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(57) Sang ché dé cap dén vi sinh vat thudc chi Escherichia coli c¢6 kha nang san xuat L-

tryptophan dugc ting cudng va dén phuong phap san xuét L-tryptophan st dung vi sinh

vat ndy. Cu thé hon 13, sang ché dé cap dén bién thé Escherichia coli trong d6 viéc kiém
soat sy ngan chan va su suy gidm cua eperon tryptophan dugc giai phéng va sy tich tu cia
anthranilat duoc giam va nho d6 lam ting cudng kha ning san xuit L-tryptophan. Sang ché
cling dé cap dén phuong phap san xuit L-tryptophan st dung bién thé Escherichia coli.
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Linh vue k§ thuat dwoc dé cap

Sang ché @& cap dén vi sinh vat thudc chi Escherichia c6 kha nang san xuét L-
tryptophan dugc ting cuong va phuong phap san xuét L-tryptophan st dung vi sinh

vat nay.
Tinh trang ky thuat cia sing ché

L-tryptophan, axit amin thiét yéu, da duoc str dung mot cach rong rai lam chét
phu gia thtrc an, vat liéu thoé dung cho dugc chét trong y khoa nhu dung dich truyén va
vét liéu ding cho thuc phdm bd dudng va duge san xut bang quy trinh tbng hop hoa

hoc, phan ing enzym, 1én men, v.v..

Gén day, viéc san xuét L-tryptophan chii yéu duoc thuc hién bing quy trinh 1én
men Vi sinh vat. Trong giai doan khoi dau cta sw cong nghiép hoa, cac chung khang
trong ddng thu dugc bang su dot bién héa hoc chu yéu dugc st dung. Tuy nhién, ddi
v6i cac cong nghé tai td hop gen dugc phét trién mot cach nhanh chéng vao nhitng nim
1990 va cac co ché diéu hoa duogc hiéu & mic phan t, cic ching E. coli va
. Corynebacterium tai t6 hop thu dugc bang cac k§ thuat thao tac di truyén cha yéu duoc

st dung.

Viéc san xuét tryptophan boi céc vi sinh vat bt ddu véi DAHP (3-deoxy-D-
arobino-heptulosonat-7-phosphat) dugc tao ra bang quy trinh polyme héa PEP
(PhospoEnolPyruvate) ma la chdt trung gian cta quy trinh dudng phén, voi E4P
(erythroza-4-phosphat) ma 1a chit trung gian ctia con dudng pentoza phosphat. Sau do,
tryptophan dugc sinh tbng hop tir chorismat qua con dudng sinh tbng hop thom thong
thuomg. Cu thé 13, tryptophan dugc tbng hop bang anthranilat synthaza (EC 4.1.3.27)
dugc mi héa boi gen #rpE, anthranilat synthaza (EC 4.1.3.27) va anthranilat PRPP
transferaza (EC 2.4.1.28) dugc md hoa bdi gen trpD, indol-3-glyxerol phosphat
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synthaza (EC 4.1.1.48) va phosphoribosylanthranilat isomeraza (EC 5.3.1.24) dugc ma
héa boi gen trpC va tryptophan synthaza (EC 4.2.1.20) dugc ma hoa béi gen trpB va
gen trpA. Nhom gen trpEDCBA ma qua trung gian phan ung trén day dugc dat vao

nhiém séc the va c6 cau truc operon chira vung di€u hoa don 1€.

Operon tryptophan dugc phién ma mot cach tich cuc @é tao ra luong du cua
tryptophan dugc doi hdi bai t& bao. Tuy nhién, néu ham hrgng tryptophan trong té bao 1a
cao, thi chét trc ché gin két véi tryptophan va sau d6 1a operon tryptophan duoc lam bét
hoat bang su gin két ctia chét tc ché véi ving diéu hoa operon, nhd d6 sy phién ma

duoc tc che.

Ngoai ra, cic operon ddi v6i qué trinh sinh téng hop axit amin nhu threonin,
phenylalanin, leuxin, tryptophan va histidin ¢6 co ché diéu hoa khac da dugc biét 1a su
suy giam (J Bacteriol. (1991) 173, 2328-2340). Nhu da dugc biét dén trong linh vuc nay
ddi véi sy suy giam, trong cac diéu kién khong du axit amin, cdu tric ciia ARN thong
tin (mARN) c6 ving trinh ty ddc hi€u tuong Ung gitta trinh ty khéi dau (promoter) va
gen thtr nhit ctia operon trén nhiém sic thé, cac thay doi ddi véi cdu tric thuan lgi cho
quy trinh dich ma dé thic day su biéu hién cta gen sinh téng hop, nhung trong cac diéu
kién giau axit amin, ARN thong tin dugc phién ma ngén tao ra cu truc ba chiéu, cu thé

1a “céu tric kep toc, dé e ché quy trinh dich ma (J Biol Chem., (1988) 263:609-612).

Trong giai doan dau ciia sy phat trién cac chung san xuit L-tryptophan, muc dich
chinh 13 1am tang hi€u qua cda quy trinh san xuét théng qua viéc ting cudong hoat tinh
enzym bang cach giai phéng su trc ché nguoc clia enzym cia con dudng sinh téng hop
tryptophan do san pham cudi, tryptophan giy ra hoic bang cach 1am ting sb lugng ban
sao clia gen operon tryptophan trén nhiém sic thé hodc & dang vecto dé 1am ting cudong
su bidu hién cia enzym sinh tdng hop tryptophan (Appl. Environ. Microbiol., (1982)
43:289-297; Appl. Microbiol. Biotechnol., (1993) 40:301-305; Trends Biotechnol.,
(1996) 14:250-256).

Céc phuong phép tic dong dén kha ning tao ra L-tryptophan db6i véi sinh vat bao
gbdbm phuong phdp tac dong dén kha nang khang véi chét tuong tu tryptophan hodc
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anthranilat nhu san phim trung gian boi sy dot bién héa hoc hodc phuwong phap cai bién
vi sinh vét bing k§ thuat thao tac di truyén. Vi du vé phuwong phap dot bién hoa hoc bao
gdm cac phuong phép dugec mé ta trong don yéu cu cdp patent Han qudc sb 1987-
0001813, don yéu cdu cip patent Han qubc sé 0949312 va twong tu va cac vi du vé
phuong phap cai bién dua trén k§ thuat thao tac di truyén bao gdm cic phuong phap
khac nhau ma st dung chung thu dugc bing cach lam ting cudng gen tkt4 ma hoa
transketolaza hodc gen galP ma héa galactoza permeaza trong con dudng sinh téng hop
axit amin thom dé lam ting viéc cdp E4P (erythroza4-phosphat) hoic PEP
(phosphoenolpyruvat) va lam giam su c ché ngugc ciia DAHP (3-deoxy-D-arabino-
heptulosonat-7-phosphat) ¢ lam ting cudong con dudng sinh tbng hop thom (Trends
Biotechnol.,(1996)14:250-256, Microbial Cell Factories (2009) 8:19), hodc ching thu
duoc bing cach dwa bd sung gen operon tryptophan vao vecto hozic nhidm sic thé
(Appl. Environ. Microbiol., (1982) 43:289-297, Appl. Microbiol. Biotechnol., (1993)
40:301-305).

Tuy nhién, thdm chi mdc du operon tryptophan dugc dua vao véi viée gidi phong
su rc ché ngugc cta enzym sinh tdng hop, cac phuwong phap nay khong dat duge viée
gia tang hiéu suét san xut tryptophan, do cac co ché diéu hoa nhu sy @c ché hodc su

suy giam gen operon & murc phién ma.
Bén chat ky thuat cia sang che

Céc tac gia sang ché da phat trién phuong phap giai phong su trc ché hoic suy
giam gen operon tryptophan & mtrc phién ma trong chung san xuét L-tryptophan va
phuong phap c6 kha ning lam ting cudng enzym sinh téng hop tryptophan st dung vi
sinh vat ndy. Ngoai ra, d& giai quyét vin dé trong d6 hiéu sut san Xuét ciia chiing san
xuét tryptophan khong gia ting do su két ling anthranilat nhu operon tryptophan duoc
tdng cuong, cac tac gia sang ché da tao cdu triic ching san xuét tryptophan cé hiéu suit
san xudt gia ting va mirc két ling anthranilat thip bang viéc biéu hién nhém gen khac
v6i gen ma hoa anthranilat synthaza (TrpE) trong sd cac gen operon tryptophan nhu

dang ma duogc kht nhay co ché diéu hoa nhu sy e ché ngugc hodc co ché e che.
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Muc dich cua séng ché 14 d& xuét vi sinh vat thudc chi Escherichia c¢6 kha nang
san xuét L-tryptophan duoc ting cudng bang cich cai bién dé khir nhay su tc ché hodic

su suy giam clia operon tryptophan va lam giam su ling dong cta anthranilat.

Muc dich khéac ciia sang ché 1a dé xuét phuong phéap san xuét L-tryptophan st

dung vi sinh vat thudc chi Escherichia.

DPé hoan thanh cic muc dich trén ddy, phuong 4n cia sang ché dé xuét vi sinh
vat tai td hop thudc chi Escherichia c6 kha niang san xuit L-tryptophan dugc ting
cudng ma dugce cai bién dé lam khuyét doan mot phén hoic toan bd peptit din dau co
trinh tu nucleotit duoc bidu thi bdi SEQ ID NO: 2 trong ving diéu hda su biéu hién c6

trinh tu nucleotit dugc biéu thi bdi SEQ ID NO: 1 trén operon tryptophan ndi sinh.

Phuong 4n khéc cia sang ché cling dé xuit phuong phap san xuét L-tryptophan,
bao gém budc nudi céy vi sinh vat tai tb hop thudc chi Escherichia dugc mo ta trén

day.

Vi sinh vat tai td hop dugc tao ra theo sang ché loai trir viée léng dong qua muc
cua anthranilat trong dé va cé thé duoc st dung mot cach thudn logi dé tao ra L-

tryptophan véi hiéu suat cao.
MG ta van tat cac hinh vé

FIG.1 14 hinh v& theo biéu dd biéu dién gen operon tryptophan, viing diéu hoa

d6i v6i gen trong nhiém sic thé E. coli va dang loai bé clia gen dugc mo ta trong sang

7
A

ché.

A) Gen operon tryptophan, va ving diéu hoa ctia né trong nhiém séc thé E. coli

(Ptrp);
B) Dang Ptrp;
C) Dang ma gen trpL ma héa peptit dan dau duoc loai bo (DtrpL); va

D) Dang ma gen #rpL mi héa peptit dan ddu va doan suy giam dugc loai bd
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(Dtrp_att).

FIG.2 1a vecto pCL-GFP dugc sir dung dé do cudng do clia viing diéu hoa su

biéu hién cia operon tryptophan.

FIG.3 1a vecto pINT17E-Patt-trpDCBA dé dua gen sinh tdng hop tryptophan

trpDCBA vao nhiém sic thé dé 1am tang s lugng ban sao cia gen.
M5 ta chi tiét sang ché
Sau day, sang ché s& duoc mo ta chi tiét.

Theo mot phuong 4n, sang ché dé xudt vi sinh vét tai td hop thudc chi
Escherichia c6 kha nang san xuét L-tryptophan dugc ting cudng, ma duge cai bién dé
lam khuyét doan mot phin hoic toan bd peptit dan dAu c6 trinh ty nucleotit dugc biéu
thi bdi SEQ ID NO: 2 trong vung didu hoa su biéu hién c6 trinh ty nucleotit duogc biéu
thi bdi SEQ ID NO: 1 trén operon tryptophan ndi sinh.

Nhu dugc st dung trong ban md ta nay, thudt ngit “operon tryptophan” hodc
“operon Trp” c6 nghia la toan bd operon bao gbm tit ca gen trpEDCBA. Operon
tryptophan c6 trinh tu nucleotit dugc biéu thi bai SEQ ID NO: 9.

Vi sinh vat san xuét L-tryptophan ma c6 thé dugc st dung trong sang ché c6 thé
1a vi sinh vat chua c6 nhén that hodc c6 nhén that bét ky mién 13 ching c6 kha ning san
xuét L-tryptophan. Vi du vé vi sinh vat ndy c6 thé bao gém céc vi sinh vét thudc chi
Escherichia, chi Erwinia, chi Serratia, chi Providencia, chi Corynebacterium va chi
Brevibacterium. Cu thé 13, vi sinh vat 1a vi sinh vét thudc chi Escherichia, va cu thé hon
14 E. coli. Cu thé nhét 13, ching E. coli cta sang ché c6 thé 1a ching thu duge bang cach
lam tdng cudng hoat tinh cia enzym sinh tbng hop tryptophan nhu anthranilat synthaza
(TrpE), anthranilat PRPP transferaza (TrpD), phosphoribosyl anthranilat isomeraza
(TrpC) hodc tryptophan synthaza (TrpA, TrpB) trong khi duy tri 3-deoxy-D-arabino-
heptulosonat 7-phosphat synthaza (aroG) ma dugc giai phéng dé e ché nguoc, 1am ting

cuong hoat tinh cua cac enzym ctia con dudng sinh tbng hop thom nhu 3-dehydroquinat
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synthetaza (AroB), shikimat dehydrogenaza (AroE), shikimat kinaza (AroL), 5-
enolpyruvylshikimat-3-phosphat synthaza (AroA) hodc chorismat synthaza (AroC), lam
ting cuong hoat tinh ciia phosphoglyxerat dehydrogenaza (SerA) hodc transketolaza
(TktA) dé lam ting cudng viéc cung cép cua cac hop chét trung gian, serin va PRPP,
ctia con dudng sinh téng hop tryptophan. Hon nita, ching E. coli cla sang ché co thé 1a
ching thu duoc bing cach lam bAt hoat hoat tinh cua prephenat dehydrataza va
chorismat mutaza (PheA) trong con dudng sinh tbng hop thom hoc lam bét hoat hoat
tinh cua prephenat dehydrogenaza, chorismat mutaza (tyrA), tryptophanaza (tnaA) va
gen van chuyén tryptophan (tnaB, mtr).

Cu thé hon 1, vi sinh vt tai t5 hop clia séng ché 1a chung E. coli tai tb hop

CA04-2004 (6 luu gitt : KCCM11246P).

~, 6

Nhu dugce sir dung trong ban mo ta nay, thuat ngit “vung diéu hoa biéu hién” clia
operon tryptophan ndi sinh c¢6 nghia la ving bao gdm trinh tu khoi dAu, peptit dan dau
va cdc doan suy giam ndi sinh. Cu thé 1a, ving didu hoa su biéu hién co trinh tu

nucleotit duge biéu thi boi SEQ ID NO: 1.

Nhu duge st dung trong ban mo ta ndy, thuit ngit “peptit dan dau” c6 nghia 1a
peptit trong luong phén tir thip ma dugc ma héa béi trinh ty din diu nguoc dong cua
codon khéi ddu cia gen. Cu thé 13, peptit dan dAu ¢6 trinh tw nucleotit dugc biéu thi boi
SEQ ID NO: 2, va polypeptit ma dugc biu hién bdi peptit dAn diu co thé 14 trinh tu axit
amin duoc bidu thi bdi SEQ ID NO: 4. Peptit din diu c¢6 chirc ning tao ra céu tric kiéu
kep toc khi ndng do cia tryptophan 1& & muc cao, nho d6 thic day sy hinh thanh cu
tric cua doan suy gidm ndi sinh dé két thuc su phién ma cla gen sinh tbng hop

tryptophan.

Nhu duoc st dung trong ban mo ta nay, thudt nglt “loai bd” c¢6 nghia 1a loai bo
mdt phin hodc tit ca céc trinh tu nucleotit ra khoi codon khai dAu tir codon nglmg ctia

gen dich hodc trinh tu nucleotit cia ving dicu hoa ctia n6, ra khoi nhiém stre the.

Theo mot khia canh, séng ché cling dé xult vi sinh vat tai td hop thudc chi
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Escherichia, ma con dugc cai bién dé lam khuyét doan mdt phr?m hodc toan bd viing suy
giam ndi sinh c¢6 trinh tu nucleotit dugc biéu thi bdi SEQ ID NO: 3 dé lam tang cub‘hg
kha nang tao ra L-tryptophan.

Nhu dugc st dung trong ban md ta nay, thuat ngit “doan suy gidm noi sinh” c6
nghia 1a viing c6 trinh tu nucleotit duoc biéu thi béi SEQ ID NO: 3, ma loai trir trinh tu

khai dau va peptit dan dau trong ving diéu hoa sy bieu hién ma gay ra co ché suy giam.

Theo mot khia canh, sang ché cling dé xuat vi sinh vat thudc chi Escherichia, ma
con dugc cai bién dé lam tang hoat tinh cia protein ma dugc ma hoda bdi operon

tryptophan.

Khia canh cta sang ché cling d€ xuat vi sinh vét thudc chi Escherichia, ma con
duoc cai bién dé lam tang hoat tinh cia protein ma dugc ma héa béi nhém gen sinh tong

hop tryptophan trpDCBA loai trir gen trpE ma hoa anthranilat synthaza.

Nhu duge sit dung trong ban mé ta ndy, thudt ngit “nhém gen sinh tong hop
tryptophan” c6 nghia 1a nhom gen gdm ¢6 td hop ciia hai hodc nhiéu trong sb trpD,
trpC, trpB va trpA ma la gen operon tryptophan. Cu thé 13, nhom gen sinh téng hop
tryptophan c6 thé 1a nhém gen #rpDCBA c6 trinh ty nucleotit dugc biéu thi béi SEQ ID
NO: 10. Trong ban mé ta nay, gen ##pD ma hda protein c6 trinh tu axit amin dugc biéu
thi bdi SEQ ID NO: 37; gen trpC ma héa protein co trinh tu axit amin dugc biéu thi boi
SEQ ID NO: 38; gen trpB mé hoa protein c6 trinh ty axit amin dugc biéu thi bsi SEQ
ID NO: 39; va gen trpA ma hoa protein co trinh ty axit amin dugc biéu thi boi SEQ ID
NO: 40.

Viéc lam tang cuong hoat tinh cua nhém gen sinh tdng hop tryptophan ngoai trix
d6i v6i anthranilat synthaza ma duge ma hoa bdi gen #pE cia operon tryptophan dugc
thuc hién dé giai quyét van d& ma hiéu sudt san xuét cua tryptophan khong gia ting do

su ling dong ciia anthranilat nhu operon tryptophan dugc ting cudng.

Cac phuong phép lam gia tdng su biéu hién cua cac gen bao gdm: 1) phuong

phép lam tang sd luong ban sao cac gen trong nhiém sic thé hodc ndi bao; hoic 2)
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phwong phap thay thé trinh tw khéi dau cta gen trong nhiém séc thé bing trinh tu khoi
dau ngoai sinh manh hogc ci bién trinh tw khéi dau trong nhiém séc thé thanh trinh ty

khéi dau manh.

Vi du vé& phuong phép 1am ting s6 lugng ban sao bao gdm phuong phap dua gen
vao vecto dé 1am tang cudng su biéu hién cia gen. Cac vi du vé vecto ma c6 thé duge
st dung trong sang ché bao gdm céc vecto plasmit nhu cic plasmit loai pBR, pUC,
pBluescriptll, pGEM, pTZ, pCL va pET; Céc vecto ma c6 thé duoc sir dung trong sang
ché 1a khong bi gioi han cu thé va cic vecto biéu hién da dugc biét dén bét ky c6 thé
duoc sir dung. Cu thé 13, cac vecto pACYC177, pACYC184, pCL, pECCG117, pUC19,
pBR322 hodc pMW118 co thé dugc sir dung. Cu thé nhét 13, cac vecto pACYC177,
pCL va pCC1BAC c6 thé dugc sir dung.

Trong khi d6, cac vi du v trinh tu khéi dau ngoai sinh ma cé thé dugc st dung
trong sang ché bao gdm, nhung khéng chi gidi han &, cac trinh tw khéi dau da duoc biét
dén nhu céc trinh ty khoi dau tre, lac va tac. Ngoai ra, viéc cai bién trinh ty khoi du
trong nhiém sic thé thanh trinh tu khéi diu manh c6 thé dugc thuc hién bang cach loai
b6 mot phan hoic toan bd peptit dan dau va/hodc loai bd tiép mot phén hodc tht ca cac

doan suy giam ndi sinh nhu dugc mo ta trén day, nhung khong bi gidi han dén chung.

Theo phuong 4n cu thé cia sang ché, vi sinh vat san xuét L-tryptophan téi t6 hop
thudc chi Escherichia dugc tao ra béng cach loai bé mot phén hodc toan b peptit din
dAu c6 trinh tu nucleotit duoc bidu thi bdi SEQ ID NO: 2 trong ving didu hoa su biéu
hién ¢6 trinh tu nucleotit dugc biéu thi boi SEQ ID NO: 1 trén operon tryptophan noi
sinh va loai bé mét phan hodc toan by viing suy giam noi sinh ¢ trinh tu nucleotit dugc
bidu thi bdi SEQ ID NO: 3 dé 1am ting kha nang tao ra L-tryptophan. Ngoai ra, vi sinh
vat san xuét L-tryptophan tai td hop duoc tao ra bang cach 1am tang cudng tiép hoat
tinh ctia protein ¢ trinh ty axit amin dliqc biéu thi béi SEQ ID NO: 37, 38, 39 va 40,
ma duge ma hoa béi nhém gen sinh tdng hop tryptophan trpDCBA loai trir gen trpE ma
héa anthranilat synthaza. Vi sinh vat tai td hop duogc tao ra dugc luu gitt voi s6 luu gitt

KCCM11246P.
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Theo phuong 4n khac, sang ché ciing d& xudt phuwong phap san xuit L-
tryptophan, bao gdm budc nudi ciy vi sinh vat san xuat L-tryptophan tai t& hop thudc

chi Escherichia c6 kha ning san xuét L-tryptophan dugc ting cudng.

Theo khia canh cu thé, sang ché d& xuét phuong phap bao gdm budc nudi ciy vi
sinh v4t san xut L-tryptophan t4i t6 hop thudc chi Escherichia c¢6 kha nang san xuét L-
tryptophan dugc ting cudng, ma dugc cai bién dé 1am khuyét doan mét phan hoic toan
bd peptit dan d4u c6 trinh tu nucleotit duge biéu thi bdi SEQ ID NO: 2 trong vung didu
hoa sy biéu hién c6 trinh t nucletotit duge biéu thi béi SEQ ID NO: 1 trén operon
tryptophan néi sinh va dé loai bé mét phan hogc toan bd viing suy gidm ndi sinh ¢6 trinh
tu nucleotit duoc biéu thi béi SEQ ID NO: 3 dé lam ting kha ning tao ra L-tryptophan,
va con 1am tang hoat tinh clia protein ma dwoc ma héa bai operon tryptophan bang cach
lam tang cudng sy biéu hién ctia nhom gen sinh tdng hop tryptophan trpDCBA loai trir
gen trpE mé hda anthranilat synthaza.

MBoi treong va cac diu kién nudi cdy ma duoc st dung trong nubi cdy vi sinh
vat clia sang ché c6 thé 1a méi trudng va diéu kién ma duoc st dung trong nudi céy Vi
sinh vat thudc chi Escherichia, ma théa man mdt cach thich hop cac yéu cu cia vi
sinh vét ciia sang ché. Cu thé 13, vi sinh vat clia sng ché c6 thé dugc nudi ciy trong
moi truong théng thudng chira ngudn cacbon thich hop, ngudn nito, axit amin, vitamin
va tuong ty trong céc diéu kién hiéu khi trong khi diéu chinh nhiét d9, d6 pH va twong

tu.

Ngudn cacbon ma c6 thé duoc st dung trong sang ché bao gbm cac hydrat
cacbon nhu glucoza, fructoza, sucroza, maltoza, manitol, sorbitol; cadc rugu nhu dudng
ruou, glyxerol, axit pyruvic, axit lactic va axit xitric; va céc axit amin nhu axit hitu co,
axit glutamic, methionin va lysin. Ngoai ra, cac ngudn dinh dudng hitu co ty nhién nhu
tinh bot hydrolysat, ri dwdng, mat mia, cdm gao, bot sin, bd mia va nuéc ngd c6 thé
duoc st dung. Cu thé 13, cac hydrat cacbon nhu glucoza va ri duong dugc xtt Iy so bd

vO trung (nghia 13, ri dudng dugc chuyén héa thanh duong khir) c6 thé duoc sir dung.
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Ngoai ra, lwong thich hop cta cac ngudn cacbon khac ¢ thé duoc sir dung ma khong

bi gidi han.

Céc ngudn nito ma c6 thé dugc St dung trong sang ché bao gébm céc ngudn nito
vd co nhu amoniac, amoni sulfat, amoni clorua, amoni axetat, amoni carbonat va
amoni nitrat; cac axit amin nhu axit glutamic, methionin va glutamin; va céc nguén
nito hitu co nhu pepton, NZ-amin, dich chiét thit, dich chiét nAm men, dich chiét mach
nha, dich léng U ngii cbe, cazein hydrolysat, bdt ca hodc san phérn ti€u hoa duoc cua
nd, banh ddu twong dugc khir béo hodc san phém ti€u hdéa dugc cua no, v.v.. Cac

ngudn nito nay cé thé dugc str dung riéng 1é hogc trong t hop.

Moi trudng c¢6 thé chira, lam ngudn phospho, kali phosphat monobazo, kali
phosphat dibazo va cac mubi chira natri trong tmg. Cac hop chét vé co ma c6 thé duoc
st dung trong sang ché bao gém natri clorua, canxi clorua, sit clorua, magie sulfat, sit
sulfat, mangan sulfat va canxi carbonat. Ngoai ra, moi truong cé thé chira axit amin,
vitamin va cac tién chét thich hop. Cac ngudn hoic tién chét nay c6 thé duoc bd sung

vao moi truong theo mé hodc theo céach lién tuc.

Céc hop chit nhu amoni hydroxit, kali hydroxit, amoniac, axit phosphoric va
axit sulfuric c6 thé dugc bd sung vao mdi trudng theo cach thich hop trong khi nudi
chy @& diéu chinh do pH cia moi trudng nudi cly. Ngoai ra, trong khi nudi ciy, chat
chéng tao bot nhu polyglycol este cla axit béo cd thé dugc st dung dé ngan chan sy
hinh thanh bot. Hon nita, dé duy tri méi trudng nudi cAy trong trang théi ua khi, oxy
hodc khi chira oxy c6 thé dugce phun vao moi trudng nudi cdy. Ngoai ra, dé duy tri moi
trudng nudi ciy trong trang thai ky khi hodc khong hiéu khi, khong c6 khi nao dugc
phun, hodc khi nito, hydro hodc cacbon dioxit cd thé dugc phun vao moi trudng nudi

cay.

MBoi truong nudi cdy thuong dugc duy tri & nhiét do nam trong khoang tir 27°C
dén 37°C, va cu thé 1a nim trong khoang tir 30°C dén 35°C. Viéc nuoi cdy vi sinh vat
¢6 thé duoc tiép tuc cho dén khi ham lugng chit hitu ich mong mubn s& thu dwgc. Cu

th8 13, thoi gian nudi cdy 14 co thé ndm trong khoang tir 10 dén 100 gio.
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Phuong phép theo sang ché con c6 thé bao gdm bude tinh ché hodc thu hdi axit
L-amin duoc tao ra trong budc nudi cdy. Quy trinh tinh ché hoic thu hdi ¢6 thé duge
thuc hién bang cach tinh ché hoic thu hdi axit L-amin mong muén tir méi trudng nudi
ciy bang cach sir dung phuong phap thich hop, vi du, phuong phap nudi ciy theo mé,

lién tuc hodc mé nap.

Sau day, sang ché s€ dugc mo ta chi tiét hon tham chiéu dén céc vi du. Tuy
nhién, can dugc hi€u rang cac vi du nay chi nham muc dich minh hoa va khong nham

muc dich lam gidi han pham vi cia sdng ché.
Vi du thue hién sang ché

Vi du 1: Tao cAu triic ciia vecto dung hgp bao gdm GFP va viing diéu hoa sy biéu hién
ma tir d6 peptit dn dau duoc loai b, dé giai phong su diéu hoa biéu hién ddi véi qua

trinh sinh téng hop tryptophan

Nhu duoc thé hién trén FIG.1, dé tinh ché ving diu hoa sy biéu hién bao gdm
viéc loai bd gen #pL ma hoa peptit dan du (L) (ving diéu hoa sy biéu hién nay sau
day dugc goi 1a “DtrpL”, twong tmg véi FIG.1C) trong viung diéu hoa sy biéu hién cta
operon tryptophan ma gdm c6 trinh trr khéi dau (P), peptit ddn dau (L) va doan suy
giam (A), phan tng chudi polymeraza (sau ddy duoc goi 1a “PCR”) dugc thuc hién
bing cach sit dung ADN nhiém sic thé cua ching E.coli W3110 (dugc mua tir
American Type Culture Collection (ATCC); S6 luu giit tai GenBank AC000091) 1am

khudn mau.

Cu thé 13, manh 155bp c6 vi tri enzym gi6i han Kpnl trong ving 5° dugc
khuéch dai bdi PCR véi Pfu polymeraza st dung cac doan mdi 1 va 2 trong cac didu
kién sau day: 30 chu ky, mdi chu ky gdm c6 sy bién tinh & 94°C trong 1 phut, nung &
58°C trong 30 gidy va su kéo dai & 72°C trong 30 gidy. Trong khi d6, manh 105bp c6
vi tri enzym gii han EcoRV trong vung 3° dugc khuéch dai bdi PCR st dung céc doan

moi 3 va 4 trong cic diéu kién duoc mé ta trén ddy. Cdc manh ADN thu dugc dugce thu
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hdi bang cach sir dung kit GeneAlIR Expin™ GEL SV (Seoul, Korea), va sau d6 dugc

str dung 1am khuén mau ddi véi PCR lién két ngang.

Pé tao ra DtrpL, PCR lién két ngang c6 thé duoc thuc hién bang cach sir dung
hai manh ADN lam khu6n mau va cac doan mdi 1 va 4. Cu thé 13, manh 245bp (SEQ
ID NO: 5) dugc khuéch dai bai PCR trong cac didu kién duge md ta trén day. Manh
duoc khuéch dai dugc xir ly béng cac enzym gidi han Kpnl va EcoRV, va sau d6 duogc
ndi bing pCL1920GFP (SEQ ID NO: 8) ma dugc xtt ly bing ciing enzym gi6i han,
nho d6 tao ciu tric pCL-DtrpL._GFP.

Dé khuéch dai ving diéu hoa su biéu hién bao gbm viéc loai bd cac gen ma hoa
peptit dan dau (L) va doan suy giam (A) (viing diéu hoa su biéu hién sau day duoc goi
la “Dtrp_att”) trong vung diéu hoa su biéu hién cta operon tryptophan, manh 148bp
(SEQ ID NO: 6) c6 vi tri enzym gidi han Kpnl trong vung 5° va vi tri enzym gi6i han
EcoRV trong ving 3° duoc khuéch dai béi PCR bing cach str dung ADN nhiém sic
thé cia ching E. coli W3110 lam khudn mau va cac doan mdi 1 va 5. Méanh dugc
khuéch dai duge xtr Iy bing enzym gidi han Kpnl va EcoRV, va sau d6 dugc nbi bang
pCL1920GFP ma dugc xur ly bing cling enzym giéi han, nhd d6 tao céu trac pCL-
Dtrp_att-GFP.

Ngoai ra, dé tao ra vecto c6 ving diéu hoa sy biéu hién kiéu dai dé st dung lam
dbi chung trong cac thir nghiém tiép theo, manh 290bp c6 vi tri enzym gi6i han Kpnl
trong vung 5’ va vi tri enzym giéi han EcoRV trong ving 3’ duoc khuéch dai boi PCR
bing cach sit dung ADN nhiém sic thé cua ching E.coli W3110 lam khuon mau va
cac doan mdi 1 va 4. Manh duoc khuéch dai dugc xir ly bé‘lng céc enzym gidi han Kpnl
va EcoRV, va sau d6 duge ndi bang pCL1920GFP ma dugc xit Iy bing cling enzym
gioi han, nho do tao cAu tric pCL-Ptrp-GFP.

Poan modi 1:
5' TTAGGTACCGGCGCACTCCCGTTCTGGATA 3' (SEQ ID NO: 11);

Poan moi 2:
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5' ACTGCCCGTTGTCGATACCCTTTTTACGT 3' (SEQ ID NO: 12);

DPoan mdi 3:

5' TCGACAACGGGCAGTGTATTCACCATG 3' (SEQ ID NO: 13);

Poan moi 4:

5' AATGATATCTGTTATTCTCTAATTTTGTT 3' (SEQ ID NO: 14);

Poan mdi 5:

5' AATGATATCACCCTTTTTACGTGAACTTG 3' (SEQ ID NO: 15).
Vi du 2: Do mirc biéu hién ctia GFP

MBbi trong sb6 vecto pCL-DtrpL. GFP, pCL-Dtrp_att-GFP va pCL-Ptrp GFP
duogc tao ra trong Vi du 1 duogc bién nap vao E. coli W3110 kiéu dai va chung E. coli

KCCM10812P san xuét tryptophan va sau d6 mirc d6 GFP trong ching dugc do.

Chiing b me E. coli KCCM10812P (dang ky patent Han qudc sb 10-0792095)
duoc st dung trong Vi du ndy 14 ching thu duoc tir bién thé E. coli c6 kha nang san
sudt L-phenylalanin (KFCC 10066, c6ng bd patent Han qudc s6 1985-0001232). Cu
thé 1a, KCCM10812P 1a ching E. coli tai tb hop c¢6 kha ning san xuit L-tryptophan,
trong d6 ching nay duoc cai bién dé phuc hdi hién twong khuyét dudng tryptophan, dé

lam bét hoat céac gen pheA, trpR, mtr va tnaAB va dé tao dot bién gen aroG va trpE.

Cu thé 13, mbi trong sb cac ching duoc tiém vao 25ml méi truong M9 (chtra
0,5% glucoza + 2 g/L dich chiét ndm men va 0,1g/L tyrosin va 0,1g/L phenylalanin
trong trudng hop KCCM10812) trong binh thét ¢b 250ml véi ty 18 thé tich 1/100 (thé
tich) va duoc nudi cdy & 37°C cho dén khi dat dugc OD. Thu gom céc ching dugc
nudi cdy bang viéc ly tim va rira mot 1an bang 1xTE, va do GFP trong d6 bang cach s

dung B0 doc da dia da phuong thirc Synergy HT (Biotek, USA).
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Céc két qua cua phép do duoc thé hién trong Bang 1 dudi day. OD1 va OD3
trong Bang 1 cho biét gi4 tri OD duoc do & 600nm st dung phd ké tia cuc tim mini-
1240 (Shimadzu) sau khi pha lodng mdi trong s& cac san phidm nudi cay dén ndng do

thich hop.

Nhu dugc thé hién trén FIG.1, trong trudng hop ching W3110 kiéu dai, dbi voi
Ptrp as 1, cudong do twong ddi ctia Dtrp_att (bao gdm viéc loai bo peptit din dau va
doan suy giam) 14 gip khoang 7 1an & gia tri OD bang 1 (OD1) va 10 lan & gi4 tri OD
bing 3 (OD3), va cudng d6 tuwong ddi cia DtrpL bao gbm viéc loai bé chi peptit din
dAu cao hon gp khoang tir 1,5 dn 2 14n so véi cudng do cta ving diéu hoa kiéu dai
(Ptrp). Khi so sanh véi trudng hop ndy, trong trudng hop ching sin xuét L-
tryptophann KCCM 10812P, dbi vé6i truong hop ctia Ptrp duge liy 14 1, cuong do
turong ddi cua Dtrp_att (bao gbm viéc loai bod peptit dan dau va doan suy giam) 1a gép
khoang 19 14n & gia tri OD bang 1 (OD1) va 27 lan & gi4 tri OD bang 3 (OD3), va
cudng do twong dbi ciia DirpL bao gbm viéc loai bo chi peptit din dau cao hon gip
khoang 4 14n so v6i ving diéu hoa kiéu dai (Ptrp). Cac két qua nay cho biét rang viéc
loai bd peptit dan d4u hodc doan suy giam dan dén viéc gia ting sy biéu hién, thAm chi
qua viéc gia ting su biéu hién nay trong chiing kiéu dai 12 yéu hon so véi trong chiing

san xuit L-tryptophan.

Bang 1
Chung Trinh ty khéi dau Do GFP (lan)
OD1 OD3

Dtrp_att 6,5+0,7 9,6+1,1

W3110 DtrpL 1,5+0,2 2,4+0,3
Ptrp : 1 1
Dtrp_att 18,9+1,3 27+2,0

KCCM10812P DtrpL 3,8+0,5 3,9+0,8
Ptrp 1 1
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Vi du 3: Tao cdu tric vecto ¢6 operon tryptophan (trpEDCBA) ma ving diéu hoa sy

biéu hién ctia chiing duoc thay thé

Dua trén céc két qua cta Vi du 2, dé tao céu tric ching E. coli ma gen operon
tryptophan cia ching dugc ting cudng bang cach sir dung vecto, manh 6564bp (SEQ
ID NO: 9) duoc khuéch dai bang cach st dung ADN nhiém séc thé ctia chiing bd me E.
coli KCCM10812P 1am khudn mau va cac doan mdi 6 va 7 trong céc diéu kién PCR

dugc mo ta trén day.

Manh ADN duoc khuéch dai duge thu gom bang cach st dung kit GeneAllR
Expin™ GEL SV (Seoul, Korea), va sau d6 dugc xir Iy bang enzym gi6i han EcoRV
va Hindlll. P& tao dong véi manh ADN dugc tao ra, mdi trong s6 vecto pCL-Dtrp_att-
GFP, pCL-DtrpL._GFP va pCL-Ptrp_GFP dugc xit Iy biang EcoRV va HindIIl dé loai
bé vung GFP, nh¢ d6 thu dugc cac manh 4291bp. MBOi trong sb cac vecto duoc tao ra
duoc nbi b%mg viéc xen vao va sau do dugc dua vao E. coli DH5a nho su bién nap, nho
d6 tao ciu tric vecto pCL-Dtrp att-trpEDCBA, pCL-DtrpL_trpEDCBA va pCL-
Ptrp_trpEDCBA.

DPoan mdi 6:
5' CCCGATATCATGCAAACACAAAAACCGAC 3' (SEQ ID NO: 16);
Poan mdi 7:

5" GGGAAGCTTAAAGGATCCGTGGGATTAACTGCGCGTCGCCGCTTT
3' (SEQ ID NO: 17).

Vi du 4: Tao cau tric vecto ma vung di€u hoa sy biéu hién cia ching dugc thay thé va

¢6 nhoém gen sinh téng hop tryptophan (trpDCBA) loai trit trpE

Dé tao céu tric vecto bing cach thay thé ving GFP cta cac vecto pCL-
Dtrp_att-GFP, pCL-Dtrpl._GFP va pCL-Ptrp_GFP duoc tao ra trong Vi du 1 véi
trpDCBA, mdi trong s6 cac vecto pCL Dtrp att-GFP, pCL-Dtrpl. GFP va pCL-

-16-



26479

Ptrp GFP dugc xir Iy bang EcoRV va HindIIl d loai bd ving GFP, nhd d6 thu duogc
cac manh 4291bp.

Sau d6, dé tao cAu trac ching E. coli ma cac gen trpDCBA cua chiing chira
operon tryptophan dugc tdng cudong bang céch st dung vecto, manh 5002-bp (SEQ ID
NO: 10) duge khuéch dai boi PCR bang cach sir dung ADN nhiém séc thé ciia ching

bd me E. coli KCCM10812P 1am khudn mau va cac doan moi 7 va 8.

Manh ADN duogc khuéch dai duge thu gom bang cach sir dung kit GeneAlIR
Expin™ GEL SV (Seoul, Korea), va sau d6 duge xir Iy bang enzym gi6i han EcoRV
va Hindlll. Vecto duoc tao ra va vat xen dugc ndi v&i nhau va sau d6 duge dua vao E.
coli DH5a nho sy bién nap, nho d6 tao chu tric cac vecto pCL-Dtrp_att-trpDCBA,
pCL-DtrpL._trpDCBA va pCL-Ptrp_trpDCBA.

Poan moi 8:
5' AAAGATATCATGGCTGACATTCTGCTGCT 3' (SEQ ID NO: 18).

Vi du 5: Tao cu triic vecto c¢6 sd lugng ban sao gen operon tryptophan thip co6 cac

vung di€u hoa sy bicu hién khéc nhau

Vecto thong thuong ma duge biéu hién véi s6 lwong ban sao gen thap trong E.
coli 1a pCC1BAC (Epicentre, USA). Pé biéu hién gen operon tryptophan véi sb lwgng
ban sao thip st dung vecto nay, pCL-Dtrp_att-trpEDCBA, pCL-DtrpL_trpEDCBA,
pCL-Ptrp_trpEDCBA, pCL-Dtrp_att-trpDCBA, pCL-DtrpL_trpDCBA  va  pCL-
Ptrp_trpDCBA dugc tao ra trong cac Vi du 3 va 4 duoc phén giai bing enzym gi6i han
HindI1l.

C4c manh ADN thu duoc duoc dién di trén agaroza, va sau do cét theo kich co
ciia chiing va thu hdi bing cach sir dung kit GeneAlI® Expin™ GEL SV (Seoul, Korea).
Tiép theo, mbi trong sb cac manh duoc ndi bang vecto pPCCIBAC (dugc phan giai & vi

tri HindIII), va sau d6 dugc dua vao E. coli DH5a béng su bién nap.
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MB&i trong s céc chiing duge bién nap dwoc 14y mau thir trén méi truong dang
rin LB Cm (LB + dia aga chloramphenicol), va cac ching c¢6 kha ning khdng Cm
duoc chon, nho d6 tao cdu trac céac vecto pBAC-Dtrp att-trpEDCBA, pBAC-
DtrpL._trpEDCBA, pBAC-Ptrp _trpEDCBA, pBAC-Dtrp_att-trpDCBA, pBAC-
DtrpL._trpDCBA va pBAC-Ptrp trpDCBA.

Vi du 6: Tao céu tric ching E. coli trong d6 gen pheA duoc lam bét hoat

DPé tao clu trac ching gin véi ching san xuét tryptophan tir ching E. coli
W3110 kiéu dai, gen phed (gen NCBI ID: 12934467) ma héa chorismat
mutaza/prephenat dehydrataza (CM-PDT) duogc lam bét hoat nho viéc loai bd thong
qua su tai td hop twong dong. CM-PDT 14 enzym trong budc thir nhit san xut
phenylalanin tlir chorismat va loai b6 gen phe4 dugc su dung dé (rc ché con duong sinh
tbng hop phenylalanin. Déi voi viée loai boé nay, phuong phap bat hoat mot budce
(dugc phét trién bai Datsenko KA et al.), k§ thuat dot bién gen str dung recombinaza
dé lambda, dugc st dung (Sw hoat héa mdt budc cuia gen nhiém sic thé trong
Escherichia coli K-12 st dung cac san phém PCR, Datsenko KA, Wanner BL., Proc
Natl Acad Sci U S A. 2000 Jun 6;97(12):6640-5). D& 1am chit danh déu dé xac nhan
viéc xen vao gen, gen khang chloramphenicol cia pUCprmfmloxC la dugc sir dung

(Cong bb patent Han qudc s6 2009-0075549).

Manh gen khoang 1200bp dugc khuéch dai béi PCR bang cach sir dung vecto
pUCprmfmloxP 1am khudn mau va cac doan mdi 9 va 10, ma c6 phin gen phed va

phén trinh tr nucleotit ciia gen khang chloramphenicol cia vecto pUCprmfmloxP.
Poan mdi 9:

5'-
GGCCTCCCAAATCGGGGGGCCTTTTTTATTGATAACAAAAAGGCAACACT
AGGTGACACTATAGAACGCG - 3' (SEQ ID NO: 19);

Poan modi 10:
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5.
AACAGCCCAATACCTTCATTGAACGGGTGATTTCCCCTAACTCTTTCAATT
AGTGGATCTGATGGGTACC -3' (SEQ ID NO: 20).

Manh ADN thu dugc bang sy khuéch dai PCR dugc dién di trén gel agaroza
0,8% va sau d6 duoc pha lodng va duge st dung 1am khudn mau trong PCR thit hai.
PCR thir hai dugc thuc hién sao cho céc vung 5’ va 3° cia manh ADN so cép c6 20
cdp bazo nucleotit bd sung. Ngoai ra, manh gen khoang 1300bp dugc khuéch dai boi
PCR bing c4ch str dung san phim PCR so cip dugc pha lodng va cac doan mdi 11 va
12, ma bao gdm cac ving 5° va 3’ clia gen phed. Manh ADN thu duge duoc dién di

trén gel agaroza 0,8% va sau d6 dugc pha lodng va dugc st dung trong tai t6 hop.
Doan mdi 11:

5'-
GAATGGGAGGCGTTTCGTCGTGTGAAACAGAATGCGAAGACGAACAATAA
GGCCTCCCAAATCGGGGGGC -3' (SEQ ID NO: 21);

Poan mdi 12:

5-
GGCACCTTTTCATCAGGTTGGATCAACAGGCACTACGTTCTCACTTGGGTA
ACAGCCCAATACCTTCATT -3' (SEQ ID NO: 22).

Theo phuong phap dugc phat trién bsi Datsenko KA et al., ching W3110 E.
coli dugc bién nap véi vecto pKD46 duogc tao ra ¢ trang thai kha bién va sau do6 duoc
bién nap v&i manh gen 1300bp thu dugc bing PCR. Chiing c6 kha ning khang véi
chloramphenicol dugc chon trén moi truong LB. PCR dugc thuc hién béng cach st
dung cac doan mdi 13 va 14, va san phdm khuéch dai PCR ¢6 kich c& khoang 2500bp,

cho biét ring gen phed dugce loai bo trong chiing.
Poan moi 13:

5'- TTGAGTGTATCGCCAACGCG -3' (SEQ ID NO: 23);

-19-



26479

DPoan mbi 14:
5'- AAAGCCGCGTGTTATTGCGT -3' (SEQ ID NO: 24).

Vecto pKD46 dugc loai bd ra khéi ching téi tb hop so cip c6 kha ning khéng
chloramphenicol va sau d6 vecto pJW168 dugc dua vao ching va gen danh déu
chloramphenicol dugc loai bd ra khoi ching (Gene, (2000) 247,255-264). Chung thu
duoc 12 san phdm khuéch dai khoang 500bp thu dugc bang PCR sir dung cic doan mdi
13 va 14, cho biét ré‘mg viéc loai bo gen dich dat dugc. Chung dugc tao cAu tric dugc

dat tén 12 “E. coli W3110 trpAl”.
Vi du 7: Tao chu tric cua ching E. coli ma tir d6 gen tnaAB dugc 1am bét hoat

T ching E.coli W3110 trpAl duoc tao chu truc trong Vi du 6, tmaAB operon
(gen NCBI ID: 12933600, 12933602) gbm c6 gen tmad ma hoa tryptophanaza va gen
tnaB ma hoa gen nhép tryptophan duoc loai bo bang viée tai t6 hop ddng nhit. Do viée
loai bo nay, con dudng thodi héa tryptophan sau khi san xuét ctia nd c6 thé dugc can
tr¢ va dong tryptophan ma dugc tiét vao moi truong ngdm vao t& bao c6 thé duge
ngan nglra, nhd d6 tdc dong dén céac dic tinh cia ching san xut tryptophan. Déi véi
viéc loai bd ndy, méanh gen khoang 1200bp dugc khuéch dai bang PCR theo cling cach
nhu dugc mé ta trong Vi du 6 sir dung vecto pUCprmfmloxP 1am khuon mau cing véi
cac doan mdi 15 va 16, ma c6 phin gen tnaAB va phan trinh tw nucleotit ctia gen
khéng chloramphenicol cia vecto pUCprmfmloxP. Ngoai ra, madnh ADN thu dugc
béng viéc khuéch dai PCR con duge khuéch dai béng PCR theo cung cach nhu duge
mo ta trong Vi du 6 bang cach sir dung céc doan mdi 17 va 18, nho d6 thu dugc manh

gen 1300bp.
Poan mdi 15:

5'-
TTAGCCAAATTTAGGTAACACGTTAAAGACGTTGCCGAACCAGCACAAAA
AGGTGACACTATAGAACGCG - 3' (SEQ ID NO: 25);
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Poan mdi 16:

5'-
ATGAAGGATTATGTAATGGAAAACTTTAAACATCTCCCTGAACCGTTCCGT
AGTGGATCTGATGGGTACC -3' (SEQ ID NO: 26);

Poan mdi 17:

5"
TGATTTCCTGAGAGGCAAGAAGCCAGCGAATGGCTGGCTTCTTGAAGGAT
TTAGCCAAATTTAGGTAACA -3' (SEQ ID NO: 27);

Poan mdi 18:

5'-
AATCGGTATAGCAGATGTAATATTCACAGGGATCACTGTAATTAAAATAA
ATGAAGGATTATGTAATGGA -3' (SEQ ID NO: 28).

Dé loai bo cac gen tmadB, ching E. coli W3110 trpAl ma vecto pKD46 duge
dua vao dugc tao ra kha bién duoc tao ciu tric theo cing cach dwoc mod ta trong Vi du
6, va sau d6 manh gen 1300bp thu duoc bang PCR duoc bién nap vao ching E. coli.
Ching nay c6 kha nang khang v6i chloramphenicol dugc chon trén mdi truong LB.
PCR duogc thuc hi¢n bﬁng cach st dung cac doan mdi 19 va 20, va san phém khuéch
dai PCR ¢6 kich c& khoang 5400bp, chi ra ring gen tnaAB duge loai bé trong ching

nay.
Poan mdi 19:
5'- CGGGATAAAGTAAAACCAGG -3' (SEQ ID NO: 29);
Poan mdi 20:

5'- CGGCGAAGGTAAGTTGATGA -3' (SEQ ID NO: 30).
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Vecto pKD46 duoc loai bo ra khéi ching tai t& hop so cép c6 kha ning khang
chloramphenicol theo phuong phap twong tu nhu dugec mo ta trong Vi du 6, va sau do
gen danh ddu chloramphenicol dwgc loai bé ra khéi chung. Ching thu duge 1a san
phém khuéch dai khoang 550bp thu dugc bang PCR st dung cac doan mdi 19 va 20,
chira réng viéc loai bé gen mong muén 1a dat dugc. Chung duogc tao cAu triic duoc dat

tén 1a “E. coli W3110 trpA2”.

Vi du 8 Nhan biét kha nang san xudt L-tryptophan ciia céc ching c6 operon

tryptophan c6 cac kiéu biéu hién khac nhau

Céc ching E. coli duoc bién nap véi cic vecto duge tao ra theo cac phuong
phap dugc md ta trong cac Vi du 3, 4 va 5. Céac tac dung cua bién thé E. Coli dugc
danh gia bang cach sit dung W3110 trpA2 dugc tao ra trong cac Vi du 6 va 7 lam

ching b6 me va nguodn cacbon cua no 1a glucoza.

Pé danh gia d6 chuén, mdi ching dugc ciy bing vong platin va dugc nudi cay
qua dém trén moi truong dang ran LB. Sau d6, mot vong platin ctia mdi chiing dugc
cdy vao 25mL moi trudong chira glucoza, thanh phin cua méi truong duoc thé hién
trong Bang 2 du6i ddy. Sau khi ciy, mdi chiing dugc 0 & 37°C va 200 vong/phit trong
48 gidr. Cac két qua dugc thé hién trong Bang 3 duéi day. Tt ca cac két qua duoc ghi
la gié tri trung binh cia cac két qua tir ba binh thét cb.

Béng 2
Ché phim Nong o (/lit)

Glucoza 2g
KH2PO4 g
(NHa4)2S04 12g
NaCl lg
Na;HPO4-H,O S5g
MgSO4H20 lg
MnSO4+H20 15mg
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CuSO4+H20 3mg
ZnS04-H>O 30mg
Natri xitrat lg
Dich chiét nAm men lg
Phenylalanin 0,15g
bo pH 6,8
Bang 3
Chiing bb me Vecto L- Anthranilat
tryptophan | (mg/L)**
(g/lL)**
W3110  trp | pCL1920 pCCIBAC 0,1 13
A2 pCL- pBAC- 0,4 56
Ptrp_trpEDCB | Ptrp trpEDCBA
A pBAC- 0,4 53
DtrpL._trpEDCBA
pBAC-Dtrp_att- 0,5 61
trpEDCBA
pCL- pBAC- 0,4 68
DtrpL._trpED | Ptrp_trpEDCBA
CBA pBAC- 0,5 73
DtrpL._trpEDCBA
' pBAC-Dtrp_att- 0,4 74
trpEDCBA
pCL-Dtrp_att- | pBAC- 0,6 &9
trpEDCBA Ptrp trpEDCBA
pBAC- 0,5 95
DtrpL._trpEDCBA
pBAC-Dtrp_att- 0,7 98
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trpEDCBA
pCL-Ptrp- pBAC- 0,5 34
trpEDCBA Ptrp trpEDCBA
pBAC- 0,6 35
DtrpL._trpEDCBA
pBAC-Dtrp_att- 0,6 40
trpEDCBA
pCL-DtrpL- pBAC- 0,5 45
trpEDCBA Ptrp trpDCBA
pBAC- 0,5 42
DtrpL._trpDCBA
pBAC-Dtrp_att- 0,6 38
trpDCBA
pCL-Dtrp_att- | pBAC- 0,7 36
trpEDCBA Ptrp trpDCBA
pBAC- 0,8 28
DtrpL._trpDCBA
pBAC-Dtrp_att- 1,0 29
trpDCBA

Nhu c6 thé duge nhin thiy tir cac két qua trong Bang 3 trén day, trong trudng
hop trong d6 ching bd me E. coli W3110 trpA2 duoc bién nap véi td hop cila cac
vecto khac nhau, néu chi ¢6 operon tryptophan dugc ting cudng mot cach lién tuc, thi
khong c6 tac dung tich cuc nao 1én hi€u sult san xuét cta tryptophan dugc xuét hién
trong khi anthranilat dugc tich tu. Trai lai, chung dugc cai bién dé lam tang cuong Trp
operon va trpDCBA thé hién tac dung tich cuc 1én hiéu sudt san xuét tryptophan ciing
vGi viéc giam sy tich tu cia anthranilat, so v6i chung trong d6 chi ¢6 operon
tryptophan dugc ting cuong. Do d6, dugc xéc nhén rang viéc giam su tich tu cua

anthranilat 1a cdch c6 hiéu qua d& 1am ting hiéu suét san xudt L-tryptophan trong

chiing san xuét tryptophan.
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Vi du 9: Nhéan dang san lugng L-tryptophan cua chung c6 operon tryptophan c6 céac

mau biéu hién khéac nhau

Céc vecto dugc tao ciu tric theo cac phuong phap duge mb ta trong cac Vi du
3,4 va 5 duoc dua vao ching bd me san xuét L-tryptophan E. coli KCCM10812P theo
t6 hop duoc thé hién trong Bang 5 duéi ddy. Do chuén cua cac chung dugce danh gia
bang cach st dung glucoza lam ngudn cacbon. Két qua 13, duong nhu ring khong chi
co su tang cuong trpDCBA, ma ciing c6 su tdng cudong operon tryptophan, 1a quan
trong, tuong tu voi cac két qua cia Vi du 8. Do do, tic dung di v6i cac ching san

xuét tryptophan dugc dénh gia.

Pé danh gi4 d6 chuin, mdi ching duoc cAy bang vong platin va dugc nudi cy
qua dém trén moi trudng dang rdn LB. Sau d6, mot vong platin ctia mdi chiing duoc
cdy vao 25mL moi truong chita glucoza, thanh phén ctia méi truong dugc thé hién
trong Bang 4 dudi ddy. Sau khi cdy, mdi ching duoc 1 & 37°C va 200 vong/phiit trong
48 gid. Céc két qua dugc thé hién trong Bang 5 dudi ddy. TAt ca cc két qua dugc ghi
la gia tri trung binh cia cac két qua tir ba binh thét cb.

Bang 4
Ché phdm Nong d6 (/lit)

Glucoza 60g
K>HPO4 lg
(NH4)2S04 10g
NaCl lg
MgSO4-H,O lg
Natri xitrat S5g
Dich chiét nAm men 2g
Canxi carbonat 40g
Natri xitrat 5¢g
Phenylalanin 0,15g
Tyrosin 0,1g
bo pH 6,8
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Bang 5
Vecto OD Su tiéu L- Anthranilat
pCL pBAC thu tryptophan | (mg/L)**
glucoza (g/L)**
(gL)*
pCL1920 pCCI1BAC 13,5 53,0 7,0 1005
pCL- pBAC- 14,0 52,1 7,2 1053
Ptrp trpEDCBA | Ptrp_trpEDCBA
pBAC- 14,2 51,0 7,5 1157
DtrpL._trpEDCBA
pBAC-Dtrp_att- 13,8 52,6 7,1 1263
trpEDCBA
pCL- pBAC- 13,9 50,0 7,5 1170
DtrpL_trpEDCBA | Ptrp_trpEDCBA
pBAC- 13,7 51,6 7,3 1290
DtrpL._trpEDCBA
pBAC-Dtrp_att- 13,6 49,8 7,8 1485
trpEDCBA
pCL-Ptrp_att- pBAC- 13,8 49,8 7,5 1358
trpEDCBA Ptrp trpEDCBA
pBAC- 13,1 47,6 7,6 1501
DtrpL._trpEDCBA
pBAC-Dtrp_att- 12,7 45,3 7,5 1853
trpEDCBA
pCL- pBAC- 14,2 52,1 7,5 950
Ptrp trpEDCBA | Ptrp_trpDCBA
pBAC- 14,6 51,3 7,2 813
DtrpL._trpDCBA
pBAC-Dtrp_att- 14,3 52,7 7,1 687
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trpDCBA
pCL- pBAC- 13,9 50,6 7,5 953
DtrpL._trpEDCBA | Ptrp_trpDCBA
pBAC- 13,7 51,7 7,6 852
DtrpL_trpDCBA
pBAC-Dtrp_att- 13,6 51,3 7,7 715
trpDCBA
pCL-Dtrp_att- pBAC- 13,2 51,6 8,0 1085
trpEDCBA Ptrp trpDCBA
pBAC- 13,9 50,9 8,6 867
DtrpL._trpDCBA
pBAC-Dtrp_att- 13,5 51,2 9,5 783
trpDCBA

* dugc do ¢ 33 gio

** duoc do & 48 gid

Nhu c6 thé duge nhin thdy tir cac két qua trong Bang 5 trén day, trong trudng

hop ma trong d6 chung b6 me E.coli KCCM10812P dugc bién nap véi td hop cia cac

vecto khac nhau, néu chi c6 operon tryptophan dugc ting cudng mot céch lién tuc,

khoéng c6 tac dung tich cuc lén hi¢u sudt san xuét tryptophan xuét hién trong khi

anthranilat duoc tich tu. Trai lai, rd rang 1a chiing duoc cai bién bang cach lam ting

cudng operon bang cach sir dung vecto pCL va lam ting cudng trpDCBA bang cach

st dung vecto pBAC thé hién tac dung tich cyc 1én hiéu sudt san xuét tryptophan cling

v6i viée lam gidm sy tich tu cia anthranilat, dugc so véi chung ma trong dé chi ¢

operon tryptophan dugc ting cudng. Do d6, duoc xac nhén rang viéc giam sy tich tu

ctia anthranilat 12 con duwong hitu hidu d lam ting hiéu sudt san xuét L-tryptophan

trong chung san xuét tryptophan.
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Vi du 10: Tao céu trac ching trong d6 sb lwong ban sao cia nhém gen sinh tong hop

tryptophan trpDCBA trong nhiém sic thé duoc gia ting va su tich tu anthranilat giam

Dua trén céc két qua cia Vi du 9, d€ gia ting so lugng ban sao cia nhdm gen

sinh tdng hop tryptophan trpDCBA trong nhiém sic thé, vecto dugc tao clu tric.

Cu thé 13, pCL-Dtrp att-trpDCBA duoc md ta trong Vi du 5 dugc phan cét
bang enzym gi6i han EcoRI va BamHI dé thu dugc Dtrp_att-trpDCBA, va sau d6 dugc
ndi véi pINT17E dugc xir Iy bing cing cic enzym giéi han, nhd d6 thu duoc
pINT17E-Patt-trpDCBA. Dé dua pINT17E-Patt-trpDCBA vao chiing bd me san xuat
tryptophan E. coli KCCM10812P dé lam ting sb luong ban sao clia nhém gen sinh
tdng hop tryptophan trpDCBA, pKD46 ma duge st dung trong phuong phap bét hoat
mdt bude (duoc phét trién bai Datsenko KA et al.), k§ thuat dot bién gen bang cach st
dung recombinaza d6é lambda, theo Vi du 6. D4i v6i chit danh ddu dé xac nhan viée
xen vao gen, gen khang chloramphenicol cia pUCprmfmloxC duoc sit dung. Cu thé 1a,
ching bd me, ma trong d6 pKD46 dugc xen vao, duge bién nap véi pINT17E-Patt-
trpDCBA, va sau d6 duoc nudi cdy & 37°C trong tir 1 dén 2 ngay dé thu dugc cac
khudn lac. D& xac nhan néu pINT17E-Patt-trpDCBA dugc xen mdt cach chinh xéc vao
nhidm sic thé cia khuén lac thu duge, manh khoang 2000-bp dugc khuéch dai bing

PCR béng cach st dung cac doan mdi 21 va 22.
Poan mdi 21:
5' TATTTGCTGTCACGAGCAGG 3' (SEQ ID NO: 31);
DPoan mdi 22:
5' AGTTCCGGCATACAACCGGCTT 3' (SEQ ID NO: 32).

pKD46 dugc loai bo khoi ching tai td hop so cdp c6 kha ning khang
chloramphenicol va sau d6 plasmit pJW168 duoc dua vao @& loai bé gen danh déu
chloramphenicol ra khoi chung (Gene, (2000) 247, 255-264). San phim gen khuéch
dai khoang 5000-bp thu dugc bing PCR bang cach st dung cdc doan mdi 23 va 24; va
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san phim khuéch dai khoang 6500-bp thu dugc bang PCR bang cach st dung cac doan
mdi 25 va 26, da ching t6 ring trpDCBA dugc dit lién tuc sau operon tryptophan ma
dit theo cach ndi sinh 1én nhiém sic thé. Ching nay duoc goi 1a “KCCM10812P/
trpDCBA”.

Poan mdi 23:

5' TAATACGACTCACTATAGGG 3' (SEQ ID NO: 33);
Poan mbi 24:

5' CTGTTGGGCGGAAAAATGAC 3' (SEQ ID NO: 34);
Poan mbi 25:

5' TGATCGCCAGGGTGCCGACG 3' (SEQ ID NO: 35);
Poan mbi 26:

5' CCCTATAGTGAGTCGTATTA 3' (SEQ ID NO: 36).

Dé xen tiép mot ban sao vao ching dugc tao ra trén day trong d6 sd luong ban
sao cua trpDCBA dugc gia ting, pKD46 dugc dua vao ching
KCCM10812P/trpDCBA dugc tao ra trén ddy. Sau do, vecto pINT17E-Patt-trpDCBA
dugc dua vao KCCM10812P/trpDCBA/pKD46, nho d6 tao cAu tric ching cé hai ban
sao trpDCBA duogc xen vao nhidm séc thé. Chung dugrc tao cAu truc nay dugc goi la
“KCCM10812P/2trpDCBA”. Chung nay dugc luu giit tai Trung tdm nuoi ciy vi sinh
vat ciia Han qubc (361-221, Hongje 1-dong, Seodaemun-gu, Seoul, Korea), Co quan

luu gitt quéc té, vao ngay 29 thang 12 ndm 2011 véi sb Iuu gitt KCCM11246P.

Vi du 11: Thir nghiém tac dung cia ching san xuit L-tryptophan cé hoat tinh protein
dugc gia ting ma dugc ma hoa boi nhoém gen sinh tbng hop tryptophan trpDCBA

Theo phuong phdp dugc mdé ta trong Vi du 10, dd chudn cia
KCCM10812P/trpDCBA dugc danh gia bing cach str dung glucoza lam ngudn cacbon.
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KCCM10812P/trpDCBA thu dugc bing cach dua tiép trpDCBA vao ching san xudt
tryptophan E. coli KCCM10812P @& 1am ting cudng hoat tinh ctia mot s6 enzym ciia
con dudng sinh tdng hop tryptophan.

Dé danh gia d6 chudn, mdi chung duoc cdy bang vong platin va duoc nudi cy
qua dém trén moi trudong dang ran LB. Sau d6, mot vong platin ciia mdi ching duoc
chy vao 25mL moi truong chira glucoza, thanh phén ctia méi truong dugc thé hién
trong Bang 4 & trén. Sau khi cdy, mdi ching dwoc & & 37°C va 200 vong/pht trong 48
gid. Céc két qua duoc thé hién trong Bang 6 dudi day. T4t ca cac két qua dugc ghi 1a

gia tri trung binh cua cac két qua tir ba binh thét cb.

Béang 6
Ching OD Su tiéu thu L-tryptophan Anthranilat
glucoza (g/L)* (glL)** (mg/L)

KCCM10812P 14,0 54,0 7,2 1020
KCCM10812P/

14,5 54,5 7.9 630
trpDCBA
KCCM10812P/2

13,3 55,2 ' 8,2 320
trpDCBA

* dugce do ¢ 33 gio
** duoc do & 48 gid

Nhu ¢6 thé duge nhin thiy trong Bang 6 trén ddy, khi mot ban sao ctia nhém
gen sinh tdng hop tryptophan trpDCBA dugc xen vao nhiém sic thé, thi néng do cua
anthranilat dugc giam 39% so v6i ndng do ctia chiing bd me. Tuy nhién, hai ban sao
duoc xen vao nhiém sic thé, néng d6 cua anthranilat dugc gidm 69% so véi néng do

trong chung bb me.

Ngoai ra, ndng do ctia L-tryptophan trong hai ching 1an luot dugc tang 10% va
13%. Nhu dugc thé hién trong Bang 6 trén day, khi s6 lwong ban sao cia trpDCBA

dugc gia tang, thi toc do tiéu thu glucoza dugc giam mot cach khong déng ké trong
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mot sb trudng hop, nhung sy ting cudng ciia nhém gen sinh tdng hop tryptophan cé
tac dung tich cuc 1én sy gia ting vé ndng do ciia L-tryptophan va giam ndng do

anthranilat.

Trong khi sang ché dwoc mo ta kém tham chiéu dén cac phuong 4n minh hoa cu
thé, ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat nay ma sang ché lién quan c6
thé hiéu ring sang ché dugc bao gdbm & dang cu thé khac ma khéng tach roi dic diém
thiét yéu cta sang ché. Do d6, cac phuong an duge mo ta trén ddy duoc xét dén 1a
minh hoa trong tit ca cac khia canh va khong 1am gi6i han pham vi ctia sang ché. Hon
nita, pham vi cua sang ché duoc x4c dinh boi cac diém yéu cau bao ho kém theo, tbt
hon 12 phin moé ta chi tiét va s& dugc hiéu ring tit ca cic bién dbi va bién thé nhéan
dugc tir cac nghia va pham vi cla sang ché va céc thé twong duong ciia nd dugc bao

gdm trong pham vi clia cac diém yéu ciu bao ho kém theo.

S6 Iwu gitt
Co quan ¢6 thdm quyén luu trir: Trung tdm nudi cdy vi sinh Han quéc (qudc té)
S6 Iuu giit : KCCM11246P

Ngay luu trit: ngay 29 thang 12 ndm 2011
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YEU CAU BAO HO

1. Ching Escherichia coli tai t& hop ¢6 kha ning san xult L-tryptophan dugc ting
cuong, trong d6 ching Escherichia coli tai td hop dugc cai bién dé 1am khuyét doan
mdt phin hodc toan b peptit din diu c6 trinh ty nucleotit dwoc biéu thi béi SEQ ID
NO: 2 trong ving diéu hoa sy biéu hién c6 trinh trr nucleotit dugc biéu thi béi SEQ ID
NO: 1 trén operon tryptophan ndi sinh va dé ting cudng hon nita hoat tinh clia cac

protein ma dugc ma hoéa bdi nhém gen sinh tdng hop tryptophan trpDCBA.

2. Chung Escherichia coli tai t& hop theo diém 1, trong d6 ching Escherichia coli tai to
hop con dugc cai bién dé lam khuyét doan mot phén hodc toan by ving suy giam noi
sinh ¢6 trinh ty nucleotit dugc biéu thi boi SEQ ID NO: 3 trong ving diéu hoa sy biéu
hién ¢6 trinh tu nucleotit dugc biéu thi béi SEQ ID NO: 1.

3. Chung Escherichia coli tai tb hgp theo didm 1, trong d6 nhém gen sinh tong hop
tryptophan trpDCBA ma hoéa céc protein c6 trinh ty axit amin lan luot dugc biéu thi

bdi cac SEQ ID NO: 37, 38, 39 va 40.

4. Chung Escherichia coli tai tb hop theo diém 3, trong d6 hoat tinh ciia cac protein
dugc ting cudong bang phuong phéap lam ting sb lugng ban sao gen trong nhidm sic
thé hoic ndi bao ma hoa cac protein, phuong phép thay thé ving diéu hoa su biéu hién
clia gen trén nhiém sdc thé bang trinh tu khéi ¢iu manh, hoic phuong phép cai bién
ving diéu hoa su bidu hién thanh ving didu hoa sy biéu hién c6 hoat tinh dugc ting

cuodng.

5. Phuong phéap san xuét L-tryptophan, bao gdm budc nudi cdy vi sinh vat tai td hop
thudc chi Escherichia c6 kha nang san xuit L-tryptophan dugc ting cuong, trong dé vi
sinh vt tai td hop nay dugc cai bién dé lam khuyét doan mot phan hodc toan bd peptit
din dau c6 trinh ty nucleotit duge biéu thi bdi SEQ ID NO: 2 trong viing diéu hoa su
bidu hién c6 trinh tw nucleotit dugc biéu thi boi SEQ ID NO: 1 trén operon tryptophan
ndi sinh cta vi sinh vat thudc chi Escherichia va dé ting cuong hon nita hoat tinh cia

céc protein ma dugc méa hoa bédi nhém gen sinh tdng hop tryptophan trpDCBA
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6. Phuong phap theo diém 5, trong d6 vi sinh vt tai t& hop con dugc cai bién dé lam
khuyét doan mot phan hodc toan bd ving suy giam ndi sinh c6 trinh ty nucleotit dwoc
biéu thi bdi SEQ ID NO: 3 trong ving diéu hoa sy biéu hién ¢6 trinh ty nucleotit duoc

biéu thi bdi SEQ ID NO: 1.

7. Phuong phap theo diém 5, trong d6 vi sinh vat tai td hop thudc chi Escherichia 1a
ching E. coli.
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Fig. 1
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Fig. 2
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Fig. 3
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DANH MUC TRINH TU

<110> CJ Cheiljedang Corporation

<120> CHUNG ESCHERICHIA COLI CO KHA NANG SAN XUAT L-TRYPTOPHAN PUQC TANG
CUONG VA PHUONG PHAP SAN XUAT L-TRYPTOPHAN SU DUNG CHUNG VI SINH VAT NAY

<130> PCT-KR2013-000214
<150> 10-2012-0002906
<151> 2012-01-10

<160> 40

<170> KopatentIn 2.0
<210> 1

<211> 273

<212> ADN

<213> Escherichia coli
<400> 1

ggcgcactcce cgttctggat aatgtttttt gcgccgacat cataacggtt ctggcaaata
ttctgaaatg agctgttgac aattaatcat cgaactagtt aactagtacg caagttcacg
taaaaagggt atcgacaatg aaagcaattt tcgtactgaa aggttggtgg cgcacttcct
gaaacgggca gtgtattcac catgcgtaaa gcaatcagat acccagcccg cctaatgage

gggctttttt ttgaacaaaa ttagagaata aca

<210> 2

<211> 45

<212> ADN

<213> Escherichia coli
<400> 2

atgaaagcaa ttttcgtact gaaaggttgg tggcgcactt cctga

<210> 3

<211> 91

<212> ADN

<213> Escherichia coli
<400> 3

aacgggcagt gtattcacca tgcgtaaagc aatcagatac ccagcccgcc taatgagcecgg

gctttttttt gaacaaaatt agagaataac a

<210> 4
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<211> 14
<212> PRT
<213> Escherichia coli
<400> 4
Met Lys Ala Ile Phe Val Leu Lys Gly Trp Trp Arg Thr Ser
1 5 _ 10
<210> 5
<211> 245
<212> ADN
<213> Trinh tu nhdn tao
<220>
<223> trinh tu cta DtrpL
<400> 5
ttaggtaccg gcgcactcce gttctggata atgttttttg cgeccgacatce ataacggttce 60
tggcaaatat tctgaaatga gctgttgaca attaatcatc gaactagtta actagtacgc 120
aagttcacgt aaaaagggta tcgacaacgg gcagtgtatt caccatgcgt aaagcaatca 180
gatacccagc ccgcectaatg agcgggcettt tttttgaaca aaattagaga ataacagata 240
tcatt 245
<210> 6
<211> 148
<212> ADN
<213> Trinh tu nhdn tao
<220>
<223> trinh tu cua Dtrp att
<400> 6
ttaggtaccg gcgcactcce gttctggata atgttttttg cgeccgacatce ataacggtte 60
tggcaaatat tctgaaatga gctgttgaca attaatcatc gaactagtta actagtacgce 120
aagttcacgt aaaaagggtg atatcatt 148
<210> 7
<211> 290
<212> ADN
<213> Trinh tu nhdn tao
<220>
<223> trinh tu cua Ptrp

-38-



<400> 7

26479

ttaggtaccg gcgcactccce gttctggata atgttttttg

tggcaaatat tctgaatgag ctgttgacaa ttaatcatcg

agttcacgta aaaagggtat cgacaatgaa agcaattttc

cacttcctga aacgggcagt gtattcacca tgcgtaaagc

taatgagcgg gectttttttt gaacaaaatt agagaataac

<210> 8
<211>
<212>
<213>
<220>
<223>
<400> 8
aagcttttcg
tacaaactca
ttgtgtcgac
ttgttgataa
gttagctttg
gttgtactcg
ctcgatacga
cccgteatcet
gaaaaagtca
gaaagtagtg
aagggtaagt
cccattaaca
tcetttactce
gtgactggga
ccagctggcg

tgaatggcga

5025
ADN
Trinh tu nhén tao

atcccttatt
agaaggacca
aggtaatggt
tggtctgcta
attccattct
agtttgtgtc
ttaacaaggg
ttgaaagata
tgcecgtttca
acaagtgttg
tttcecgtatg
tcaccatcta
atgatatcgg
aaaccctggce
taatagcgaa

atggcgcctg

trinh ty cia pCL1920GFP

tgtagagctc
tgtggtcacg
tgtctggtaa
gttgaacgga
tttgtttgtc
cgagaatgtt
tatcaccttc
tagtgcgttc
tatgatccgg
gccatggaac
ttgcatcacc
attcaacaag
gtaccgagct
gttacccaac
gaggcccgcea

atgcggtatt

atccatgcca
cttttcgttg
aaggacaggg
tccatcttea
tgccgtgatg
tcecatcttcet
aaacttgact
ctgtacataa
ataacgggaa
aggtagtttt
ttcaccctct
aattgggaca
cgaattcact
ttaatcgcct
ccgatcgccc

ttctccecttac

-30-

cgccgacatc
aactagttaa
gtactgaaag
aatcagatac

agatatcatt

tgtgtaatcc
ggatctttcg
ccatcgccaa
atgttgtggc
tatacattgt
ttaaaatcaa
tcagcacgeg
ccttegggea
aagcattgaa
ccagtagtgc
ccactgacag
actccagtga
ggccgtegtt
tgcagcacat
ttcccaacag

gcatctgtgce

ataacggttc
ctagtacgca

gttggtggcg

ccagcccgec

cagcagcagt
aaagggcaga
ttggagtatt
gaattttgaa
gtgagttata
taccttttaa
tcttgtagtt
tggcactctt
caccataaga
aaataaattt
aaaatttgtg
aaagttcttc
ttacaacgtc
cccecttteg
ttgcgcagcce

ggtatttcac

60

120

180

240

290

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



accgcatatg
gacacccgcec
gttgcgatta
ctcccaattt
gatagtttgg
cgcgaagcgg
ctcgecttte
ttcttecttgt
caggcgctcc
gctgtaccaa
cggcgagttce
cggatcaaag
tgtcagcaag
gtcattgcgc
gatgtcgtcg
ggaagccgaa
tacggtcacc
ggagccgtac
tacctctgat
tgttttaggg
acccacggcg
acagtcataa
ggttctggac
ggcttatgtc
cttgggcagc
ggtctccacg

cacggatctg

gtgcactctc
aacacccgcet
cttcgccaac
gtgtagggct
ctgtgagcaa
cgtcggettg
acgtagtgga
ccaagataag
attgcccagt
atgcgggaca
catagcgtta
agttcctccg
atagccagat
tgccattctc
tgcacaacaa
gtttccaaaa
gtaaccagca
aaatgtacgg
agttgagtcg
cgactgccct
taacgcgctt
caagccatga
cagttgcgtg
cactgggttc
agcgaagtcg
catcgtcagg

ccctggcette

26479

agtacaatct
gacgagctta
tattgcgata
tattatgcac
ttatgtgctt
aacgaattgt
caaattcttc
cctgtctage
cggcagcgac
acgtaagcac
aggtttcatt
ccgctggacc
caatgtcgat
caaattgcag
tggtgacttc
ggtcgttgat
aatcaatatc
ccagcaacgt
atacttecggc
gctgcgtaac
gctgcttgga
aaaccgccac
agcgcatacg
gtgccttcat
aggcatttct

cattggcggc

aggagatcgg

gctctgatgce
gtaaagccct
acaagaaaaa
gcttaaaaat
agtgcatcta
tagacattat
caactgatct
ttcaagtatg
atccttcggce
tacatttcgc
tagcgcctca
taccaaggca
cgtggctggce
ttcgecgcetta
tacagcgcgg
caaagctcgc
actgtgtggc
cggttcgaga
gatcaccgcet
atcgttgctg
tgcccgaggce
tgcgccecgtta
ctacttgcat
ccgtttccac
gtcctggctg
cttgctgttc

aagacctcgg

-40-

cgcatagtta
cgctagattt
gccagccttt
aataaaagca
acgcttgagt
ttgccgacta
gcgcgcegagg
acgggctgat
gcgattttge
tcatcgccag
aatagatcct
acgctatgtt
tcgaagatac
gctggataac
agaatctcgc
cgegttgttt
ttcaggeccge
tggcgctcga
tccctcatga
ctccataaca
atagactgta
ccaccgctgce
tacagcttac
ggtgtgcgtc
gcgaacgagc
ttctacggca

ccgtegegge

agccagecccc
taatgcggat
catgatatat
gacttgacct
taagccgcge
ccttggtgat
ccaagcgatc
actgggccgg
cggttactgce
cccagteggg
gttcaggaac
ctcttgettt
ctgcaagaat
gccacggaat
tctctceccagg
catcaagcct
catccactgce
tgacgccaac
tgtttaactt
tcaaacatcg
ccccaaaaaa
gttcggtcaa
gaaccgaaca
acccggcaac
gcaaggtttc
aggtgctgtg

gcttgcecggt

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580



ggtgctgacc
gttcgcececag
caaggatctg
tcgggcecttyg
cccacgggtt
cgcagatccg
gattttttcc
agcagcatcg
aggtgttcaa
gttacatgct
ccaaaaactc
atggacagtt
cttgatgctt
cagtatgttc
atcatactta
tgcagttaaa
aatggttgtt
gagatccatt
cttatcaacc
aacccattgg
aaattcatca
taataaccac
attatatttt
taattctaat
tttaaccaaa
taatacacca

gaacgatacc

ccggatgaag
cttctgtatg
gatttcgatc
atgttacccg
ttgctgccecg
gcttcageceg
ccacgggagyg
cctgtttcag
tttcatgttc
gttcatctgt
gtaaaagctc
ttccectttga
cactgataga
tctagtgtygg
ctttgcatgt
gcatcgtgta
ggtattttgt
tgtctatcta
accaatttca
ttaagccecttt
aggctaatct
tcataaatcc
atgaattttt
ttttcgettg
ggattcctga
taagcatttt

gtcegttett

26479

tggttcgcecat
gaacgggcat
acggcacgat
agagcttggce
caaacgggct
gtttgcecggce
cgtcactggce
gctgtctatg
tagttgcttt
tacattgtcg
tgatgtatct
tatgtaacgg
tacaagagcc
ttcgttgttt
cactcaaaaa
gtgtttttet
caccattcat
gttcaacttg
tattgctgta
taaactcatg
ctatatttgc
tcatagagta
ttaactggaa
agaacttggc
tttccacagt
ccctactgat

tccttgtagg

ccteggtttt
gcggatcagt
catcgtgcgg
acccagcctg
gttctggtgt
tgaaagcgct
tccegtgttg
tgtgactgtt
gttttactgg
atctgttcat
atctttttta
tgaacagttg
ataagaacct
ttgcgtgage
ttttgcctca
tagtccgtta
ttttatctgg
gaaaatcaac
agtgtttaaa
gtagttattt
cttgtgagtt
tttgttttca
aagataaggc
atagtttgtc
tctegteatce
gttcatcatc

gttttcaatc

-41-

ctggaaggcyg
gagggtttgc
gagggcaagg
cgcgagcagg
tgctagtttg
atttcttcca
tcggcagcectt
gagctgtaac
tttcacctgt
ggtgaacagc
caccgttttc
ttctactttt
cagatccttc
catgagaacg
aaactggtga
tgtaggtagg
ttgttctcaa
gtatcagtcg
tctttactta
tcaagcatta
ttcttttgtg
aaagacttaa
aatatctctt
cactggaaaa
agctctctgg
tgagcgtatt

gtggggttga

agcatcgttt
aactgcgggt
gctccaagga
ggaattaatt
ttatcagaat
gaattgccat
tgattcgata
aagttgtctc
tctattaggt
tttgaatgca
atctgtgcat
gtttgttagt
cgtatttagce
aaccattgag
gctgaatttt
aatctgatgt
gttcggttac
ggcggcectceg
ttggtttcaa
acatgaactt
ttagttcttt
catgttccag
cactaaaaac
tctcaaagcc
ttgctttagce
ggttataagt

gtagtgccac

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200



acagcataaa
atttgctttg
actataccaa
gggtatctgt
tgtaaattcc
tagaataaag
actactttag
acaaaacaga
gctgaatatt
ttcagttcgc
ttttatggat
cagggcgttt
tcectgcecectce
ctggctaatg
<210> 9
<211>
<212>
<213>

<400> 9
cccgatatca

cgcgacaatt
ctggaatccg
gcgctgegea
gaagccctcce
ccaaactgcc
ttatgctccc
aaggaagaac

tttgaagatt

attagcttgg
aaaacaacta
ttgagatggg
aaattctgct
gctagacctt
aaagaataaa
tcagttccgce
ccttaaaacc
ccttttgtcet
tgcgctcacg
tcatgcaagg
tatggcgggt
tgattttcca

cacccagtaa

6564
ADN
Escherichia coli

tgcaaacaca
ccaccgegct
cagatatcga
ttacagcttt
tggcactact
gtgtgctgceg
tttecggtttt
gagaagccat

taccgcaact

26479

tttcatgctc
attcagacat
ctagtcaatg
agacctttgc
tgtgtgtttt
aaaagataaa
agtattacaa
ctaaaggctt
ccgaccatca
gctctggcag
aaactaccca
ctgctatgtg
gtctgaccac

ggcagcggta

aaaaccgact
ttttcaccag
cagcaaagat
aggtgacact
ggataacgcc
cttcceecect
tgacgctttc
gttcttcggc

gtcagcggaa

cgttaagtca
acatctcaat
ataattacta
tggaaaactt
ttttgtttat
aagaatagat
aaggatgtcg
aagtagcacc
ggcacctgag

tgaatggggg

taatacaaga
gtgctatctg
ttcggattat

tcatcaacag

ctcgaactgce
ttgtgtgggg
gatttaaaaa
gtcacaatcc
ctgcctgegg
gtcagtccac
cgtttattgce
ggcctgttet

aataactgcc

-42-

tagcgactaa
tggtctaggt
gtccttttcc
gtaaattctg
attcaagtgg
cccagcecectg
caaacgctgt
ctcgcaagcet
tcgetgtcett
taaatggcac
aaagcccgtce
actttttgct
cccgtgacag

gctta

taacctgcga
atcgtccggce
gcctgcetgcet
aggcactttc
gtgtggaaag
tgctggatga
agaatctgtt
cttatgacct

ctgatttctg

tcgctagtte
gattttaatc
tttgagttgt
ctagaccctc
ttataattta
tgtataactc
ttgctcctet
cgggcaaatc
tttcgtgaca
tacaggcgcecc
acgggcttct
gttcagcagt

gtcattcaga

aggcgcttat
aacgctgctg
ggtagacagt
cggcaacggc
tgaacaatca
agacgcccgc
gaatgtaccg
tgtggcggga

tttttatctc

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5025

60

120

180

240

300

360

420

480

540



gctgaaacgc
tttgctccga
caactgaccg
tgtaatcaga
gctggagaaa
ctggcggcect
gataatgatt
agccgccaga
ggttcactgg
gagctgtctg
acccccggea
cacctcgtcet
cgcgcctgta
attgccgagg
gcgcatggcg
gccaccgtgce
gaaacccgta
gagactttct
tggcagatca
cgcaaacctt
gcccecggtgt
agctgcccat
atgtcggtca
aggcgatgtt
gcagtaacat
tacgtcacga

cccagggcgce

tgatggtgat
atgaagaaga
aagccgcgcc
gcgatgaaga
ttttccaggt
attacgtgct
tcaccctatt
ttgagatcta
acagagatct
aacatctgat
gccgctacgt
ctcgcgtagt
tgaatatggg
cggaaggtcg
atctcgacac
aagcgggtgce
acaaagcccg
gatggctgac
gttgcgcagce
aattgaacgc
gccgagcgaa
tattggcatt
ggcgggcgaa
tgccggatta
tccggeecggt
tgcggatcgce

tcgcectgcetg

26479

tgaccatcag
aaaacaacgt
gccgctgceca
gttcggtggce
ggtgccatct
gaaaaagagt
tggcgcgtceg
ccecgattgec
cgacagccgt
gctggttgat
cgccgatctc
cggcgaactg
gacgttaagc
tcgccgegge
ctgcattgtg
tggtgtagtc
cgctgtactg
attctgctgce
aatgggcata
ctggcgacca
gccggttgta
tgcctcggac
attctccacg
acaaacccgce
ttaaccatca
gtttgtggat

gaacaaacgc

aaaaaaagca
ctcactgctc
gtggtttccg
gtagtgecgtt
cgccgtttet
aatcccagcc
ccggaaagct
ggaacacgcc
attgaactgg
ctcgcccegta
accaaagttg
cgtcacgatc
ggtgcgccga
agctacggcg
atccgctcgg
cttgattctg
cgcgctattg
tcgataatat
acgtggtgat
tgagcaatcc
tgccggaact
atcaggcgat
gtaaagcctc
tgccggtggc
acgcccattt

tccagttcca

tggcctggge

-43-

cccgtattcea
gcctgaacga
tgcecgeatat
tgttgcaaaa
ctctgccectg
cgtacatgtt
cgctcaagta
cacgcggtceg
aaatgcgtac
atgatctggce
accgttattc
ttgacgccct
aagtacgcgc
gcgcggtagg
cgctggtgga
ttccgecagtc
ccaccgcgca
cgactctttt
ttaccgcaac
ggtgctgatg
cctcaccege
tgtcgaagct
cagcattgaa
gcgttatcac
taatggcatg
tccggaatcce

gcagcagaaa

ggccaécctg
actacgtcag
gcgttgtgaa
agcgattcge
cccgtcaceg
ttttatgcag
tgatgccacc
tcgcgecgat
cgatcataaa
acgcatttgce
ctatgtgatg
gcacgcttat
tatgcagtta
ttatttcacc
aaacggtatc
ggaagccgac
tcatgcacag
acgtacaacc
catattccgg
ctttctecctg
ttgcgtggca
tacgggggct
catgacggtc
tcgctggttyg
gtgatggcag
attctcacca

ctagagccag

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



ccaacacgct
aaagccacca
cggcgctggt
ccgcgctact
tcggtactgg
ccgcggectg
gttcgtccga
gccaggcgcet
tcecgcecacgce
ggccattgat
tggtgctgcce
acagcggcgg
acggcgaaat
aggagcaact
aaggtaaagg
gcctgcatgg
gtggttccgce
ttttagcgaa
cgctggccag
agggtgcgcg
tccgtgatga
tttcggtgct
gccaaatcgc
atctggcgcg
accaatatcg
tcagtaatga

acaaccgcga

gcaaccgatt
gctgttttca
gagcatgaaa
ggaaaacgca
cggtgacggc
tgggctgaaa
tctgctggeg
ggatgagtta
gatgccggtt
taacccggcg
gattgccgaa
gatggatgaa
taaaagctat
ggcaggcgga
cgacgccgcece
ccatgaagat
ttacgacaga
aatcgtcgca
ttttcagaat
cacggcgttt
tttcgatcca
gactgatgag
cccgcagccg
ctattaccag
ccagcttgcc
agaggaacag

tctgcgtgat

26479

ctggaaaaac
gcggtggtgc
attcgcggtg
gcgccegttec
agcaacagta
gtggcgaaac
gcgttcggta
ggtgtatgtt
cgccagcaac
catccgccge
accttgecgeg
gtttcattac
cagctcaccg
acaccggaag
catgaagcag
ctgcaagcca
gtcaccgcac
gacaaggcga
gaggttcagc
attctggagt
gcacgcattg
aaatattttc
attttatgta
gccgatgcect
gccgtegcetce
gagcgcgcca

ttgtcgattyg

tgtatcaggc
gtggcgagct
agcacccgaa
cgcgcccgga
tcaatatttc
acggcaaccg
ttaatcttga
tcetetttge
tgaaaacccg
tggcgttaat
tgctggggta
acgcgccgac
cagaagactt
aaaaccgtga
ccgtcgcectge
atgcgcaaac
tggcggcacyg
tttgggtaga
cgagcacgcg
gcaagaaagc
ccgccattta
aggggagctt
aagacttcat
gcttattaat
acagtctgga
ttgcattggg

atctcaaccg

gcagacgctt
gaagccggaa
cgagatcgcc
ttatctgttt
taccgccagt
tagcgtctcc
tatgaacgcc
gccgaagtat
caccctgttce
tggtgtttat
tcaacgcgcg
aatcgttgcce
tggcctgaca
cattttaaca
gaacgtcgce
cgttcttgag
agggtaaatg
agcccgcaaa
acatttttat
gtcgecegtcea
taaacattac
taatttcctc
tatcgaccct
gctttcagta
gatgggggtg
agcaaaggtc

tacccgegag

agccaacaag
caactggcgg
ggggcagcaa
gctgatatcg
gcgtttgteg
agtaaatctg
gataaatcgc
cacaccggat
aatgtgctgg
agtccggaac
gcggtggtgce
gaactgcatg
ccctaccacc
cgtttgttac
atgttaatgc
gtactgcgca
atgcaaaccg
cagcagcaac
gatgcgctac
aaaggcgtga
gcttcggcaa
cccatcgtca
taccagatct
ctggatgacg
ctgaccgaag
gttggcatca

cttgcgccga

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780



aactggggca
gcgagttaag
atttgcacgc
gtgggcaaga
ttgcgacatc
cgttgcagta
aggtgttatc
cgctgegtga
ccctgeccge
gaagcgggca
tggcgggggg
ttgattttaa
cggttttcca
ctattttggt
gctggaagaa
cctgctgaaa
cgggacgaac
aactaaccag
cgccgaaacc
cctgaaatgce
tcgtatgcgce
agatgcctgt
gctgggcacc
gattggcgaa
tatcgecctgt

aaccaacgtc

cggcgcaccg

caacgtgacg
ccacttcgcet
cgccgtgege
tgctaaagca
accgcgttgce
tgttggcgtg
gctggcggcea
agctctgcca
ccgcgagttt
acgttttgac
cttaggcgca
ttctgctgta
gacgctgcgce
gagtttggcg
gcttttgtca
aactatgccg
accacgctgt
gtgctggggc
ggtgccggte
cgtatttata
ttaatgggtg
aacgaggcgc
gcagctggcc
gaaaccaaag
gttggcggcg
ggcctgattg

ctaaaacatg

26479

gtaatcagcg
aacggttttc
cgggtgttgce
gcttatgacg
gtcaacgttg
ttccgcaatc
gtgcaactgc
gcacatgttg
cagcacgttg
tggtcactat
gataactgcg
gagtcgcaac
gcatattaag
gcatgtacgt
gtgcgcaaaa
ggcgtccaac
atctcaagcg
aggcgttgct
agcatggegt
tgggtgccaa
cggaagtgat
tgcgcgactg
cgcatcctta
cgcagattct
gttcgaatgc
gtgtggagcc

gtcgcgtggg

aatccggcat
tgattggttc
tgggtgagaa
cgggcgcgat
aacaggcgca
acgatattgce
atggtaatga
ccatctggaa
ataaatatgt
taaatggtca
tggaagcggc
cgggcatcaa
gaaaggaaca
gccacaaatc
agatcctgaa
cgcgctgacc
tgaagatttg
ggcgaagcgg
ggcgtcggcec
agacgttgaa
ccecggtgeat
gtccggtagt
tccgaccatt
ggaaagagaa
catcggcatg
aggtggtcac

tatctatttc

-45-

caatacttac
ggcgttgatg
taaagtatgt
ttacggtggg
ggaagtgatg
cgatgtggtg
agaacagctg
agcattaagc
tttagacaac
atcgcttggce
acaaaccggc
agacgcacgt
atgacaacat
ctgatgcctg
tttcaggctc
aaatgccaga
ctgcacggcg
atgggtaaaa
cttgccagceg
cgccagtege
agcggttcceg
tacgaaaccg
gtgcgtgagt
ggtcgcctgce
tttgctgatt
ggtatcgaaa

ggtatgaaag

gctcaggtgce
gcccatgacg
ggcctgacgce
ttgatttttg
gctgeggcac
gacaaagcta
tatatcgata
gtcggtgaaa
ggccagggtg
aacgttctgce
tgcgceggac
cttttggcct
tacttaaccc
ctctgcgeca
agttcaacga
acattacagc
gcgcgcataa
ccgaaatcat
ccctgcetcegg
ctaacgtttt
cgacgctgaa
cgcactatat
ttcagcggat
cggatgcegt
tcatcaatga
ctggcgagca

cgccgatgat

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400



gcaaaccgaa
gtctgtcggce
taccgatgat
ggcgctggaa
taaagagcag
tcacgatatt
cagttgaagg
attgagcagt
ttaggtatcc
cgcgcectttg
cagaaacacc
ggcattgatg
gatgtgccag
cctatcttca
ggtcgtggtt
gcgttacccc
cagggatttg
ggcgcgattt
aaaatgctgg

tccecacggat

<210> 10

5002
ADN
Escherichia coli

<211>
<212>
<213>

<400> 10

gacgggcaga
ccacaacacg
gaagcccttg
tcctcececacg
ctactggtgg
ttgaaagcac
agcgcaaaga
cattgaaaat
ccttectecga
cggcaggtgt
cgaccattcc
agttttatgc
ttgaagagtc
tctgcecegec
acacctattt
tcaatcatct
gtatttccgce
ctggttcggce
cggcactgaa

cctttaagcet
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ttgaagaatc
cgtatcttaa
aagccttcaa
ccctggccceca
ttaacctttc
gaggggaaat
aggcgcattc
tatcgatacg
cccactggcg
gactccggca
cattggcctg
ccagtgcgaa
cgcgcecectte
aaatgccgat
gctgtcacga
ggttgcgaag
cccggatcag
cattgttaaa
agtttttgta

tcce

aaagatatca tggctgacat tctgctgctc

gcagatcagt tgcgcagcaa tgggcataac

caaaccttaa ttgaacgcct ggcgaccatg

cccggtgtge cgagcgaagce cggttgtatg

ttactccatc
cagcactgga
aacgctgtgce
tgcgttgaaa
cggtcgcggce
ctgatggaac
gttcctttcg
ctaattgaag
gatggcccga
caatgttttg
ttgatgtatg
aaagtcggcg
cgccaggccg
gacgacctgc
gcaggcgtga
ctgaaagagt
gtaaaagcag
atcatcgagc

caaccgatga

gataatatcg
gtggtgattt
agcaatccgg

ccggaactcc

-46-

tccgecggac
cgcgctgatt
ctgcacgaag
atgatgcgcg
gataaagaca
gctacgaatc
tcacgctcgg
ccggtgctga
cgattcaaaa
aaatgctggce
ccaatctggt
tcgattcggt
cgttgcgtca
tgcgccagat
ccggcgcaga
acaacgctgce
cgattgatgc
aacatattaa

aagcggcgac

actcttttac
accgcaacca
tgctgatgcet

tcacccgcett

tggatttccc
acgtgtctat
ggatcatccc
aaaacccgga
tcttcaccgt
tctgtttgce
tgatccgggce
cgcgectggag
cgccactctg
actgattcgc
gtttaacaaa
gctggttgcce
taatgtcgca
agcctcttac
aaaccgcgcec
acctccattg
aggagctgcg
tgagccagag

gcgcagttaa

gtacaacctg
tattccggcg

ttctecectgge

gcgtggcaag

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6564

60

120

180

240



ctgcccatta
gtcggtcagg
gcgatgtttg
agtaacattc
cgtcacgatg
cagggcgctc
aacacgctgc
agccaccagc
gcgctggtga
gcgctactgg
ggtactggcg
gcggcctgatg
tcgtecgatce
caggcgctgg
cgccacgcga
ccattgatta
gtgctgccga
agcggcggga
ggcgaaatta
gagcaactgg

ggtaaaggcg

ctgcatggcc
ggttccgcett
ttagcgaaaa
ctggccagtt
ggtgcgcgca

cgtgatgatt

ttggcatttg
cgggcgaaat
ccggattaac
cggccggttt
cggatcgegt
gcctgctgga
aaccgattct
tgttttcagc
gcatgaaaat
aaaacgcagc
gtgacggcag
ggctgaaagt
tgctggeggce
atgagttagg
tgcecggttceg
acccggcgea
ttgccgaaac
tggatgaagt
aaagctatca
caggcggaac
acgccgccca
atgaagatct
acgacagagt
tcgtcgcaga
ttcagaatga
cggcgtttat

tcgatccagc
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cctecggacat
tctccacggt
aaacccgctg
aaccatcaac
ttgtggattc
acaaacgctg
ggaaaaactg
ggtggtgcgt
tcgcggtgag
gccgttcecg
caacagtatc
ggcgaaacac
gttcggtatt
tgtatgtttc
ccagcaactg
tccgecegetg
cttgcgegtg
ttcattacac
gctcaccgca
accggaagaa
tgaagcagcc
gcaagccaat
caccgcactg
caaggcgatt
ggttcagccg
tctggagtgc

acgcattgcc

caggcgattg
aaagcctcca
ccggtggege
gcccatttta
cagttccatc
gcctgggcegce
tatcaggcgc
ggcgagctga
cacccgaacg
cgcccggatt
aatatttcta
ggcaaccgta
aatcttgata
ctctttgege
aaaacccgca
gcgttaattg
ctggggtatc
gcgccgacaa
gaagactttg
aaccgtgaca
gtcgctgecga
gcgcaaaccg
gcggcacgag
tgggtagaag
agcacgcgac
aagaaagcgt

gccatttata

-47-

tcgaagctta
gcattgaaca
gttatcactc
atggcatggt
cggaatccat
agcagaaact
agacgcttag
agccggaaca
agatcgccgg
atctgtttgc
ccgccagtge
gcgtctceag
tgaacgccga
cgaagtatca
ccctgttcaa
gtgtttatag
aacgcgcggce
tcgttgeccga
gcctgacacc
ttttaacacg
acgtcgccat
ttcttgaggt
ggtaaatgat
cccgcaaaca
atttttatga
cgccgtcaaa

aacattacgc

cgggggctat
tgacggtcag
gctggttggce
gatggcagta
tctcaccacc
agagccagcc
ccaacaagaa
actggcggcg
ggcagcaacc
tgatatcgtc
gtttgtcgcce
taaatctggt
taaatcgcgce
caccggattc
tgtgctgggg
tccggaactg
ggtggtgcac
actgcatgac
ctaccaccag
tttgttacaa
gttaatgcgc
actgcgcagt
gcaaaccgtt
gcagcaaccg
tgcgctacag
aggcgtgatc

ttcggcaatt

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860



tcggtgctga
caaatcgccc
ctggcgeget
caatatcgcc
agtaatgaag
aaccgcgatc
ctggggcaca
gagttaagcc
ttgcacgeccg
gggcaagatg
gcgacatcac
ttgcagtatg
gtgttatcgc
ctgcgtgaag
ctgcccgcecce
agcgggcaac

gcggggggct

gattttaatt
gttttccaga
attttggtga
tggaagaagc
tgctgaaaaa
ggacgaacac
ctaaccaggt
ccgaaaccgg
tgaaatgccg

gtatgcgctt

ctgatgagaa
cgcagccgat
attaccaggc
agcttgccgce
aggaacagga
tgcgtgattt
acgtgacggt
acttcgctaa
ccgtgegeceg
ctaaagcagc
cgcgttgegt
ttggcgtgtt
tggcggcagt
ctctgccagc
gcgagtttca
gttttgactg
taggcgcaga
ctgctgtaga
cgctgegegce
gtttggcggc
ttttgtcagt
ctatgccggg
cacgctgtat
gctggggcag
tgccggtcag
tatttatatg

aatgggtgcg
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atattttcag
tttatgtaaa
cgatgcctge
cgtcgctcac
gcgcgceatt
gtcgattgat
aatcagcgaa
cggttttctg
ggtgttgctg
ttatgacgcg
caacgttgaa
ccgcaatcac
gcaactgcat
acatgttgcc
gcacgttgat
gtcactatta
taactgcgtg
gtcgcaaccg
atattaagga
atgtacgtgc
gcgcaaaaag
cgtccaaccg
ctcaagecgtg
gcgttgetgg
catggcgtgg
ggtgccaaag

gaagtgatcc

gggagcttta
gacttcatta
ttattaatgc
agtctggaga
gcattgggag
ctcaaccgta
tccggcatca
attggttcgg
ggtgagaata
ggcgcgattt
caggcgcagyg
gatattgccg
ggtaatgaag
atctggaaag
aaatatgttt
aatggtcaat
gaagcggcac
ggcatcaaag
aaggaacaat
cacaaatcct
atcctgaatt
cgctgaccaa
aagatttgct
cgaagcggat
cgtcggcecect
acgttgaacg

cggtgcatag

-48-

atttcctccc
tcgaccctta
tttcagtact
tgggggtgcet
caaaggtcgt
cccgegagcet
atacttacgc
cgttgatggce
aagtatgtgg
acggtgggtt
aagtgatggc
atgtggtgga
aacagctgta
cattaagcgt
tagacaacgg
cgcttggcaa
aaaccggctg
acgcacgtct
gacaacatta
gatgcctgct
tcaggctcag
atgccagaac
gcacggcgge
gggtaaaacc
tgccagcgece
ccagtcgcect

cggttcecgcg

catcgtcagce
ccagatctat
ggatgacgac
gaccgaagtc
tggcatcaac
tgcgccgaaa
tcaggtgcgce
ccatgacgat
cctgacgegt
gatttttgtt
tgcggcaccg
caaagctaag
tatcgatacg
cggtgaaacc
ccagggtgga
cgttctgcetg
cgccggactt
tttggecctcg
cttaacccct
ctgcgccage
ttcaacgacc

attacagccg

gcgcataaaa

gaaatcatcg
ctgctecggece
aacgtttttc

acgctgaaag

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480



atgcctgtaa
tgggcaccgc
ttggcgaaga
tcgcctgtgt
ccaacgtcgg
gcgcaccgct
aaaccgaaga
ctgtcggccc
ccgatgatga
cgctggaatc
aagagcagct
acgatatttt
gttgaaggag
tgagcagtca
aggtatcccc
cgcctttgeg
gaaacacccg
cattgatgag
tgtgccagtt
tatcttcatc
tecgtggttac
gttacccctce
gggatttggt
cgcgatttct
aatgctggcg

ccacggatcc

cgaggcgctg
agctggcccg
aaccaaagcg
tggcggcggt
cctgattggt
aaaacatggt
cgggcagatt
acaacacgcg
agcccttgaa
ctcccacgcec
actggtggtt
gaaagcacga
cgcaaagaag
ttgaaaatta
ttctccgacc
gcagdtgtga
accattccca
ttttatgccc
gaagagtccg
tgcccgecaa
acctatttgce
aatcatctgg
atttccgccc
ggttcggcca
gcactgaaag

tttaagcttc
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cgcgactggt
catccttatc
cagattctgg
tcgaatgcca
gtggagccag
cgcgtgggta
gaagaatctt
tatcttaaca
gccttcaaaa
ctggcccatg
aacctttceg
ggggaaatct
gcgcattcgt
tcgatacgcet
cactggcgga
ctccggcaca
ttggcctgtt
agtgcgaaaa
cgcecctteeg
atgccgatga
tgtcacgagce
ttgcgaagcect
cggatcaggt
ttgttaaaat
tttttgtaca

ccC

ccggtagtta
cgaccattgt
aaagagaadgg
tcggcatgtt
gtggtcacgg
tctatttcgg
actccatctc
gcactggacg
cgctgtgect
cgttgaaaat
gtcgcggcga
gatggaacgc
tcectttegte
aattgaagcc
tggcccgacg
atgttttgaa
gatgtatgcc
agtcggcegtce
ccaggccgcg
cgacctgctg
aggcgtgacc
gaaagagtac
aaaagcagcg
catcgagcaa

accgatgaaa

-49-

cgaaaccgcg
gcgtgagttt
tcgecctgecg
tgctgatttc
tatcgaaact
tatgaaagcg
cgccggactg
cgctgattac
gcacgaaggg
gatgcgcgaa
taaagacatc
tacgaatctc
acgctcggtg
ggtgctgacg
attcaaaacg
atgctggcac
aatctggtgt
gattcggtgce
ttgcgtcata
cgccagatag
ggcgcagaaa
aacgctgcac
attgatgcag
catattaatg

gcggcegacge

cactatatgc
cagcggatga
gatgccgtta
atcaatgaaa
ggcgagcacg
ccgatgatge
gatttcccgt
gtgtctatta
atcatcccgg
aacccggata
ttcaccgttc
tgtttgccca
atccgggcecat
cgctggagtt
ccactctgeg
tgattcgcca
ttaacaaagg
tggttgccga
atgtcgcacc
cctcttacgg
accgcgccgce
ctccattgca
gagctgcggg
agccagagaa

gcagttaatc

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5002
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<210> 11

<211> 30

<212> ADN

<213> Trinh tu nhin tao
<220>

<223> doan méi 1

<400> 11

ttaggtaccg gcgcactcce gttctggata

<210> 12

<211> 29

<212> ADN

<213> Trinh tu nhé@n tao
<220>

<223> doan mdéi 2

<400> 12

actgcccgtt gtcgataccce tttttacgt

<210> 13

<211> 27

<212> ADN

<213> Trinh tu nhadn tao
<220>

<223> doan mdi 3

<400> 13

tcgacaacgg gcagtgtatt caccatg

<210> 14

<211> 29

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> doan mdéi 4

<400> 14

aatgatatct gttattctct aattttgtt

<210> 15
<211> 29

-50-

30

29

27

29
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<212> ADN

<213> Trinh tuy nhén tao
<220>

<223> doan méi 5

<400> 15

aatgatatca ccctttttac gtgaacttg

<210> 16

<211> 29

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> doan méi 6

<400> 16

cccgatatca tgcaaacaca aaaaccgac

<210> 17

<211> 45

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> doan mdéi 7

<400> 17

gggaagctta aaggatccgt gggattaact gcgcgtcgece gecttt

<210> 18

<211> 29

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> doan mdéi 8

<400> 18

aaagatatca tggctgacat tctgctgct

<210> 19

<211> 70

<212> ADN

<213> Trinh ty nhén tao

-51-

29

29

45

29
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<220>
<223> doan mdi 9
<400> 19

ggcctcccaa atcgggggge cttttttatt gataacaaaa aggcaacact aggtgacact

atagaacgcg

<210> 20

<211l> 70

<212> ADN

<213> Trinh tu nhin tao
<220>

<223> doan méi 10

<400> 20

aacagcccaa taccttcatt gaacgggtga tttcccctaa ctctttcaat tagtggatct

gatgggtacc

<210> 21

<211> 70

<212> ADN

<213> Trinh ty nhin tao
<220>

<223> doan mdi 11

<400> 21

gaatgggagg cgtttcgtcg tgtgaaacag aatgcgaaga cgaacaataa ggcctcccaa

atcggggggc

<210> 22

<211> 70

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> doan mdi 12

<400> 22

ggcacctttt catcaggttg gatcaacagg cactacgttc tcacttgggt aacagcccaa

taccttcatt

-52-

60

70

60

70

60

70

60

70
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<210> 23

<211> 20

<212> ADN

<213> Trinh tuy nhidn tao

<220>

<223> doan méi 13

<400> 23

ttgagtgtat cgccaacgcg 20
<210> 24

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> doan méi 14

<400> 24

aaagccgegt gttattgegt 20
<210> 25

<211> 70

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> doan mdi 15

<400> 25

ttagccaaat ttaggtaaca cgttaaagac gttgccgaac cagcacaaaa aggtgacact 60
atagaacgcg 70

<210> 26

<211> 70

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> doan méi 16

<400> 26

atgaaggatt atgtaatgga aaactttaaa catctccctg aaccgttccg tagtggatct 60

-53-



gatgggtacc

<210> 27

<211> 70

<212> ADN

<213> Trinh tu nhin tao
<220>

<223> doan mdéi 17

<400> 27

tgatttcctg agaggcaaga agccagcgaa tggctggctt cttgaaggat ttagccaaat

ttaggtaaca

<210> 28

<211> 70

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi 18

<400> 28

aatcggtata gcagatgtaa tattcacagg gatcactgta attaaaataa atgaaggatt

atgtaatgga

<210> 29

<211> 20

<212> ADN

<213> Trinh ty nhin tao
<220>

<223> doan mdi 19

<400> 29

cgggataaag taaaaccagg

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

<220>
<223>

30

20

ADN

Trinh tu nhin tao

doan mdi 20

26479

70

60

70

60

70

20



26479

<400> 30
cggcgaaggt aagttgatga

<210> 31

<211> 20

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi 21

<400> 31

tatttgctgt cacgagcagg

<210> 32

<211> 22

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi 22

<400> 32

agttccggca tacaaccggce tt

<210> 33

<211> 20

<212> ADN

<213> Trinh tu nhdn tao
<220>

<223> doan mdi 23

<400> 33

taatacgact cactataggg

<210> 34

<211> 20

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> doan mdi 24

-55-

20

20

22

20
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<400> 34
ctgttgggcg gaaaaatgac

<210> 35

<211> 20

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi 25

<400> 35

tgatcgccag ggtgccgacg

<210> 36

<211> 20

<212> ADN

<213> Trinh ty nhin tao
<220>

<223> doan mdi 26

<400> 36

ccctatagtg agtcgtatta

<210> 37

<211> 531

<212> PRT

<213> Escherichia coli

<400> 37

Met Ala Asp Ile Leu Leu Leu Asp Asn Ile
1 5 10

Leu Ala Asp Gln Leu Arg Ser Asn Gly His
20 25

Asn His Ile Pro Ala Gln Thr Leu Ile Glu
35 40

Asn Pro Val Leu Met Leu Ser Pro Gly Pro
50 55

Gly Cys Met Pro Glu Leu Leu Thr Arg Leu
65 70

Ile Gly Ile Cys Leu Gly His Gln Ala Ile
85 90

-56-

Asp

Asn

Arg

Gly

Arg

75

Val

Ser

Val

Leu

Val

60

Gly

Glu

Phe

Val

Ala

45

Pro

Lys

Ala

Thr

Ile

30

Thr

Ser

Leu

Tyr

Tyr

15

Tyr

Met

Glu

Pro

Gly
95

Asn

Arg

Ser

Ala

Ile

80

Gly

20

20

20



Tyr

Glu

Val

Thr

145

Ala

Thr

Lys

Gln

Val

225

Ser

Thr

Phe

Ile

Ala

305

Leu

Arg

Tyr

Thr

Val

His

Ala

130

Ile

Asp

Gln

Leu

Ala

210

Val

Met

Ala

Ala

Ser

290

Lys

Leu

Gln

His

Arg
370

Gly

Asp

115

Arg

Asn

Arg

Gly

Glu

195

Gln

Arg

Lys

Leu

Asp

275

Thr

His

Ala

Ala

Thr

355

Thr

Gln

100

Gly

Tyr

Ala

Val

Ala

180

Pro

Thr

Gly

Ile

Leu

260

Ile

Ala

Gly

Ala

Leu

340

Gly

Leu

Ala

Gln

His

His

Cys

165

Arg

Ala

Leu

Glu

Arg

245

Glu

Val

Ser

Asn

Phe

325

Asp

Phe

Phe

Gly

Ala

Ser

Phe

150

Gly

Leu

Asn

Ser

Leu

230

Gly

Asn

Gly

Ala

Arg

310

Gly

Glu

Arg

Asn

Glu

Met

Leu

135

Asn

Phe

Leu

Thr

Gln

215

Lys

Glu

Ala

Thr

Phe

295

Ser

Ile

Leu

His

Val
375

26479

Ile

Phe

120

Val

Gly

Gln

Glu

Leu

200

Gln

Pro

His

Ala

Gly

280

Val

Val

Asn

Gly

Ala

360

Leu

Leu

105

Ala

Gly

Met

Phe

Gln

185

Gln

Glu

Glu

Pro

Pro

265

Gly

Ala

Ser

Leu

Val

345

Met

Gly

-57-

His

Gly

Ser

vVal

His

170

Thr

Pro

Ser

Gln

Asn

250

Phe

Asp

Ala

Ser

Asp

330

Cys

Pro

Pro

Gly

Leu

Asn

Met

155

Pro

Leu

Ile

His

Leu

235

Glu

Pro

Gly

Ala

Lys

315

Met

Phe

Val

Leu

Lys

Thr

Ile

140

Ala

Glu

Ala

Leu

Gln

220

Ala

Ile

Arg

Ser

Cys

300

Ser

Asn

Leu

Arg

Ile
380

Ala

Asn

125

Pro

Val

Ser

Trp

Glu

205

Leu

Ala

Ala

Pro

Asn

285

Gly

Gly

Ala

Phe

Gln

365

Asn

Ser

110

Pro

Ala

Arg

Ile

Ala

190

Lys

Phe

Ala

Gly

Asp

270

Ser

Leu

Ser

Asp

Ala

350

Gln

Pro

Ser

Leu

Gly

His

Leu

175

Gln

Leu

Ser

Leu

Ala

255

Tyr

Ile

Lys

Ser

Lys

335

Pro

Leu

Ala

Ile

Pro

Leu

Asp

160

Thr

Gln

Tyr

Ala

Val

240

Ala

Leu

Asn

Val

Asp

320

Ser

Lys

Lys

His



Pro Pro
385

Ile Ala

His Ser

Ala Glu

Asp Phe

450

Pro Glu
465

Asp Ala

Arg Leu

Glu val

Ala Arg
530

<210>
<211>
<212>
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