic ky
trao d6i anion, két tinh, sic ky long hiéu sudt cao (High Performance Liquid
Chromatography: HPLC), v.v. c6 thé dugc str dung va IMP mong mudn c6 thé duoc thu
hoi tir mdi trudong nudi ciy hodc vi sinh vat bang phwong phép phu hop da duoc biét dén

trong k¥ thuat nay.

Ngoai ra, phuong phap thu hdi néu trén c6 thé gdm quy trinh tinh sach va co thé
duoc thue hién bang phuong phép pht hop da duoc biét dén trong k§ thuat nay. Do do,
IMP thu hdi ¢6 thé & dang tinh khiét hodc canh 1én men vi sinh vat c6 chira IMP.

Khia canh khac nfta cta sang ché dé xuét ché pham dé san xuét IMP bao gdm
protein theo sang ché chira trinh tu axit amin ¢c6 ma nhin biét SEQ ID NO: 1 hoic SEQ

ID NO: 2, hoi#ic polynucleotit ma héa protein nay.

Ché phidm cta sang ché c6 thé con bao gdm nhung khong gidi han ¢ thanh phan

-12-



39171

c6 kha ning ¢ chitc nang cua polynucleotit. Ngoai ra, trong ché phim ctia sang ché,
polynucleotit ¢6 thé & dang dugc chira trong vecto dé biéu hién gen lién két chirc ning

trong t€ bao chu c6 thé duoc dua vao.

Ngoai ra, ché pham c6 thé con bao gdm bat ky ta dugc ndo phu hop thuong dugc
str dung trong ché phim dé san xuit IMP. Céc t& duoc nhu vy c6 thé 1a chét bao quan,
chét lam &m, dich huyén phi, chat dém, chét dn dinh, hodc chét ding truong, nhung

sang ché khong gidi han ¢ céc ta dugce nay.

Khia canh khéc nita cia sang ché dé xuét phuong phap dé tang san sinh IMP bao
gbm ting cuong hoat tinh cua protein ¢ trinh tw axit amin c6 mé nhén biét SEQ ID NO:

1 hodc SEQ ID NO: 2 trong vi sinh vt thudc chi Corynebacterium.

Céc thuat ngit “protein c6 trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 1 hoic
SEQ ID NO: 2”, “ning cao”, va “vi sinh vat thudc chi Corynebacterium” nhu dugc mo
ta & trén.
Cic vi du ciia sang ché

Dudi ddy, sang ché s& duge md ta chi tiét thong qua cdc phuong an uu tién. Tuy
nhién, cdc phuong 4n uu tién chi duge dua ra nham muc dich minh hoa ma khéng gioi

han pham vi cua séng ché.

Sau day, sang ché s& duoc md ta chi tiét thong qua cdc phuong an vu tién. Tuy
nhién, hién nhién rang nguoi c6 hiéu biét trung binh trong cung linh vyc k¥ thuét la
nhitng phuong an uu tién nay chi dugc duara nhdm muc dich minh hoa ma khong nham

muc dich gidi han pham vi cua sang ché.
Vi du 1: Tao ngén hang b gen ADN

Ngén hang bo gen ADN cua Corynebacterium Stationis ATCC6872 da dugc didu

ché dé xac dinh protein mang cua Corynebacterium lién quan dén viéc san sinh IMP.

Sau d6, do chung Corynebacterium hoang dai khong thé tao ra IMP, ho#c ngay ca
khi n6 tao ra IMP, né chi tao ra mdt lugng nho, trong khi do, chung khéc co tén la
CJI0323 ¢6 kha nang san sinh ra IMP, c6 ngudn gdc tir ching ATCC6872 da duge diéu
ché cho viéc xac dinh kha ning san sinh IMP. Chung CJI0323 dugc diéu ché da duoc
sang loc cac protein mang lién quan dén viéc san sinh bang cach st dung ngén hang bd

gen ADN cua chung ATCC6872. Cac chi tiét cu thé ctia thi nghiém nhu sau.
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Vidu 1-1: Lua chon ching san sinh IMP, CJI0323

Chung ATCC6872 dugc pha lodng trong dung dich dém phosphat (4 pH 7,0) hodc
dém xitrat (46 pH 5,5) & ndng 107 t& bao/mL dén 10° té bao/mL dé diéu ché chiing san
xuht IMP c6 ngudn gbe ATCC6872 va cée té bao da duoc xt Iy bing tia cyc tim dé gay
dot bién. Céc t& bao thu duge dugc rira hai 1dn bing dung dich mubi 0,85%, sau d6 pha
lodng va dit 1én dia trong moi truong nudi cdy chira ndng do thich hop nguyén liéu cung
clp stic dé khang vao mdi trudng t81 thiu chua aga 1,7%, va céc khuén lac duogc ldy
sau d6. Mdi khuén lac dugc nudi ciy trong mdi trudng dinh dudng va nudi ciy trong
mdi trudng nudi cy gidng trong 24 giv. Sau khi nudi cdy céac khuén lac trong 3 dén 4
ngay trong moi truong 1€n men, khuén lac ¢6 kha ning san sinh IMP cao nhét duoc tich
liiy trong moi truong nudi cdy da dugc chon. Trong qué trinh didu ché ching c6 kha
nang san sinh IMP ¢ ndng dd cao, dé cung cip khuyét dudng adenin, r0 ri guanin, nhay
cam v&i lysozym, khang 3,4-dihydroprolin, khang streptomyxin, khang axit azetidin
cacboxylic, khang thiaprolin, khéng azaserin, khang sulfaguanidin, khang Norvalin, va
khang trimethoprim, cac quy trinh trén dugc thuc hién tudn tu cho tirng nguyén liéu. Két
qua 13, cubi ciing da chon dugc CJI0323 cho théy kha ning chdng lai cdc nguyén liéu
trén va c6 kha ning tot d& san xudt IMP. Mitc d6 khéng gitta ATCC6872 va CJI0323 da

duoc so sanh va két qua dugc thé hién trong Bang 1 dudi day.

Bang 1
Dic diém ATCC6872 CJI0323
Khuyét dudng Adenin Khong khuyét dudng Khuyét dudng
Khuyét dudng Guanin Khong khuyét dudng Khuyét dudng khong hoan toan
Do nhay cam v&i Lysozym | 80 ug/mL 8 ng/mL
Khang 3,4-dihydroprolin 1.000 pg/mL 3.500 pg/mL
Khéang Streptomyxin 500 pg/mL 2.000 pg/mL
I;};illi ;‘ﬁg Azetidin 5 mg/mL 30 mg/mL
Khang Thiaprolin 10 pg/mL 100 pg/mL
Khang Azaserin 25 pg/mL 100 pg/mL
Khéng Sulfaguanidin 50 pg/mL 200 pg/mL
Khang Norvalin 0,2 mg/mL 2 mg/mL
Khéang Trimethoprim 20 pg/mL 100 pg/mL

Thanh phéin cta méi truong nuodi cay nhu sau:
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- Moi truong tdi thiéu: 2% glucoza, 0,3% natri sulfat, 0,1% KH2SO4, 0,3%
K>HPOs, 0,3% sulfat magie, canxi clorua (10 mg/L), sulfat sat (10 mg/L), kém sulfat (1
mg/L), mangan clorua (3,6 mg/L), L-xystein (20 mg/L), canxi pantothenat (10 mg/L),
thiamin hydroclorua (5 mg/L), biotin (30 pg/L), adenin (20 mg/L), guanin (20 mg/L),
pH 7,3.

- Méi truong dinh dudng: 1% pepton, 1% nudc thit, 0,25% natri clorua, 1% chiét
xult men, 2% aga, do pH 7,2.

- Mbi trudng nudi cdy gidng: 1% glucoza, 1% pepton, 1% canh thit, 1% chiét xudt

nam men, 0,25% natri clorua, adenin (100 mg/L), guanin (100 mg/L), d6 pH 7,5.

- Mbi trudng 1én men: 0,1% natri glutamat, 1% amoni clorua, 1,2% magie sunfat,
0,01% canxi clorua, st sunfat (20 mg/L), mangan sulfat (20 mg/L), k&€m sulfat (20
mg/L), ddng sunfat (5 mg/L), L-xystein (23 mg/L), alanin (24 mg/L), axit nicotinic (8
mg/L), biotin (45pug/L), thiamin hydroclorua (5 mg/L), adenin (30 mg/L), 1,9% axit
photphoric (85%), 2,55% glucoza, 1,45% fructoza.

Vi du 1-2: Céac thi nghiém vé ham lugng 1én men ctia CJ10323

Mo6i trudng nudi cdy giéng (2 mL) duoc pha vao cac bng nghiém (duong kinh: 18
mm), tiép theo dng nghiém dugc hép khtt tring va 1An luot cdy chuyén véi ATCC6872
va CJI0323. Sau do, cac két qua duge nudi cdy lac & 30°C trong 24 gio va sau do dugc
sir dung lam dung dich nudi cdy gibng. Mbi trudng 1én men (29 mL) duoc pha vao binh
tam giac (250 mL) hip khtr tring & 121°C trong 15 phut. Sau do, mdi dung dich nudi
céy gidng (2 mL) dugc cdy chuyén vao binh tam gidc va nudi cdy trong 3 ngay. Céc

diéu kién nudi céy dugce diat ¢ 170 vong/phut, 30°C vapH 1a 7,5.

Sau khi nudi cdy, luong IMP san xuét duge do bang HPLC (SHIMADZU LC20A)

va két qua nudi cdy dugc thé hién trong Bang 2 bén dudi.

Bang 2
Chung IMP (g/L)
ATCC6872 0
CJI0323 9,52

Vi du 1-3: Khao sat su san sinh protein

Céac diéu kién sang loc cho thdy su trc ché tang trudng ctia chung CJI0323 da duoc
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thiét 14p bing cach b6 sung IMP vao mdi trudng tbi thiéu chira aga 1,7%. Cac plasmit
cta thu vién gen cia ching 4TCC6872 da dugc bién nap vao ching CJI0323 bing
phuong phap dién bién nap (van der Rest et al. 1999). Nhitng khudn lac trong d6 trc ché
tang trudng dugc giai phong trong didu kién nudi cdy dugc bd sung lugng du IMP dugc
chon. Plasmit thu duogc tir céc khuén lac duoc chon va dugc phan tich bang k¥ thuat giai
trinh tu. Két qua la, mot loai protein mang lién quan dén viéc giai phong su tre ché tang

trudng da dugce xéc dinh trong diéu kién lugng du IMP duoc b sung.

Mot loai protein mang tir Corynebacterium da dugc xac dinh dya trén trinh ty axit
amin c¢6 ma nhan biét SEQ ID NO: 2 va trinh ty nucleotit c6 ma nhén biét SEQ ID NO:
4 (NCBI GenBank: NZ_CP014279, WP_066795121, chit van chuyén MFS). Protein
mang dugc biét dén nhu 1a chét van chuyén MFS nhung chirc nang cu thé ctia n6 chua

duoc xac nhan. Theo sang ché, protein mang dugc dinh danh 13 ImpE2(WT).
Vi du 2: Xac dinh ImpE1 va ImpE2
Vi du 2-1: Xéc nhan impEl va impE2

Dé kiém tra chitc ning cua protein mang ImpE2, chu tric gen c6 ma nhan biét SEQ
ID NO: 5 da duoc xac nhan trong NCBI (NCBI GenBank: NZ_CP014279,
WP 066795121, chat van chuyén MFS). Do d6, c6 thé xdc nhan rang phan phan chia
khéi ddu 7 bp ctia ORF SEQ ID NO: 5 (impE2) chong lép trong 7bp v6i mot gen khéc
(NCBI GenBank: NZ_CP014279, WP_066795119, chit diéu hoa phién mé), nam & phia
sau ciia impE2. Do chirc ndng cua gen nam & phia trude ctia impE2 va protein dugc ma
hoa boi gen chua dugc xac nhan, nén trong sang ché, protein duoc dat tén 1a ImpE1
(WT) (trinh ty axit amin ¢6 ma nhan biét SEQ ID NO: 1 va trinh tu nucleotit c6 ma nhan

biét SEQ ID NO: 4).
Vi du 2-2: Diéu ché cac vecto khuyét impEI- hodc impE2

Pé x4c nhan c6 hay khong kha nang san sinh IMP bi giam khi ma ImpE1 va ImE2
¢6 lién quan dén viéc giai phong e ché tang trudng bdi IMP nhu dugc xéc dinh trong
cac vi du 1 va vi du 2-1 dugc x0a, sy diéu ché cac vecto khuyét duoc thuc nghiém cho
tung gen.

Dung PCR (Polymerase chain reaction: Phan (g chudi polymeraza) véi hé gen

ADN lam mach khudn 1a ATCC6872 dé thu dugc cac doan gen trong vecto da dugce didu
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Cu thé, impE] dugc PCR véi cac doan mdi c6 ma nhan biét SEQ ID NO: 6 va SEQ
ID NO: 7 va cip mdi ¢6 ma nhan biét SEQ ID NO: 8 va SEQ ID NO: 9, impE2 dugc
PCR v6i cip mdi ¢6 ma nhan biét SEQ ID NO: 10 va SEQ ID NO: 11 va cip mdi c6 ma
nhan biét SEQ ID NO: 12 va SEQ ID NO: 13. Trinh tu c4c doan mdi dugc thé hién trong

Bang 3.
Béang 3
SEQ ID Poanmdi | Trinh tu (5’ dén 3°)

NO
5 impE1 kop-1 | GCTCTAGACGAGAAAGCTAAAGCCGGTGA
6 impE1 kop-2 | GTTTTTAGCTACCATTGTTACACCCCGTGCAAGTTT
7 impE1 kop-3 | GCACGGGGTGTAACAATGGTAGCTAAAAACTCCACC
8 impE1 kop-4 | GCTCTAGAAATAGTTGGGGAAGTCCACTC
9 impE2 kop-1 | GCTCTAGACTTGGATGACCTGGTGGAAAA

10 impE2 kop-2 | CTTGGAGAAAATTTCCTACCATTCCAGTCCTTTCGT
11 impE2 kop-3 | GGACTGGAATGGTAGGAAATTTTCTCCAAGGGAAAT
12 impE2 kop-4 | GGACTAGTGGATTGTGTTGACGCACGATG

13 impE1E2kop-2 | CTTGGAGAAAATTTCTGTTACACCCCGTGCAAGTTT
14 impE1E2kop-3 | GCACGGGGTGTAACAGAAATTTTCTCCAAGGGAAAT

Cu thé, cac doan mdi duogc st dung di duoc diéu ché dua trén thong tin vé gen cua
Corynebacterium stationis (ATCC6872) (Ngan hang Gen NCBIL: NZ_CP014279) duoc

dang ky tai Ngan hang Gen NIH va céc trinh ty nucleotit lién ké sau do.

PCR duoc thuc hién bing cach bién tinh ban dau & 94°C trong 5 phut; 25 chu ky
bao gdm bién tinh & 94°C trong 30 gidy, U dé gén mdi & 52°C trong 30 phit, va tring
hop & 72°C trong 1 phut; va sau d6 tring hop cudi ciing & 72°C trong 5 phit. PCR chong
lip dugc thuc hién bang céach st dung hai doan gen impE! 1am mach khuodn, duoc
khuéch dai bang cach st dung cip mdi ¢6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO:
7, va cap mdi c6 ma nhan biét SEQ ID NO: 8 va SEQ ID NO: 9, va két qua la thu dugc
mach khuon polynucleotit (1,8 kbp). Poan gen thu dugc duge phén cit v6i enzym gi6i
han Xbal. pDZ-AimpEl duoc chuén bang cach st dung vecto pDZ (Patent cuia Han
Qudc s 10-0924065 va cong b6 don quc té s6 2008-033001) thu duoc bang cach phan
cit voi cac enzym gidi han Xbal va T4 ligaza. Ngoai ra, PCR chdng 14p duoc thue hién

bing cach st dung doan gen impE2 khuéch dai bang cach st dung cip mdi ¢6 mi nhan
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biét SEQ ID NO: 10 va SEQ ID NO: 11 va hai doan gen impE2 dugc khuéch dai bang
cach st dung cip mdi ¢6 ma nhan biét SEQ ID NO: 12 va SEQ ID NO: 13 lam mach
khudn, va két qua 1a thu duge mach khudn polynucleotit (1,7 kbp). Céc doan gen thu
duoc dugc phan cit v6i enzym gidi han Xbal va spel. Cac doan gen sau khi dugc phan
cat v6i enzym gi6i han dugce nhan dong bang cach sir dung T4 ligaza gén vao vecto pDZ
da duoc phan cat v6i enzym gi6i han Xbal va do d6 vecto pDZ-AimpE2 da dugce didu

ché.
Vi du 2-3: Diéu ché cic vecto khuyét impE1- va impE2

Do gen impEl va impE2 ma héa cac protein li€n quan dén viéc giai phong su tc
ché tang trudong gy ra boi IMP bi chdng l4p, nén can phai didu chinh dong thoi ca hai
gen. Do vy, cac thuc nghiém da duoc thuc hién dé diéu ché vecto trong d6 ca impE1

va impE2 déu thiéu.

D&i v6i phan ting PCR gen impEI va impE2, cic doan mdi ¢6 ma nhén biét SEQ
ID NO: 5 va SEQ ID NO: 13 va cip mdi c6 ma nhan biét SEQ ID NO: 14 va SEQ ID
NO: 12 da duogce st dung. Cac doan mdi duge st dung di dugc didu ché dya trén thong
tin vé gen clia Corynebacterium Stationis (ATCC6872) (ngan hang Gen NCBI:
NZ_CP014279) dugc ding ky tai Ngan hang Gen NIH va céc trinh tw nucleotit lién ke.
PCR chdng lap duge thuc hién bang cach st dung doan gen impEl duoc khuéch dai
bang cach st dung cap mdi ¢6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 14, va hai
doan ctia gen impE2 dugc khuéch dai béng cach st dung cap mdi c6 ma nhan biét SEQ
ID NO: 15 va SEQ ID NO: 13 1am mach khudn, va két qua 13 da thu dugc mach khudn
polynucleotit (2,0 kbp). Cac doan gen thu dugc da co sin thir tu cit bang Xbal va spel,
twong tng. Cac doan gen thu dugc dugc phan cit v6i enzym gi6i han duge nhan dong
bang céach st dung T4 ligaza gén vao vecto pDZ da dugc phan cit v6i enzym gidi han
Xbal, va do do vecto pDZ-AimpE1E2 da dugc didu ché.

Vi du 2-4: Diéu ché cac chung thiéu impEl- va impE2

Hai plasmit dugc diéu ché trong vi du 2-2 va mot plasmit dugc diéu ché trong vi
du 2-3 dugc bién nap vao ching CJI0323 bang phuong phap dién bién nap (str dung
phuong phép bién nap dugc mo ta trong Appl. Microbiol. Biotechnol. (1999) 52: 541
dén 545). Cac chung trong dé vecto dugc cheén vao nhiém sic thé bang cach tai t6 hop

c4c trinh ty tuong ddng da dugc chon trén mdi truong chira kanamyxin (25 mg/L). Cac
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chung so cép dugc lua chon da trai qua lai chéo 1An tht hai. Su thiéu hut di truyén G cac
chiing bién dbi cudi cing duoc xéac dinh bang cach thurc hién PCR st dung cac doan moi
¢6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 9, SEQ ID NO: 10 va SEQ ID NO: 13
va SEQ ID NO: 6 va SEQ ID NO: 13.

Ching dugc chon c¢6 tén la CJI0323_AimpEl, CJI0323_AimpE2, va
CJ10323_AimpE1E2. Ngoai ra, kha ning san sinh IMP clia cac ching nay da dugc danh
gia.

MBoi truong nudi cdy gidng (2 mL) da dugc pha vao cac bng nghiém (duong kinh:
18 mm), sau d6 dugc hép khr trung, lan luot duoc céy chuyén voi CJI0323,
CJI0323 AimpEl, CJI0323_AimpE2 va CJI0323_AimpEIE2 nudi cdy lic & nhiét do
30°C trong 24 gid va duge st dung lam dung dich nudi cdy giébng. Moi trudong 1én men
(29 mL) dugc pha vao binh tam giac (250 mL) d8 14c va hip khir tring & nhiét do 121°C
trong 15 phtit. Sau d6, mdi binh dugc bd sung dung dich nudi cdy gidng (2 mL) vao do,
va san phim thu duge dugc nudi cy trong 3 ngdy. Céac diéu kién nuéi cdy duoc dit o

170 vong/phut, 30°C va do pH 1a 7,5.

Sau khi hoan thanh nudi cy, luong IMP san xuét dugc do bing HPLC va két qua

nudi cdy duoc thé hién trong Bang 4 dudi day.

Béang 4
Chung IMP (g/L)
CJI0323 9,52
CJI0323 AimpEl 1,92
CJI0323 _AimpE2 1,88
CJI0323 AimpEIE2 1,80

Luong IMP tich liy trong mdi ching dugc so sanh véi ching b me,
Corynebacterium stationis CJI0323. Két qua 13, nhu thé hién trong Bang 4 & trén, nong
d6 IMP cua céc ching CJ10323_AimpE1, CJ10323_AimpE2 va CJI0323_AimpE1E2 da
giam khoang 8 g/L trong cung didu kién so v6i chung bd me, do d6 c6 thé xac nhan rang
Impl va ImpE2 1a céc protein lién quan dén viéc san sinh IMP.

Vi du 3: Ting cuong impE] va impE2 hoang dai

Chung hoang dai cta chi Corynebacterium khong thé san sinh IMP, ho#c ngay cé
khi n6 san sinh IMP, thi chi san sinh mdt lugng nhd. Do d6, ching c6 tén 1a CJI0323 6

-19-



39171

kha nang san sinh ra IMP, protein ImpE d3 bi loai bo va sau d6 dugc phuc hdi bing cach
dua ImpE vao protein clia chiing hoang dai. Hon nita, hoat tinh ctia ImpE d& dugc cai
thién; do d6 c6 thé xac nhan rang kha ning san sinh IMP da tang 1én nho ting cuong
ImpE kiéu hoang dai. Nang cao hoat tinh protein da dat dugc bang cach str dung phurong
phép “ting s6 luong ban sao” va phwong phap tang cudng viung gen khdi dong, 1a mot

trong sd cac phuong phép tdng cuong.
Vi du 3-1: Diéu ché vecto da dugc dua vao impEIl- va impE2 hoang dai

Dé diéu ché chung trong d6 chtra ImpE hoang dai dugc dua vao, cac doan gen daé
didu ché vecto thu dugc thong qua PCR st dung bd gen ADN ATCC6872 lam mach
khudn. Str dung cap mdi c6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 13 trong phan
ttng PCR cho impE!l va impE2 hoang dai. Toan bd cic doan gen cia impEl-impE2
hoang dai da dugc phin cit v6i cac enzym gidi han Xbal va Spel, duoc khuéch dai bang
cap mdi c6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 13, sau d6 dugc nhéan dong vao
vi tri enzym gidi han Xbal cua vecto pDZ dé diéu ché pDZ-impE1E2 (WT).

Vi du 3-2: Pidu ché vecto dugc ting cuong impEI- hoang dai

Pé tao ra vecto dugc ting cudng impEl, cac doan gen dé didu ché vecto di thu
dugc bang PCR sir dung bo gen ADN cia ATCC6872 1am mach khuon. Dé tang cudng
impEl, cip mdi c6 ma nhan biét SEQ ID NO: 16 va SEQ ID NO: 17 chira khoang 370
bp & phia tru6e impE! 1a ving gen khéi dong dugc can nhéc ting cudong. Cac doan gen
impEl da ting cudng dugc phin cit voi enzym gidi han Xbal va sau d6 duoc nhan dong
Va0 Vi tri enzym gi6i han Xbal ciia vecto pDZ dé diéu ché pDZ-impE1E2(WT). Sau do,
dé diéu ché 2 ban sao cua vecto impEl duge trai qua PCR véi cap mdi c6 mi nhén biét
SEQ ID NO: 18 va SEQ ID NO: 19. M&di doan ADN thu dugc dugce phan cit voi enzym
giéi han Notl 1a enzym gi6i han ADN, sau dugc nhan dong vao trong vecto DZ-
impE1(WT)2-1 da dugc phan cit v6i enzym gi6i han ADN. Vecto duoc didu ché duoc
goi la pDZ-impE1(WT) 2X.

Vi du 3-3: Pidu ché vecto dugc ting cudng impEI-va impE2- hoang dai

Pé diéu ché chung trong d6 ca hai impEI-va impE2 di dugc ting cudng, cac gen
tich hop cua impEl-va impE2 hoang dai dugc tang cuong bang phan tng PCR st dung
cip mdi c6 ma nhén biét SEQ ID NO: 16 va SEQ ID NO: 20. Céc doan gen thu dugc

dugc phan cit enzym gi6i han Xbal, sau d6 dugc nhan dong vao vi tri enzym gi61 han
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Xbal clia vecto pDZ dé didu ché pDZ-impE1E2(WT)2-1. Sau d6, dé diéu ché 2 ban sao
cua vecto, impE1E2 trai qua phan tng PCR véi cédp mdi ¢6 ma nhan biét SEQ ID NO:
18 va SEQ ID NO: 21 dugc st dung. Mobi mot doan ADN thu dugc dugc phan cat voi
enzym giéi han Notl 1& enzym giéi han ADN, va dugc nhan dong vao trong pDZ-
impE1E2(WT)2-1 da dwoc phan cét véi enzym gidi han ADN. Vecto duge diéu ché
dugce goi 1a pDZ-impE1E2(WT) 2X. Trinh tu cac cap mdi dugc thé hién trong Bang 5.

Bang 5
SEQ ID A \ > ah 2

NO Doan mo1 Trinh ty (5” dén 37)

16 impEl 2-1 |GCTCTAGAGAACGGAGTCATCTCCTTTGC

17 impE1 2-2 |GGGTCTAGAGAAGCGGCCGCCTACCATTCCAGTCCTTTCGT

18 impE1 2-3 |[AAGGAAAAAAGCGGCCGCGAACGGAGTCATCTCCTTTGC

19 impE1 2-4 |AAGGAAAAAAGCGGCCGCCTACCATTCCAGTCCTTTCGT

20 impE1E2 2-2 [GGGTCTAGAGAAGCGGCCGCCCAAACGCTCTGCAAGAAACTG
21 impE1E2 2-4 ATAAGAATGCGGCCGC CCAAACGCTCTGCAAGAAACTG

Vi du 3-4: Péanh gia cic ching duge ting cuong/dua vao impEl va impE2 hoang

dai

Vecto pDZ-impE1E2(WT) dugc diéu ché trong vi du 3-1 dugc bién nap vao trong
pDZ-impE1E2(WT), chung duoc didu ché & vi du 2 bang dién bién nap (st dung phuong
phap bién nap dugc thé hién trong Appl. Microbiol. Biotechnol. (1999) 52: 541 dén
545). Sau dd, cac chung trong d6 vecto dugc chén vao nhiém séc thé bing cach tai to
hgp céc trinh tu twong ddng da dugc chon trén moi truong chira kanamyxin (25 mg/L).
Cac chung so cép duogc luya chon da trai qua lai chéo 14n tht hai. Céc gen dugc dua vao
trong cac chiing bién nap cudi ciing da dugc xac nhan bang cach thuc hién PCR bang
cip mdi ¢6 ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 13. Sau d6, chiing da dugc dieu
ché 14 CJ10323 AimpE1E2_impE1E2(WT) dugc danh gid dé x4c dinh kha ning sin
sinh IMP sau khi impE1 va impE2 hoang dai dugc dua vao trong chung CJI0323.

Ngoai ra, vecto pDZ-impE1(WT) 2X va pDZ-impE1E2(WT) 2X dugc bién nap
vao chung CJI0323 AimpE1E2_impE1E2(WT) bing dién bién nap, va sau do, céc
chung trong d6 vecto duoc chen vao nhidm sic thé bang cach tai td hop cac trinh tu

trong dong di dugc lya chon trén méi truong chira kanamyxin (25 mg/L). C4c chung
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so cAp duoc lyra chon da trai qua lai chéo 14n thi hai. Su ting cudng gen trong cac chung
bién nap cudi cling da dugc x4c nhan bang cach thurc hién phan ing PCR bang cip moi
c6 ma nhan biét SEQ ID NO: 16 va SEQ ID NO: 19 va cip mdi ¢6 mé nhén biét SEQ
ID NO: 16 va SEQ ID NO: 21. CJi0323_AimpEl1E2 impEI1E2(WT),
CJ10323 AimpE1E2 impE1E2(WT)_impE1(WT) 2X, va
CJ10323_AimpE1E2_impE1E2(WT)_impE1E2(WT) 2X dugc nudi ciy theo ciing cach
nhu trong vi du 2-4 dé thu dugc cac chiing, va kha nang san sinh IMP cua céc ching
trén duoc danh gia. Sau khi nudi ciy hoan thanh, lugng IMP san sinh duoc do bang

HPLC va két qua nudi ciy dugc thé hién & Bang 6 dudi day.

Béang 6
Chung IMP (g/L)
CJ10323_AimpE1E2 1,80
CJ10323 AimpE1E2 impE1E2(WT) 2,32
CJ10323 AimpE1E2 impE1E2(WT)_impE1(WT) 2X 2,52
CJ10323_AimpE1E2 impE1E2(WT)_impEIE2(WT) 2X 2,97

Luong IMP tich llly trong mdi ching dugc so sanh v&i ching gbe,
Corynebacterium stationis C110323 _AimpB1E2_impE1E2(WT). Két qua 13, nhu thé
hién trong Bang 6 ¢ trén, ndéng do IMP ctia cac chiing c6 hoat tinh ctia ImpE1 hodc
ImpE1 va ImpE2 ddng thoi duge ting cudng trong cing cac didu kién va ting 1én 28%.
Péi vai vi sinh vat thude chi Corynebacterium, khong tao ra IMP hodc tao ra lugng rét
nhé, su gia ting san xuat IMP do sy gia tdng hoat tinh clia protein ImpE, ¢6 thé dugc
hiéu 12 rét c6 ¥ nghia.

Céc ching duge diéu ché 1a CJ10323 va CJI10323_AimpE1E2 impE1E2 (WT) _
impE1E2 (WT) 2X (CJ12236) lan luot dugc dat tén 1a Corynebacterium Stationis CNO1-
0323 va Corynebacterium Stationis CN01-2236. Céc chung da dugc luu gilt theo Hi€p
uée Budapest dén Bao tang gidng chudn Vi sinh vat Han Quéc (KCCM) vao ngay 7
thang 11 nam 2017 va ngay 25 thang 10 nam 2017, twong Gng. Ngoai ra, cac ching dugc
dinh danh 14n luot 1a KCCM12151P va KCCM12137P.

Vi du 3-5: Diéu ché vecto dugce ting cudng ving gen khéi dong cai tién ctia impEl

hodc impE2 hoang dai
Céc doan dé diéu ché vecto dé thay thé ving gen khéi dong cia mdi gen bang ving

-2




39171

gen khoi dong dugc tang cuong dugc thu dugc bang PCR st dung 1am mach khudn

ADN 1a ATCC6872

Dé tang cuong ving gen khai dong, ving gen khoi dong Pcj7 (Cong bd Patent
khong xét nghiém ciia Han Qudc s6 10-0620092) dugc béo cdo 1a biéu hién manh trong

chiing Corynebacterium stationis dugc st dung.

Thuc hién PCR cho impEI, mdi doan gen dugc ning cao bang cach st dung cip
mdi c6 ma nhan bidt SEQ ID NO: 22 va SEQ ID NO: 13 va cip mdi c6 mé nhan biét
SEQ ID NO: 24 va SEQ ID NO: 25 da dugc xu ly bang enzym gi6i han Xbal va Ndel,
sau d6 duoc nhan dong vao trong vi tri enzym gidi han Xbal cta vecto pDZ. Dé khuéch
dai cac doan gen Pcj7, cac doan thu dugc bang cach thuc hién PCR vdi cip mdi c6 mi
nhan biét SEQ ID NO: 30 va SEQ ID NO: 31 str dung bd gen ADN ATCC6872 lam
mach khudn duoc xir 1y bang Ndel, va vecto da dugc diéu ché dugc xur Iy bang Ndel dé

tao ra vecto pDZ -Pcj7_impEl (WT).

Thuc hién PCR cho impE?2, mdi doan gen dugc khuéch dai béng cach str dung cédp
mdi c6 ma nhan bidt SEQ ID NO: 26 va SEQ ID NO: 27 va cip mdi c¢6 ma nhan biét
SEQ ID NO: 28 va SEQ ID NO: 29 dugc xur ly bing enzym gi¢i han Xbal va Ndel, sau
d6 dugc nhan dong vao trong vi tri enzym gigi han Xbal ctia vecto pDZ . Cac doan gen
Pcj7 thu dugc va vecto da duogc didu ché dugc xir Iy v6i enzym Ndel dé diéu ché vecto

pDZ-Pcj7_impE2(WT). Trinh tu cac doan mdi duge thé hién trong Bang 7 dudi day.

Bang 7
SEQ ID NO: | Poan mdi Trinh tu (5° dén 3°)
22 impEl Pcj7-1 | GCTCTAGAGGTGAGCGCGAAGGGGACGCG
23 impE1 Pcj7-2 | GGAATTCCATATGTGTTACACCCCGTGCAAGTTT
24 impE1 Pcj7-3 | GGAATTCCATATGCATGCTGTGCAAGAAGTT
25 impE1 Pcj7-4 | GCTCTAGATTCAGCATTGGCCACTGGGAA
26 impE2 Pcj7-1 | GCTCTAGATTGCATGCTGTGCAAGAAGTT
27 impE2 Pcj7-2 | GGAATTCCATATGCTACCATTCCAGTCCTTTCGT
28 impE2 Pcj7-3 | GGAATTCCATATGGTAGCTAAAAACTCCACC
29 impE2 Pcj7-4 | GCTCTAGAAATAGTTGGGGAAGTCCACTC
30 Pcj7 F GGAATTCCATATGTCCCAGCGCTACTAATAGG
31 Pci7R GGAATTCCATATGGAGTGTTTCCTTTCGTTGGG

Vi du 3-6: Panh gi4 cac ching trong d6 cac ving gen khoi dong impEl va impE2
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hoang dai dugc thay thé

Hai plasmit duogc didu ché trong vi du 4-1 dugc bién nap vao trong ching
CJ10323 AimpEIE2 impE1E2(WT), ching duoc diu ché trong vi du 3-3 bing dién
bién nap (st dung phuong phéap bién nap duogc thé hién trong Appl. Microbiol.
Biotechnol. (1999) 52: 541 dén 545). Sau d6, cac chung trong d6 vecto dugc chen vao
nhiém séc thé bang cach tai td hop céc trinh ty twong ddng da dugc chon trén moi trudng
chtra kanamyxin (25 mg/L). Céc chung so cap dugc lua chon da trai qua lai chéo lan thir
hai. Su tdng cuong cac chung bién nap cudi cung da dugce xac nhan béng cach thuc hién
PCR bing céc doan mdi c6 ma nhan biét SEQ ID NO: 22 va SEQ ID NO: 25, SEQ ID
NO: 26 va SEQ ID NO: 27. Hai ching dugc didu ché & trén duoc dinh danh la
CJ10323_AimpE1E2 impE1E2(WT)_Pcj7/impE1(WT) va
CJ10323_AimpE1E2_impE1E2(WT) Pcj7/impE2(WT). Ngoai ra, dya trén ching da
dwoc  didu ché, CJI0323_AimpE1E2_impE1E2(WT)_Pcj7/impE1(WT), pDZ-
Pcj7_impE2(WT) dugc bién nap. Sau d6 cac ching trong d6 vecto duoc chen vao nhiém
sic thé bing céch tai td hop cic trinh ty twong ddng da duoc chon trén mdi trudong chira
kanamyxin (25 mg/L). Céc chung so cAp duoc lwa chon da trai qua lai chéo 1an tht hai.
Su tdng cuong gen trong cac chung bién nap cudi ciing da duoc x4c dinh bang cach thuc
hién PCR bing cip mdi c6 ma nhan biét SEQ ID NO: 26 va SEQ ID NO: 29. Hai chiing
duoc diu ché § trén duge dinh danh 1
CJ10323 AimpE1E2_impE1E2(WT)_Pcj7/impEl(WT)_Pcj7/impE2(WT). Sau do, moi
ching duge diéu ché, CJI0323_AimpEIE2_impEI1E2(WT) Pcj7/impE1(WT),
CJ10323_AimpE1E2 impEIE2(WT)_Pcj7/impE2(WT), va
CJ10323 AimpE1E2_impE1E2(WT)_Pcj7/impE1(WT)_Pcj7/impE2(WT) dugc nudi

cdy trong cling mot cach nhu trong vi du 2-4 va sau d6 danh gia kha nang san sinh IMP.

Sau khi hoan thanh nubi ciy, ham luvong IMP san sinh dugc do bang HPLC va két

qua nudi cdy dugc thé hién trong Bang 8 dudi day.

Bang 8
Ching IMP (g/L)
CJ10323_AimpE1E2_impE1E2(WT) 2,32
CJ10323 AimpE1E2 impE1E2(WT)_Pcj7/impE1(WT) 2,47
CJ10323_AimpE1E2 impE1E2(WT)_Pcj7/impE2(WT) 2,81
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CJ10323_AimpE1E2_impE1E2(WT) Pcj7/impE1(WT)_Pcj7/impE2(WT) | 2,97

Luong IMP tich liiy trong mdi ching dugc so sanh véi ching gbc,
Corynebacterium stationis CJI0323. K&t qua 13, co thé thdy rang nhu thé hién trong
Bang 8 & trén, nong do IMP cla cac chung trong do6 hoat tinh ImpE1 va/hodc ImpE2

nang cao dugc tang 1én 28% trong céac diéu kién gidng nhau.

DPé didu ché ching CJI0323 AimpE1E2 impE1E2(WT)_Pcj7/impE1(WT) va
CJ10323 AimpE1E2_impE1E2(WT) Pcj7/impE2(WT) dugc luu gilt theo Hi¢p ude
Budapest dén Béo tang gidng chuin Vi sinh vat Han Quéc (KCCM) vao ngay 2 thang
11 nam 2018. Ngoai ra, cac ching lan luot duge dinh danh la KCCM12357P va
KCCM12358P.

Vi du 4: Tang cudng ching san sinh IMP dua trén impE] va impE?2

Vi du 4-1: Diéu ché ching san sinh IMP dua trén impEl va impE2

Pé x4ac nhan anh hudng hiéu qua nang cao cta impE1 va impE2, chiing san sinh
IMP dugc didu ché c6 hoat tinh adenylosucxinat synthetaza va enzym khir hydrogen ctia
IMP tuong trng vGi con duong thodi bién ciia ATCC6872 bi suy giam. Pon vi ma hoa
khéi dau duge thay d6i bang cach thay ddi bazo dau tién tir ‘a’ thanh ‘t’ trong trinh tu
nucleotit ctia gen purd va guaB ma hoa cho hai enzym trén. Chung trong do6 biéu hién
hai gen trén bi suy giam trong ATCC6872 dugc dinh danh la CJI9088. Vecto pDZ-
impE1(WT) 2X va pDZ-impE1E2(WT)2X dugc didu ché trong vi du 3-3 dugc bién nap
vao chung CJI9088 bang dién bién nap, va céc chung trong do6 cac vecto duge chén vao
nhiém séc thé bang cach tai td hop cac trinh ty twong ddng da duoc Iva chon trén moi
truong chira kanamyxin (25 mg/L). Céc chung so cap dugc lwa chon d trai qua lai chéo
14n thir hai. Sy dua vao gen trong cc ching bién nap cudi ciing da dugc xac nhan bang
cach thuc hién PCR bing cdp mdi c6 ma nhéan biét SEQ ID NO: 6 va SEQ ID NO: 13,

Su san sinh IMP cta CJI9088 va ching da diéu ché CJ19088_impE1(WT)2X va
CJI19088 impE1E2(WT)2X dugc danh gia. Sau khi hoan thanh nudi cdy, kha ning san
sinh IMP duge do bang HPLC va két qua nu6i cdy dugc thé hién trong Bang 9 dudi déy.

Bang 9
Chung IMP (g/L)
CJI9088 0,52
CJ19088 impE1(WT) 2X 0,68
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CJ19088_impE1E2(WT) 2X 0,87

Theo két qua bén trén c6 thé x4c nhén rang luvong IMP duoc san sinh tich lily trong
méi trudng, kha ning san sinh IMP dugc tang 1én t6i 67% so v6i ching gbc CJI9088.
Tir két qud néu trén, co thé x4c nhan réng kha nang san sinh IMP ¢6 thé duoc tang lén

bing cach ting cuong hoat tinh cta protein (ImpE) san sinh IMP trong sang ché nay.

Tir phan md ta & trén, ngudi c6 hiéu biét trung binh trong cung linh vuc k¥ thudt
c6 thé hiéu ring sang ché nay c6 thé dugc thé hién dudi cic hinh thic cu thé khac ma
khong stra d6i cdc nguyén ly k¥ thuét hodc dic diém thiét yéu cua sang ché. V& van @&
ndy, cac phuong an uu tién dugc thuc hién & day chi nhdm muc dich minh hoa va khong
nén dugc hiéu 1 gidi han pham vi clia sang ché. Nguoc lai, sang ché khong chi bao gdbm
cac phuong an uu tién khac ma con bao gbm nhiéu phurong 4n, stra d6i, tuong duong va
cac phuong an khac co thé duoc thuc hién nim trong nguyén ly k§ thuat va pham vi ctia

sang ché nhu dugc xac dinh boi cdc diém yéu cau bao ho kem theo.
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YEU CAU BAO HQ
1. Vi sinh vat thudc chi Corynebacterium san sinh 5’-inosin monophosphat c¢6 hoat
tinh protein dugc ning cao chira trinh ty axit amin c6 mé nhén biét SEQ ID NO: 1 hodc
SEQ ID NO: 2.
2. Vi sinh vat theo diém 1, trong d6 vi sinh vat cua chi Corynebacterium san sinh 5’-
inosin monophosphat 1a Corynebacterium stationis.
3. Phuong phép diéu ché 5°-inosin monophosphat bao gbm nudi cdy vi sinh vat thudc
chi Corynebacterium theo diém 1 trong mdi trudng nudi cdy; va thu hdi 5’-inosin
monophosphat tr vi sinh vat hodc mdi trudng nudi cy.
4. Phuong phép theo diém 3, trong d6 vi sinh vat thudc chi Corynebacterium san sinh

5’-inosin monophosphat 1 Corynebacterium stationis.
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<110>

<120>
<130>

<150>
<151>

<160>

<170>

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

<220>
<223>

<400>

Leu

1

Gly

Arg

Lys

Thr

65

Ser

Asp

Leu

Ile

Glu

145

His

Met

His

Ser

Ile

vVal

50

Phe

Ser

Ala

Glu

Phe

130

Arg

Pro

Leu
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31

KoPatentIn 3.0

1
222
PRT

Chua biét

Imp

1
Ala

Asp

Glu

35

Thr

Phe

Glu

Ser

Ser

115

Ala

Ser

Glu

Leu

E1l

Val

Leu

20

Asp

Ile

Asn

Pro

Asn

100

Ser

Asp

Arg

Glu

Ser

Gln

Gly

Ala

Glu

Tyr

Leu

85

Leu

His

Pro

Glu

Gln

165

Gly

Glu

Leu

Ala

Glu

Phe

70

Thr

Leu

Gln

Asp

Thr

150

Arg

Phe

Val

Arg

Thr

Ile

55

Ser

Glu

Gln

Ser

val

135

Met

Ala

Ile

Asn

Glu

Arg

40

Cys

Thr

Lys

Leu

Gln

120

Ala

Glu

Pro

Arg

-28-

Asp

Gln

25

Leu

Glu

Lys

Gln

Met

105

Ala

vVal

Leu

Glu

Glu

Asn

10

Lys

vVal

Ala

Glu

Arg

90

Val

Ile

Arg

Ile

Leu

170

Ala

Glu

Arg

Asp

Ala

Ser

75

Asn

Glu

His

Ala

Ala

155

Asp

Thr

Glu

Leu

Glu

Gly

60

Ala

Asp

Gln

Asp

Met

140

Gln

Pro

Trp

Asp

Ala

Ser

45

Ile

val

Phe

Ile

Arg

125

Ala

Arg

Glu

Met

Ser

Thr

30

Ser

Ser

Ile

Leu

Lys

110

Arg

Phe

Leu

Thr

Ala

Leu

15

Lys

Phe

Arg

Gly

Asn

95

Gln

Gln

Arg

Arg

Glu

175

Ile

Pro

His

Asp

Arg

Ala

80

Ala

His

Arg

Lys

Glu

160

Ala

Ser



39171

180 185 190

Arg Pro Asp Arg Asp Cys Ala Leu Pro Val Gly Asp Arg Ile Tyr Arg

Ala Met
210

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

<400>
Met Val
1

His Thr

Ser Ala

Ile Ile
50

Gln Met
65

Gly Vval

Thr Ile

Lys Trp

Leu Gly

130
Ile Gln
145
Val Ala

Met Gly

Gly Trp

195 200 205
Glu Leu Val Lys Asn Tyr Thr Lys Gly Leu Glu Trp
215 220
2
549
PRT
Chua biét
ImpE2
2
Ala Lys Asn Ser Thr Pro Ser Thr Ala Gly His Ala Ser Ala
5 10 15
Ala Glu Glu Phe Pro Val Ala Asn Ala Glu Met Ala Thr Pro

20 25 30

Ile Asp Pro Asn His Gly Lys Lys Thr Ala Asp Asn Val Gly
35 40 45

Phe Ala Ala Leu Met Leu Thr Met Leu Met Ser Ser Leu Gly
55 60

Ile Phe Gly Ser Ala Leu Pro Thr Ile Val Gly Glu Leu Gly
70 75 80

Asp Gln Met Ser Trp Val Ile Ser Ala Phe Met Val Thr Met
85 90 95

Ala Met Pro Leu Ala Gly Gln Leu Gly Asp Arg Met Gly Arg
100 105 110

Val Tyr Ile Ser Gly Ile Ser Ile Phe Val Ile Gly Ser Thr
115 120 125

Gly Phe Ala Asn Gly Met Gly Met Leu Ile Thr Gly Arg Ala
135 140

Gly Phe Gly Ala Gly Ile Met Met Ile Ser Ser Gln Ser Ile
150 155 160

Glu Val Val Ser Ala Arg Glu Arg Gly Lys Phe Met Gly Ile
165 170 175

Gly Val Phe Gly Val Ser Ser Val Leu Gly Pro Val Leu Gly
180 185 190

Phe Thr Asp Gly Pro Gly Trp Arg Trp Gly Leu Trp Ile Asn
195 200 205
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Ile

Leu

225

Ala

Gly

Ala

Ala

Val

305

val

Pro

Gly

Lys

Trp

385

Arg

Val

Thr

Ser

Thr

465

Ile

His

Ser

Pro

210

Arg

Ala

Gly

Val

Ser

290

Leu

Leu

Thr

Val

Tyr

370

Met

Phe

Leu

Ala

Ile

450

Arg

Ser

Ala

Tyr

Leu

Val

Ile

Ser

Val

275

Gln

Thr

Gly

Glu

Ser

355

Tyr

Ser

Leu

Ile

Ala

435

vVal

Leu

Gln

vVal

Asn

Gly

Gly

Ala

Glu

260

Ile

Pro

Thr

Tyr

Ala

340

Thr

Pro

Gln

vVal

Val

420

Asn

Gly

Pro

Gln

Ala

500

Asp

Leu

Glu

Ile

245

Tyr

vVal

Leu

Leu

Met

325

Gly

Gly

Ile

Met

Phe

405

Gln

Asn

Ser

Asp

Phe

485

Glu

Gly

Leu

Gln

230

Thr

Glu

Gly

Ile

Ala

310

Pro

Leu

Val

Ala

Thr

390

Gly

Asn

Phe

Met

Ala

470

Gln

Leu

Leu

Ala

215

Gly

Thr

Trp

Ala

Pro

295

Gly

Thr

Met

Gly

Gly

375

Val

vVal

Ser

Phe

Phe

455

Leu

Gly

Pro

Thr

39171

Ile Ile
Phe Lys
Ser Thr

Thr Ser
265

Leu Leu
280

Val Gln
Thr Val
Tyr Leu

Met Ile
345

Phe Ile
360

Leu Ala
Glu Thr
Gly Leu

Phe Pro
425

Arg Gln
440

Ile His
Ala Ser
Ala Asp
Asp Val

505

Pro Val

-30-

Val

Gly

Leu

250

Pro

Thr

Leu

Leu

Gln

330

Pro

Ile

Ile

Ser

Gly

410

Val

Ile

Asn

Leu

Ala

490

Leu

Ile

Cys

Phe

235

Ile

Thr

Val

Phe

Gly

315

Met

Met

Ala

Thr

Leu

395

Phe

Ser

Gly

Met

Gly

475

Ala

Arg

Gly

Ala

220

Asp

Leu

Ile

Phe

Lys

300

Leu

Val

Met

Lys

Ala

380

Thr

val

Gln

Ser

Gln

460

Lys

Asn

Asp

Met

Phe

Trp

Leu

Leu

Ile

285

Asn

Ala

His

vVal

Thr

365

Phe

Gly

Met

Val

Ala

445

Asn

Glu

Ser

Ala

Met

val

Met

Thr

Ser

270

Glu

Arg

Met

Thr

Gly

350

Gly

Ala

Ile

Gln

Gly

430

Leu

Glu

Gly

Leu

Ile

510

Val

Leu

Gly

Thr

255

Met

Ser

Asn

Met

Leu

335

Met

Asn

Leu

Gly

Val

415

Thr

Gly

Met

Ala

Thr

495

Leu

Pro

Lys

Phe

240

Trp

Ala

Arg

Met

Gly

320

Thr

Ile

Tyr

Trp

Val

400

Leu

Ala

Ala

Ala

Ala

480

Pro

Asn

Leu
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520

525

Ala Ile Val Ala Met Leu Ile Leu Phe Pro Leu Arg Gln Glu Arg Leu

530
Lys Glu Thr Ile Glu
545
<210> 3
<211> 2312
<212> ADN
<213> Chua biét
<220>
<223> impElE2
<400> 3
ttgcatgctg tgcaagaagt
60
gggttaaggg agcagaagcg
120
ttggttgatg aatcgagctt
180
atttcccgac gcaccttttt
240
tcctcggaac cgttgacgga
300
ctcctgcagce tgatggttga
360
gcgattcacg accgtcgtca
420
gcgtttcgeca aggaacgctce
480
catcctgaag aacaacgcgc
540
ggattcattc gcgaagccac
600
ccagtgggtg accgcatcta
660
gaatggtagc taaaaactcc
720
aagaattccc agtggccaat
780

535

taatgacaat

attggcaacc

tgacaaagta

taattatttc

aaagcaacgc

gcagatcaaa

gcgaatcttt

acgggaaacc

cccagaattg

ctggatggct

tcgcgcgatg

accccaagca

gctgaaatgg

-31-

540

gaagaagact

aagcatcgca

acaattgaag

agcacgaaag

aatgacttct

caacacttgg

gcggatccgg

atggagctaa

gatccggaaa

atctcacgac

gaattggtaa

cggccggceca

caacgccttc

ccctcecectgg

tcgaagacgc

aaatttgcga

aaagcgccgt

tgaatgctga

agtcttctca

atgtcgcggt

tcgctcaacg

cagaggcgat

ccgatcgtga

agaattacac

cgccagtgct

agcaatcgac

cagtgacctc

cgcgacacgg

agccgccggg

tattggcgeg

cgccagcaat

ccagagtcaa

acgtgcaatg

tcttcgggag

gctgctgagce

ttgtgcactg

gaaaggactg

cacactgcgg

ccaaaccacg



gtaaaaagac
840

tgagctcttt
900

gcggcgtgga
960

tgccactagce
1020

tctccatttt
1080

tcaccggacg
1140

ttgtggctga
1200

tctttggcgt
1260

gttggcgttg
1320

ctttcgtact
1380

ttgcggccat
1440

aatacgagtyg
1500

tgctcaccgt
1560

agaaccgcaa
1620

gcgtgctegg
1680

caggcttgat
1740

tcatcatcgc
1800

cgtttgcttt
1860

ttcgcttccect
1920

ttcaaaactc

cgcggataac

ggggcagatg

ccagatgagc

cggtcagctce

cgttattggce

tgcaatccag

ggttgtctcc

ctcctcegta

gggcctgtgg

gaagctgcgc

cgcaatcacg

gacttcccca

gttcattgag

catggttttg

ctacatgcca

gatgatcccg

taagaccggc

gtggtggatg

tgtattcggt

cttccctgta
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gtcggcatta

attttcggtt

tgggtaattt

ggtgaccgca

tcgacgcectcg

ggcttcggtg

gcacgtgagc

ctgggtccag

atcaacattc

gtgggcgagce

accagcaccc

actattttgt

tcgcgtgeat

accaccctcg

acctacctgce

atgatggtcg

aactacaagt

tcccagatga

gtcggcttgg

tcgcaggtcg

-32-

tcttcgetge

ccgctctgec

cagcatttat

tgggccgcaa

gtggctttgc

ccggcatcat

gcggcaagtt

ttctcggtgg

cactgggtct

aaggctttaa

tgattctgct

ccatggctgce

cccagccgcet

ccggtactgt

agatggtgca

gcatgatcgg

actaccccat

ccgttgagac

gctttgtcat

gtactgccac

cttgatgctc

aaccatcgtc

ggtcaccatg

gtgggtctac

caatggcatg

gatgatttcc

catgggtatt

ctggttcacc

gctggcaatt

gggctttgac

caccacttgg

cgtagtcatc

gatcccggtt

tttgggtctg

caccctgacg

tgtctccact

cgcgggectg

ttcattgacc

gcaggtactg

ggcggctaat

accatgctga

ggcgagctcg

accattgcta

atctcaggta

ggcatgctga

tcgcagtcga

atgggcggcg

gatggtcccg

attgtctgceg

tggatgggtt

ggcggaagceg

gtcggcgcgce

cagctattta

gccatgatgg

ccaactgaag

ggtgttggct

gccatcacgg

ggtatcggag

gtgctgattg

aacttcttcc
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ggtgcttcca
ttgcctgatg
ggtgcagatg
cgtgacgcta

ccactggcca

cttgaaggaa accatcgaat aa

1980

gccagattgg ttcggcattg
2040

agaatgagat ggctacccgt
2100

ctatttcgca gcagttccaa
2160

cagagcttcc cgatgtcctce
2220

ccgtgattgg catgatggtg
2280

gccaagagcg

<210> 4

<211> 669

<212> ADN

<213> Chua biét
<220>

<223> ImpE1l

<400> 4

ttgcatgctg tgcaagaagt
60

gggttaaggg agcagaagcg
120

ttggttgatg aatcgagctt
180

atttcccgac gcaccttttt
240

tcctcggaac cgttgacgga
300

ctcctgcage tgatggttga
360

gcgattcacg accgtcgtca
420

gcgtttcgeca aggaacgcte
480

catcctgaag aacaacgcgc
540

ggattcattc gcgaagccac

taatgacaat

attggcaacc

tgacaaagta

taattatttc

aaagcaacgc

gcagatcaaa

gcgaatcttt

acgggaaacc

cccagaattg

ctggatggct
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tcgtgggttce

cccttgcatc

ccgccaactce

tcttaaattc

ttgttgcaat

gaagaagact

aagcatcgca

acaattgaag

agcacgaaag

aatgacttct

caacacttgg

gcggatccgg

atggagctaa

gatccggaaa

atctcacgac

gatgttcatt

gttgggcaag

cttgactccg

ctacaatgac

gctgattttg

ccctecectgg

tcgaagacgc

aaatttgcga

aaagcgccgt

tgaatgctga

agtcttctca

atgtcgcggt

tcgctcaacg

cagaggcgat

ccgatcgtga

cacaatatgc

gaaggcgccg

cacgcagtcg

ggtctgaccc

ttcccactgce

2312

cagtgacctc

cgcgacacgg

agccgceccggg

tattggcgcg

cgccagcaat

ccagagtcaa

acgtgcaatg

tcttcgggag

gctgctgagc

ttgtgcactg



600

ccagtgggtg accgcatcta
660

gaatggtag

<210> 5

<211> 1650

<212> ADN

<213> Chua biét
<220>

<223> ImpE2

<400> 5

atggtagcta aaaactccac
60

gaattcccag tggccaatgce
120

aaaaagaccg cggataacgt
180

agctctttgg ggcagatgat
240

ggcgtggacc agatgagctg
300

ccactagccg gtcagctcgg
360

tccattttcg ttattggctc
420

accggacgtg caatccaggg
480

gtggctgagg ttgtctccge
540

tttggcgtct cctcecgtact
600

tggcgttggg gcctgtggat
660

ttcgtactga agctgecgegt
720

gcggccatcg caatcacgac
780

tacgagtgga cttccccaac
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tcgcgecgatyg

cccaagcacg

tgaaatggca

cggcattatc

tttcggttcc

ggtaatttca

tgaccgcatg

gacgctcggt

cttcggtgcece

acgtgagcgc

gggtccagtt

caacattcca

gggcgagcaa

cagcaccctg

tattttgtcc

-34-

gaattggtaa

gccggcecacg

acgccttcag

ttcgctgect

gctctgccaa

gcatttatgg

ggccgcaagt

ggctttgcca

ggcatcatga

ggcaagttca

ctcggtggcet

ctgggtctgc

ggctttaagg

attctgctca

atggctgccg

agaattacac

ccagtgctca

caatcgaccc

tgatgctcac

ccatcgtcgg

tcaccatgac

gggtctacat

atggcatggg

tgatttcctc

tgggtattat

ggttcaccga

tggcaattat

gctttgactg

ccacttgggg

tagtcatcgt

gaaaggactg

669

cactgcggaa

aaaccacggt

catgctgatg

cgagctcggce

cattgctatg

ctcaggtatc

catgctgatc

gcagtcgatt

gggcggcegte

tggtccecggt

tgtctgcgcet

gatgggtttt

cggaagcgaa

cggcgegetg



840

ctcaccgtgt
900

aaccgcaaca
960

gtgctcggcet
1020

ggcttgatga
1080

atcatcgcta
1140

tttgctttgt
1200

cgcttecttg
1260

caaaactcct
1320

cagattggtt
1380

aatgagatgg
1440

atttcgcagc
1500

gagcttcccg
1560

gtgattggca
1620

tcattgagtc

tggttttgac

acatgccaac

tgatcccgat

agaccggcaa

ggtggatgtce

tattcggtgt

tccectgtatce

cggcattggg

ctacccgttt

agttccaagg

atgtcctccg

tgatggtgcce
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gcgtgcatcc
caccctcgcece
ctacctgcag
gatggtcggce
ctacaagtac
ccagatgacc
cggcttgggce
gcaggtcggt
tgcttccatc
gcctgatgcec
tgcagatgcc
tgacgctatc

actggccatt

caagagcgct tgaaggaaac catcgaataa

<210> 6

<211> 29

<212> ADN

<213> Tinh tu nhdn tao
<220>

<223> impEl kop-1
<400> 6

gctctagacg agaaagctaa agccggtga

<210> 7

-35-

cagccgctga

ggtactgttt

atggtgcaca

atgatcggtg

taccccatcg

gttgagactt

tttgtcatgc

actgccacgg

gtgggttcga

cttgcatcgt

gccaactcct

ttaaattcct

gttgcaatgc

tccecggttcea

tgggtctggc

ccctgacgcce

tctccactgg

cgggcctggce

cattgaccgg

aggtactggt

cggctaataa

tgttcattca

tgggcaagga

tgactccgca

acaatgacgg

tgattttgtt

gctatttaag

catgatgggc

aactgaagca

tgttggcttc

catcacggcg

tatcggagtt

gctgattgtt

cttcttccge

caatatgcag

aggcgccgcet

cgcagtcgca

tctgaccccc

cccactgcgce

1650

29



<211> 36

<212> ADN

<213> Tinh tyu nhén
<220>

<223> impEl kop-2

<400> 7
gtttttagct accattgtta

<210> 8

<211> 36

<212> ADN

<213> Tinh tu nhén
<220>

<223> impEl kop-3
<400> 8

gcacggggtg taacaatggt

<210> 9

<211> 29

<212> ADN

<213> Tinh ty nhén
<220>

<223> impEl kop-4
<400> 9

gctctagaaa tagttgggga

<210> 10

<211> 29

<212> ADN

<213> Tinh tw nhén
<220>

<223> impE2 kop-1
<400> 10

gctctagact tggatgacct

<210> 11

<211> 36

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 kop-2

39171

tao

caccccgtge aagttt

tao

agctaaaaac tccacc

tao

agtccactc

tao

ggtggaaaa

tao

-36-

36

36

29

29
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<400> 11
cttggagaaa atttcctacc attccagtcc tttcgt

<210> 12

<211> 36

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 kop-3
<400> 12

ggactggaat ggtaggaaat tttctccaag ggaaat

<210> 13

<211> 29

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 kop-4

<400> 13
ggactagtgg attgtgttga cgcacgatg

<210> 14

<211> 36

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> impElE2 kop-2
<400> 14

cttggagaaa atttctgtta caccccgtgce aagttt

<210> 15

<211> 36

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impElE2 kop-3

<400> 15
gcacggggtg taacagaaat tttctccaag ggaaat

-37-
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36
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36

36



<210> 16

<211> 29

<212> ADN

<213> Tinh tu nhan
<220>

<223> impEl 2-1
<400> 16

gctctagaga acggagtcat

<210> 17

<211> 41

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impEl 2-2
<400> 17

gggtctagag aagcggccgce

<210> 18

<211> 39

<212> ADN

<213> Tinh tu nhén
<220>

<223> impEl 2-3

<400> 18
aaggaaaaaa gcggccgcga

<210> 19

<211> 39

<212> ADN

<213> Tinh tu nhan
<220>

<223> impEl 2-4
<400> 19

aaggaaaaaa gcggccgcect

<210> 20

<211> 42

<212> ADN

<213> Tinh tu nhén
<220>

tao

39171

ctcctttgce

tao

ctaccattcc agtcctttcg t

tao

acggagtcat ctcctttgce

tao

accattccag tcctttcegt

tao

-38-
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41

39

39



<223> impElE2 2-2

<400> 20
gggtctagag aagcggccgc

<210> 21

<211> 38

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impEl1E2 2-4
<400> 21

ataagaatgc ggccgcccaa

<210> 22

<211> 29

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impEl Pcj7-1
<400> 22

gctctagagg tgagcgcgaa

<210> 23

<211> 34

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impEl Pcj7-2
<400> 23

ggaattccat atgtgttaca

<210> 24

<211> 31

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impEl Pcj7-3
<400> 24

ggaattccat atgcatgctg

39171

ccaaacgctc tgcaagaaac tg

tao

acgctctgca agaaactg

tao

ggggacgcg

tao

cccecgtgcecaa gttt

tao

tgcaagaagt t
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<210> 25

<211> 29

<212> ADN

<213> Tinh ty nhén
<220>

<223> impEl Pcj7-4
<400> 25

gctctagatt cagcattggce

<210> 26

<211> 29

<212> ADN

<213> Tinh ty nhén
<220>

223> impE2 Pci7-1

<400> 26
gctctagatt gcatgctgtg

<210> 27

<211> 34

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 Pcj7-2
<400> 27

ggaattccat atgctaccat

<210> 28

<211> 31

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impE2 Pcj7-3
<400> 28

ggaattccat atggtagcta

<210> 29

<211> 29

<212> ADN

<213> Tinh tu nhén

39171

tao

cactgggaa

tao

caagaagtt

tao

tccagtcctt tcgt

tao

aaaactccac c

tao

-40-
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39171

<220>
<223> impE2 Pcj7-4

<400> 29
gctctagaaa tagttgggga agtccactc

<210> 30

<211> 32

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> Pcj7 F

<400> 30

ggaattccat atgtcccagc gctactaata gg

<210> 31

<211> 33

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> Pcj7 R

<400> 31

ggaattccat atggagtgtt tcctttcgtt ggg
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