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Linh vue ky thuat dwoc dé cap

Séng ché @& cap dén bién thé protein méi ¢6 hoat tinh san sinh ra 5'-inosin
monophosphat (IMP), polynucleotit, vecto chira polynucleotit, vi sinh vat chira protein

nay, phuong phap dé diéu ché IMP va phwong phép dé lam ting sy san sinh IMP.
Tinh trang ky thuit ciia sing ché

5' Inosin monophosphat (sau diy goi 1a IMP), loai vat liéu c6 ban chét 13 axit
nucleic 14 mot dang trung gian ctia qua trinh chuyén héa axit nucleic dugc st dung trong
nhiéu linh vyc nhu trong thuc phim, y té, cac img dung y té khac nhau v.v.. Dic biét 13,
IMP duoc st dung rong rai nhu chét phy gia cho gia vi thyre pham hoic thuc pham cing
v6i monophosphat 5-guanin (sau day goi 14 GMP). Mic du ban than IMP dugc biét dén
dé cung cép gia vi co huong vi thit bd, né ciing duoc biét dén 1a chét tdng cudng huong
vi clia axit glutamic dang bot (bot ngot) va vi thé dugc cht ¥ dén nhu loai gia vi axit

nucleic lam tang huong vi.

Vi du vé cac phwong phép san sinh IMP bao gdm phuong phdp phan hiy enzym
axit ribonucleic chiét xuét tir cac t& bao nim men (Cong bb patent Nhat Ban sé
1614/1957), phuong phép dé phosphoryl héa inosin dugc sin xuét bang c4ch 1én men
(Agri. Biol. Chem., 36, 1511, v.v.), phwong phép nudi ciy vi sinh vat c6 thé truc tiép
san sinh IMP va thu hdi IMP trong méi trudng nudi cay, v.v.. Trong cac phuong phap
nay, phuong phap duge st dung thuong xuyén nhit hién nay la phuong phép sir dung

vi sinh vét ¢6 kha nang san xuat truc tiép IMP.

Trong khi d6, do cic enzym khong phai Itic nao ciing thé hién c4c tinh chit téi vu
trong tu nhién lién quan dén hoat tinh, tinh 6n dinh, tinh d3c hiéu cta chit déng phan
quang hoc, v.v. theo yéu ciu cia cac g dung cong nghiép, nhidu nd luc da duoc thuc
hién dé ci thién enzym cho phit hop v6i muc dich st dung bang cach thay ddi trinh tu
axit amin ctia chiing v.v.. Trong sb ndy, mic dii c4c thiét ké hop 1y va gy dot bién didm

tai cho cua cac enzym di dugc ap dung d€ céi thién chirc ning enzym, nhung trong
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nhiéu trudng hop, nhitng nd lyc ndy da duge chimg minh 1a bt loi khi thong tin vé chu
tric ctia enzym dich 13 khéng phit hop hodc mbi twong quan ciu tric-chirc ning khong
rd rang, do d6 ngén chin hi€u qua khi ing dung chiing. Ngoai ra, phuong phéap cai thién
hoat ddng ctia enzym bang cach cb géng ting cudng enzym thong qua qué trinh tac dong
truc tiép, nham sang loc cac enzym dép tmg cac dic diém mong mubn tir mot loat cac
enzym bién ddi tao dugc thong qua dot bién gen nghu nhién, d duoc bao céo trude day.

Pé san sinh IMP véi ning suét cao bing cch sir dung phuong phép san xuit truc
tiép IMP thong qua qua trinh 1én men vi sinh vat, IMP da dugc san sinh mdt cach thuin
loi. P& thuc hién muc dich nay, cac tic gia ciia sng ché da phét hién ra protein c6 lién
quan dén hoat tinh san sinh IMP va cling da thuc hién nhidu nd lyc dé tang san lugng
IMP. Két qua 13, ho da phat hién ra cac bién thé protein c6 hoat tinh san sinh IMP, do
d6 hoan thanh sang ché nay.
Ban chit k§ thuit ciia sing ché

Muc dich ctia sang ché 14 d& xuét bién thé protein san sinh IMP.

Muc dich khac ciia sang ché 1a dé xuit polynucleotit ma héa bién thé protein cua
sang ché.

Muc dich khac cia sang ché 1a d& xuit vecto chira polynucleotit cia sang ché.

Muc dich khéc cla sang ché 1a d& xuét vi sinh vét san sinh IMP, chita bién thé
protein va vecto ciia sang ché.

Muc dich khac nita ctia sang ché 12 dé xut phuong phap dé didu ché IMP bao g6m
nudi cdy vi sinh vat cta sang ché trong mdi trudng.

Muc dich khac nita clia sang ché 1a dé xuét phuong phap dé ting cudng san sinh
IMP bao gdm ting cudng hoat tinh cta bién thé protein ctia sang ché, c6 hoat tinh sén
sinh IMP.
Hiéu qua dat dugc cua sang ché

IMP ¢6 thé duge san xuét véi ning suit cao bing cach nubi ciy vi sinh vat ¢6
ngudn gbc thudc chi Corynebacterium san sinh IMP bang cach st dung bién thé protein
ctia sang ché c6 kha ning san sinh IMP.

MG ta chi tiét sang ché
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Sang ché s& duoc mé ta chi tiét dudi ddy. Trong d6, mbi phin mé ta va cic phuong
an vi du thye hién dugc boc 16 & dy c6 thé dugc 4p dung cho cac phan mé ta twong Gng
va cac phuong an vi du khac. Tac 13, tit ca sy két hop clia cac yéu té khac nhau duge
thé hién & ddy thudc vé pham vi ciia sang ché. Ngoai ra, pham vi ctia sang ché s& khong
bi gii han boi sang ché duoc mé ta dudi day.

Pé dat duge cac muc dich trén, khia canh cta sang ché cung cp bién thé protein

¢6 hoat tinh san sinh IMP.

Nhu dwoc st dung & ddy, thudt nglt “protein san sinh 5'-inosin monophosphat
(IMP)” dung d chi protein lién quan dén san sinh ngoai bao cia IMP. Vé6i muc dich
clia sang ché, thuat ngir nay c6 thé dugc sit dung thay thé cho protein c6 hoat tinh san
sinh IMP, protein san sinh IMP, protein c6 hoat ddng san sinh 5'-inosin monophosphat,
tao 5'-inosin monophosphat protein, v.v.; cu thé 13, protein c6 thé dugc biéu thi dudi
dang ImpE, va cu thé hon 13, ¢6 thé dugc biéu thi dusi dang ImpE1 hodc ImpE2, nhung
sang ché khong gidi han & day. Ngoai ra, protein c6 thé dugc 14y tir vi sinh vat thudc chi
Corynebacterium, va cu thé 1a tir Corynebacterium stationis, nhung vi sinh vat khong
bi giéi han & chi nay.

Vi dy, protein c6 thé bao gém trinh ty axit amin dugc biéu thi br?mg SEQ ID NO:
1 hodc SEQ ID NO: 2, nhung bat ky trinh tu ndo c6 cung hoat tinh nhu protein déu c6
thé dugc dwa vao ma khong bi gidi han, va ngudi 6 hiéu biét trung binh trong cung linh
vuc twong tmg c6 thé ¢6 duge thong tin trinh tu tir Ngén hang Gen cta Trung tim Thong
tin Cong nghé sinh hoc Qubc gia Hoa Ky (The National Center for Biotechnology
Information: NCBI), co s& dit liéu ndi tiéng. Ngoai ra, protein c6 thé bao gdm trinh ty
axit amin cia SEQ ID NO: 1 hodc SEQ ID NO: 2 hodc trinh ty axit amin ¢6 sy ddng
nhit hodc tuong dong véi trinh ty SEQ ID NO: 1 hogic SEQ ID NO: 2 it nhat 80%, it
nhét 90%, it nhat 95%, it nhat 96%, it nhit 97%, it nhit 98%, hoic it nhit 99%. Hon
nita, r0 rang 1a bat ky protein nao ¢6 trinh tu axit amin bi mét, sira dbi, thay thé hoic bd
sung vao mdt phan cua trinh ty cling c6 thé thudc pham vi cia sang ché, mién 14 trinh
tw axit amin c6 dong nhét hodc twong ddng nhu dugc mé ta & trén va cé tac dung tuong
ung voi protein.

Di€u d6 c6 nghia la, mgc du dugc mo ta 1a “bién thé protein c6 trinh ty axit amin

2

12 SEQ ID NO cu thé” hoic “protein ¢6 trinh tu axit amin 12 SEQ ID NO cu thé” trong
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sang ché, protein c6 thé c6 hoat tinh gidng hodc twong ty véi protein ¢6 trinh tu axit
amin 12 SEQ ID NO tuong tmg. Trong trudng hop nhu vy, 1 rang 12 bét ky protein nao
¢6 trinh tu axit amin bi mét, stra déi, thay thé, thay thé bao thu hodc bd sung vao mot
phdn ciia trinh tu ciing ¢6 thé duge sir dung trong sang ché nay. Vi du, trong trudng hop
c6 hoat tinh giéng hodc twong tu véi hoat tinh ctia protein bi sira d6i, khong loai trir trinh
tu bd sung nguge hodc xudi cia trinh tu axit amin, ma khéng lam thay di chirc ning
cta protein, dot bién c6 thé x4y ra mot cach ty nhién, dot bién im lang ctia n6 hoac thay
thé bao tht va ngay ca khi bd sung trinh ty hodc dot bién, né 1 rang thudc vao pham vi

cla sang ché.

Nhu duoc st dung trong sang ché, thut ngit “twong dong” va “ddng nhat” lién
quan dén muc d6 phit hop véi hai trinh tir axit amin hoic trinh ty nucleotit nhit dinh va

c6 thé duogc bidu thi bing phan tram.

Céc thuét ngit “twong déng” va “ddng nhat” thuong c6 thé duoc sir dung thay thé
cho nhau.

Trinh tu twong ddng va ddng nhét ctia céc trinh ty polynucleotit hodc polypeptit
bao tdn ¢6 thé dugc x4c dinh bang cac thuit toan cin chinh tiéu chudn va c6 thé duge
st dung v6i ham phat khoang tréng dich chuyén mic dinh duge thiét 13p boi chuong
trinh dang dugc st dung. Céc trinh ty twong déng hodc dong nhét thudong duoc du kién
s& lai ghép & mitc dd trung binh hodc cao, doc theo toan bd chiu dai cua trinh ty hodc
it nhét khoang 50%, khoang 60%, khoang 70%, khoang 80%, hodc khoang 90% toan bo
chiéu dai cua trinh ty. Polynucleotit c¢6 chtra cic ma thodi bién thay vi cic ma trong cac

polypeptit lai hda cling dugc xem xét.

Cho du hai trinh ty polynucleotit hodc polypeptit c¢6 su tuong ddng, twong tw, hay
déng nhét ¢6 thé duogc xac dinh béng thuat todn may tinh d3 biét nhu chuong trinh
“FASTA” (Pearson et al., (1988) [Proc. Natl. Acad. Sci. USA 85]: 2444: sit dung tham
s6 mic dinh trong 2444). Ngoai ra, n6 c6 thé dugc x4c dinh bﬁng thuat todn Needman-
Wunsch (Needman va Wunsch, 1970, J. Mol. Biol. 48: 443-453), dugc thyuc hién trong
chuong trinh Needman ctia géi B phdn mém mé sinh hoc phén tir chau Au (EMBOSS:
The European Molecular Biology Open Software Suite, Rice et al., 2000, Genet Trends.
16: 276-277) (phién ban 5.0.0 hodc cao hon) (goéi chuong trinh GCG (Devereux, J., et
al., Nghién ctru axit nucleic 12: 387 (1984)), BLASTP, BLASTN, FASTA (Atschul,
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[SI[F.][ET AL, J MOLEC BIOL 215]: 403 (1990); Huéng din vé may tinh khdng 1,
Martin J. Gidm muc, [ED.,] Nha xuit ban hoc thuét, San Diego, 1994 va [CARILLO
ETA/.] (1988) SIAM J Toan tng dung 48 : 1073). Vi dy, tinh tvong déng, twong tu hodc
ddng nhét ¢6 thé dugc xac dinh bang BLAST hoic ClustalW cta Trung tdm Thong tin
Cong nghé sinh hoc Quéc gia (National Center for Biotechnology Information: NCBI).

Tinh twong dong, tuong tu hoic déng nhét cia céc trinh tu polynucleotit hoadc
polypeptit ¢c6 thé duoc xac dinh béng cach so sanh thong tin trinh tu st dung, vi dy,
chuong trinh may tinh GAP (vi du, Needman et al., (1970), J Mol Biol.48: 443) nhu da
dugc cong bd (vi du, Smith va Waterman, Adv. Appl. Math (1981) 2: 482). Tém lai,
chwong trinh GAP dinh nghia twong ddng, trong tir hodc ddng nhit 13 gia tri thu duoc
bang céach chia sb lugng céc d4u hiéu duoc cin chinh twong tu (nghia 13, nucleotit hodic
axit amin) vao tdng sd diu hiéu trong trinh tur ngén hon cua hai trinh tu. Céc tham s
mic dinh cho chuong trinh GAP ¢6 thé bao gdm (1) ma trin so sanh don nhét (chtra gia
tri 1 cho gidng nhau va 0 cho khong giéng nhau) va ma trin so sénh c6 trong sb cua
Gribskov et al. (1986), Hat nhan. Axit Res. 14: 6745, nhu dugc thé hién trong Schwartz
va Dayhoff, bién tip, Atlas vé trinh tu va céu triic protein, Qu§ nghién ctru y sinh quéc
gia, trang 353-358, 1979; (2) diém phat 1 3,0 cho m&i khoang tréng dich chuyén va
diém phat bd sung 12 0,10 cho mdi d4u hiéu trong mdi khoang tréng dich chuyén (hogc
diém phat mo khoang trdng dich chuyén 13 10 va diém phat mé rong khoang tréng dich
chuyén 14 0,5); va (3) khong bi phat ddi véi cac khoang tréng dich chuyén cubi. Theo
do, nhu duge st dung trong tai liéu nay, thuat ngit “twong ddng” hay “ddng nhét” 1a d&
cap dén su lién quan gitta cac trinh ty. Cu thé 13, bién thé protein theo sang ché nay ¢
hoat tinh san sinh IMP ¢6 thé 1a m6t protein ma trong d6 c6 it nhat axit amin dwgc chon
tir nhém bao gdm axit amin thir 164 trong trinh tu axit amin cia SEQ ID NO: 1, axit
amino thir 222 trong trinh ty axit amin cia SEQ ID NO: 1, axit amin thir 2 trong trinh
tu axit amin cda SEQ ID NO: 2, va axit amin thir 64 trong trinh tir axit amin cta SEQ

ID NO: 2 dugc thay thé bang axit amin khac, nhung sang ché khong giéi han & day.

Vi dy, trong bién thé protein ¢6 hoat tinh san sinh IMP, axit amin thtr 164 trong
trinh tu axit amin cia SEQ ID NO: 1 dugc thay thé bang lysin, arginin, asparagin, glyxin,
threonin hodc prolin; axit amin tht 2 trong trinh ty axit amin ctia SEQ ID NO: 2 dugc
thay thé bang isoleuxin, phenylalanin, methionin, axit glutamic, histidin hodc asparagin;

hodc axit amin thit 64 trong trinh tu axit amin cia SEQ ID NO: 2 dugc thay thé bﬁng
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axit aspartic, axit glutamic, asparagin, xystein, isoleuxin hodc phenylalanin, nhung séng
ché khong bi gi6i han & day.

Mot vi du thuc hién, bién thé protein c6 hoat tinh san sinh IMP ¢6 thé 1a protein c6
trinh tur axit amin bao gdm SEQ ID NO: 141, SEQ ID NO: 142, SEQ ID NO: 145, SEQ
ID NO: 147, SEQ ID NO: 149 hogc SEQ ID NO: 151, protein ¢6 trinh tu axit amin dugc
ma hoéa béi polynucleotit cia SEQ ID NO: 153 hodc SEQ ID NO: 154, hoic protein ¢6
trinh tw axit amin c6 sy tuong déng it nhit 80%, it nhat 90%, it nhAt 95%, it nhat 96%,
it nhat 97%, it nhit 98%, hodc it nhit 99%. Ngoai ra, rd rang la protein bi mat, stra dbi,
thay thé hodc bd sung mot sb trinh tu c6 thé dugc sir dung 1am protein ctia sing ché nay
mién né 1a protein c6 trinh tw axit amin twong ddng & trén va thé hién hidu qua tuong tu

v61 hiéu qua cua protein.

Khia canh khac cta sang ché dé xuit polynucleotit ma hoa bién thé protein, hoic

vecto bao gdm c4 polynucleotit.

Nhu duge st dung trong séang ché, thuét ngit “polynucleotit” c6 nghia la polyme
cua nucleotit dugc kéo dai thanh chudi dai boi céc lién két cong hoa tri va c6 mot chudi
ADN hogc mdt chudi ARN dai hon mot d6 dai nhit dinh va cu thé hon 13 néi dén doan

polynucleotit ma hoéa bién thé protein.

R3 rang 1a polynucleotit ¢6 thé duoc dich ma béi don vi ma héa c6 tinh thoai hoa
thanh protein bao gém trinh ty axit amin cia SEQ ID NO: 141, SEQ ID NO: 142, SEQ
ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149 hodc SEQ ID NO: 151, bién thé protein
bao gbém trinh ty axit amin dugc ma héa béi polynucleotit cia SEQ ID NO: 153 hoic
SEQ ID NO: 154, hodc thanh protein c¢6 sw ddng nhit cling c6 thé duoc tinh nhu 1a
polynucleotit ctia séng ché. Vi du, polynucleotit cia sang ché c6 thé 1a polynucleotit c6
trinh tu nucleotit ciia SEQ ID NO: 143, SEQ ID NO: 144, SEQ ID NO: 146, SEQ ID
NO: 148, SEQ ID NO: 150, SEQ ID NO: 152, SEQ ID NO: 153 hoic SEQ ID NO: 154,
va cu thé hon, c6 thé 12 polynucleotit bao gdm trinh tw nucleotit ctia SEQ ID NO: 143,
SEQ ID NO: 144, SEQ ID NO: 146, SEQ ID NO: 148, SEQ ID NO: 150, SEQ ID NO:
152, SEQ ID NO: 153 hodc SEQ ID NO: 154. Ngoai ra, trinh tu polynucleotit ma héa
protein ¢o6 hoat tinh ctia protein c6 trinh ty axit amin ctia SEQ ID NO: 141, SEQ ID NO:
142, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149 hogc SEQ ID NO: 151 hoic
trinh ty axit amin dugc ma héa béi polynucleotit ciia SEQ ID NO: 153 hodc SEQ ID
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NO: 154 bang cach lai dudi cac didu kién nghiém ngit v6i ddu do c6 thé duoc didu ché
tr cac trinh ty gen da biét, vi du, trinh tu bd sung cho tat ca hodc mot phﬁn trinh tu

nucleotit, c6 thé dugc dua vao va khong gidi han.

Thuat ngir “diéu kién nghiém ngit” d& cap dén cac didu kién theo d6 cac phép lai
cu thé gifta cac polynucleotit duge thuc hién. Cac diéu kién nhu vy duge mé ta cu thé
trong tai liéu tham khéo (vi du, J. Sambrook et al, supra). Vi du, céc diéu kién c6 thé
bao gbém thuc hién lai gifta cac gen c6 tinh twong dong cao, twong ddng tir 40% trd lén,
cu thé 12 90% hodc cao hon, cu thé hon 14 95% hoic cao hon, cu thé hon 12 97% hoic
cao hon, va cu thé nhét 14 99% hodc cao hon, trong khi khong thuc hién lai gifta cac gen
c6 ty 18 trong dong thap hon cac ty 16 turong ddng & trén; hodc thyc hién lai tao mot lan,
cu thé hai hoic ba lan, trong cac diéu kién rira thong thuong dé lai Southern 60°C, 1 x
SSC (saline-sodium citrate: Salin natri xintrat) va 0,1% SDS (sodium dodecyl sulfate:
natri dodecyl sulfat), cu thé & ndng d6 mudi va nhiét d6 twrong tng véi 60°C, 0,1 x SSC,

va 0,1% SDS, va cu thé hon 12 68°C, 0,1 x SSC va 0,1% SDS.

Phép lai doi hoi hai axit nucleic c6 trinh tu bd sung, mic dit sy khéng phit hop giita
céc bazo c6 thé phu thudc vao mirc d6 nghiém ngit cia phép lai. Thuat ngit “bd sung”
dugc st dung dé thé hién mbi quan hé gifta c4c bazo nucleotit lai 14n nhau. Vi dy, lién
quan dén ADN, adenosin bd sung cho thymin va xytoxin dwoc bd sung cho guanin. Theo
d6, sang ché ciing c6 thé bao gdm céc doan axit nucleic da phan lap bd sung cho toan

b0 trinh tu cling nhu céc trinh ty axit nucleic tuong tu vé co ban.

Cu thé, cac polynucleotit c6 tuong df‘)ng c6 thé duogc phat hién & gia tri T 14 55°C
béng cach st dung cac didu kién lai bao gbm buéc lai hoa va sir dung céc diéu kién duoc
mo ta & trén. Ngoai ra, gia trj Tm ¢6 thé 12 60°C, 63°C hoic 65°C, nhung sang ché khong
bi gidi han & céc nhiét d ndy va c6 thé dugc diéu chinh phit hop bdi ngudi ¢6 hiéu biét
trung binh trong linh vuc k¥ thuét twong Gng theo muc dich da dinh.

Tinh nghiém ngit phu hop cho viéc lai cac polynucleotit phu thudc vao do dai va
tinh b6 sung ciia céc polynucleotit va cac bién sd lien quan dugc biét dén trong k§ thuat

lai (tham khao Sambrook et al, supra, 9,50 &én 9,51 va 11,7 dn 11,8).

Nhu duge str dung trong séng ché, thuat ngit “vecto” dé cap dén céu triic ADN bao
gdm trinh ty nucleotit ctia polynucleotit ma héa protein dich dugc lién két hoat dong véi

trinh ty kiém soat phit hop dé protein dich c6 thé duge bidu thi trong vat chu thich hop.
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Trinh tu kiém soat c6 thé bao gdm ving khoi dong c6 kha ning khoi ddu phién ma, bét
ky trinh tu chi huy dé kiém so4t phién m4, trinh tu ma héa cho ving lién két mARN-
ribosom thich hop, trinh tu kiém so4t ddu cudi ciia phién ma va dich mi. Vecto, sau khi
duoc bién nap vao vat chi thich hop, ¢6 thé dugc sao chép hodc dong nhét chirc ning

véi bo gen cuia vat chi hodc c6 thé dugc tich hop vao chinh bd gen cua vét chu.

Vecto dugc st dung theo sang ché ¢ thé khong bi gigi han dic biét nao mién 13
vecto c6 thé nhin rong trong t& bao chii va né ¢6 thé dugc xiy dung bang bat ky vecto
nao duge biét trong k¥ thuét twong tng. Vi du vé vecto ¢ thé bao gdm cac plasmit tir
nhién hoic tai to hop, cac cosmid, virut va vi khuén. Vi dy, nhu vecto thé thuc khuin
hodc vecto cosmid, c6 thé dugc st dung pWEI15, M13, MBL3, MBL4, IXII, ASHII,
APII, t10, t11, Charon4A, Charon21A, v.v. va nhu vecto plasmit, nhiing loai dua trén
pBR, pUC, pBluescriptll, pGEM, pTZ, pCL, pET, v.v. c6 thé duoc st dung. Cu thé, c6
thé st dung cac vecto pDZ, pACYC177, pACYC184, pCL, pECCG117, pUC19,
pBR322, pMW118, pCCIBAC, v.v..

Theo phuong 4n ctia sing ché, polynucleotit ma héa protein dich c6 thé dugc thay
thé bang polynucleotit bién dbi trong nhiém sic thé bing cach st dung vecto dé dua vao
nhiém séc thé trong t& bao. Viéc chén polynucleotit vao nhidm sic thé c6 thé duogc thuc
hién bang phuong phap da biét trong k§ thuat twong tmg, vi du, bing cach tai t6 hop
trong dong, nhung khéng gidi han & d6. Cu thé, ddu hidu lua chon @& x4c nhan su chén
vao nhiém sic thé ¢ thé duge thém vao. DAu hiéu lya chon dugc sir dung dé chon mot
té bao da bién nap, nghia 1a, dé x4c nhan xem axit nucleic dich da dugc chén vao chua,
va cac dau hiéu c6 kha ning cung cép cac kiéu hinh dugc lya chon nhu khang thube,
yéu cau dinh dudng, khang cac tac nhan gy doc té bao va bidu hién protein bé mit c6
thé dugc sir dung. Trong truong hop xi Iy céc tac nhan chon loc, chi c6 cac té bao co
kha ning biéu thi cac ddu hiéu chon loc c¢6 thé tdn tai hodc biéu hién cac dic didm kiéu

hinh khac, va do d6 c6 thé dé dang chon lya cac t€ bao bién nap.

Khia canh khic nita ciia sing ché dé xuit vi sinh vat san sinh IMP bao gdm bién
thé protein theo sang ché, polynucleotit theo sang ché ma héa bién thé protein hoic vecto
theo sang ché. Cu thé, vi sinh v4t bao gdm bién thé protein va/hodc polynucleotit ma
hoa bién thé protein ¢6 thé 1a vi sinh vat duoc diéu ché bsi su bién nap béng cach st
dung vecto chira polynucleotit ma héa bién thé protein, nhung séng ché khong bi gi¢i

han & vi sinh vat nay.
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Nhu duge st dung trong sang ché, thuit ngit “bién nap” dé cap dén qua trinh dua
vecto bao gdm polynucleotit ma héa protein dich vao trong té bao chi, do d6 cho phép
bidu hién protein duoc ma héa béi polynucleotit trong t& bao chu. Déi véi polynucleotit
bién d6i, khong quan trong viéc n6 dugc dua vao nhidm sic thé cta té bao chii va ndm
& d6 hay nam bén ngoai nhidm séc thé, mién 1a polynucleotit bién nap c6 thé duge bidu
hién trong té€ bao chi. Ngoai ra, polynucleotit bao gdm ADN va ARN mi héa protein
dich. Polynucleotit c6 thé dugc chén vao dudi bat ky hinh thirc nio mién 12 né c6 thé
dugc dua vao té bao chu va dugce bidu hién trong d6. Vi du, polynucleotit ¢ thé duoc
dua vao té bao chu dudi dang cét-xét biu hién, day 14 cAu trac gen bao gOm tit ca cac
yéu t6 can thiét dé ty biéu hién. Cat-xét bidu hién thong thudng c6 thé bao gbm ving
khéi dong duogce lién két hoat ddng v6i polynucleotit, tin hiéu két thac phién m3, mién
lién két ribosom va tin hiéu két thic dich ma. Cat-xét biéu hién c6 thé & dang vecto biéu
hién tu sao chép. Ngoai ra, polynucleotit c6 thé dugc dua vao té bao chi va dugc lién
két hoat dong vdi trinh tu can thiét cho biéu hién cua né trong té bao chu, nhung sang
ché khong bj gi6i han & day.

Ngoai ra, nhu dugc st dung trong tai liéu ndy, thuét ngit “lién két hoat dong”, cé
nghia 1 lién két chirc ning gifta trinh tu khoi dong dé khai tao va lam trung gian cho
qué trinh phién ma clia polynucleotit ma hoa protein dich, nghia 1a két hop clia sang ché

va trinh tu gen trén.

Nhur duge st dung trong tai liéu ndy, thuét ngfr “vi sinh vat sén sinh IMP” & cap
dén vi sinh vat c6 kha néng ty nhién san sinh IMP; hodc vi sinh vat da dugc dua vao cé
kha nang san xuét hogc san sinh IMP ma chiing gbc khong c6 kha ning san xuit va/hodc
san sinh IMP moét cach tu nhién. Trong sang ché, vi sinh vat san sinh IMP ¢6 thé duoc

st dung thay thé cho vi sinh vat ¢6 hoat tinh san sinh IMP.

Vi sinh vét sén sinh IMP 1 té bao hodc vi sinh v4t bao g6m bién thé protein cé
hoat tinh san sinh IMP hoic polynucleotit ma héa bién thé protein, hoic dugc bién nap
bing vecto chira polynucleotit ma héa bién thé protein, va do d6 c¢6 kha ning biéu hién
bién thé protein. Theo muyc dich ctia sang ché, té bao chu cta vi sinh vat hodc vi sinh vt
sén sinh IMP c6 thé 12 bat ky vi sinh v4t ndo bao gdm ca bién thé protein do d6 c6 kha
nang san sinh IMP. Vi du, vi sinh vat ¢6 thé 13 sinh vt thudc chi Escherichia, vi sinh
vat thudc chi Serratia, vi sinh vat thudc chi Erwinia, vi sinh véat thudc chi

Enterobacteria, vi sinh vét thudc chi Salmonella, vi sinh vat thudc chi Pseudomonas, vi
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sinh vét thudc chi Brevibacterium, vi sinh vat thudc chi Corynebacterium, v.v., va cu

thé 13, vi sinh vat thudc chi Corynebacterium.

Nhu dugc sitr dung & ddy, thuit nglt “vi sinh vt san sinh IMP thuéc chi
Corynebacterium” d& cap dén vi sinh vat thudc chi Corynebacterium c6 kha nang san
sinh IMP ty nhién hodc ¢ kha ning san sinh IMP bing cach bién ddi. Cu thé 13, nhu
dugc st dung & day, vi sinh vat thudc chi Corynebacterium c6 kha ning san sinh IMP
d& cap dén chung vi sinh vAt ban dia cta chi Corynebacterium c6 kha nang san sinh
IMP; hodc vi sinh vat thudc chi Corynebacterium c6 kha nang ting cudng san sinh IMP
duogc diéu ché biang cach chén gen lién quan dén san sinh IMP hodc biang cach tdng

cuong hodc lam suy giam gen ndi sinh lién quan dén san sinh IMP.

Cu thé hon 13, theo séng ché, vi sinh vat thudc chi Corynebacterium c6 kha niang
san sinh IMP dé cép dén vi sinh vt thudc chi Corynebacterium da cai thién kha nang
san sinh IMP bao gdm chira bién thé protein ¢6 hoat tinh san sinh IMP hodc polynucleotit
ma hoa bién thé protein, hoic bing cach bién nap véi vecto chira polynucleotit ma héa
bién thé protein. “Vi sinh vat thudc chi Corynebacterium véi kha nang ting cudng san
sinh IMP” dé cap dén loai vi sinh vat thudc chi Corynebacterium da dugce ting cudng
kha ning san sinh IMP so vé6i ching vi khuan gbc trude khi bién nap hodc vi sinh vt
chua bién dbi cua chi Corynebacter. Cac “vi sinh vat chua bién ddi thudc chi
Corynebacterium” dé cap dén vi sinh vat ban dia cta chi Corynebacterium, vi sinh vt
thudc chi Corynebacterium khong chira bién thé protein c6 kha nang san sinh IMP, hoic
vi sinh vat thudc chi Corynebacterium khong dugc bién nap véi vecto chira

polynucleotit ma hoa bién thé protein c6 kha nang san sinh IMP.

Theo phuong 4n cia sang ché, vi sinh vét c6 thé 1a vi sinh vat thudc chi
Corynebacterium, trong d6 hoat dong cia adenylosuccin synthetaza va/hodc IMP

dehydrogenaza bi suy gidm thém.

Theo séng ché, “vi sinh vat thudc chi Corynebacterium” & cap cu thé dén
Corynebacterium  glutamicum, Corynebacterium ammoniagenes, Brevibacterium
lactofermentum, — Brevibacterium  flavum, Corynebacterium thermoaminogenes,
Corynebacterium efficiens, Corynebacterium stationis, v.v., nhung vi sinh vat khong
nhét thiét bi gi6i han & do.

Khia canh khac nita clia sing ché d& xuét phuong phap dé didu ché IMP bao gbm
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nudi cay vi sinh vt cda chi Corynebacterium trong moi trudng nudi cay.

Cu thé, phrrong phap theo sang ché c6 thé bao gdm ca budce thu hdi IMP tir vi sinh

vat hodc moi trudng nudi cay.

Trong phuong phip néu trén, viéc nudi cdy vi sinh vét c6 thé dugc thuc hién quy
trinh theo mé, quy trinh lién tuc, quy trinh 1én men b sung, v.v. dugc biét dén trong k§
thuét twong tng, nhung quy trinh nudi cdy khong bi gi6i han cu thé. Pic biét 13, lién
quan dén diéu kién nuéi cdy, d6 pH cta méi trudng nudi cdy c6 thé duge didu chinh véi
d6 pH phtt hop (vi dy, pH 5 dén 9, tot hon 12 pH 6 dén 8, va t&t nhat 12 v6i mot hop chit
co ban thich hop (vi du, natri hydroxit, kali hydroxit, hodc amoniac) hoic hop chét axit
(vi dy, axit photphoric hodc axit sunfuric) va diéu kién hiéu khi ctia nu6i céy ¢6 thé dugc
duy tri bang cach dua oxy hogc hdn hop khi c6 chira oxy vao méi trudng nudi cAy. Nhiét
d6 nudi cdy thuong c6 thé nim trong khoang tir 20°C dén 45°C, va tét hon 1 25°C dén
40°C trong khoang 10 dén 160 gid, nhung didu kién nuéi c4y khong bj gii han & day.
IMP duogc tao ra béi s nudi cdy néu trén c6 thé dugc tiét vao méi truomg nudi cay hoidc

c6 thé duoc giit lai trong cac té bao.

Ngoai ra, cac vi du v& ngudn cacbon dugc st dung trong mdi truong nudi cy c6
thé bao gé)m duodng va cacbonhydrat (vi du, glucoza, sucroza, lactoza, fructoza, maltoza,
mat, tinh bot va xenlluloza); dau va chit béo (vi du, dau d4u nanh, dau huéng duong,
diu dau phong va diu dira); axit béo (vi du, axit palmitic, axit stearic va axit linoleic);
rugu (vi dy, glyxerol va etanol); va axit hitu co (vi du, axit axetic), nhung sang ché
khong gi6i han & day. Nhitng ngudn cacbon nay c6 thé dugc sir dung riéng 1& hoic két
hop, nhung séng ché khong gii han & d6. Vi du vé céc ngudn nito dwgc sir dung trong
mdi truong nudi cdy co thé bao gdm cac hop chét hitu co chtra nito (vi du, pepton, chiét
xuét men, nuéc thit, chiét xuét mach nha, rugu ng6, bdt dau nanh va ure) hoic cac hgp
chat vo co (vi du, amoni sunfat, amoni clorua, amoni photphat, amoni cacbonat va amoni
nitrat), v.v.. Nhitng ngudn nito nay c6 thé dugc sir dung riéng 1é hodc két hop, nhung
khong gi¢i han & ddy. Vi du vé cac ngudn phospho duge st dung trong moi treong nudi
cdy c6 thé bao gdm kali dihydrogen phosphat, dipot kali hydro phosphat, mudi c6 chira
natri tuong g, v.v., nhung séng ché khong bi gi6i han. Ngoai ra, mudi kim loai (vi du,
magie sunfat hodc sit sunfat), axit amin, vitamin, v.v., 1a nhitng vit lidu thiic ddy ting

truong thiét yéu, 6 thé duoc chira trong moi trudng nudi ciy.
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Trong sang ché, phuong phap thu hdi IMP duge tao ra trong budc nudi cly c6 thé
dugc thue hién bing cach thu gom IMP tir moi trudng nudi cAy bang phuong phap thich
hop duoc biét dén trong k¥ thuat da biét. Vi du, c6 thé st dung cac phuong phap nhu ly
tam, loc, sic ky trao dbi anion, két tinh, sic ky 1éng hiéu nang cao (High Performance
Liquid Chromatography: HPLC), v.v. va c6 thé thu hdi IMP mong mudn tir mdi trudng
nudi ciy hoic vi sinh vat duge nudi cdy bing phuong phép thich hop duge biét dén trong

k¥ thuat nay.

Hon nita, viéc thu hdi c6 thé bao gdm qua trinh loc va c6 thé duoc thuc hién bang
phuong phap thich hop dugc biét dén trong k¥ thuét twong tmg. Do d6, IMP dugc thu

hdi c6 thé & dang tinh khiét hodc méi truong 1én men vi sinh vat ¢6 chira IMP.

Khia canh khac ctia sang ché d& xuét ché phdm dé san sinh IMP bao gém bién thé

protein theo sang ché, c6 hoat tinh san sinh IMP, hoic ma héa polynucleotit ciia n6.

Ché phim theo sang ché c6 thé con bao gdm nhung khéng gi6i han & thanh phan
c6 kha nang didu khién polynucleotit. Trong ché phdm ctia sang ché, polynucleotit c6
thé & dang bao gdm trong vecto dé biéu hién gen lién két hoat dong trong té bao chii ma

no6 duogc dua vao.

Ngoai ra, ché phdm c6 thé con bao gdm bét ky ta dugc nao phi hop thuong dugce
str dung trong ché phdm dé san sinh IMP. Cac ta dugc nhu vay c6 thé 1a chit bao quan,
chit 1am 4m, dich huyén phu, chit dém, chat 6n dinh hodc chit ddng vi, nhung khong
bi giGi han & céc chét nay.

Khia canh khéc nita ctia sang ché d& xuét phuong phap dé ting cudng san sinh
IMP bao gdm ting cudng hoat tinh ctia bién thé protein c¢6 hoat tinh san sinh IMP trong

vi sinh vat thudc chi Corynebacterium.

Céc thuat ngit “protein c6 hoat tinh san sinh IMP”, “cai tién”, va “vi sinh vat thuoe
chi Corynebacterium’ nhu duge mo ta & trén.
Cac vi du ciia sang ché

Sau day, sang ché s& dugc mb ta chi tiét thong qua cac phuong 4n vi dy. Tuy nhién,
hién nhién 1 d6i v6i ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét trong tmg
rang nhitng phuong 4n vi du nay chi duoc dwa ra nhim muc dich minh hoa va khong

nham gié1 han pham vi cia sang ché.
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Vi du 1: Phét hién vé protein san sinh IMP

Ngan hang gen ADN ctua Corynebacterium Stationis ATCC6872 d3 dugc chuin bi
dé x4c dinh protein mang cia Corynebacterium lién quan dén viéc san sinh IMP. Sau
do, do chiing Corynebacterium hoang dai khéng thé tao ra IMP, hoic ngay ca khi n6 tao
ra IMP, n6 chi tao ra m¢t luong nho, trong khi d6, mot chung khac c6 tén 13 CJ10323,
c6 kha ning san sinh IMP, c6 ngudn gbc tir ching ATCC6872 d3 dwoc chuén bi cho vide
xac dinh kha ndng san sinh IMP. Ching CJI0323 dugc chuén bi da duge sang loc céc
protein mang lién quan dén viéc tdng hop bing céach sir dung ngin hang gen ADN cua

chiing ATCC6872. Chi tiét ciia thi nghiém nhu sau.
Vidu 1-1: Lya chon ching san sinh IMP, CJ10323

Céc té bao ATCC6872 dugc pha lodng trong dung dich dém phosphat (pH 7,0)
hogc dém xitrat (pH 5,5) & nong d6 107 té bao/mL dén 108 t€ bao/mL dé diéu ché chiing
san sinh IMP ¢6 ngudn gbc ATCC6872 va cac t& bao di duoc xir Iy bang tia cuc tim UV
dé gy dot bién. Céc té bao thu dugc duoc rira hai 1in bing dung dich mudi 0,85%, sau
d6 pha loang va dit 1én dia trong moi truong nudi cdy da duge didu ché bang cach thém
nguyén liéu liéu cung cip stic dé khang & ndng d6 thich hop vao moi truong t6i thiéu
chira 1,7% aga, va cac khuén lac duoc léy sau d6. Mbi khuén lac dugc nubi céy trong
mdi trudng dinh dudng va nudi cdy trong méi truong nudi chy gibng trong 24 gid. Sau
khi nubi cdy cac khuén lac trong 3 dén 4 ngdy trong mdi trudng 1én men, khuén lac c6
khé ning san sinh IMP cao nhit dugc tich liy trong mdi trudng nudi cdy da duge chon.
Trong qua trinh diéu ché ching c6 kha ning sin sinh IMP & nbng do cao, dé cung cip
khuyét dudng adenin, ro ri guanin, kha ning nhay lizozim, khang 3,4-dihydroprolin,
khang streptomyxin, khang axit azetidin cacboxylic, khéng thiaprolin, khang azaserin,
khéang sulfaguanidin, khdng norvalin va khang trimethoprim, cac quy trinh trén dugc
thye hién tudn ty cho timg nguyén liéu. Két qua 13, CJI0323 cho thiy kha ning khang
cac nguyén liéu trén va kha ning t6t dé san sinh IMP. Mtc do khang gitta ATCC6872
va CJI0323 da dugc so sénh va két qua dugc thé hién trong Bang 1 duéi day.

Bang 1
Dic diém ATCC6872 CJI0323
Khuyét dudng Adenin Khong khuyét dudng khuyét dudng
RO ri Guanin Khong khuyét dudng Khuyét dudng rd ri
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Kha néng nhay Lizozim 80 pg/mL 8 pg/mL
Khéng 3,4-dihydroprolin 1.000 pg/mL 3.500 pg/mL
Khéang Streptomyxin 500 pg/mL 2.000 pg/mL
Khang axit Azetidin cacboxylic | 5 mg/mL 30 mg/mL
Khang Thiaprolin 10 pg/mL 100 pg/mL
Khang Azaserin 25 pg/mL 100 pg/mL
Khéang Sulfaguanidin 50 pg/mL 200 pg/mL
Khang Norvalin 0,2 mg/mL 2 mg/mL
Khéng Trimethoprim 20 pg/mL 100 pg/mL

- Mdi trudng tbi thiéu: 2% glucoza, 0,3% natri sulfat, 0,1% KH2SOs, 0,3%
K>HPOs4, 0,3% sulfat magie, canxi clorua (10 mg/L), sit sulfat (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 hydrochlorit (5 mg/L), biotin (30 pg/L), adenin (20 mg/L), guanin (20 mg/L),
dopH 7,3

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

- Moi trudng nubdi ciy gibng: 1% glucoza, 1% pepton, 1% nuérc thit, 1% chiét xuét

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

- Moi truong 1én men: 0,1% natri glutamat, 1% amoni clorua, 1,2% magie sunfat,
0,01% canxi clorua, sit sunfat (20 mg/L), mangan sulfat (20 mg/L), kém sulfat (20
mg/L), ddng sunfat (5 mg/L), L-xystein (23 mg/L), alanin (24 mg/L), axit nicotinic (8
mg/L), biotin (45 pg/L), thiamin hydrochlorit (5 mg/L), adenin (30 mg/L), 1,9% axit
photphoric (85%), 2,55% glucoza, 1,45% fructoza

Vi dy 1-2: C4c thi nghiém vé& ham luong 1én men cua CJI10323

MBoi trudng nudi cdy gidng (2 mL) duoc pha vao céc dng nghiém (duong kinh: 18
mm), sau d6 dugce hip khir tring va lan luot cdy chuyén voi ATCC6872 va CJI0323.
Sau d6, cac két qua dugc nudi cy lic & 30°C trong 24 gio va sau d6 dugc st dung lam
dung dich nuoi cdy gidng. Mbi truong [én men (29 mL) dugc pha vao binh tam gi4c
(250 mL) dé Idc, hép khir tring & 121°C trong 15 phitt va dung dich nudi cy gibng (2
mL) duge cdy vao d6 va nudi cy trong 3 ngy. Céc diéu kién nuéi cdy dugc dit & 170
vong/phut, nhiét d6 30°C va d6 pH 1a 7,5.

Sau khi hoan thanh nudi cdy, lugng IMP san xuét dugc do bang HPLC
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(SHIMADZU LC20A) va két qua nudi cdy dugc thé hién trong Bang 2 bén duéi.

Béang 2
Chiing IMP (g/L)
ATCCo6872 0
CJI10323 9,52

Chung CJI0323 dugc dinh danh 12 Corynebacterium Stationis CN0OI-0323. Ching
nay da luu gift theo Hiép wéc Budapest tai Bao tang giéng chuén Vi sinh vat Han Qubc
(Korean Culture Center of Microorganisms: KCCM) vao ngay 7 thang 11 nam 2017.
Ngoai ra, ching nay dugc chi dinh v6i s6 luu chung 1a KCCM12151P.

Vi du 1-3: Phét hién tong hop protein

Céc diéu kién sang loc cho thay su trc ché tang trudng cua ching CJI10323 @3 duoc
thiét 1ap bang cach bd sung IMP vao mdi truong t6i thidu chia 1,7% aga. Céc plasmit
cta bao tang gen cla ching ATCC6872 d4 duge bién nap vao ching CJI0323 bang
phuong phép dién bién nap (van der Rest ef al. 1999), va nhitng khuin lac trong do uc
ché tang trudng dugc giai phong trong diéu kién nuodi ciy dugc bd sung luong du IMP
dugc chon. Plasmit thu dugc tir cac khudn lac duoc chon va dugc phén tich br?mg k¥
thuét giai trinh ty. Két qua 13, mot loai protein mang lién quan dén viéc giai phoéng su

trc ché ting trudng da duge xéc dinh trong diéu kién bd sung lugng du IMP.

Mot loai protein mang tir Corynebacterium da dugce xac dinh dua trén trinh tu axit
amin SEQ ID NO: 2 va trinh ty nucleotit SEQ ID NO: 4 (NCBI GenBank:
NZ_CP014279, WP_066795121, van chuyén MFS). Protein mang da duoc biét dén 13
protein van chuyén MFS, nhung chitc ning cu thé cia n6 chua dugc xac nhin, va hon
nita, chirc ndng ctia né lién quan dén san sinh IMP thi vAn chua duoc biét dén. Trong

sang ché nay, protein mang dugc dinh danh 1a ImpE2 (WT).
Vi du 2: Xac dinh ImpE1 va ImpE2
Vi du 2-1: Xé4c nhén impEl va impE?2

Dé kiém tra céc chuc ning cta protein mang, ImpE2, cdu truc gen cua trinh tu
SEQ ID NO: 4 da dugc xac nhan trong NCBI (NCBI GenBank: NZ_CP014279,
WP_066795121, vén chuyén MFS). Do d6, da xac nh4n ring phdn khéi ddu 7 bp cia
ORF cua SEQ ID NO: 4 (impE?2) trung lap trong 7 bp véi gen khac (NCBI GenBank:
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NZ_CP014279, WP_066795119, diéu hoa phién ma), nim & xudi dong cta impE2. Do
chirc ning clia gen ndm & nguoc dong cia impE2 va protein dugc ma hoa bdi gen chua
dwoc x4c nhan, nén trong sang ché, protein dwgc dinh danh 13 ImpEl (WT) (trinh tu axit
amin SEQ ID NO: 1 va trinh ty nucleotit SEQ ID NO: 3).

Vi du 2-2: Diéu ché vecto thiéu impEI- hoic impE2

Pé x4c nhéan viéc x6a ImpEl hoic ImpE2, ¢6 lién quan dén viéc giai phong su rc
ché ting truong gay ra bdi IMP nhu dugc x4c dinh trong cac vi du 1 va vi du 2-1, trong
mot chiing san sinh IMP ¢6 thé 1am giam kha ning san sinh IMP cia nd, cac nd luc da

duge thue hién dé€ diéu che cac vecto thiéu trong mdi gen.

Cac doan gen dé diéu ché cac vecto da thu duge bang cach phan tng chudi
polymeraza (Polymerase Chain Reaction: PCR) st dung ADN bd gen cta ching
ATCC6872 1am khuén mau.

Cu thé, PCR cho impEI dugc thyc hién bing cach sir dung cip mbi ciia SEQ ID
NO: 5 va SEQ ID NO: 6 va cap mdi cia SEQ ID NO: 7 va SEQ ID NO: 8; va PCR cho
impE2 dugc thyuc hién bang cAch str dung cip mdi ciia SEQ ID NO: 9 va SEQ ID NO:
10 va cp mdi ciia SEQ ID NO: 11 va SEQ ID NO: 12 (Bang 3).

Bang 3

SEQID NO | Mbi Trinh ty (5' dn 3")

5 impEl kop-1 | GCTCTAGACGAGAAAGCTAAAGCCGGTGA

6 impE1 kop-2 | GTTTTTAGCTACCATTGTTACACCCCGTGCAA
GTTT

7 impEl kop-3 | GCACGGGGTGTAACAATGGTAGCTAAAAACT
CCACC

8 impEl kop-4 | GCTCTAGAAATAGTTGGGGAAGTCCACTC

impE2 kop-1 | GCTCTAGACTTGGATGACCTGGTGGAAAA

10 impE2 kop-2 | CTTGGAGAAAATTTCCTACCATTCCAGTCCTTT
CGT

11 impE2 kop-3 | GGACTGGAATGGTAGGAAATTTTCTCCAAGGG
AAAT

12 impE2 kop-4 | GGACTAGTGGATTGTGTTGACGCACGATG

13 impE1E2kop-2 | CTTGGAGAAAATTTCTGTTACACCCCGTGCAA
GTTT

14 impE1E2kop-3 | GCACGGGGTGTAACAGAAATTTTCTCCAAGGG
AAAT
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Cu thé, cac doan mbi duoc st dung da duogc diéu ché dua trén thong tin vé gen cua
Corynebacterium stationis (ATCC6872) (Ngan hang Gen NCBI: NZ_CP014279) dugc
dang ky tai Ngan hang Gen NIH va céc trinh tu nucleotit lién ké sau d6.

PCR dugc thuc hién bang cach bién tinh ban diu & 94°C trong 5 phut; 25 chu ky
bao gbm bién tinh & 94°C trong 30 gidy, a & 52°C trong 30 phit, va tring hop & 72°C
trong 1 phut; va tring hop cudi ciing & 72°C trong 5 phut.

PCR chéng l4p duoc thuc hién bang cach st dung hai doan gen impEl, dugc
khuéch dai bang cach st dung cip mdi ciia SEQ ID NO: 5 va SEQ ID NO: 6 va cip mdi
ciia SEQ ID NO: 7 va SEQ ID NO: 8, 1am mach khudn, va két qua 13 thu dugc miu
polynucleotit (1,8 kbp). Poan gen thu dugc dugc tach dong thanh vecto pDZ duoc tuyén
tinh (patent Han Quéc s& 10-0924065 va Cong bd patent qudc té s6 2008-033001), duogc
sép dit c6 thir tw bang enzym gi6i han (Xbal), va dugc sit dung bang T4 ligaza, va do
d6 vecto pDZ-AimpE] d3 duge diéu ché. Ngoai ra, phan tmg chudi polymeraza chdng
l4p da dugc thuc hién bing cach sir dung doan gen impE2 dugc khuéch dai bing cach
str dung cip moi ctia SEQ ID NO: 9 va SEQ ID NO: 10, va hai doan cta gen impE2
duge khuéch dai bing cach sir dung cip mdi ciia SEQ ID NO: 11 va SEQ ID NO: 12,
lam mach khuon, va két qua 1a da thu dugc miu polynucleotit (1,7 kbp). Poan gen thu
dugc phan cét véi cac enzym gidi han Xbal va Spel. Poan gen dugc tich dong bing
cach st dung T4 ligaza vio vecto pDZ dugc tuyén tinh, d& phan cit véi enzym gigi han

(Xbal), va do d6 vecto pDZ-AimpE2 d3 dugc diéu ché.
Vi du 2-3: Diéu ché cac vecto thiéu tich hop impEI va impE2

Vi céc gen impEl va impE2 ma héa céc protein lién quan dén viéc giai phong su
tic ché ting trudng gy ra boi IMP bi chdng l4p, nén cin phai diéu chinh dbng thoi ca
hai gen. Do d6, cac nd luc di dugc thuc hién dé diéu ché vecto trong d6 ca impEl va

impE2 déu thiéu.

Déi v6i phan timg PCR gen impEl va impE2, cip mdi cia SEQ ID NO: 5 va SEQ
ID NO: 13 va cap mdi cla SEQ ID NO: 14 va SEQ ID NO: 12 d3 dugc st dung. Cac
doan moi dugce str dung da dugce diéu ché dya trén thong tin vé gen cua Corynebacterium
Stationis (ATCC6872) (ngin hang Gen NCBI: NZ_CP014279) dugc ding ky tai Ngan
hang Gen NIH va cac trinh tu nucleotit lién k&. PCR chéng 1ép dugc thuc hién béng

cach st dung doan gen impEI duogc khuéch dai bing cach st dung cip mdi cia SEQ ID
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NO: 5 va SEQ ID NO: 13, va hai doan cua gen impE2 dugce khuéch dai b%lng cach st
dung cap mdi cia SEQ ID NO: 14 va SEQ ID NO: 12 1am mach khudn, va két qua 1a da
thu duge miu polynucleotit (2,0 kbp). Cac doan gen thu dugc phan cit v6i Xbal va Spel,
tuong tig. Cac doan gen dugc tach dong bing cach st dung T4 ligaza vao vecto pDZ
duoc tuyén tinh, d4 phén cét véi enzym gidi han (Xbal), va do d6 vecto pDZ-AimpEIE2

da dugc diéu ché.
Vi du 2-4: Diéu ché cac ching thiéu impEI va impE2

Hai loai plasmit duoc didu ché trong vi du 2-2 va mot loai plasmit duoc diéu ché
trong vi du 2-3 dwgc chuyén vio trong ching CJI0323 bing phuong phap dién bién nap
(str dung phwong phap bién doi dwoc thé hién trong Appl. Microbiol. Biotechnol. (1999)
52: 541 dén 545). Céc ching trong d6 vecto dugc dua vao nhidm sic thé bang céch tai
t6 hop céc trinh ti twong ddng da dugc chon trén moi truong chira kanamyxin (25 mg/L).
Céc chiing so cdp duoc Iya chon da trai qua lai chéo 1an thtr hai. Sy thiéu hut di truyén
& céc ching bién ddi cudi cling da dugc x4c nhan bing cach thuc hién PCR bing céc
cip mdi SEQ ID NO: 5 va SEQ ID NO: 8, SEQ ID NO: 9 va SEQ ID NO: 12, va SEQ
ID NO: 5 va SEQ ID NO: 12.

Cac chung dugc chon dugc dinh danh 18 CJI0323 _AimpEl, CJI0323 AimpE?2 va
CJI0323_AimpE1E2. Ngoai ra, kha ndng san sinh IMP cia cac chiing nay da duoc danh
gia.

Mbi trudng nudi cdy gidng (2 mL) da duge pha vao cac 6ng nghiém (duong kinh:
18 mm), sau d6 duoc hip khtr tring, 1dn lugt duge cy chuyén v6i CJI0323,
CJI0323_AimpEl, CJI0323_AimpE2 va CJI0323_AimpEIE2 nudi cdy lac & nhiét do
30°C trong 24 gid, va dugce st dung 1am dung dich nuoi ciy giéng. Mai trudng 1én men
(29 mL) dugc pha vao binh tam gidc (250 mL) dé lic va hip khir tring & nhiét do 121°C
trong 15 phut. Sau d6, dung dich nuoi cdy giéng (2 mL) dugc bd sung vao d6 va két qua
dugc nudi cdy trong 3 ngay. Céc diéu kién nubdi cay dugc dit & 170 vong/phut, 30°C va
dopH1a7,5.

Sau khi hoan thanh nu6i cdy, lugng IMP san sinh dugc do bing phuong phép do
sic ky 16ng hiéu suét cao (High Performance Liquid Chromatography: HPLC) va két

qua nudi cdy duogc thé hién trong Béang 4 duéi day.

Béang 4
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Ching IMP (g/L)
CJI0323 9,52
CJI0323 AimpEl 1,92
CJI0323 _AimpE?2 1,88
CJI0323 AimpEIE?2 1,80

Luong IMP tich Ifiy trong mdi ching dugc so sanh véi chung me,
Corynebacterium Stationis CJI0323. Két qua 13, c6 thé thiy rang, nhu thé hién trong
Bang 4 & trén, ndng d6 IMP cia céc chung CJI0323_AimpEl, CJI0323_AimpE2 va
CJI0323_AimpEIE2 da giam khoang 8 g/L trong ciing diéu kién so véi ching bb me,

ImpE] va ImpE2 1a céc protein lién quan dén viéc san sinh IMP.

Vi du 3: X4c nhén trinh tu nucleotit ciia impE! va impE2 cta ching san sinh IMP,
CJI0323

Trong truong hop ching CJ10323 tao ra IMP & ndng d6 cao trong vi du 1, c6 thé
ching nay c6 kha ning tao ra IMP duoc cai thién dé san sinh IMP & ndng d6 cao. Theo
d6, nd luc dd dugc thuc hién dé xac nhan su hién dién cia bt ky dot bién nao trong

impEl va impE2 clia chung CJI0323.

ADN nhiém sdc thé cta ching CJI0323 dugc khuéch dai bing phan tng chudi
polymeraza (sau ddy goi 12 “PCR”). Cu thé, trudc tién, PCR dugc thuc hién béng cach
13p lai 28 chu ky bao gdm bién tinh & 94°C trong 1 phut, G & 58°C trong 30 gidy, va
tring hop & 72°C trong 2 phtt bing ADN nhiém séc thé ciia ching CJ70323 1am mach
khudn cung véi cip mdi SEQ ID NO: 15 va SEQ ID NO: 16 (Bang 5), va do d6, doan
khodng 2,8 kbp d4 dugc khuéch dai.

Bang 5

SEQ ID NO | Mdi Trinh tu (5’ to 3")

15 impE1E2 seqF GAACGGAGTCATCTCCTTTGC
16 impE1E2 seqR CCAAACGCTCTGCAAGAAACTG

Sau khi phan tich trinh ty nucleotit bang cach st dung cuing doan mdi, ngudi ta da
x4c nhén ring nucleotit thir 490 cia gen impE] (vi dy, g) d3 dugc thay thé bing ‘a’, so
v6i trinh ty nucleotit ctia chiing loai ty nhién, ATCC6872. Sy thay thé nay chi ra ring
¢6 sy diéu chinh trong d6 axit amin thir 164 ctia protein ImpE1 (tc 1a axit glutamic) da

duoc thay thé bang lysin.
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Ngoai ra, c6 thé x4ac nh4n ring nucleotit thtt 4 cta gen impE?2 (nghia 1a g) d3 duogc
thay thé bang 'a' (diéu nay c6 nghia 14 nucleotit thir 666 ctia gen impE! (nghia 1a g) da
duoc thay thé bang 'a') va nucleotit tht 191 ctia gen impE1 (nghia 1 g) d3 dugc thay thé
bang 'a'. Nhiing sy thay thé ndy chi ra rang c6 nhiing stra d6i trong d6 axit amin thir 2
cua protein /mpE2 (tc Ia valin), twong tmg véi axit amin thir 222 ctla protein ImpEl,
dugc thay thé bang isoleuxin; va axit amin thtt 64 ctia protein ImpE?2 (tic 1a glyxin) da

duoc thay thé bang axit glutamic.

Nucleotit impE! cla chung CJI0323 dugc dinh danh 1 impEl CJI0323 (ID SEQ
NO: 143) va protein cua chiing duoc dinh danh 1a ImpE1_CJI0323 (ID SEQ NO: 141),
trong khi do, nucleotit impE2 cua ching CJI0323 va protein cta chiing dugc dinh danh
1a ImpE2_CJI0323 (ID SEQ NO: 142).

Vi du 4: Thu hdi céc stra dbi trong impEl va impE2
Vi du 4-1: Diéu ché cac vecto d& thu hdi cac bién dbi trong impE1 hodc impE?2

Trong vi dy 3, sy hién dién ctia bat ky bién ddi nao trong impEl va impE2 cua
chiing san sinh IMP CJI0323 d3 dugc kiém tra. Két qua 13, d4 x4c nhan ring impEl c6
mdt bién dbi va impE2 c6 hai bién dbi. Do chung CJI0323 tao ra IMP & ndng d6 cao,
nén rt c6 kha nang bién d6i 1a loai c6 thé cai thién kha nang san sinh IMP. Theo d6, sau
khi thu hoi impEl va impE2 b dot bién thanh ImpE kiéu hoang da ty nhién ma khong
bién ddi, thir nghiém sau ddy da dugc thuc hién dé xac nhan xem méi sira dbi ¢6 thuc

sy mang lai kha ndng san sinh IMP hay khong.

Pé diéu ché vecto thu hdi, PCR dd duoc thuc hién bing cich st dung

Corynebacterium Stationis ATCC6872 lam mach khuén.

Doan gen impElimpE2 dugc khuéch dai béng céch stt dung cip mdi SEQ ID NO:
17 va SEQ ID NO: 18 da dugc xit Iy bing enzym gidi han Xbal, va dugc tach dong
thanh vi tri giéi han Xbal trén vecto pDZ, va do d6 pDZ-impEIE2 (WT) da dugc didu

7
A

~ché.
Vi du 4-2: Piéu ché cic vecto véi bién dbi duy nhat trong impE] hodc impE2

Vecto c6 bién dbi E164K duy nhét trong gen ImpE] d3 duge diéu ché bing cach
sir dung ching loai hoang da ban dia Corynebacterium Stationis ATCC6872 1am mach
khuén cung vé6i cip mdi SEQ ID NO: 19 va SEQ ID NO: 20 va cip mdi SEQ ID NO:
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21 va SEQ ID NO: 22. PCR chéng lép duogc thuc hién b%mg cach stir dung doan gen
E164K-1 duge khuéch dai bang cach sir dung cip moi SEQ ID NO: 19 va SEQ ID NO:
20 va hai doan gen E164K-2 dugc khuéch dai bang cach st dung cip mdi SEQ ID NO:
21 va SEQ ID NO: 22, va nh¢ @6 thu duge mach khuon cé polynucleotit 1,8 kbp. Cac
doan gen thu dugc da dugce phin cit voi Xbal va duge tach dong thanh vecto pDZ duge
tuyén tinh, da dugc phan cat v6i Xbal st dung T4 ligaza, va nhd d6 vecto pDZ-impE]
(E164K) duoc diéu ché.

Vecto ¢6 bién ddi V2I duy nhét trong gen ImpE2 da dugc diéu ché bing cach sit
dung chung ATCC6872 1am mach khudn cing v6i cédp mbi SEQ ID NO: 19 va SEQ ID
NO: 23 va cap mdi SEQ ID NO: 24 va SEQ ID NO: 22. PCR chéng 14p dugc thuc hién
bang cach st dung doan gen V2I-1 dugc khuéch dai bang cach st dung cip mdi SEQ
ID NO: 19 va SEQ ID NO: 23, va hai doan gen V2I-2 duogc khuéch dai bang cach st
dung cdp mdi SEQ ID NO: 24 va SEQ ID NO: 22, va nh¢ d6 thu dugc mach khuén c6
polynucleotit 1,8 kbp. Cac doan gen thu dwoc dugc phan cit véi Xbal va dugce tich dong
thanh vecto pDZ dugc tuyén tinh hoa, da dugc phin cit v6i Xbal st dung T4 ligaza, va
nhd d6 vecto pDZ-impE2 (V2I) duge diéu ché.

Vecto c6 bién dbi G64E duy nhét trong gen ImpE2 da dugc didu ché bang cach st
dung ching ATCC6872 1am mach khuén ciing véi cap modi SEQ ID NO: 19 va SEQ ID
NO: 25, vacdp moi SEQ ID NO: 26 va SEQ ID NO: 22. PCR chéng 1ép duoc thuc hién
béng cach sir dung doan gen G64E-1 dugc khuéch dai b?mg cach st dung cap moi SEQ
ID NO: 19 va SEQ ID NO: 25, va hai doan gen G64E-2 dugc khuéch dai b%mg cach su
dung cap moi SEQ ID NO: 26 va SEQ ID NO: 22, va nhd d6 thu duge mach khuén ¢
polynucleotit 1,8 kbp. Cac doan gen thu dugc dd duge phan cét v6i Xbal va duge tich
dong thanh vecto pDZ dugc tuyén tinh hoa, di duge phan cét véi Xbal st dung T4
ligaza, va nho d6 vecto pDZ-impE2 (G64E) dugc didu ché.

Bang 6
SEQID NO | Poan mbi Tinh tu (5' dén 3")
17 impE1E2 WTF | GCTCTAGAGAACGGAGTCATCTCCTTTGC
18 impE1E2 WT R | GCTCTAGACCAAACGCTCTGCAAGAAACTG
19 impEl 164K-1 | GCTCTAGACTTGGATGACCTGGTGGAAAA
20 impEl 164K-2 | CTGGGGCGCGTTGTTTTTCAGGATGCTCCCG
AAGACG
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21 impE1 164K-3 | AACAACGCGCCCCAGAATTGG

22 impE1 164K-4 | GCTCTAGAAATAGTTGGGGAAGTCCACTC

23 impE2 V2I-2 TGGAGTTTTTAGCTATCATTCCAGTCCTTTC
GTGTAA

24 impE2 V2I-3 TAGCTAAAAACTCCACCCCAA

25 impE2 G64E-2 | CCGAAAATCATCTGCTCCAAAGAGCTCATC
AGCATGG

26 impE2 G64E-3 | GCAGATGATTTTCGGTTCCGC

Vi du 4-3: Thu hdi cac bién dbi impEl, impE2 va diéu ché cac ching c6 bién doi

duy nhét

Plasmit dugc didu ché trong vi du 4-1 d4 dugc chuyén vao trong ching CJ10323
bing phuong phap dién bién nap (sir dung phuong phap bién dbi dugc thé hién trong
Appl. Microbiol. Biotechnol. (1999) 52: 541 dén 545). Cac chiing trong d6 vecto dugc
dwa vao nhiém sic thé béng cach tai td hop céc trinh tu twong déng da duoc chon trén
mdi trudng chira kanamyxin (25 mg/L). Céc chiing so cAp d4 duoc lya chon trai qua lai
chéo 1an thir hai. Viéc thu hdi bién ddi trong cic chung bién ddi cubi ciing d3 duoc xac
nhan bang cach thuc hién PCR bang cip mdi SEQ ID NO: 15 va SEQ ID NO: 16, sau
d6 phén tich trinh ty nucleotit. Ching da diéu ché dugc dinh danh 1a CJI0323_impEIE2
W)

Ba loai plasmit dugc didu ché trong vi du 4-2 dugc chuyén vao ching
CJI0323_impEIE2 (WT) bang phuong phéap dién bién nap (sir dung phuong phap bién
ddi duoc thé hién trong Appl. Microbiol. Biotechnol. (1999) 52: 541 dén 545). Cac
chiing trong d6 vecto duoc dua vao nhiém séc thé bang cach tai td hop cac trinh tu tvong
ddng da dugc chon trén madi truong chira kanamyxin (25 mg/L). Cac ching so cip da
dugc lya chon trai qua lai chéo 1an thir hai. Viée dua vao bién dbi trong céc ching bién
dbi cudi cung da duoc x4c nhan bang cach thuc hién PCR bang cap mdi SEQ ID NO:
15 va SEQ ID NO: 16, sau d6 1a phan tich trinh tu nucleotit. Cac ching dugc chon dugce

dinh danh 1a CJI0323 impEl (E164K), CJI0323_ impE2 (V2I) va CJI0323_impE2
(G64E).

Céc ching  Corynebacterium  Stationis  CJI0323 impEl1  (E164K),
Corynebacterium Stationis CJ10323 impE2 (V2I) va Corynebacterium Stationis
CJI0323_impE2 (G64E) da duoc luu giir theo Hiép wdc Budapest vao Béo tang gidng
chuan Vi sinh vat Han Qubc (KCCM) vao ngay 2 thang 11 nam 2018. Ngoai ra, cac
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ching di dugc chi dinh véi cac sb truy cdp KCCM12359P, KCCM12360P va
KCCM12361P, tuong tng.

Vi du 4-4: Didu ché cac chiing bién dbi tich hop impEl- va impE2

Céc plasmit pDZ-impE2 (V2I) va pDZ-impE2 (G64E) dugc diéu ché trong vi du 4-
2 di dwoc bién nap vio ching CJI0323_impEl (E164K) bang phuong phap dién bién
nap (stt dung phuong phap bién dbi duge thé hién trong Appl. Microbiol. Biotol. 541
dén 545). Cac ching trong d6 cac vecto dugc dwa vao nhidm séc thé bang cach tai td
hop cac trinh ty twong ddng d& dugc chon trén moi treong chira kanamyxin (25 mg/L).
Céc chung so cép duoc lya chon da trai qua lai chéo 14n thir hai. Viéc dua vao bién dbi
trong cac chung bién d6i cubi cling d4 dugc x4c nhan bang cach thuc hién PCR bing
cap mdi SEQ ID NO: 15 va SEQ ID NO: 16, sau d6 1a phan tich trinh tu nucleotit. Cac
ching di diéu ché duoc dinh danh 13 CJI0323_impEl (E164K) _impE2 (V2I) va
CJI0323_impEl (164K) impE2 (G64E).

Plasmit pDZ-impE2 (G64E) d4 dugc bién nap vao chung CJI0323 _impE2 (V2I)
bang phuong phap dién bién nap (st dung phuong phap bién d6i dwoc thé hién trong
Appl. Microbiol. Biotechl. (1999) 52: 541 dén 545). Céc chiing trong d6 vecto dugc dua
vao nhiém sic thé bang cach tai tb hop c4c trinh tu twong déng d duoc chon trén moéi
truong chira kanamyxin (25 mg/L). Cac ching so cip da dugc lya chon trai qua lai chéo
1an thir hai. Viéc dua vao bién dbi trong céc ching bién ddi cudi cing d4 dugc xac nhan
béng cach thyc hién PCR bang cip mdi SEQ ID NO: 15 va SEQ ID NO: 16, sau d6 phan
tich trinh ty nucleotit. Ching dwgc chon dugc dinh danh 1& CJI0323 impE2 (V2I)
(G64E).

Vi du 4-5: Panh gi4 céc chiing c6 bién dbi impE1, impE2

Mbi trudng nudi cdy gidng (2 mL) da duge pha vio cac dng nghiém (duong kinh:
18 mm), sau d6 dugc khir tring, mdi miu duoc cdy véi CJI0323_impEIE2 (WT),
CJI0323 _impEIE2 (WT), CJI0323_impEl (E164K), CJI0323_impEl (E164K)) impE2
(V2I), CJI0323_impEl (E164K) _impE2 (G64E) va CJI0323 impE2 (V2I) (G64E), nudi
cdy lac & 30°C trong 24 gior va duge st dung 1am dung dich nudi cdy gidng. Mbi trudng
1én men (29 mL) dugc pha vao binh tam gidc (250 mL) d 1ic va hip khir tring & 121°C
trong 15 phit. Sau d6, céc dung dich nudi cdy gidng (2 mL) da dugc ching vao d6 va

két qua dugc nudi cy trong 3 ngay. Cac didu kién nuoi cdy dugc dit & 170 vong/phut,
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nhiét do 30°C va d6 pH 1a 7,5.

Sau khi hoan thanh nudi cy, lvong IMP san sinh dwgc do bing HPLC va két qua

nudi cdy dugc thé hién trong Béang 7 dudi day.

Bang 7

Chung IMP (g/L)
CJI0323 9,52
CJI10323 _impElE2(WT) 2,32
CJI0323 _impEl(E164K) 2,57
CJI0323 impE2(V2I) 3,11
CJI0323_impE2(GG64E) 3,27
CJI10323_impE1(E164K) impE2(V2I) 4,24
CJI10323_impE1(E164K) impE2(G64E) 6,27
CJI10323_ impE2(V2I)(G64E) 7,35

Nhu dugc thé hién & trén, c6 thé xéac nhin réng dbi voi ting vi tri bién déi, mot
loai bién ddi, tich hop hai loai bién ddi, va tich hop ba loai bién déi déu lién quan dén
viéc san sinh IMP. Theo d6, trong vi sinh vat thudc chi Corynebacterium khong tao ra
IMP hodc chi tao ra mot lugng nhé IMP, su gia ting sb lugng IMP duoc téng hop do

bién dbi protein ImpE theo sang ché 14 rat ¢6 ¥ nghia.

Vi du 5: Thay thé cac axit amin trong bién ddi impEl, impE2 bang céc axit amin
khac

Vi du 5-1: Didu ché cac vecto dé chén thay thé cac axit amin trong cac bién dbi

impEl, impE2

Pé xac nhan tAm quan trong vi tri ctia ba loai bién dbi (vi du, impEl (E164K),
impE2 (V21I) va impE2 (G64E)) véi cac khd ning nang cao dé sinh ra IMP nhu duoc x4c
dinh trong cac két qua néu trén, vecto dugc dua vio cac bién dbi (vi dy, bién ddi thay
thé axit amin ther 164 trong trinh ty axit amin cta impE], axit amin th& 2 trong trinh ty
axit amin ctia impE?2, va axit amin thir 64 trong trinh tw axit amin ctia impE2 bang axit

amin khéc) da dugc diéu ché.
Trudc tién, quy trinh diéu ché vecto dé dua vao bién déi ImpE! (E164K) nhu sau.
Duya trén céc trinh ty polynucleotit dugc bdo cdo, cic gen nhiém sic thé cia

Corynebacterium Stationis CJI0323 d3 dugc phan 1ap, thu dugc cac doan gen béng cach
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thuc hién PCR st dung ADN nhiém sic thé cua Corynebacterium Stationis CJI0323
1am mach khudn ciing véi cac cip mdi giita doan mdi SEQ ID NO: 27 va mbi doan mdi
SEQ ID NO: 28 dén SEQ ID NO: 45. PCR duoc thuc hién bing cach bién tinh ban diu
& nhiét 4 94°C trong 5 phut; 20 chu ky bao gbdm bién tinh & nhiét d6 94°C trong 30
gidy, U ¢ nhiét do 55°C trong 30 gidy, va tring hgp & nhiét d6 72°C trong 1 phut; va
tring hop cudi cing & nhiét do 72°C trong 5 phut. Két qua 1a thu duoc 18 loai
polynucleotit 0,7 kbp. Sau d6, cac gen nhiém sic thé ctua Corynebacterium Stationis
CJI0323 da duoc phan lap, va thu dugc cac doan gen bﬁmg cach thuc hién PCR sir dung
ADN nhiém sic thé ciia Corynebacterium Stationis CJI0323 1am mach khuén cung vé6i
cac cip mdi gifta doan mdi SEQ ID NO: 46 va mdi doan mdi SEQ ID NO: 47 dén SEQ
ID NO: 64. PCR dugc thuc hién bang céch bién tinh ban diu & nhiét do 94°C trong 5
phiit; 20 chu ky bao gdm bién tinh & nhiét do 94°C trong 30 gidy, ¢ & nhiét do 55°C
trong 30 gidy va trang hop & nhiét d6 72°C trong 1 phut; va tring hop cudi cling & nhiét
d6 72°C trong 5 phut. Két qua 13 thu duge 18 loai polynucleotit 0,7 kbp.

PCR chong 14p dugc thuc hién béng cach st dung hai doan thu duogc tir cac két qua
bén trén dudi dang mach khudn va do d6 thu dugc 18 loai polynucleotit 1,4 kbp dugc
sir dung lam mach khuo6n. Cac doan gen thu dugc dugc phan cét véi enzym giGi han
Spel, durge gin vio vecto pDZ di duge tuyén tinh d& dugc phén cit voi enzym han ché
Xbal, dugce bién nap vao trong E. coli DH5a, va cac bién nap dugc cy trai trén moi

truong LB da dong dic co chtra kanamyxin (25 mg/L).

Thong tin trinh ty vé cdc doan moi duge sir dung dé diéu ché vecto dugc thé hién

trong Bang 8 dudi day.

Béang 8

Ii%Q D Poan mdi Trinh tu (5’ dén 3")

27 Spel-impE1 164 IF | GGGACTAGTGATTCCGGCCAACTGTCG
28 impE1 164-R 1R TGGGGCGCGTTGGCGTTCAGGATGCTC
29 impE1164-H 1R TGGGGCGCGTTGGTGTTCAGGATGCTC
30 impE1l 164-D IR TGGGGCGCGTTGATCTTCAGGATGCTC
31 impE1l 164-S 1R TGGGGCGCGTTGGGATTCAGGATGCTC
32 impE1 164-T IR TGGGGCGCGTTGGGTTTCAGGATGCTC
33 impE1 164-N IR TGGGGCGCGTTGGTTTTCAGGATGCTC
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34

impE1 164-Q 1R

TGGGGCGCGTTGCTGTTCAGGATGCTC

35

impE1 164-C 1R

TGGGGCGCGTTGGCATTCAGGATGCTC

36

impE1 164-G 1R

TGGGGCGCGTTGGCCTTCAGGATGCTC

37

impE1 164-P 1R

TGGGGCGCGTTGCGGTTCAGGATGCTC

38

impEl 164-A 1R

TGGGGCGCGTTGGGCTTCAGGATGCTC

39

impE1 164-V 1R

TGGGGCGCGTTGGACTTCAGGATGCTC

40

impE1 164-1 1R

TGGGGCGCGTTGGATTTCAGGATGCTC

41

impE1 164-L 1R

TGGGGCGCGTTGCAGTTCAGGATGCTC

42

impE1 164-M 1R

TGGGGCGCGTTGCATTTCAGGATGCTC

43

impE1 164-F 1R

TGGGGCGCGTTGGAATTCAGGATGCTC

44

impE1 164-Y 1R

TGGGGCGCGTTGGTATTCAGGATGCTC

45

impE1 164-W 1R

TGGGGCGCGTTGCCATTCAGGATGCTC

46

Spel-impE1 164 2R

GGGACTAGTCATGAACTTGCCGCGCTC

47

impE1 164-R 2F

GAGCATCCTGAACGCCAACGCGCCCCA

48

impE1 164-H 2F

GAGCATCCTGAACACCAACGCGCCCCA

49

impE1 164-D 2F

GAGCATCCTGAAGATCAACGCGCCCCA

50

impE1 164-S 2F

GAGCATCCTGAATCCCAACGCGCCCCA

51

impE1 164-T 2F

GAGCATCCTGAAACCCAACGCGCCCCA

52

impE1 164-N 2F

GAGCATCCTGAAAACCAACGCGCCCCA

53

impE1 164-Q 2F

GAGCATCCTGAACAGCAACGCGCCCCA

54

impE1 164-C 2F

GAGCATCCTGAATGCCAACGCGCCCCA

55

impE1 164-G 2F

GAGCATCCTGAAGGCCAACGCGCCCCA

56

impE1 164-P 2F

GAGCATCCTGAACCGCAACGCGCCCCA

57

impE1 164-A 2F

GAGCATCCTGAAGCCCAACGCGCCCCA

58

impE1 164-V 2F

GAGCATCCTGAAGTCCAACGCGCCCCA

59

impE1 164-1 2F

GAGCATCCTGAAATCCAACGCGCCCCA

60

impE1 164-L 2F

GAGCATCCTGAACTGCAACGCGCCCCA

61

impE1 164-M 2F

GAGCATCCTGAAATGCAACGCGCCCCA

62

impE1 164-F 2F

GAGCATCCTGAATTCCAACGCGCCCCA

63

impE1 164-Y 2F

GAGCATCCTGAATACCAACGCGCCCCA

64

impE1 164-W 2F

GAGCATCCTGAATGGCAACGCGCCCCA

Sau khi chon loc bang phuong phap PCR céc khudn lac duge bién nap véi vecto
ma gen dich dugc chén vao, cac plasmit thu dugc bing phuong phap tach chiét plasmit

thong thuong. Thong tin vé cac plasmit thu dugc dugc hién thi trong Bang 9 bén dudi.

Béang 9
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S6 Plasmit

1 pDZ-impEl 164R
2 pDZ-impEl 164H
3 pDZ-impEl 164D
4 pDZ-impEl 164S
5 pDZ-impEl 164T
6 pDZ-impEl 164N
7 pDZ-impEl 164Q
8 pDZ-impEl 164C
9 pDZ-impEl 164G
10 pDZ-impEl 164P
11 pDZ-impE] 1644
12 pDZ-impEl 164V
13 pDZ-impEl 1641
14 pDZ-impE] 164L
15 pDZ-impEl 164M
16 pDZ-impEl 164F
17 pDZ-impEl 164Y
18 pDZ-impEl 164W

Thit hai, quy trinh diéu ché vecto @& dwa vao ImpE2 (V2I) nhu sau.

Dua trén céc trinh ty polynucleotit duoc bdo cdo, cic gen nhidm sic thé cua
Corynebacterium Stationis CJI0323 d4 dugc phan 1ap va thu duge cac doan gen bing
cach thuc hién PCR st dung ADN nhiém sic thé cua Corynebacterium Stationis
CJI0323 1am mach khudn cing véi cip mdi ciia doan mdi SEQ ID NO: 65 va mdi doan
mdi SEQ ID NO: 66 dén SEQ ID NO: 83. PCR dugc thyuc hién bing cach bién tinh ban
dAu & nhiét do 94°C trong 5 phut; 20 chu ky bao gdm bién tinh & nhiét do 94°C trong
30 gidy, u ¢ nhiét do 55°C trong 30 gidy va trung hgp & nhiét d¢ 72°C trong 1 phut; va
tring hop cudi cing & nhiét do 72°C trong 5 phat. Két qua 1a thu dugc 18 loai
polynucleotit 0,7 kbp. Sau d6, cic gen nhidm sic thé ctia Corynebacterium Stationis
CJI0323 da dugc phén 14p, va thu dugc cac doan gen béng cach thuc hién PCR st dung
ADN nhiém sic thé cta Corynebacterium Stationis CJI0323 1am mach khudn cing véi
cip mdi gitta doan modi SEQ ID NO: 84 va mdi doan mdi SEQ ID NO: 85 dén SEQ ID
NO: 102. PCR dugc thyc hién bing cach bién tinh ban diu ¢ nhiét do 94°C trong 5 phit;
20 chu ky bao gdm bién tinh & nhiét do 94°C trong 30 gidy, G & nhiét d6 55°C trong 30
gidy va tring hop & nhiét do 72°C trong 1 phut; va tring hop cudi cung & nhiét do 72°C
trong 5 phit. Két qua 1a thu dugc 18 loai polynucleotit 0,7 kbp.
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PCR chéng lép duogc thuc hién br;‘lng cach str dung hai doan thu dugc tir cac két qua
bén trén 1am mach khudn maiu va do d6 18 loai polynucleotit 1,4 kbp thu duge duoc sit
dung lam mach khuén. Céc doan gen thu dugc dugc phén cat véi enzym gidi han Xbal,
duoc gin vao vecto pDZ duoc tuyén tinh, da dugc phan cit véi enzym gidi han Xbal,
bién nap vao E. coli DH5a, sau d6 dugc ciy trai trén mdi truong LB dong dic c6 chira

kanamyxin (25 mg/L).

Thong tin trinh ty vé cdc doan mdi dugc st dung dé di€u ché vecto dugce thé hién

trong Bang 10 duéi day.

Bang 10
SEQ ID NO | Poan mbi Trinh tu (5' dén 3")
65 Xbal-impE2 2 1F | GGGTCTAGATTGCATGCTGTGCAAGA
66 impE2 2-R 1R GGAGTTTTTAGCGCGCATTCCAGTCCT
67 impE2 2-H IR GGAGTTTTTAGCGTGCATTCCAGTCCT
68 impE2 2-K 1R GGAGTTTTTAGCCTTCATTCCAGTCCT
69 impE2 2-D 1R GGAGTTTTTAGCGTCCATTCCAGTCCT
70 impE2 2-E 1R GGAGTTTTTAGCTTCCATTCCAGTCCT
71 impE2 2-S 1R GGAGTTTTTAGCGGACATTCCAGTCCT
72 impE2 2-T 1R GGAGTTTTTAGCGGTCATTCCAGTCCT
73 impE2 2-N 1R GGAGTTTTTAGCGTTCATTCCAGTCCT
74 impE2 2-Q IR GGAGTTTTTAGCCTGCATTCCAGTCCT
75 impE2 2-C 1R GGAGTTTTTAGCGCACATTCCAGTCCT
76 impE2 2-G 1R GGAGTTTTTAGCGCCCATTCCAGTCCT
77 impE2 2-P 1R GGAGTTTTTAGCTGGCATTCCAGTCCT
78 impE2 2-A 1R GGAGTTTTTAGCAGCCATTCCAGTCCT
79 impE2 2-L IR GGAGTTTTTAGCCAGCATTCCAGTCCT
80 impE2 2-M IR | GGAGTTTTTAGCCATCATTCCAGTCCT
81 impE2 2-F IR GGAGTTTTTAGCGAACATTCCAGTCCT
82 impE2 2-Y 1R GGAGTTTTTAGCGTACATTCCAGTCCT
83 impE2 2-W IR | GGAGTTTTTAGCCCACATTCCAGTCCT
84 Xbal-impE2 2 2R | GGGTCTAGATTGCTCGCCCACGCGCA
85 impE2 2-R 2F AGGACTGGAATGCGCGCTAAAAACTCC
86 impE2 2-H 2F AGGACTGGAATGCACGCTAAAAACTCC
87 impE2 2-K 2F AGGACTGGAATGAAGGCTAAAAACTCC
88 impE2 2-D 2F AGGACTGGAATGGACGCTAAAAACTCC
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89 impE2 2-E 2F AGGACTGGAATGGAAGCTAAAAACTCC
90 impE2 2-S 2F AGGACTGGAATGTCCGCTAAAAACTCC
91 impE2 2-T 2F AGGACTGGAATGACCGCTAAAAACTCC
92 impE2 2-N 2F AGGACTGGAATGAACGCTAAAAACTCC
93 impE2 2-Q 2F AGGACTGGAATGCAGGCTAAAAACTCC
94 impE2 2-C 2F AGGACTGGAATGTGCGCTAAAAACTCC
95 impE2 2-G 2F AGGACTGGAATGGGCGCTAAAAACTCC
96 impE2 2-P 2F AGGACTGGAATGCCAGCTAAAAACTCC
97 impE2 2-A 2F AGGACTGGAATGGCTGCTAAAAACTCC
98 impE2 2-L 2F AGGACTGGAATGCTGGCTAAAAACTCC
99 impE2 2-M 2F AGGACTGGAATGATGGCTAAAAACTCC
100 impE2 2-F 2F AGGACTGGAATGTTCGCTAAAAACTCC
101 impE2 2-Y 2F AGGACTGGAATGTACGCTAAAAACTCC
102 impE2 2-W 2F AGGACTGGAATGTGGGCTAAAAACTCC

Sau khi chon bing phuong phép PCR cac khuén lac duoc bién dbi véi vecto ma
gen dich dugc chén vao, cic plasmit thu duoc bing phuong phap tach chiét plasmit

thong thudng. Thong tin vé cac plasmit thu duge duoc thé hién trong Bang 11 dudi day.

Béng 11
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Plasmit
pDZ-impE2 2R
pDZ-impE2 2H
pDZ-impE2 2K
pDZ-impE2 2D
pDZ-impE2 2E
pDZ-impE2 28
pDZ-impE2 2T
pDZ-impE2 2N
pDZ-impE2 2Q
pDZ-impE2 2C
pDZ-impE2 2G
pDZ-impE2 2P
pDZ-impE2 24
pDZ-impE2 2L
pDZ-impE2 2M
pDZ-impE2 2F
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17 pDZ-impE2 2Y
18 pDZ-impE2 2W

Cubi cting, quy trinh diéu ché vecto dé dua vao ImpE?2 (G64E) nhu sau.

Dua trén céc trinh tu polynucleotit dugc bao céo, cic gen nhidm sic thé cua
Corynebacterium Stationis CJI0323 d3 dugc phan 1ap, va thu duogc cic doan gen bang
cach thyc hién PCR st dung ADN nhiém sic thé cua Corynebacterium Stationis
CJI0323 12 bién tinh mach khudn & nhiét d§ 94°C trong 30 gidy, t & nhiét d6 55°C trong
vong 30 gidy va cing véi cc ciip moi giita doan mdi SEQ ID NO: 103 va mdi doan mdi
SEQ ID NO: 104 dén SEQ ID NO: 121. PCR duoc thyc hién bing cach bién tinh ban
du ¢ nhiét do 94°C trong 5 phiit; 20 chu ky bao gdm bién tinh & nhiét d§ 94°C trong
30 gidy, u ¢ nhiét do 55°C trong 30 gidy va tring hop & nhiét d§ 72°C trong 1 phut; va
tring hop cudi cung & niét do 72°C trong 5 phut. Két qua la thu dugc 18 loai
polynucleotit 1 kbp. Sau d6, cdc gen nhidm sic thé cua Corynebacterium Stationis
CJI0323 da dugc phan 1ap, va thu duge cic doan gen béng cach thuc hién PCR st dung
ADN nhiém sic thé cia Corynebacterium Stationis CJI0323 1am mach khuén cung véi
cp moi giita doan mdi SEQ ID NO: 84 va mdi doan mdi SEQ ID NO: 85 dén SEQ ID
NO: 102. PCR duge thyc hién bing cach bién tinh ban diu ¢ nhiét do 94°C trong 5 phi;
20 chu ky bao gbém tring hop & nhiét d6 72°C trong 1 phut; va tring hop cudi cung &
nhiét d6 72°C trong 5 phit. Két qua 1a thu dwoc 18 loai polynucleotit 1 kbp.

PCR chéng lép dugc thuc hién béng cach str dung hai doan thu duorc tir cac két qua
bén trén 1am mach khuén, va nh& d6 thu duoc 18 loai polynucleotit 2 kbp duoc st dung
l1am mach khuén. Céc doan gen thu dugc dugc phén cat voi enzym giéi han Xbal, duogc
gin vao vecto pDZ dugc tuyén tinh da duoc phan cit voi enzym gi¢i han Xbal, bién nap
vao trong E. coli DH5a, va sau d6 ’du(_rc céy trai trén moi truong LB dong dic ¢6 chia

kanamyxin (25 mg/L).

Thong tin trinh ty vé cac doan moi duge st dung dé diéu ché vecto duge thé hién

trong Bang 12 dudi day.

Bang 12

SEQ ID NO | Poan mdi Trinh tu (5’ dn 3

GGGTCTAGAAAAGAGCTTAAGGCAGCT
GCT

103 Xbal-impE2 64 1F
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104 impE2 64-R IR GAAAATCATCTGGCGCAAAGAGCTCAT
105 impE2 64-H 1R GAAAATCATCTGGTGCAAAGAGCTCAT
106 impE2 64-D 1R GAAAATCATCTGGTCCAAAGAGCTCAT
107 impE2 64-K 1R GAAAATCATCTGCTTCAAAGAGCTCAT
108 impE2 64-S 1R GAAAATCATCTGGGACAAAGAGCTCAT
109 impE2 64-T 1R GAAAATCATCTGGGTCAAAGAGCTCAT
110 impE2 64-N 1R GAAAATCATCTGGTTCAAAGAGCTCAT
111 impE2 64-Q 1R GAAAATCATCTGCTGCAAAGAGCTCAT
112 impE2 64-C 1R GAAAATCATCTGGCACAAAGAGCTCAT
113 impE2 64-P 1R GAAAATCATCTGTGGCAAAGAGCTCAT
114 impE2 64-A 1R GAAAATCATCTGAGCCAAAGAGCTCAT
115 impE2 64-V 1R GAAAATCATCTGGACCAAAGAGCTCAT
116 impE2 64-1 1R GAAAATCATCTGGATCAAAGAGCTCAT
117 impE2 64-L 1R GAAAATCATCTGCAGCAAAGAGCTCAT
118 impE2 64-M 1R | GAAAATCATCTGCATCAAAGAGCTCAT
119 impE2 64-F 1R GAAAATCATCTGGAACAAAGAGCTCAT
120 impE2 64-Y 1R GAAAATCATCTGGTACAAAGAGCTCAT

121

impE2 64-W 1R

GAAAATCATCTGCCACAAAGAGCTCAT

122

Xbal-impE2 64 2R

GGGTCTAGACGGTCAATGAAGTCTCAAC
GG

123 impE2 64-R 2F ATGAGCTCTTTGCGCCAGATGATTTTC
124 impE2 64-H 2F ATGAGCTCTTTGCACCAGATGATTTTC
125 impE2 64-D 2F ATGAGCTCTTTGGACCAGATGATTTTC
126 impE2 64-K 2F ATGAGCTCTTTGAAGCAGATGATTTTC
127 impE2 64-S 2F ATGAGCTCTTTGTCCCAGATGATTTTC
128 impE2 64-T 2F ATGAGCTCTTTGACCCAGATGATTTTC
129 impE2 64-N 2F ATGAGCTCTTTGAACCAGATGATTTTC
130 impE2 64-Q 2F ATGAGCTCTTTGCAGCAGATGATTTTC -
131 impE2 64-C 2F ATGAGCTCTTTGTGCCAGATGATTTTC
132 impE2 64-P 2F ATGAGCTCTTTGCCACAGATGATTTTC
133 impE2 64-A 2F ATGAGCTCTTTGGCTCAGATGATTTTC
134 impE2 64-V 2F ATGAGCTCTTTGGTCCAGATGATTTTC
135 impE2 64-1 2F ATGAGCTCTTTGATCCAGATGATTTTC
136 impE2 64-L 2F ATGAGCTCTTTGCTGCAGATGATTTTC
137 impE2 64-M 2F ATGAGCTCTTTGATGCAGATGATTTTC
138 impE2 64-F 2F ATGAGCTCTTTGTTCCAGATGATTTTC
139 impE2 64-Y 2F ATGAGCTCTTTGTACCAGATGATTTTC
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140 impE2 64-W 2F ATGAGCTCTTTGTGGCAGATGATTTTC

Sau khi chon bang phuong phap PCR cac khuin lac bién ddi véi vecto ma gen
dich duogc dua vao, céc plasmit thu duge bing phuong phap tach chiét plasmit thong

thuong. Théng tin vé cac plasmit thu dugce duoc thé hién trong Bang 13 duéi day.

Bang 13

S6 Plasmit

1 pDZ-impE2 64R
2 pDZ-impE2 64H
3 pDZ-impE2 64D
4 pDZ-impE2 64K
5 pDZ-impE2 64S
6 pDZ-impE2 64T
7 pDZ-impE2 64N
8 pDZ-impE2 640
9 pDZ-impE2 64C
10 pDZ-impE2 64P
11 pDZ-impE2 644
12 pDZ-impE2 64V
13 pDZ-impE2 641
14 pDZ-impE2 64L
15 pDZ-impE2 64M
16 pDZ-impE2 64F
17 pDZ-impE2 64Y
18 pDZ-impE2 64W

Vi dy 5-2: Piéu ché cac chung trong do axit amin tai vi tri clia cic san phém bién
ddi (ImpE1, ImpE2) dugc thay thé bang céc axit amin khéc va so sanh kha nang san sinh
IMP 54 loai plasmit dugc diéu ché trong vi du 5-1 d3 dugc bién nap vao chung CJI0323.
Céc chung trong d6 vecto duge chén vao nhiém sic thé bang cach tai td hop céc trinh
tw twong dong da dwoc chon loc trén mdi truong chira kanamyxin (25 mg/L). Céc ching
so cAp dwoc lya chon da trai qua lai chéo 1an tht hai. Viéc dua vao déi trong céc ching
bién doi cudi cling da duge xac nhan bing cach thyc hién PCR bing cip mdi SEQ ID
NO: 15 va SEQ ID NO: 16, sau d6 la phan tich trinh tu nucleotit. Tén céc ching theo

cac bién dbi duoc chén duoc thé hién trong Bang 14 bén dudi.
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Béang 14
S6 Ching

1 CJI0323::impEl(E164R)
2 CJ10323::impE](E164H)
3 CJI0323::impE](E164D)
4 CJI0323::impE1(E164S)
5 CJI0323::impE1 (E164T)
6 CJI0323::impE](E164N)
7 CJI0323::impE1(E1640)
8 CJI0323::impE1(E164C)
9 CJI0323::impEl(E164G)
10 CJI0323::impE] (E164P)
11 CJI0323::impE1(E164A)
12 CJI0323::impE1(E164V)
13 CJI0323::impE] (E164])
14 CJI0323::impE1(E164L)
15 CJI0323::impE1 (E164M)
16 CJI0323::impE1(E164F)
17 CJI0323::impE1(E164Y)
18 CJI0323::impE1(E164W)
19 CJI0323::impE2(V2R)
20 CJI0323::impE2(V2H)
21 CJI0323::impE2(V2K)
22 CJI0323::impE2(V2D)
23 CJI0323::impE2(V2E)
24 CJI0323::impE2(V2S)
25 CJI0323.:impE2(V2T)
26 CJI0323::impE2(V2N)
27 CJI0323::impE2(V20)
28 CJI0323::impE2(V2C)
29 CJI0323::impE2(V2G)
30 CJI0323::impE2(V2P)
31 CJI0323::impE2(V2A)
32 CJI0323::impE2(V2L)
33 CJI0323::impE2(V2M)
34 CJI0323::impE2(V2F)
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35 CJI0323::impE2(V27Y)
36 CJI0323::impE2(V2W)
37 CJI0323::impE2(G64R)
38 CJI0323::impE2(G64H)
39 CJI0323:impE2(G64D)
40 CJI0323::impE2(G64K)
41 CJI0323::impE2(G64S)
42 CJI0323::impE2(G64T)
43 CJI0323::impE2(G64N)
44 CJI0323::impE2(G64Q)
45 CJI0323::impE2(G64C)
46 CJI0323::impE2(G64P)
47 CJI0323::impE2(G644)
48 CJI0323::impE2(G64V)
49 CJI0323::impE2(G641)
50 CJI0323:impE2(G64L)
51 CJI0323::impE2(G64M)
52 CJI0323::impE2(G64F)
53 CJI0323:impE2(G64Y)
54 CJI0323::impE2(G64W)

Viéc nubi ce"iy dugc thyc hién theo cach twong tu nhu trong vi du 1 va nE“)ng do cua

san pham IMP duogc phén tich (Bang 15).

Béng 15

N?)ng d0 (g/L) sén sinh IMP trong c4c chiing c6 su két hop dwgc dwa vao clia cac bién
doi impEl, impE?2

Chuing IMP trung binh
Déi chimg CJI0323_impEIE2(WT) 2,32
1 CJI0323::impE1(E164R) 9,42
2 CJI0323::impE1(E164H) 8,47
3 CJI0323::impE1(E164D) 7,37
4 CJI0323::impE1(E164S) 8,56
5 CJI0323::impE1(E164T) 8,85
6 CJI0323::impE1(E164N) 9,13
7 CJI0323::impE1(E164Q) 7,45
8 CJI0323::impE1(E164C) 7,37
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9 CJI0323::impEl(E164G) 9,13
10 CJI0323::impEl(E164P) 9,43
11 CJI0323::impEl(E1644) 7,44
12 CJI0323::impEl(E164V) 8,18
13 CJI0323::impEl(E164]) 8,09
14 CJI0323::impEl(E164L) 7,85
15 CJI0323: :impEl(E164M) 7,39
16 CJI0323::impEl(E164F) 7,56
17 CJI0323::impE1(E164Y) 7,60
18 CJI0323::impE1(E164W) 8,56
19 CJI0323::impE2(V2R) 7,99
20 CJI0323::impE2(V2H) 8,75
21 CJI0323::impE2(V2K) 8,66
22 CJI0323::impE2(V2D) 8,28
23 CJI0323: :impE2(V2E) 9,32
24 CJI0323::impE2(V2S) 6,37
25 CJI0323::impE2(V2T) 8,37
26 CJI0323::impE2(V2N) 9,80
27 CJI0323::impE2(V2Q) 7,04
28 CJI0323::impE2(V2C) 7,23
29 CJI0323::impE2(V2G) 7,71
30 CJI0323::impE2(V2P) 7,80
31 CJI0323::impE2(V2A) 6,57
32 CJI0323::impE2(V2L) 6,42
33 CJI0323::impE2(V2M) 9,20
34 CJI0323::impE2(V2F) 9,43
35 CJI0323::impE2(V2Y) 8,37
36 CJI0323::impE2(V2W) 7,22
37 CJI0323::impE2(G64R) 4,42
38 CJI0323::impE2(G64H) 5,14
39 CJI0323::impE2(G64D) 11,53
40 CJI0323::impE2(G64K) 4.8

41 CJI0323::impE2(G64S) 5,7

42 CJI0323::impE2(G64T) 5,52
43 CJI0323::impE2(G64N) 5,9

44 CJI0323::impE2(G640) 4.8

-36-




39176

45 CJI10323: :impE2(G64C) 5,9
46 CJI10323: :impE2(G64P) 4,75
47 CJI0323::impE2(G64A4) 4,58
48 CJI10323::impE2(G64V) 4,56
49 CJI10323::impE2(G641) 5,89
50 CJI10323::impE2(G64L) 5,6
51 CJI10323: :impE2(G64M) 43
52 CJI10323: :impE2(G64F) 5,89
53 CJI10323: :impE2(G64Y) 4.6
54 CJI0323::impE2(G64W) 4,76

Nhu dugc thé hién & trén, tit c cac chung bién ddi cho thiy kha ning san sinh
IMP ting so v&i timg ching dbi chimg, va do d6, ¢6 thé x4c nhén ring ba vi tri bién dbi
1a nhitng vi tri quan trong c6 anh huéng dang ké dén sy gia ting ctia kha ning ctia protein

ImpE lién quan dén san sinh IMP.
Vi du 6: Pua vao cac bién ddi impEl, impE2 dya trén cac chung san sinh IMP

Vi du 6-1: Diéu ché cac chiing c6 bién dbi impEl, impE2 dua trén céc ching san
sinh IMP

Pé x4c nhan hiéu qua cia viée dua vao cac bién dbi impEl va impE2, ching san
sinh IMP d4 duoc diéu ché trong d6 c4c hoat tinh cia adenylosuccin synthetaza va IMP
dehydrogenaza twong tmg véi qua trinh thoai hoa ciia IMP trong chiing ATCC6872 da
bi suy giam. Cac ma khéi dau da dwoc thay di bing cach thay dbi bazo du tién tir “a”
thanh “t” trong mdi trinh tw nucleotit clia hai gen purd va guaB, mi héa hai enzym.
Chiing trong d6 biéu hién ctia hai gen bi suy giam trong ching ATCC6872 dwgc dinh
danh 1a CJI9088. Céc vecto pDZ-impEl (E164K), pDZ-impE2 (V2I) va pDZ-impE?2
(G64E) dugc diéu ché trong vi du 4-2 da dugc bién nap vao ching CJI9088 bing cach
dién bién nap, va vecto pDZ-impE2 (G64D) dugc didu ché trong vi du 5-1 d4 duogc bién
nap vao ching CJI9088_impEl (E164K) impE2 (V2I) bing phuong phap dién bién
nap. C4c ching trong d6 céc vecto dugc dwa vao nhidm sic thé bang cach tai tb hop cac
trinh tu tuong ddng da duoc chon loc trén moi truong chira kanamyxin (25 mg/L). Cac
chiing so cdp dwoc lwa chon d3 trai qua lai chéo 1an tht hai. Viéc dua vao céc bién dbi
trong c4c ching bién ddi cudi ciing d4 dugc x4c nhan bang cach thuc hién PCR bing

cap mdi SEQ ID NO: 15 va SEQ ID NO: 16, sau d6 1a phan tich trinh ty nucleotit.
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Kha ning cia cac ching da diéu ché (tirc 13, CJI9088, CJI9088_impEl (E164K),
CJI9088 impE2 (V21), CJI9088 impE2 (G64E) va CJI9088 impEl (E164K). Sau khi
hoan thanh nuéi ciy, luong IMP tdng hop duoc do bing HPLC va két qua dugc thé hién
trong Bang 16 dudi day.

Bang 16
Chung IMP (g/L)
CJI9088 0,52
CJI9088 impE1(E164K) 0,84
CJI9088 _impE2(V2I) 0,93
CJI9088 _impE2(G64E) 1,73
CJI9088 _impEl(E164K) impE2(V2I)(G64D) 4,30

Sau khi x4c nhan lugng IMP tich lily trong moi trudng nudi cdy, cé thé xac nhan
ring cac ching nay cho thiy lugng IMP tong hop dugc gia ting it nhit 12 61%, va tdng
t6i da 727% so véi chiing me CJ9088. Theo do, sy gia ting s6 lwgng IMP téng hop duoc

do bién dbdi protein JmpE theo sang ché c6 thé duge hidu 1a rit c6 y nghia.

Tir phdn mo ta & trén, ngudi c6 hiéu bibt trung binh trong linh vuc k¥ thuét twong
ting s& c6 thé hiéu ring sang ché c6 thé dugc thé hién dudi céc hinh thire cu thé khac ma
khong stra di cac nguyén Iy k§ thut hodc dic didm thiét yéu clia sang ché. V& vén dé
ndy, céc phuong an wu tién duoc thuc hién & ddy chi nhdm muc dich minh hoa va khong
nén dwoc hidu 12 gigi han pham vi cia sang ché. Nguoc lai, sang ché khong chi bao gdm
c4c phuong 4n uu tién ma con bao gém nhiéu phuong 4n sira ddi, trong duong va cac
phuong 4n khac c6 thé duoc dwa ma khong tach roi khoi nguyén ly va pham vi bao ho

cta sang ché nhu dugc xac dinh boi cac yéu cau bao hd kém theo.
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YEU CAU BAO HO
1. Bién thé protein san sinh 5'-inosin monophosphat, trong d6 axit amin thtr 164 trong

trinh tw axit amin SEQ ID NO: 1 dugc thay thé bang axit amin khéc.

2. Bién thé protein theo diém 1, trong d6 axit amin thir 164 trong trinh tu axit amin SEQ
ID NO: 1 dugc thay thé béng axit amin duogc Iva chon tir nhém bao gém lysin, arginin,

asparagin, glyxin, threonin va prolin.
3. Polynucleotit ma héa bién thé protein theo diém 1 hoic 2.
4. Vecto bao gbm polynucleotit theo diém 3.

5. Vi sinh vét thudc chi Corynebacterium san sinh 5'-inosin monophosphat, trong d6 vi
sinh v4t chira bién thé protein theo diém 1 hodc 2, hoic vecto bao gdm polynucleotit ma

hoa bién thé protein theo diém 1 hoic 2.

6. Vi sinh vat theo diém 5, trong d6 vi sinh vat thudc chi Corynebacterium 1a
Corynebacterium stationis.

7. Phuong phép didu ché 5'-inosin monophosphat bao gdm nudi ciy vi sinh vét thudc
chi Corynebacterium theo diém 5 trong médi truong nudi cdy, va thu hdi 5'-inosin

monophosphat tir vi sinh vat hodc méi truong nudi cay.

8. Phuong phdp theo diém 7, trong d6 vi sinh vat thudc chi Corynebacterium 1a

Corynebacterium Stationis.
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DANH MUC TRINH TU
<110> CJ CheilJedang Corporation
<120> BIEN THE PROTEIN SAN SINH 5'-INOSIN MONOPHOSPHAT,
POLYNUCLEOTIT, VECTO CHUA POLYNUCLEOTIT, VI SINH VAT CHOUA
BIEN THE PROTEIN, VA PHUONG PHAP PIEU CHE 5'-INOSIN
MONOPHOSPHAT
<130> OPA18597

<150> KR10-2017-0173505
<151> 2017-12-15

<160> 154

<170> KoPatentIn 3.0
<210> 1

<211> 222

<212> PRT

<213> Chua biét

<220>
<223> ImpEl

<400> 1
Leu His Ala Val Gln Glu Val Asn Asp Asn Glu Glu Asp Ser Leu Pro
1 5 10 15

Gly Ser Asp Leu Gly Leu Arg Glu Gln Lys Arg Leu Ala Thr Lys His
20 25 30

Arg Ile Glu Asp Ala Ala Thr Arg Leu Val Asp Glu Ser Ser Phe Asp
35 40 45

Lys Val Thr Ile Glu Glu Ile Cys Glu Ala Ala Gly Ile Ser Arg Arg
50 55 60

Thr Phe Phe Asn Tyr Phe Ser Thr Lys Glu Ser Ala Val Ile Gly Ala
65 70 75 80

Ser Ser Glu Pro Leu Thr Glu Lys Gln Arg Asn Asp Phe Leu Asn Ala
85 90 95

Asp Ala Ser Asn Leu Leu Gln Leu Met Val Glu Gln Ile Lys Gln His
100 105 110

Leu Glu Ser Ser His Gln Ser Gln Ala Ile His Asp Arg Arg Gln Arg
115 120 125

Ile Phe Ala Asp Pro Asp Val Ala Val Arg Ala Met Ala Phe Arg Lys
130 135 140

Glu Arg Ser Arg Glu Thr Met Glu Leu Ile Ala Gln Arg Leu Arg Glu
145 150 155 160
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His Pro Glu Glu Gln Arg Ala Pro Glu Leu Asp Pro Glu Thr Glu Ala

165 170 175
Met Leu Leu Ser Gly Phe Ile Arg Glu Ala Thr Trp Met Ala Ile Ser
180 185 190
Arg Pro Asp Arg Asp Cys Ala Leu Pro Val Gly Asp Arg Ile Tyr Arg
195 200 205
Ala Met Glu Leu Val Lys Asn Tyr Thr Lys Gly Leu Glu Trp
210 215 220
<210> 2
<211> 549
<212> PRT

<213> Chua biét

<220>

<223> ImpE2

<400> 2

Met Val Ala Lys Asn Ser Thr Pro Ser Thr Ala Gly His Ala Ser Ala
1 5 10 15

His Thr Ala Glu Glu Phe Pro Val Ala Asn Ala Glu Met Ala Thr Pro
20 25 30

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

Ile Ile Phe Ala Ala Leu Met Leu Thr Met Leu Met Ser Ser Leu Gly
50 55 ' 60

Gln Met Ile Phe Gly Ser Ala Leu Pro Thr Ile Val Gly Glu Leu Gly
65 70 75 80

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

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

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

Leu Gly Gly Phe Ala Asn Gly Met Gly Met Leu Ile Thr Gly Arg Ala
130 135 140

Ile Gln Gly Phe Gly Ala Gly Ile Met Met Ile Ser Ser Gln Ser Ile
145 150 155 160

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

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

Ile

Leu

225

Ala

Gly

Ala

Ala

Val

305

Val

Pro

Gly

Lys

Trp

385

Arg

Val

Thr

Ser

Thr

465

Ile

Trp

Pro

210

Arg

Ala

Gly

Val

Ser

290

Leu

Leu

Thr

Val

Tyr

370

Met

Phe

Leu

Ala

Ile

450

Arg

Ser

Phe

195

Leu

Val

Ile

Ser

Val

275

Gln

Thr

Gly

Glu

Ser

355

Tyr

Ser

Leu

Ile

Ala

435

Val

Leu

Gln

Thr

Gly

Ala

Glu

260

Ile

Pro

Thr

Tyr

Ala

340

Thr

Pro

Gln

Val

Val

420

Asn

Gly

Pro

Gln

Asp

Leu

Glu

Ile

245

Tyr

Val

Leu

Leu

Met

325

Gly

Gly

Ile

Met

Phe

405

Gln

Asn

Ser

Asp

Phe
485

Gly

Leu

Gln

230

Thr

Glu

Gly

Ile

Ala

310

Pro

Leu

Val

Ala

Thr

390

Gly

Asn

Phe

Met

Ala

470

Gln

Pro

Ala

215

Gly

Thr

Trp

Ala

Pro

295

Gly

Thr

Met

Gly

Gly

375

Val

Val

Ser

Phe

Phe

455

Leu

Gly
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Gly

200

Ile

Phe

Ser

Thr

Leu

280

Val

Thr

Tyr

Met

Phe

360

Leu

Glu

Gly

Phe

Arg

440

Ile

Ala

Ala

Trp

Ile

Lys

Thr

Ser

265

Leu

Gln

Val

Leu

Ile

345

Ile

Ala

Thr

Leu

Pro

425

Gln

His

Ser

Asp

-42-

Arg

Val

Gly

Leu

250

Pro

Thr

Leu

Leu

Gln

330

Pro

Ile

Ile

Ser

Gly

410

Val

Ile

Asn

Leu

Ala
490

Trp

Cys

Phe

235

Ile

Thr

Val

Phe

Gly

315

Met

Met

Ala

Thr

Leu

395

Phe

Ser

Gly

Met

Gly

475

Ala

Gly

Ala

220

Asp

Leu

Ile

Phe

Lys

300

Leu

Val

Met

Lys

Ala

380

Thr

Val

Gln

Ser

Gln

460

Lys

Asn

Leu

205

Phe

Trp

Leu

Leu

Ile

285

Asn

Ala

His

Val

Thr

365

Phe

Gly

Met

vVal

Ala

445

Asn

Glu

Ser

Trp

Val

Met

Thr

Ser

270

Glu

Arg

Met

Thr

Gly

350

Gly

Ala

Ile

Gln

Gly

430

Leu

Glu

Gly

Leu

Ile

Leu

Gly

Thr

255

Met

Ser

Asn

Met

Leu

335

Met

Asn

Leu

Gly

Val

415

Thr

Gly

Met

Ala

Thr
495

Asn

Lys

Phe

240

Trp

Ala

Arg

Met

Gly

320

Thr

Ile

Tyr

Trp

Val

400

Leu

Ala

Ala

Ala

Ala

480

Pro



His Ala

Ser Tyr

500

515

Ala Ile

530

Lys Glu

545

<210> 3
<211>
<212>
<213>
<220>
<223>
<400> 3
ttgcatgctg
gggttaaggg
ttggttgatg
atttcccgac
tcctcggaac
ctcctgcagce
gcgattcacg
gcgtttcgcea
catcctgaag
ggattcattc
ccagtgggtyg
gaatggtag

<210> 4
<211>
<212>
<213>
<220>
<223>

<400> 4

Val Ala

Thr TIle

Glu

669
ADN
Chua biét

ImpEl

tgcaagaagt
agcagaagcg
aatcgagctt
gcaccttttt
cgttgacgga
tgatggttga
accgtcgtca
aggaacgctc
aacaacgcgc
gcgaagccac

accgcatcta

1650
ADN
Chua biét

ImpE2

Met Leu Ile

39176

Val Ala Glu Leu Pro Asp Val

Asn Asp Gly Leu Thr Pro Val

520

Leu
535

taatgacaat
attggcaacc
tgacaaagta
taattatttc
aaagcaacgc
gcagatcaaa
gcgaatcttt
acgggaaacc
cccagaattg
ctggatggct

tcgcgcgatg

505

Phe

gaagaagact
aagcatcgca
acaattgaag
agcacgaaag
aatgacttct
caacacttgg
gcggatccgg
atggagctaa
gatccggaaa
atctcacgac

gaattggtaa

Leu Arg Asp Ala Ile Leu Asn

510

525

540

ccctceectgg
tcgaagacgc
aaatttgcga
aaagcgccgt
tgaatgctga
agtcttctca
atgtcgcggt
tcgctcaacg
cagaggcgat
ccgatcgtga

agaattacac

Ile Gly Met Met Val Pro Leu

Pro Leu Arg Gln Glu Arg Leu

cagtgacctc
cgcgacacgg
agccgecggyg
tattggcgcg
cgccagcaat
ccagagtcaa
acgtgcaatg
tcttcgggag
gctgctgagc
ttgtgcactg

gaaaggactg

60

120

180

240

300

360

420

480

540

600

660

669



atggtagcta
gaattcccag
aaaaagaccg
agctctttgg
ggcgtggacc
ccactagccg
tccattttcg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggcet
ggcttgatga
atcatcgcta
tttgctttgt
cgcttccttg
caaaactcct
cagattggtt
aatgagatgg
atttcgcagce
gagcttcccg
gtgattggca

caagagcgct

<210> 5

aaaactccac
tggccaatgc
cggataacgt
ggcagatgat
agatgagctg
gtcagctcgg
ttattggctc
caatccaggg
ttgtctccge
cctceccecgtact
gcctgtggat
agctgcgcegt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat
agaccggcaa
ggtggatgtc
tattcggtgt
tccectgtatce
cggcattggg
ctacccgttt
agttccaagg
atgtcctccg

tgatggtgcc

tgaaggaaac catcgaataa

39176

cccaagcacg
tgaaatggca
cggcattatc
tttcggttcc
ggtaatttca
tgaccgcatg
gacgctcggt
cttcggtgcc
acgtgagcgc
gggtccagtt
caacattcca
gggcgagcaa
cagcaccctg
tattttgtcc
gcgtgcatcc
caccctcgcec
ctacctgcag
gatggtcggce
ctacaagtac
ccagatgacc
cggcttgggce
gcaggtcggt
tgcttccatc
gcctgatgcce
tgcagatgcc
tgacgctatc

actggccatt

gccggccacg
acgccttcag
ttcgctgect
gctctgccaa
gcatttatgg
ggccgcaagt
ggctttgcca
ggcatcatga
ggcaagttca
ctcggtggct
ctgggtctgc
ggctttaagg
attctgctca
atggctgccg
cagccgctga
ggtactgttt
atggtgcaca
atgatcggtg
taccccatcg
gttgagactt
tttgtcatgce
actgccacgg
gtgggttcga
cttgcatcgt
gccaactcct
ttaaattcct

gttgcaatgc

ccagtgctca
caatcgaccc
tgatgctcac
ccatcgtcgg
tcaccatgac
gggtctacat
atggcatggg
tgatttcctc
tgggtattat
ggttcaccga
tggcaattat
gctttgactg
ccacttgggg
tagtcatcgt
tceceggttcea
tgggtctggce
ccctgacgcec
tctccactgg
cgggcctgge
cattgaccgg
aggtactggt
cggctaataa
tgttcattca
tgggcaagga
tgactccgca
acaatgacgg

tgattttgtt

cactgcggaa
aaaccacggt
catgctgatg
cgagctcggc
cattgctatg
ctcaggtatc
catgctgatc
gcagtcgatt
gggcggcgtce
tggtcceggt
tgtctgcgcet
gatgggtttt
cggaagcgaa
cggcgcgcetg
gctatttaag
catgatgggc
aactgaagca
tgttggcttc
catcacggcg
tatcggagtt
gctgattgtt
cttcttccgce
caatatgcag
aggcgccgcet
cgcagtcgca
tctgaccccce

cccactgegce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1650



<211> 29

<212> ADN

<213> Tinh tuy nhén
<220>

<223> impEl kop-1

<400> 5
gctctagacg agaaagctaa

<210> 6

<211> 36

<212> ADN

<213> Tinh ty nhén
<220>

<223> impEl kop-2

<400> 6
gtttttagct accattgtta

<210> 7

<211> 36

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impEl kop-3

<400> 7
gcacggggtg taacaatggt

<210> 8

<211> 29

<212> ADN

<213> Tinh tu nhén

<220>
<223> impEl kop-4

<400> 8
gctctagaaa tagttgggga

<210> 9

<211> 29

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 kop-1

39176

tao

agccggtga

tao

caccccgtgce aagttt

tao

agctaaaaac tccacc

tao

agtccactc

tao
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<400> 9
gctctagact tggatgacct ggtggaaaa

<210> 10

<211> 36

<212> ADN

<213> Tinh ty nhéan tao
<220>

<223> impE2 kop-2

<400> 10
cttggagaaa atttcctacc attccagtcc tttegt

<210> 11

<211> 36

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impE2 kop-3

<400> 11
ggactggaat ggtaggaaat tttctccaag ggaaat

<210> 12

<211> 29

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impE2 kop-4

<400> 12
ggactagtgg attgtgttga cgcacgatg

<210> 13

<211> 36

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impElE2 kop-2

<400> 13
cttggagaaa atttctgtta caccccgtgce aagttt

<210> 14
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<211>
<212>
<213>

<220>
<223>

<400>

gcacggggtg taacagaaat

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

<220>
<223>

<400>

36
ADN
Tinh ty nhén

impElE2 kop-3

14

15

21

ADN

Tinh ty nhén

impElE2 seqF

15

gaacggagtc atctcctttg

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

<220>
<223>

<400>

16

22

ADN

Tinh ty nhén

impElE2 segR

16

ccaaacgctc tgcaagaaac

<210>
<211>
<212>

<213>

<220>
<223>

<400>

17

29

ADN

Tinh ty nhan

impElE2 WT F

17

gctctagaga acggagtcat

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

<220>
<223>

18

30

ADN

Tinh tyu nhén

impE1E2 WT R

39176

tao

tttctccaag ggaaat

tao

tao

tg

tao

ctcectttgce

tao
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<400>

gctctagacc aaacgctctg

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

<220>
<223>

<400>

gctctagact tggatgacct

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

<220>
<223>

<400>

ctggggcgcg ttgtttttca

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

<220>
<223>

<400>

18

19

29

ADN

Tinh ty nhén tao

impEl 164K-1

19

20

37

ADN

Tinh ty nhan tao

impEl 164K-2

20

21

21

ADN

Tinh ty nhén tao

impEl 164K-3

21

aacaacgcgc cccagaattg g

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

<220>
<223>

<400>

22

29

ADN

Tinh ty nhdn tao

impEl 164K-4

22

39176

caagaaactg

ggtggaaaa

ggatgctccc gaagacg

gctctagaaa tagttgggga agtccactc

-48-

30

29

37

21

29



<210> 23

<211> 37

<212> ADN

<213> Tinh tu nhan
<220>

<223> impE2 V2I-2

<400> 23
tggagttttt agctatcatt

<210> 24

<211> 21

<212> ADN

<213> Tinh ty nhén

<220>
<223> impE2 V2I-3

<400> 24
tagctaaaaa ctccacccca

<210> 25

<211> 37

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 GG64E-2

<400> 25
ccgaaaatca tctgctccaa

<210> 26

<211> 21

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 G64E-3

<400> 26
gcagatgatt ttcggttccg

<210> 27

<211> 27

<212> ADN

<213> Tinh ty nhén
<220>

tao

ccagtccttt cgtgtaa

tao

tao

agagctcatc agcatgg

tao

tao

39176

-49-

37

21

37

21



39176

<223> Spel-impEl 164 1F

<400> 27
gggactagtg attccggcca actgtcg

<210> 28

<211> 27

<212> ADN

<213> Tinh tu nhén tao

<220>
<223> impEl 164-R 1R

<400> 28
tggggcgcegt tggcgttcag gatgcetce

<210> 29

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> impEl 164-H 1R

<400> 29
tggggcgegt tggtgttcag gatgcetc

<210> 30

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-D 1R

<400> 30
tggggcgcegt tgatcttcag gatgctc

<210> 31

<211> 27

<212> ADN

<213> Tinh tuy nhan tao
<220>

<223> impEl 164-S 1R

<400> 31
tggggcgcegt tgggattcag gatgctce

-50-

27

27

27

27

27



39176

<210> 32

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-T 1R

<400> 32
tggggcgcegt tgggtttcag gatgctc

<210> 33

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-N 1R

<400> 33
tggggcgcegt tggttttcag gatgcectc

<210> 34

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> impEl 164-Q 1R

<400> 34
tggggcgegt tgctgttcag gatgetc

<210> 35

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-C 1R

<400> 35
tggggcgcegt tggcattcag gatgctc

<210> 36

<211> 27

<212> ADN

<213> Tinh ty nhén tao

-51-

27

27

27

27



39176

<220>
<223> impEl 164-G 1R

<400> 36
tggggcgegt tggeccttcag gatgcte

<210> 37

<211> 27

<212> ADN

<213> Tinh ty nhén tao

<220>
<223> impEl 164-P 1R

<400> 37
tggggcgegt tgcggttcag gatgete

<210> 38

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-A 1R

<400> 38
tggggcgcegt tgggcttcag gatgecte

<210> 39

<211> 27

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> impEl 164-V 1R

<400> 39
tggggcgegt tggacttcag gatgcetc

<210> 40

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-I 1R

<400> 40
tggggcgcegt tggatttcag gatgcte

-52-

27

27

27

27

27



39176

<210> 41

<211> 27

<212> ADN

<213> Tinh ty nhédn tao
<220>

<223> impEl 164-1L 1R

<400> 41
tggggcgcgt tgcagttcag gatgctc

<210> 42

<211> 27

<212> ADN

<213> Tinh tu nhédn tao
<220>

<223> impEl 164-M 1R
<400> 42

tggggcgegt tgcatttcag gatgctc

<210> 43

<211> 27

<212> ADN

<213> Tinh ty nhédn tao
<220>

<223> impEl 164-F 1R

<400> 43
tggggcgcegt tggaattcag gatgcectce

<210> 44

<211> .27

<212> ADN

<213> Tinh ty nhédn tao
<220>

<223> impEl 164-Y 1R

<400> 44
tggggcgegt tggtattcag gatgcectc

<210> 45

<211> 27

<212> ADN

<213> Tinh tu nhén tao

-53-

27

27

27

27



39176

<220>
<223> impEl 164-W 1R

<400> 45
tggggcgcecgt tgccattcag gatgctce

<210> 46

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> Spel-impEl 164 2R

<400> 46
gggactagtc atgaacttgc cgcgcectce

<210> 47

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-R 2F

<400> 47
gagcatcctg aacgccaacg cgcccca

<210> 48

<211> 27

<212> ADN

<213> Tinh tu nhadn tao
<220>

<223> impEl 164-H 2F

<400> 48
gagcatcctg aacaccaacg cgcccca

<210> 49

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-D 2F

<400> 49

27

217

27

27



39176

gagcatcctg aagatcaacg cgcccca

<210> 50

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-S 2F

<400> 50
gagcatcctg aatcccaacg cgcccca

<210> 51

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-T 2F

<400> 51
gagcatcctg aaacccaacg cgcccca

<210> 52

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-N 2F

<400> 52
gagcatcctg aaaaccaacg cgcccca

<210> 53

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-Q 2F

<400> 53
gagcatcctg aacagcaacg cgcccca

<210> 54
<211> 27
<212> ADN

-55-

27

27

27

27

27



39176

<213> Tinh ty nhén tao
<220>
<223> impEl 164-C 2F

<400> 54
gagcatcctg aatgccaacg cgcccca

<210> 55

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-G 2F

<400> 55
gagcatcctg aaggccaacg cgcccca

<210> 56

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-P 2F

<400> 56
gagcatcctg aaccgcaacg cgcccca

<210> 57

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impEl 164-A 2F

<400> 57
gagcatcctg aagcccaacg cgcccca

<210> 58

<211> 27

<212> ADN

<213> Tinh tuy nhén tao
<220>

<223> impEl 164-V 2F

-56-

27

27

27

27



39176

<400> 58
gagcatcctg aagtccaacg cgcccca

<210> 59

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impEl 164-1I 2F

<400> 59
gagcatcctg aaatccaacg cgcccca

<210> 60

<211> 27

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impEl 164-1L 2F

<400> 60
gagcatcctg aactgcaacg cgcccca

<210> 6l

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> impEl 164-M 2F

<400> 61
gagcatcctg aaatgcaacg cgcccca

<210> 62

<211> 27

<212> ADN

<213> Tinh ty nhédn tao
<220>

<223> impEl 164-F 2F

<400> 62
gagcatcctg aattccaacg cgcccca

<210> 63
<211> 27

-57-
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<212> ADN
<213> Tinh tyu nhén

<220>

39176

tao

<223> impEl 164-Y 2F

<400> 63

gagcatcctg aataccaacg cgcccca
<210> 64

<211> 27

<212> ADN

<213> Tinh tu nhéan tao
<220>

<223> impEl 164-W 2F
<400> 64

gagcatcctg aatggcaacg cgcccca
<210> 65

<211> 26

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> Xbal-impE2 2 1F
<400> 65

gggtctagat tgcatgctgt gcaaga
<210> 66

<211> 27

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impE2 2-R 1R

<400> 66

ggagttttta gcgcgcattc cagtcct
<210> 67

<211> 27

<212> ADN

<213> Tinh tu nhédn tao
<220>

<223> impE2 2-H 1R

-58-

27

27

26

27



<400> 67
ggagttttta gcgtgcattc

<210> 68

<211> 27

<212> ADN

<213> Tinh ty nhén
<220>

<223> impE2 2-K 1R

<400> 68
ggagttttta gccttcattc

<210> 69

<211> 27

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impE2 2-D 1R

<400> 69
ggagttttta gcgtccattc

<210> 70

<211> 27

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 2-E 1R

<400> 70
ggagttttta gcttccattc

<210> 71

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-S 1R

<400> 71
ggagttttta gcggacattc

<210> 72

39176

cagtcct

tao

cagtcct

tao

cagtcct

tao

cagtcct

tao

cagtcct

-5O-

27

27

27

27

27



<211> 27

<212> ADN

<213> Tinh tyu nhén
<220>

<223> impE2 2-T 1R
<400> 72

ggagttttta gcggtcattc

<210> 73

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-N 1R

<400> 73
ggagttttta gcgttcattc

<210> 74

<211> 27

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impE2 2-0 1R

<400> 74
ggagttttta gcctgcattc

<210> 75

<211> 27

<212> ADN

<213> Tinh ty nhan
<220>

<223> impE2 2-C 1R

<400> 75
ggagttttta gcgcacattc

<210> 76

<211> 27

<212> ADN

<213> Tinh tyg nhén
<220>

<223> impE2 2-G 1R

39176

tao

cagtcct

tao

cagtcct

tao

cagtcct

tao

cagtcct

tao

-60-

27

27

27

27



<400>

76

ggagttttta gcgcccattc

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

<220>
<223>

<400>

77

27

ADN

Tinh ty nhéan

impE2 2-P 1R

77

ggagttttta gctggcattc

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

<220>
<223>

<400>

78

27

ADN

Tinh ty nhéan

impE2 2-A 1R

78

ggagttttta gcagccattc

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

<220>
<223>

<400>

79

27

ADN

Tinh ty nhéan

impE2 2-L 1R

79

ggagttttta gccagcattc

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

<220>
<223>

<400>

80

27

ADN

Tinh tyu nhéan

impE2 2-M 1R

80

ggagttttta gccatcattc

39176

cagtcct

tao

cagtcct

tao

cagtcct

tao

cagtcct

tao

cagtcct

-61-

27

27

27

27

27



<210> 81

<211> 27

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 2-F 1R

<400> 81
ggagttttta gcgaacattc

<210> 82

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-Y 1R

<400> 82
ggagttttta gcgtacattc

<210> 83

<211> 27

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impE2 2-W 1R

<400> 83
ggagttttta gcccacattc

<210> 84

<211> 26

<212> ADN

<213> Tinh tu nhén
<220>

<223> Xbal-impE2 2

<400> 84
gggtctagat tgctcgccca

<210> 85

<211> 27

<212> ADN

<213> Tinh tyu nhén
<220>

39176

tao

cagtcct

tao

cagtcct

tao

cagtcct

tao

2R

cgcgcea

tao

-62-

27

27

27

26



<223> impE2 2-R 2F

<400> 85
aggactggaa tgcgcgctaa

<210> 86

<211> 27

<212> ADN

<213> Tinh tuy nhan
<220>

<223> impE2 2-H 2F

<400> 86
aggactggaa tgcacgctaa

<210> 87

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-K 2F

<400> 87
aggactggaa tgaaggctaa

<210> 88

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-D 2F

<400> 88
aggactggaa tggacgctaa

<210> 89

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-E 2F

<400> 89
aggactggaa tggaagctaa

39176

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc

-63-

27

27

27

27

27



<210> 90

<211> 27

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 2-S 2F

<400> 90
aggactggaa tgtccgctaa

<210> 91

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-T 2F

<400> 91
aggactggaa tgaccgctaa

<210> 92

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-N 2F

<400> 92
aggactggaa tgaacgctaa

<210> 93

<211> 27

<212> ADN

<213> Tinh tu nhén
<220>

<223> impE2 2-Q 2F

<400> 93
aggactggaa tgcaggctaa

<210> 94

<211> 27

<212> ADN

<213> Tinh tu nhén

39176

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

27

27

27

27



<220>
<223> impE2 2-C 2F

<400> 94
aggactggaa tgtgcgctaa

<210> 95

<211> 27

<212> ADN

<213> Tinh ty nhén
<220>

<223> impE2 2-G 2F

<400> 95
aggactggaa tgggcgctaa

<210> 96

<211> 27

<212> ADN

<213> Tinh tu nhéan
<220>

<223> impE2 2-P 2F

<400> 96
aggactggaa tgccagctaa

<210> 97

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-A 2F

<400> 97
aggactggaa tggctgctaa

<210> 98

<211> 27

<212> ADN

<213> Tinh ty nhén
<220>

<223> impE2 2-1 2F

<400> 98
aggactggaa tgctggctaa

39176

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc
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27

27

27

27

27



<210> 99

<211> 27

<212> ADN

<213> Tinh ty nhén
<220>

<223> impE2 2-M 2F
<400> 99

aggactggaa tgatggctaa

<210> 100

<211> 27

<212> ADN

<213> Tinh tyu nhén
<220>

<223> impE2 2-F 2F

<400> 100
aggactggaa tgttcgctaa

<210> 101

<211> 27

<212> ADN

<213> Tinh ty nhéan
<220>

<223> impE2 2-Y 2F

<400> 101
aggactggaa tgtacgctaa

<210> 102

<211> 27

<212> ADN

<213> Tinh tyu nhén

<220>
<223> impE2 2-W 2F

<400> 102
aggactggaa tgtgggctaa

<210> 103

<211> 30
<212> ADN
<213> Tinh tu nhén

39176

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

aaactcc

tao

-66-

27

27

27

27



<220>
<223>

<400>

39176

Xbal-impE2 64 1F

103

gggtctagaa aagagcttaa ggcagctgct

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

<220>
<223>

<400>

104

27

ADN

Tinh tu nhan tao

impE2 64-R 1R

104

gaaaatcatc tggcgcaaag agctcat

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

<220>
<223>

<400>

105

27

ADN

Tinh ty nhén tao

impE2 64-H 1R

105

gaaaatcatc tggtgcaaag agctcat

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

<220>
<223>

<400>

106

27

ADN

Tinh ty nhan tao

impE2 64-D 1R

106

gaaaatcatc tggtccaaag agctcat

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

<220>
<223>

<400>

107

27

ADN

Tinh ty nhdn tao

impE2 64-K 1R

107

-67-
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27

27
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39176

gaaaatcatc tgcttcaaag agctcat

<210> 108

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-S 1R

<400> 108
gaaaatcatc tgggacaaag agctcat

<210> 109

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-T 1R

<400> 109
gaaaatcatc tgggtcaaag agctcat

<210> 110

<211> 27

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impE2 64-N 1R

<400> 110
gaaaatcatc tggttcaaag agctcat

<210> 111

<211> 27

<212> ADN

<213> Tinh tu nhén tao
<220>

<223> impE2 64-Q 1R

<400> 111
gaaaatcatc tgctgcaaag agctcat

<210> 112
<211> 27
<212> ADN

-68-

27

27

27

27

27



39176

<213> Tinh tu nhédn tao

<220>
<223> impE2 64-C 1R

<400> 112
gaaaatcatc tggcacaaag agctcat

<210> 113

<211> 27

<212> ADN

<213> Tinh tyu nhén tao
<220>

<223> impE2 64-P 1R

<400> 113
gaaaatcatc tgtggcaaag agctcat

<210> 114

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-A 1R

<400> 114
gaaaatcatc tgagccaaag agctcat

<210> 115

<211> 27

<212> ADN

<213> Tinh ty nhén tao

<220>
<223> impE2 64-V 1R

<400> 115
gaaaatcatc tggaccaaag agctcat

<210> 116

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> impE2 64-I 1R

-69-

27

27

27

27



39176

<400> 116
gaaaatcatc tggatcaaag agctcat

<210> 117

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 64-L 1R

<400> 117
gaaaatcatc tgcagcaaag agctcat

<210> 118

<211> 27

<212> ADN

<213> Tinh tyg nhén tao
<220>

<223> impE2 64-M 1R

<400> 118
gaaaatcatc tgcatcaaag agctcat

<210> 119

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-F 1R

<400> 119
gaaaatcatc tggaacaaag agctcat

<210> 120

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-Y 1R

<400> 120
gaaaatcatc tggtacaaag agctcat

<210> 121
<211> 27

-70-
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<212>
<213>

<220>
<223>

<400>

39176

ADN
Tinh ty nhén tao

impE2 64-W 1R

121

gaaaatcatc tgccacaaag agctcat

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

<220>
<223>

<400>

122

30

ADN

Tinh tu nhén tao

XbaI-impE2 64 2R

122

gggtctagac ggtcaatgaa gtctcaacgg

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

<220>
<223>

<400>

123

27

ADN

Tinh ty nhan tao

impE2 64-R 2F

123

atgagctctt tgcgccagat gattttc

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

<220>
<223>

<400>

124

27

ADN

Tinh ty nhén tao

impE2 64-H 2F

124

atgagctctt tgcaccagat gattttc

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

<220>
<223>

125

27

ADN

Tinh tyw nhan tao

impE2 64-D 2F

-71-

27

30

27

27



39176

<400> 125
atgagctctt tggaccagat gattttc

<210> 126

<211> 27

<212> ADN

<213> Tinh tu nhan tao
<220>

<223> impE2 64-K 2F

<400> 126
atgagctctt tgaagcagat gattttc

<210> 127

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 64-S 2F

<400> 127
atgagctctt tgtcccagat gattttc

<210> 128

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-T 2F

<400> 128
atgagctctt tgacccagat gattttc

<210> 129

<211> 27

<212> ADN

<213> Tinh ty nhdn tao
<220>

<223> impE2 64-N 2F

<400> 129
atgagctctt tgaaccagat gattttc

<210> 130

-72-

27

27

27

27

27



39176

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-Q 2F

<400> 130
atgagctctt tgcagcagat gattttc

<210> 131
<211> 27

<212> ADN
<213> Tinh tyu nhén tao
<220>

<223> impE2 64-C 2F

<400> 131
atgagctctt tgtgccagat gattttc

<210> 132

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 64-P 2F

<400> 132
atgagctctt tgccacagat gattttc

<210> 133

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 64-A 2F

<400> 133
atgagctctt tggctcagat gattttc

<210> 134

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-V 2F

-73-

27

27

27

27



39176

<400> 134
atgagctctt tggtccagat gattttc

<210> 135

<211> 27

<212> ADN

<213> Tinh ty nhén tao
<220>

<223> impE2 64-I 2F

<400> 135
atgagctctt tgatccagat gattttc

<210> 136

<211> 27

<212> ADN

<213> Tinh ty nhan tao
<220>

<223> impE2 64-1 2F

<400> 136
atgagctctt tgctgcagat gattttc

<210> 137

<211> 27

<212> ADN

<213> Tinh ty nhadn tao
<220>

<223> impE2 64-M 2F

<400> 137
atgagctctt tgatgcagat gattttc

<210> 138

<211> 27

<212> ADN

<213> Tinh ty nhadn tao
<220>

<223> impE2 64-F 2F

<400> 138
atgagctctt tgttccagat gattttc

-74-

27

27

27

27

217



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

<220>
<223>

<400>

139

27

ADN

Tinh ty nhédn tao

impE2 64-Y 2F

139

atgagctctt tgtaccagat gattttc

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

<220>
<223>

<400>

140

27

ADN

Tinh tyu nhan tao

impE2 64-W 2F

140

atgagctctt tgtggcagat gattttc

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

<400>
Leu His
1

Gly Ser

Arg Ile

Lys Val

50

Thr Phe
65

Ser Ser

Asp Ala

Leu Glu

141
221
PRT
Chua biét

ImpEl1-CJI0323

141

20

35

55

70

85

100

39176

Ala Val Gln Glu Val Asn Asp

Asp Leu Gly Leu Arg Glu Gln

25

Glu Asp Ala Ala Thr Arg Leu

40

Thr Ile Glu Glu Ile Cys Glu

Phe Asn Tyr Phe Ser Thr Lys

Glu Pro Leu Thr Glu Lys Gln

Ser Asn Leu Leu Gln Leu Met

105

Ser Ser His Gln Ser Gln Ala

-75-

Asn

10

Lys

Val

Ala

Glu

Arg

90

Val

Ile

Glu

Arg

Asp

Ala

Ser

75

Asn

Glu

His

Glu

Leu

Glu

Gly

60

Ala

Asp

Gln

Asp

Asp

Ala

Ser

45

Ile

Val

Phe

Ile

Arg

Ser

Thr

30

Ser

Ser

Ile

Leu

Lys
110

Arg

Leu

15

Lys

Phe

Arg

Gly

Asn

95

Gln

Gln

Pro

His

Asp

Arg

Ala

80

Ala

His

Arg

27

27



39176

115 120 125

Ile Phe Ala Asp Pro Asp Val Ala Val Arg Ala Met Ala Phe Arg Lys
130 135 140

Glu Arg Ser Arg Glu Thr Met Glu Leu Ile Ala Gln Arg Leu Arg Glu
145 150 155 160

His Pro Glu Lys Gln Arg Ala Pro Glu Leu Asp Pro Glu Thr Glu Ala
165 170 175

Met Leu Leu Ser Gly Phe Ile Arg Glu Ala Thr Trp Met Ala Ile Ser
180 185 190

Arg Pro Asp Arg Asp Cys Ala Leu Pro Val Gly Asp Arg Ile Tyr Arg
195 200 205

Ala Met Glu Leu Val Lys Asn Tyr Thr Lys Gly Leu Glu
210 215 220

<210> 142
<211> 549
<212> PRT
<213> Chua biét

<220>
<223> ImpE2-CJI0323

<400> 142
Met Ile Ala Lys Asn Ser Thr Pro Ser Thr Ala Gly His Ala Ser Ala

His Thr Ala Glu Glu Phe Pro Val Ala Asn Ala Glu Met Ala Thr Pro
20 25 30

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

Ile Ile Phe Ala Ala Leu Met Leu Thr Met Leu Met Ser Ser Leu Glu
50 55 60

Gln Met Ile Phe Gly Ser Ala Leu Pro Thr Ile Val Gly Glu Leu Gly
65 70 75 80

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

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

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

Leu Gly Gly Phe Ala Asn Gly Met Gly Met Leu Ile Thr Gly Arg Ala
130 135 140

-76-



39176

Ile Gln Gly Phe Gly Ala Gly Ile Met Met Ile Ser Ser Gln Ser Ile
145 150 155 160

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

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

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

Ile Pro Leu Gly Leu Leu Ala Ile Ile Val Cys Ala Phe Val Leu Lys
210 215 220

Leu Arg Val Gly Glu Gln Gly Phe Lys Gly Phe Asp Trp Met Gly Phe
225 230 235 240

Ala Ala Ile Ala Ile Thr Thr Ser Thr Leu Ile Leu Leu Thr Thr Trp
245 250 255

Gly Gly Ser Glu Tyr Glu Trp Thr Ser Pro Thr Ile Leu Ser Met Ala
260 265 270

Ala Val Val Ile Val Gly Ala Leu Leu Thr Val Phe Ile Glu Ser Arg
275 280 285

Ala Ser Gln Pro Leu Ile Pro Val Gln Leu Phe Lys Asn Arg Asn Met
290 295 300

Val Leu Thr Thr Leu Ala Gly Thr Val Leu Gly Leu Ala Met Met Gly
305 310 315 320

Val Leu Gly Tyr Met Pro Thr Tyr Leu Gln Met Val His Thr Leu Thr
325 330 335

Pro Thr Glu Ala Gly Leu Met Met Ile Pro Met Met Val Gly Met Ile
340 345 350

Gly Val Ser Thr Gly Val Gly Phe Ile Ile Ala Lys Thr Gly Asn Tyr
355 360 365

Lys Tyr Tyr Pro Ile Ala Gly Leu Ala Ile Thr Ala Phe Ala Leu Trp
370 375 380

Trp Met Ser Gln Met Thr Val Glu Thr Ser Leu Thr Gly Ile Gly Val
385 390 395 400

Arg Phe Leu Val Phe Gly Val Gly Leu Gly Phe Val Met Gln Val Leu
405 410 415

Val Leu Ile Val Gln Asn Ser Phe Pro Val Ser Gln Val Gly Thr Ala
420 425 430

Thr Ala Ala Asn Asn Phe Phe Arg Gln Ile Gly Ser Ala Leu Gly Ala
435 440 445

Ser Ile Val Gly Ser Met Phe Ile His Asn Met Gln Asn Glu Met Ala

-77-



450

Thr
465

Arg
Ile Ser
Ala

His

Ser Tyr

Leu

Gln

Val

Asn

Pro Asp

Ala

391

455

Leu Ala

470

Gln Phe

485

Ala
500

Glu

Asp Gly

515

Ala Ile

530

Lys Glu

545

<210>
<211>
<212>
<213>
<220>
<223>
<400>
ttgcatgctg
gggttaaggg
ttggttgatg
atttcccgac
tcctecggaac
ctcctgcagc
gcgattcacg
gcgtttcgcea
catcctgaaa
ggattcattc
ccagtgggtg
gaatgatag

<210>
<211>

Val

Thr

Ala Met

Ile Glu

143
669
ADN
Chua biét

143

tgcaagaagt
agcagaagcg
aatcgagctt
gcaccttttt
cgttgacgga
tgatggttga
accgtcgtca
aggaacgctc
aacaacgcgc
gcgaagccac

accgcatcta

144
1650

Gln

Leu

Leu

Leu

Gly Ala

Pro Asp

Thr Pro

520

Ile
535

Leu

ImpEl NT - CJI0323

taatgacaat
attggcaacc
tgacaaagta
taattatttc
aaagcaacgc
gcagatcaaa
gcgaatcttt
acgggaaacc
cccagaattg
ctggatggct

tcgcgcecgatg

/6

460

Glu Ala Ala

480

Ser Leu Gly

475

Lys

Ala
490

Ala Thr

495

Asp Asn Ser Leu Pro

Val
505

Ala Ile

510

Leu Arg Asp Leu Asn

Val Ile Met Met Val

525

Gly Pro Leu

Phe Pro Leu Arg Gln Glu Leu

540

Arg

gaagaagact ccctccctgg cagtgacctce
aagcatcgca tcgaagacgc cgcgacacgg
acaattgaag aaatttgcga agccgccggg
agcacgaaag aaagcgccgt tattggcgcg

aatgacttct tgaatgctga cgccagcaat

caacacttgg agtcttctca ccagagtcaa

gcggatcegg atgtcgecggt acgtgcaatg

atggagctaa tcgctcaacg tcttcgggag

gatccggaaa cagaggcgat gctgctgagce

atctcacgac ccgatcgtga ttgtgcactg

gaattggtaa agaattacac gaaaggactg

-78-

60

120

180

240

300

360

420

480

540

600

660

669



<212>
<213>

<220>
<223>

<400>

atgatagcta aaaactccac
gaattcccag tggccaatgc
aaaaagaccg
agctctttgg
ggcgtggacc
ccactagccg
tccattttcg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggcet
ggcttgatga
atcatcgcta
tttgctttgt
cgcttccttg
caaaactcct
cagattggtt
aatgagatgg

atttcgcagce

ADN
Chua biét

39176

ImpE2 NT - CJI0323

144

cggataacgt
agcagatgat
agatgagctg
gtcagctcgg
ttattggctc
caatccaggg
ttgtctccge
ccteccgtact
gcctgtggat
agctgcgcecgt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat
agaccggcaa
ggtggatgtc
tattcggtgt
tcecctgtate
cggcattggg
ctacccgttt

agttccaagg

cccaagcacg
tgaaatggca
cggcattatc
tttcggttcc
ggtaatttca
tgaccgcatg
gacgctcggt
cttcggtgcc
acgtgagcgc
gggtccagtt
caacattcca
gggcgagcaa
cagcaccctg
tattttgtcc
gcgtgcatcc
caccctcgcece
ctacctgcag
gatggtcggce
ctacaagtac
ccagatgacc
cggcttgggce
gcaggtcggt
tgcttccatc
gcctgatgcece

tgcagatgcc

gccggccacg
acgccttcag
ttcgctgect
gctctgccaa
gcatttatgg
ggccgcaagt
ggctttgcca
ggcatcatga
ggcaagttca
ctcggtggcet
ctgggtctgce
ggctttaagg
attctgctca
atggctgccg
cagccgctga
ggtactgttt
atggtgcaca
atgatcggtg
taccccatcg
gttgagactt
tttgtcatgce
actgccacgg
gtgggttcga
cttgcatcgt

gccaactcct

-79-

ccagtgctca
caatcgaccc
tgatgctcac
ccatcgtcgg
tcaccatgac
gggtctacat
atggcatggg
tgatttcctce
tgggtattat
ggttcaccga
tggcaattat
gctttgactg
ccacttgggg
tagtcatcgt
tcccggttcea
tgggtctggce
ccctgacgcece
tctccactgg
cgggcctgge
cattgaccgg
aggtactggt
cggctaataa
tgttcattca

tgggcaagga

tgactccgcea

cactgcggaa
aaaccacggt
catgctgatg
cgagctcggce
cattgctatg
ctcaggtatc
catgctgatc
gcagtcgatt
gggcggcgte
tggtccecggt
tgtctgcgcet
gatgggtttt
cggaagcgaa
cggcgcgcetg
gctatttaag
catgatgggc
aactgaagca
tgttggcttc
catcacggcg
tatcggagtt
gctgattgtt
cttcttccge
caatatgcag
aggcgcecgcet

cgcagtcgca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



39176

gagcttccecg atgtcctceccg tgacgctatce ttaaattcct acaatgacgg tctgaccccece 1560

gtgattggca tgatggtgcc actggccatt gttgcaatgce tgattttgtt cccactgcge 1620

caagagcgct tgaaggaaac catcgaataa

<210> 145
<211> 222

<212> PRT
<213> Chua biét
<220>

<223> ImpEl-164K

<400> 145
Leu His Ala Val Gln Glu Val Asn
1 5

Gly Ser Asp Leu Gly Leu Arg Glu
20

Arg Ile Glu Asp Ala Ala Thr Arg
35 40

Lys Val Thr Ile Glu Glu Ile Cys
50 55

Thr Phe Phe Asn Tyr Phe Ser Thr
65 70

Ser Ser Glu Pro Leu Thr Glu Lys
85

Asp Ala Ser Asn Leu Leu Gln Leu
100

Leu Glu Ser Ser His Gln Ser Gln
115 120

Ile Phe Ala Asp Pro Asp Val Ala
130 135

Glu Arg Ser Arg Glu Thr Met Glu
145 150

His Pro Glu Lys Gln Arg Ala Pro
165

Met Leu Leu Ser Gly Phe Ile Arg
180

Arg Pro Asp Arg Asp Cys Ala Leu
195 200

Ala Met Glu Leu Val Lys Asn Tyr
210 215

Asp

Gln

25

Leu

Glu

Lys

Gln

Met

105

Ala

Val

Leu

Glu

Glu

185

Pro

Thr

-80-

Asn

10

Lys

Val

Ala

Glu

Arg

Val

Ile

Arg

Ile

Leu

170

Ala

Val

Lys

Glu

Arg

Asp

Ala

Ser

75

Asn

Glu

His

Ala

Ala

155

Asp

Thr

Gly

Gly

Glu

Leu

Glu

Gly

60

Ala

Asp

Gln

Asp

Met

140

Gln

Pro

Trp

Asp

Leu
220

Asp

Ala

Ser

45

Ile

Val

Phe

Ile

Arg

125

Ala

Arg

Glu

Met

Arg

205

Glu

Ser

Thr

30

Ser

Ser

Ile

Leu

Lys

110

Arg

Phe

Leu

Thr

Ala

190

Ile

Trp

Leu

15

Lys

Phe

Arg

Gly

Asn

95

Gln

Gln

Arg

Arg

Glu

175

Ile

Tyr

Pro

His

Asp

Arg

Ala

80

Ala

His

Arg

Lys

Glu

160

Ala

Ser

Arg

1650



<210>
<211>
<212>
<213>
<220>
<223>
<400>
ttgcatgct
gggttaagg
ttggttgat
atttcccga
tcctcggaa
ctcctgcag
gcgattcac
gcgtttcgce
catcctgaa
ggattcatt
ccagtgggt
gaatggtag
<210>
<211>
<212>
<213>
<220>
<223>

<400>

39176

146
669
ADN
Chua biét

ImpEl NT-164K

l46

g tgcaagaagt taatgacaat gaagaagact ccctccctgg cagtgacctc
g agcagaagcg attggcaacc aagcatcgca tcgaagacgc cgcgacacgg
g aatcgagctt tgacaaagta acaattgaag aaatttgcga agccgccggg
C gcaccttttt taattatttc agcacgaaag aaagcgccgt tattggcgcg
C cgttgacgga aaagcaacgc aatgacttct tgaatgctga cgccagcaat
c tgatggttga gcagatcaaa caacacttgg agtcttctca ccagagtcaa
g accgtcgtca gcgaatcttt gecggatccgg atgtcgecggt acgtgcaatg
a aggaacgctc acgggaaacc atggagctaa tcgctcaacg tcttcgggag
a aacaacgcgc cccagaattg gatccggaaa cagaggcgat gctgctgagce
C gcgaagccac ctggatggct atctcacgac ccgatcgtga ttgtgcactg

g accgcatcta tcgcgcgatg gaattggtaa agaattacac gaaaggactg

147
549
PRT
Chua biét

ImpE2 - V2I

147

Met Ile Ala Lys Asn Ser Thr Pro Ser Thr Ala Gly His Ala

1

His Thr A

Ser Ala I

5 10

la Glu Glu Phe Pro Val Ala Asn Ala Glu Met Ala
20 25 30

le Asp Pro Asn His Gly Lys Lys Thr Ala Asp Asn
35 40 45

-81-

Ser Ala
15

Thr Pro

Val Gly

60

120

180

240

300

360

420

480

540

600

660

669



Ile

Gln

65

Gly

Thr

Lys

Leu

Ile

145

Val

Met

Gly

Ile

Leu

225

Ala

Gly

Ala

Ala

Val

305

Val

Pro

Gly

Ile

50

Met

Val

Ile

Trp

Gly

130

Gln

Ala

Gly

Trp

Pro

210

Arg

Ala

Gly

Val

Ser

290

Leu

Leu

Thr

Val

Phe

Ile

Asp

Ala

Val

115

Gly

Gly

Glu

Gly

Phe

195

Leu

Val

Ile

Ser

Val

275

Gln

Thr

Gly

Glu

Ser

Ala

Phe

Gln

Met

100

Tyr

Phe

Phe

Val

Val

180

Thr

Gly

Gly

Ala

Glu

260

Ile

Pro

Thr

Tyr

Ala

340

Thr

Ala

Gly

Met

85

Pro

Ile

Ala

Gly

Val

165

Phe

Asp

Leu

Glu

Ile

245

Tyr

Val

Leu

Leu

Met

325

Gly

Gly

Leu

Ser

70

Ser

Leu

Ser

Asn

Ala

150

Ser

Gly

Gly

Leu

Gln

230

Thr

Glu

Gly

Ile

Ala

310

Pro

Leu

Val

Met

55

Ala

Trp

Ala

Gly

Gly

135

Gly

Ala

Val

Pro

Ala

215

Gly

Thr

Trp

Ala

Pro

295

Gly

Thr

Met

Gly

39176

Leu

Leu

Val

Gly

Ile

120

Met

Ile

Arg

Ser

Gly

200

Ile

Phe

Ser

Thr

Leu

280

Val

Thr

Tyr

Met

Phe

Thr

Pro

Ile

Gln

105

Ser

Gly

Met

Glu

Ser

185

Trp

Ile

Lys

Thr

Ser

265

Leu

Gln

Val

Leu

Ile

345

Ile

-82-

Met

Thr

Ser

90

Leu

Ile

Met

Met

Arg

170

Val

Arg

Val

Gly

Leu

250

Pro

Thr

Leu

Leu

Gln

330

Pro

Ile

Leu

Ile

75

Ala

Gly

Phe

Leu

Ile

155

Gly

Leu

Trp

Cys

Phe

235

Ile

Thr

Val

Phe

Gly

315

Met

Met

Ala

Met

60

Val

Phe

Asp

Val

Ile

140

Ser

Lys

Gly

Gly

Ala

220

Asp

Leu

Ile

Phe

Lys

300

Leu

Val

Met

Lys

Ser

Gly

Met

Arg

Ile

125

Thr

Ser

Phe

Pro

Leu

205

Phe

Trp

Leu

Leu

Ile

285

Asn

Ala

His

Val

Thr

Ser

Glu

Val

Met

110

Gly

Gly

Gln

Met

Val

190

Trp

Val

Met

Thr

Ser

270

Glu

Met

Thr

Gly

350

Gly

Leu

Leu

Thr

95

Gly

Ser

Arg

Ser

Gly

175

Leu

Ile

Leu

Gly

Thr

255

Met

Ser

Asn

Met

Leu

335

Met

Asn

Gly

Gly

80

Met

Arg

Thr

Ala

Ile

160

Ile

Gly

Asn

Lys

Phe

240

Trp

Ala

Arg

Met

Gly

320

Thr

Ile

Tyr



Lys

Trp

385

Arg

Val

Thr

Ser

Thr

465

Ile

His

Ser

Ala

Lys
545

Tyr

370

Met

Phe

Leu

Ala

Ile

450

Arg

Ser

Ala

Tyr

Ile
530

Glu

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

<220>
<223>

<400>
atgatagcta aaaactccac cccaagcacg gccggccacg ccagtgctca cactgcggaa

355

Tyr

Ser

Leu

Ile

Ala

435

Val

Leu

Gln

Val

Asn

515

Val

Thr

148
165
ADN

Pro

Gln

Val

Val

420

Asn

Gly

Pro

Gln

Ala

500

Asp

Ala

Ile

0

Ile

Met

Phe

405

Gln

Asn

Ser

Asp

Phe

485

Glu

Gly

Met

Glu

Chua biét

Ala

Thr

390

Gly

Asn

Phe

Met

Ala

470

Gln

Leu

Leu

Leu

ImpE2 NT - V2I

148

Gly

375

Val

Val

Ser

Phe

Phe

455

Leu

Gly

Pro

Thr

Ile
535

39176

360

Leu

Glu

Gly

Phe

Arg

440

Ile

Ala

Ala

Asp

Pro

520

Leu

Ala

Thr

Leu

Pro

425

Gln

His

Ser

Asp

Val

505

Val

Phe

Ile

Ser

Gly

410

Val

Ile

Asn

Leu

Ala

490

Leu

Ile

Pro

Thr

Leu

395

Phe

Ser

Gly

Met

Gly

475

Ala

Arg

Gly

Leu

Ala

380

Thr

Val

Gln

Ser

Gln

460

Lys

Asn

Asp

Met

Arg
540

365

Phe

Gly

Met

Val

Ala

445

Asn

Glu

Ser

Ala

Met

525

Gln

Ala Leu Trp
Ile Gly Val
400

Gln Val Leu
415

Gly Thr Ala
430

Leu Gly Ala

Glu Met Ala

Gly Ala Ala

480

Leu Thr Pro
495

Ile Leu Asn
510

Val Pro Leu

Glu Arg Leu

gaattcccag tggccaatgc tgaaatggca acgccttcag caatcgaccce aaaccacggt

aaaaagaccg cggataacgt cggcattatc ttcgctgcect tgatgctcac catgctgatg

agctctttgg ggcagatgat tttcggttcce gectctgccaa ccatcgtegg cgagctcggc

ggcgtggacc agatgagctg ggtaatttca gcatttatgg tcaccatgac cattgctatg

-83-

60

120

180

240

300



ccactagccg
tccattttcg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggcet
ggcttgatga
atcatcgcta
tttgctttgt
cgcttccttg
caaaactcct
cagattggtt
aatgagatgg
atttcgcagce
gagcttcccg

gtgattggca

caagagcgct tgaaggaaac

<210> 149
<211> 549
<212> PRT
Chua biét

<213>

<220>
<223>

<400> 149

gtcagctcgg
ttattggctc
caatccaggg
ttgtctccge
cctccgtact
gcctgtggat
agctgcgcegt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat
agaccggcaa
ggtggatgtc
tattcggtgt
tccctgtatce
cggcattggg
ctacccgttt
agttccaagg
atgtcctccg

tgatggtgcc

InpE2 - G64E

39176

tgaccgcatg ggccgcaagt gggtctacat
gacgctcggt ggctttgcca atggcatggg
cttcggtgcc ggcatcatga tgatttcctc
acgtgagcgc ggcaagttca tgggtattat
gggtccagtt ctcggtggct ggttcaccga
caacattcca ctgggtctgc tggcaattat
gggcgagcaa ggctttaagg gctttgactg
cagcaccctg attctgctca ccacttgggg
tattttgtcc atggctgccg tagtcatcgt
gcgtgcatcce cagccgctga tcccecggttcea
caccctcgcc ggtactgttt tgggtctggce
ctacctgcag atggtgcaca ccctgacgcc
gatggtcggc atgatcggtg tctccactgg
ctacaagtac taccccatcg cgggcctggce
ccagatgacc gttgagactt cattgaccgg
cggcttgggce tttgtcatgc aggtactggt
gcaggtcggt actgccacgg cggctaataa
tgcttccatec gtgggttcga tgttcattca
gcctgatgcc cttgcatcgt tgggcaagga
tgcagatgcc gccaactcecct tgactccgcea
tgacgctatc ttaaattcct acaatgacgg
actggccatt gttgcaatgc tgattttgtt

catcgaataa

ctcaggtatc
catgctgatc
gcagtcgatt
gggcggcgte
tggtccecggt
tgtctgcgcect
gatgggtttt
cggaagcgaa
cggcgcgctg
gctatttaag
catgatgggc
aactgaagca
tgttggcttc
catcacggcg
tatcggagtt
gctgattgtt
cttcttccge
caatatgcag
aggcgccgcet
cgcagtcgca
tctgaccccce

cccactgcgce

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1650



Met

His

Ser

Ile

Gln

65

Gly

Thr

Lys

Leu

Ile

145

Val

Met

Gly

Ile

Leu

225

Ala

Gly

Ala

Ala

Val

Val

Thr

Ala

Ile

50

Met

Val

Ile

Trp

Gly

130

Gln

Ala

Gly

Trp

Pro

210

Arg

Ala

Gly

Val

Ser

290

Leu

Ala

Ala

Ile

35

Phe

Ile

Asp

Ala

Val

115

Gly

Gly

Glu

Gly

Phe

195

Leu

Val

Ile

Ser

Val

275

Gln

Thr

Lys

Glu

20

Asp

Ala

Phe

Gln

Met

100

Tyr

Phe

Phe

Val

Val

180

Thr

Gly

Gly

Ala

Glu

260

Ile

Pro

Thr

Asn

Glu

Pro

Ala

Gly

Met

85

Pro

Ile

Ala

Gly

Val

165

Phe

Asp

Leu

Glu

Ile

245

Tyr

Val

Leu

Leu

Ser

Phe

Asn

Leu

Ser

70

Ser

Leu

Ser

Asn

Ala

150

Ser

Gly

Gly

Leu

Gln

230

Thr

Glu

Gly

Ile

Ala

Thr

Pro

His

Met

55

Ala

Trp

Ala

Gly

Gly

135

Gly

Ala

Val

Pro

Ala

215

Gly

Thr

Trp

Ala

Pro

295

Gly

39176

Pro
Val
Gly

40
Leu
Leu
Val
Gly
Ile
120
Met
Ile
Arg
Ser
Gly
200
Ile
Phe
Ser
Thr
Leu
280

Val

Thr

Ser

Ala

25

Lys

Thr

Pro

Ile

Gln

105

Ser

Gly

Met

Glu

Ser

185

Trp

Ile

Lys

Thr

Ser

265

Leu

Gln

Val

-85-

Thr

10

Asn

Lys

Met

Thr

Ser

90

Leu

Ile

Met

Met

Arg

170

Val

Arg

Val

Gly

Leu

250

Pro

Thr

Leu

Leu

Ala

Ala

Thr

Leu

Ile

75

Ala

Gly

Phe

Leu

Ile

155

Gly

Leu

Trp

Cys

Phe

235

Ile

Thr

Val

Phe

Gly

Gly

Glu

Ala

Met

60

Val

Phe

Asp

Val

Ile

140

Ser

Lys

Gly

Gly

Ala

220

Asp

Leu

Ile

Phe

Lys

300

Leu

His

Met

Asp

45

Ser

Gly

Met

Arg

Ile

125

Thr

Ser

Phe

Pro

Leu

205

Phe

Trp

Leu

Leu

Ile

285

Asn

Ala

Ala

Ala

30

Asn

Ser

Glu

Val

Met

110

Gly

Gly

Gln

Met

Val

190

Trp

Val

Met

Thr

Ser

270

Glu

Arg

Met

Ser

15

Thr

Val

Leu

Leu

Thr

95

Gly

Ser

Arg

Ser

Gly

175

Leu

Ile

Leu

Gly

Thr

255

Met

Ser

Asn

Met

Ala

Pro

Gly

Glu

Gly

80

Met

Arg

Thr

Ala

Ile

160

Ile

Gly

Asn

Lys

Phe

240

Trp

Ala

Arg

Met

Gly



305

Val

Pro

Gly

Lys

Trp

385

Arg

Val

Thr

Ser

Thr

465

Ile

His

Ser

Ala

Lys
545

Leu

Thr

Val

Tyr

370

Met

Phe

Leu

Ala

Ile

450

Arg

Ser

Ala

Tyr

Ile

530

Glu

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

<220>
<223>

<400>

Gly

Glu

Ser

355

Tyr

Ser

Leu

Ile

Ala

435

Val

Leu

Gln

Val

Asn

515

Val

Thr

150
165
ADN

Tyr

Ala

340

Thr

Pro

Gln

Val

Val

420

Asn

Gly

Pro

Gln

Ala

500

Asp

Ala

Ile

0

Met

325

Gly

Gly

Ile

Met

Phe

405

Gln

Asn

Ser

Asp

Phe

485

Glu

Gly

Met

Glu

Chua biét

ImpE2 NT - G64E

150

310

Pro

Leu

Val

Ala

Thr

390

Gly

Asn

Phe

Met

Ala

470

Gln

Leu

Leu

Leu

39176

Thr

Met

Gly

Gly

375

Val

Val

Ser

Phe

Phe

455

Leu

Gly

Pro

Thr

Ile
535

Tyr

Met

Phe

360

Leu

Glu

Gly

Phe

Arg

440

Ile

Ala

Ala

Asp

Pro

520

Leu

Leu

Ile

345

Ile

Ala

Thr

Leu

Pro

425

Gln

His

Ser

Asp

Val

505

Val

Phe

-86-

Gln

330

Pro

Ile

Ile

Ser

Gly

410

Val

Ile

Asn

Leu

Ala

490

Leu

Ile

Pro

315

Met

Met

Ala

Thr

Leu

395

Phe

Ser

Gly

Met

Gly

475

Ala

Arg

Gly

Leu

Val

Met

Lys

Ala

380

Thr

Val

Gln

Ser

Gln

460

Lys

Asn

Asp

Met

Arg
540

His

Val

Thr

365

Phe

Gly

Met

Val

Ala

445

Asn

Glu

Ser

Ala

Met

525

Gln

Thr

Gly

350

Gly

Ala

Ile

Gln

Gly

430

Leu

Glu

Gly

Leu

Ile

510

Val

Glu

Leu

335

Met

Asn

Leu

Gly

Val

415

Thr

Gly

Met

Ala

Thr

495

Leu

Pro

Arg

320

Thr

Ile

Tyr

Val

400

Leu

Ala

Ala

Ala

Ala

480

Pro

Asn

Leu

Leu



atggtagcta
gaattcccag
aaaaagaccg
agctctttgg
ggcgtggacc
ccactagccg
tccattttceg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggcet
ggcttgatga
atcatcgcta
tttgctttgt
cgcttccttg
Caaaactcct
cagattggtt
aatgagatgg
atttcgcagce
gagcttcccg
gtgattggca

caagagcgct

<210>

aaaactccac
tggccaatge
cggataacgt
agcagatgat
agatgagctg
gtcagctcgg
ttattggctc
caatccaggg
ttgtctcege
cctcegtact
gcctgtggat
agctgcgegt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat
agaccggcaa
ggtggatgtc
tattcggtgt
tccetgtatce
cggcattggg
Ctacccgttt
agttccaagg
atgtcctccg

tgatggtgcce

tgaaggaaac catcgaataa

151

39176

cccaagcacg
tgaaatggca
cggcattatc
tttcggttce
ggtaatttca
tgaccgcatg
gacgctcggt
cttcggtgece
acgtgagcgce
gggtccagtt
caacattcca
gggcgagcaa
cagcaccctg
tattttgtcc
gcgtgcatcc
caccctcgcece
ctacctgcag
gatggtcgge
ctacaagtac

ccagatgacc

cggcttggge
gcaggtcggt
tgcttccatce
gcctgatgece
tgcagatgcce
tgacgctatc

actggccatt

gccggecacg
acgccttcag
ttcgectgect
gctctgccaa
gcatttatgg
ggccgcaagt
ggctttgcca
ggcatcatga
ggcaagttca
ctcggtggcet
ctgggtctgce
ggctttaagg
attctgctca
atggctgcceg
cagccgctga
ggtactgttt
atggtgcaca
atgatcggtg
taccccatcg
gttgagactt
tttgtcatgce
actgccacgg
gtgggttcga
cttgcatcgt
gccaactcct
ttaaattcct

gttgcaatgc

-87-

ccagtgctca
caatcgaccc
tgatgctcac
ccatcgtcgg
tcaccatgac
gggtctacat
atggcatggg
tgatttcctce
tgggtattat
ggttcaccga
tggcaattat
gctttgactg
ccacttgggg
tagtcatcgt
tcceggttea
tgggtctggce
ccctgacgcec
tcteccactgg
cgggcctgge
cattgaccgg
aggtactggt
cggctaataa
tgttcattca
tgggcaagga
tgactccgca
acaatgacgg

tgattttgtt

cactgcggaa
aaaccacggt
catgctgatg
cgagctcggce
cattgctatg
ctcaggtatc
catgctgatc
gcagtcgatt
gggcggcgte
tggtcceggt
tgtctgcget
gatgggtttt
cggaagcgaa
cggcgcgcetg
gctatttaag
catgatgggce
aactgaagca
tgttggcttc
catcacggcg
tatcggagtt
gctgattgtt
cttcttccge
caatatgcag
aggcgccgcet
cgcagtcgca
tctgacccce

cccactgegce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1650



<211>
<212>
<213>

<220>
<223>

<400>

Met

1

His

Ser

Ile

Gln

65

Gly

Thr

Lys

Leu

Ile

145

Val

Met

Gly

Ile

Leu

225

Ala

Gly

Val

Thr

Ala

Ile

50

Met

Val

Ile

Trp

Gly

130

Gln

Ala

Gly

Trp

Pro

210

Arg

Ala

Gly

549
PRT

Tinh ty nhan tao

ImpE2 - G64D

151
Ala

Ala

Ile

35

Phe

Ile

Asp

Ala

Val

115

Gly

Glu

Gly

Phe

195

Leu

Val

Ile

Ser

Lys

Glu

20

Asp

Ala

Phe

Gln

Met

100

Tyr

Phe

Phe

Val

Val

180

Thr

Gly

Gly

Ala

Glu

Asn

Glu

Pro

Ala

Gly

Met

85

Pro

Ile

Ala

Gly

Val

165

Phe

Asp

Leu

Glu

Ile

245

Tyr

Ser

Phe

Asn

Leu

Ser

70

Ser

Leu

Ser

Asn

Ala

150

Ser

Gly

Gly

Leu

Gln

230

Thr

Glu

Thr

Pro

His

Met

55

Ala

Trp

Ala

Gly

Gly

135

Gly

Ala

Val

Pro

Ala

215

Gly

Thr

Trp

39176

Pro

Val

Gly

40

Leu

Leu

Val

Gly

Ile

120

Met

Ile

Arg

Ser

Gly

200

Ile

Phe

Ser

Thr

Ser

Ala

25

Lys

Thr

Pro

Ile

Gln

105

Ser

Gly

Met

Glu

Ser

185

Trp

Ile

Lys

Thr

Ser

-88-

Thr

10

Asn

Lys

Met

Thr

Ser

90

Leu

Ile

Met

Met

Arg

170

Val

Arg

Val

Leu
250

Pro

Ala

Ala

Thr

Leu

Ile

75

Ala

Gly

Phe

Leu

Ile

155

Gly

Leu

Trp

Cys

Phe

235

Ile

Thr

Gly

Glu

Ala

Met

60

Val

Phe

Asp

Val

Ile

140

Ser

Lys

Gly

Gly

Ala

220

Asp

Leu

Ile

His

Met

Asp

45

Ser

Gly

Met

Arg

Ile

125

Thr

Ser

Phe

Pro

Leu

205

Phe

Trp

Leu

Leu

Ala

Ala

30

Asn

Ser

Glu

Val

Met

110

Gly

Gly

Gln

Met

Val

190

Trp

Val

Met

Thr

Ser

Ser
15
Thr
Val
Leu
Leu
Thr
95
Gly
Ser
Arg
Ser
Gly
175
Leu
Ile
Leu
Gly
Thr

255

Met

Ala

Pro

Gly

Asp

Gly

80

Met

Arg

Thr

Ala

Ile

160

Ile

Asn

Lys

Phe

240

Trp

Ala



39176

260 265 270

Ala Val Vval Ile Val Gly Ala Leu Leu Thr Val Phe Ile Glu Ser Arg
275 280 285

Ala Ser Gln Pro Leu Ile Pro Val Gln Leu Phe Lys Asn Arg Asn Met
290 295 300

Val Leu Thr Thr Leu Ala Gly Thr Val Leu Gly Leu Ala Met Met Gly
305 310 315 320

Val Leu Gly Tyr Met Pro Thr Tyr Leu Gln Met Val His Thr Leu Thr
325 330 335

Pro Thr Glu Ala Gly Leu Met Met Ile Pro Met Met Val Gly Met Ile
340 345 350

Gly Val Ser Thr Gly Val Gly Phe Ile Ile Ala Lys Thr Gly Asn Tyr
355 360 365

Lys Tyr Tyr Pro Ile Ala Gly Leu Ala Ile Thr Ala Phe Ala Leu Trp
370 375 380

Trp Met Ser Gln Met Thr Val Glu Thr Ser Leu Thr Gly Ile Gly Val
385 390 395 400

Arg Phe Leu Val Phe Gly Val Gly Leu Gly Phe Val Met Gln Val Leu
405 410 415

Val Leu Ile Val Gln Asn Ser Phe Pro Val Ser Gln Val Gly Thr Ala
420 425 430

Thr Ala Ala Asn Asn Phe Phe Arg Gln Ile Gly Ser Ala Leu Gly Ala
435 440 445

Ser Ile Val Gly Ser Met Phe Ile His Asn Met Gln Asn Glu Met Ala
450 455 460

Thr Arg Leu Pro Asp Ala Leu Ala Ser Leu Gly Lys Glu Gly Ala Ala
465 470 475 480

Ile Ser Gln Gln Phe Gln Gly Ala Asp Ala Ala Asn Ser Leu Thr Pro
485 490 495

His Ala Val Ala Glu Leu Pro Asp Val Leu Arg Asp Ala Ile Leu Asn
500 505 510

Ser Tyr Asn Asp Gly Leu Thr Pro Val Ile Gly Met Met Val Pro Leu
515 520 525

Ala Ile Val Ala Met Leu Ile Leu Phe Pro Leu Arg Gln Glu Arg Leu
530 535 540

Lys Glu Thr Ile Glu
545

<210> 152

-890-



<211>
<212>
<213>
<220>
<223>
<400>
atggtagcta
gaattcccag
aaaaagaccg
agctctttgg
ggcgtggacc
ccactagccg
tccattttcg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggct
ggcttgatga
atcatcgcta
tttgctttgt
cgcttccttg
caaaactcct
cagattggtt
aatgagatgg

atttcgcagc

1650
ADN
Tinh ty nhan tao

152

aaaactccac
tggccaatgc
cggataacgt
accagatgat
agatgagctg
gtcagctcgg
ttattggctc
caatccaggg
ttgtctccge
cctccgtact
gcctgtggat
agctgcgegt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat
agaccggcaa
ggtggatgtc
tattcggtgt
tccctgtatce
cggcattggg
ctacccgttt

agttccaagg

39176

ImpE2 NT - G64D

cccaagcacg
tgaaatggca
cggcattatc
tttcggttcc
ggtaatttca
tgaccgcatg
gacgctcggt
cttcggtgcc
acgtgagcgc
gggtccagtt
caacattcca
gggcgagcaa
cagcaccctg
tattttgtcc
gcgtgcatcc
caccctcgcece
ctacctgcag
gatggtcggce
ctacaagtac
ccagatgacc
cggcttggge
gcaggtcggt
tgcttccatc
gcctgatgcecce

tgcagatgcc

gccggccacyg
acgccttcag
ttcgctgect
gctctgccaa
gcatttatgg
ggccgcaagt
ggctttgcca
ggcatcatga
ggcaagttca
ctcggtggcect
ctgggtctgc
ggctttaagg
attctgctca
atggctgccg
cagccgctga
ggtactgttt
atggtgcaca
atgatcggtg
taccccatcg
gttgagactt
tttgtcatgce
actgccacgg
gtgggttcga
cttgcatcgt

gccaactcct

-90-

ccagtgctca
caatcgaccc
tgatgctcac
ccatcgtcgg
tcaccatgac
gggtctacat
atggcatggg
tgatttcctce
tgggtattat
ggttcaccga
tggcaattat
gctttgactg
ccacttgggg
tagtcatcgt
tcccggttca
tgggtctggce
ccctgacgcece
tctccactgg
cgggcctggce
cattgaccgg
aggtactggt
cggctaataa
tgttcattca

tgggcaagga

tgactccgca

cactgcggaa
aaaccacggt
catgctgatg
cgagctcggc
cattgctatg
ctcaggtatc
catgctgatc
gcagtcgatt
gggcggegtce
tggtccecggt
tgtctgcgcet
gatgggtttt
cggaagcgaa
cggcgcgcetg
gctatttaag
catgatgggc
aactgaagca
tgttggcttc
catcacggcg
tatcggagtt
gctgattgtt
cttcttccgce
caatatgcag
aggcgcecgcet

cgcagtcgca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



39176

gagcttcccg atgtceccteeg tgacgctatc ttaaattcect acaatgacgg tctgaccccece 1560

gtgattggca tgatggtgcc actggccatt gttgcaatgc tgattttgtt cccactgcge 1620

caagagcgct tgaaggaaac catcgaataa

<210>
<211>
<212>
<213>
<220>
<223>
<400>
atgatagcta
gaattcccag
aaaaagaccg
agctctttgg
ggcgtggacc
ccactagccg
tccattttcg
accggacgtg
gtggctgagg
tttggcgtct
tggcgttggg
ttcgtactga
gcggccatcg
tacgagtgga
ctcaccgtgt
aaccgcaaca
gtgctcggcet
ggcttgatga
atcatcgcta

tttgctttgt

153
1650
ADN
Chua biét

153

aaaactccac
tggccaatgc
cggataacgt
agcagatgat
agatgagctg
gtcagctcgg
ttattggctc
caatccaggg
ttgtctccge
cctccgtact
gcctgtggat
agctgcgcegt
caatcacgac
cttccccaac
tcattgagtc
tggttttgac
acatgccaac
tgatcccgat

agaccggcaa

ggtggatgtc

ImpE2 NT - V2I G64E

cccaagcacg
tgaaatggca
cggcattatc
tttcggttcc
ggtaatttca
tgaccgcatg
gacgctcggt
cttcggtgcc
acgtgagcgc
gggtccagtt
caacattcca
gggcgagcaa
cagcaccctg
tattttgtcc
gcgtgcatcc
caccctcgcece
ctacctgcag
gatggtcggce
ctacaagtac

ccagatgacc

gccggccacg
acgccttcag
ttcgctgcect
gctctgccaa
gcatttatgg
ggccgcaagt
ggctttgcca
ggcatcatga
ggcaagttca
ctcggtggct
ctgggtctgce
ggctttaagg
attctgctca
atggctgccg
cagccgctga
ggtactgttt
atggtgcaca
atgatcggtg
taccccatcg

gttgagactt

-01-

ccagtgctca
caatcgaccc
tgatgctcac
ccatcgtcgg
tcaccatgac
gggtctacat
atggcatggg
tgatttcctc
tgggtattat
ggttcaccga
tggcaattat
gctttgactg
ccacttgggg
tagtcatcgt
tcccggttcea
tgggtctggce
ccctgacgcec
tctccactgg

cgggcctggce

cattgaccgg

cactgcggaa
aaaccacggt
catgctgatg
cgagctcggce
cattgctatg
ctcaggtatc
catgctgatc
gcagtcgatt
gggcggcgte
tggtcccggt
tgtctgcgcet
gatgggtttt
cggaagcgaa
cggcgcgctg
gctatttaag

catgatgggc

1650

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

aactgaagca 1020

tgttggcttc 1080

catcacggcg 1140

tatcggagtt 1200



cgcttccttg
caaaactcct
cagattggtt
aatgagatgg
atttcgcage
gagcttcccg
gtgattggca
caagagcgct
<210>
<211>
<212>
<213>
<220>
<223>
<400>
ttgcatgctg
gggttaaggg
ttggttgatg
atttcccgac
tcctecggaac
ctcctgcage
gcgattcacg
gcgtttcgea
catcctgaaa
ggattcattc
ccagtgggtg
gaatgatagc
aagaattccc

gtaaaaagac

tgagctcttt

gcggcgtgga

tattcggtgt
tceetgtate
cggcattggg
ctacccgttt
agttccaagg
atgtcctccg
tgatggtgcc

tgaaggaaac

154
2312
ADN
Chua biét

154

tgcaagaagt
agcagaagcg
aatcgagctt
gcaccttttt
cgttgacgga
tgatggttga
accgtcgtca
aggaacgctc
aacaacgcgc
gcgaagccac
accgcatcta
taaaaactcc
agtggccaat
cgcggataac
ggagcagatg

ccagatgagc

39176

cggcttgggce
gcaggtcggt
tgcttccaté
gcctgatgcecc
tgcagatgcc
tgacgctatc
actggccatt

catcgaataa

ImpE NT - CJI0323

taatgacaat
attggcaacc
tgacaaagta
taattatttc
aaagcaacgc
gcagatcaaa
gcgaatcttt
acgggaaacc
cccagaattg
ctggatggct
tcgcgegatg
accccaagca
gctgaaatgg
gtcggcatta
attttcggtt

tgggtaattt

tttgtcatgce
actgccacgg
gtgggttcga
cttgcatcgt
gccaactcct
ttaaattcct

gttgcaatgc

gaagaagact
aagcatcgca
acaattgaag
agcacgaaag
aatgacttct
caacacttgg
gcggatccgg
atggagctaa
gatccggaaa
atctcacgac
gaattggtaa
cggccggceca
caacgccttc
tcttcgcetge
ccgctctgcece

cagcatttat

-02-

aggtactggt
cggctaataa
tgttcattca
tgggcaagga
tgactccgcea
acaatgacgg

tgattttgtt

ccctecectgg
tcgaagacgc
aaatttgcga
aaagcgccgt
tgaatgctga
agtcttctca
atgtcgcggt
tcgctcaacg
cagaggcgat
ccgatcgtga
agaattacac
cgccagtgct
agcaatcgac
cttgatgctc
aaccatcgtc

ggtcaccatg

gctgattgtt
cttcttcecge
caatatgcag
aggcgccgcet
cgcagtcgca
tctgaccccc

cccactgcgc

cagtgacctc
cgcgacacgg
agccgeceggg
tattggcgceg
cgccagcaat
ccagagtcaa
acgtgcaatg
tcttcgggag
gctgctgagce
ttgtgcactg
gaaaggactg
cacactgcgg
ccaaaccacg
accatgctga
ggcgagctcg

accattgcta

1260

1320

1380

1440

1500

1560

1620

1650

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



tgccactagc
tctccatttt
tcaccggacg
ttgtggctga
tctttggcegt
gttggcgttg
ctttcgtact
ttgcggccat
aatacgagtg
tgctcaccgt
agaaccgcaa
gcgtgctcegg
caggcttgat
tcatcatcgce
cgtttgcecttt
ttcgcttect
ttcaaaactc
gccagattgg
agaatgagat
ctatttcgca
cagagcttcc
ccgtgattgg

gccaagagcg

cggtcagctc
cgttattggc
tgcaatccag
ggttgtctcc
ctcctccegta
gggcctgtgg
gaagctgcgce
cgcaatcacg
gacttcccca
gttcattgag
catggttttg
ctacatgcca
gatgatcccg
taagaccggce
gtggtggatg
tgtattcggt
cttccctgta
ttcggcattg
ggctacccgt
gcagttccaa
cgatgtcctc
catgatggtg

cttgaaggaa

39176

ggtgaccgca
tcgacgctcg
ggcttcggtg
gcacgtgagc
ctgggtccag
atcaacattc
gtgggcgage
accagcaccc
actattttgt
tcgcgtgeat
accaccctcg
acctacctgc
atgatggtcg
aactacaagt
tcccagatga
gtcggcttgg
tcgcaggtceg
ggtgcttcca
ttgcctgatg
ggtgcagatg
cgtgacgcta
ccactggcca

accatcgaat

tgggccgcaa
gtggctttgc
ccggcatcat
gcggcaagtt
ttctcggtgg
cactgggtct
aaggctttaa
tgattctgct
ccatggctgc
cccagccgcet
ccggtactgt
agatggtgca
gcatgatcgg
actaccccat
ccgttgagac
gctttgtcat
gtactgccac
tcgtgggttc
cccttgcecatc
ccgccaactc
tcttaaattc
ttgttgcaat

aa

-03-

gtgggtctac
caatggcatg
gatgatttcc
catgggtatt
ctggttcacc
gctggcaatt
gggctttgac
caccacttgg
cgtagtcatc
gatcccggtt
tttgggtctg
caccctgacg
tgtctccact
cgcgggcectg
ttcattgacc
gcaggtactg
ggcggctaat
gatgttcatt
gttgggcaag
cttgactccg
ctacaatgac

gctgattttg

atctcaggta
ggcatgctga
tcgcagtcga
atgggcggcg
gatggtcccg
attgtctgcg
tggatgggtt
ggcggaagcg
gtcggcgcgce
cagctattta
gccatgatgg
ccaactgaag
ggtgttggcet
gccatcacgg
ggtatcggag
gtgctgattg
aacttcttcc
cacaatatgc
gaaggcgccg
cacgcagtcg
ggtctgaccc

ttcccactgce

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2312





