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Linh vie k§ thuit dwoc dé cap
Séng ché dé cap dén vi sinh vat tai t& hop c¢6 kha ning san xuit 2,3-
butandiol gia ting, va phuong phap san xuét 2,3-butandiol bing cach sir dung vi

sinh vat nay.

Tinh trang ky thuit ciia sing ché

2,3-butandiol 13 ruou (c6 cong thic CH;CHOHCHOHCH;) cé bén
cacbon va hai nhém hydroxyl (-OH) va c6 thé dugc chuyén héa chét xuc tac hoa
hoc thanh 1,3-butadien ma 13 nguyén lidu tho dé diéu ché cao su, va metyl etyl
keton (methyl ethyl ketone - MEK) dugc str dung 1am chét phu gia nhién liéu va
dung moi (Ji et al., Biotechnol. Adv., 29: 351, 2011). Ngoai ra, 2,3-butandiol 1a
chit trung gian rit quan trong trong cic nganh cong nghiép nhién liéu vi 2,3-
butandiol c6 thé dugc str dung 1am chét ting chi s§ octan bang cach tron 13n vé6i
xang (Celinska et al., Biotechnol. Adv., 27: 715, 2009).

2,3-butandiol c6 thé dugc tao ra bing qua trinh tdng hop héa hoc va qua
trinh 1én men vi sinh. Tuy nhién, do chi phi san xuét cao, nén khong thé san xuét
2,3-butandiol trén quy mé cong nghiép. Trong nhiing nim gan day, v6i su phat
trién nhanh chéng vé k¥ thuat san xuét 2,3-butandiol bing qua trinh 1én men vi
sinh, cung véi vi€c gid nhién liéu thé hoa thach dang ting nhanh va viéc dua
vao 4p dung quy dinh qudc té nghiém ngit vé van d& gdy 6 nhidm moéi trudng,
tAm quan trong clia viéc tim ra cac phuong phép san xuét 2,3-butandiol trén co
s¢ sinh hoc bang qua trinh 1én men vi sinh dang dugc tp trung nghién ciru va
phat trién nhanh.

Phuong phép san xuét 2,3-butandiol trén co s& sinh hoc 1a chuyén hoa
nguyén liu sinh khéi thanh 2,3-butandiol théng quan qué trinh 1én men vi sinh
c6 kha ndng san xuét 2,3-butandiol. 2,3-butandiol duoc tao ra béng cac vi sinh

vat khac nhau nhu vi sinh vat chi Klebsiella, Enterobacter, Bacillus, Serratia
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(Maddox IS, Biotechnol., 6: 269, 1996). Trong sb cac vi sinh vit niy, Klebsiella
pneumoniae (K. pneumoniae), Klebsiella oxytoca (K. oxytoca), va Paenibacillus
polymyxa tao ra luong tuong d6i 16n cua 2,3-butandiol, va dic biét 13, K.
pneumoniae va K. oxytoca cé thuit loi & chd ching c6 thé dugc nudi cly mot
cach d& dang, phat trién nhanh, va c¢6 thé tao ra 2,3-butandiol tir c4c loai nguyén
liéu sinh khdi khac nhau bao gdm dudng pentoza c¢6 ngudn gde tir gd (Ji et al.,
Biotechnol. Adv., 29: 351, 2011; Chandel et al., Sustainable Biotechnol., 63,
2010; Jansen et al., Biotechnol. Bioeng., 26: 362, 1984; Jansen et al., Adv.
Biochem. Eng., 27: 85, 1983).

Viéc nghién ctru phuong phap san xuét 2,3-butandiol trén co s& sinh hoc
bang qua trinh 1én men vi sinh d& dugc thuc hién trong céc linh vuc nhu linh
vue tdi wu hoéa qua trinh 1én men (bao gdm nhiét d6, d6 pH, luong oxy hoa tan,
va cac yéu td tuong tu) va linh vuc phat trién vi sinh vat (bao gém phét hién vi
sinh vat, tim hiéu dic tinh sinh 1y ctia vi sinh vat dugc phét hién, thuc hién su
d6t bién va k¥ thuat di truyén, va cac yéu té tuong tur). Bdi véi linh vuc t8i vu
héa qua trinh 1én men, cac didu kién khac nhau nhu nhiét d6, do pH, lugng oxy
hoa tan, va cac yéu td khac d& dam bao cho qua trinh san xuit mét cach hidu
qua 2,3-butandiol dugc xéac dinh (Ji et al., Bioresour. Technol., 100: 3410, 2009;
Nakashimada et al., J. Biosci. Bioeng., 90: 661, 2000; Nakashimada et al.,
Biotechnol. Lett., 20: 1133, 1998). Tuy nhién, qua trinh san xuét 2,3-butandiol
bang qué trinh 1én men vi sinh dudi cac didu kién trén day van gip phai van dé
vé hiéu suét va san luong thap, giy khé khin trong viéc st dung mét cach truc
tiép 1am qué trinh san xuit thuong mai. Ngoai ra, qua trinh san xuit ndy c6
nhuoc diém & chd cic san phdm phu nhu axit hitu co bao gdm lactat, rugu bao
gém etanol, va cac san phém tuong tu, cling dugc tao ra, cung véi 2,3-butandiol
trong qué trinh 18n men. Viéc tao ra céc san phim phu khong nhiing lam giam
hiéu suét tao ra 2,3-butandiol ddi v6i nguyén liéu sinh khdi, ma con can chi phi
r4t 16n dé tach va 1am sach trong qué trinh thu hdi 2,3-butandiol ra khéi chét
16ng méi trudong nudi ciy.

Do dé, viéc phat trién vi sinh vat lién quan dén qué trinh san xuét 2,3-
butandiol d& dugc nghién ctu thuc hién nhdm 1am giam viéc tao ra san phim

phu. Ji va cdc cong sy d3 thanh céng mdt phan trong viéc ngin nglra su tao ra
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axit hitu co duéi dang san pham phu, bang cach cho ching Klebsiella oxytoca
kiéu dai tiép xtic v&i tia tir ngoai (UV), ma 13 mot trong cac phuong phép gay
dot bién gen ly/hoda hoc (Ji et al., Biotechnol. Lett., 30: 731, 2008). Ngoai ra,
cling ¢6 cac 16 luc dé nin cao hiéu suét cua qué trinh san xuét 2,3-butandiol
bang céch st dung chiim ion tac dung 1én chiing Klebsiella pneumoniae, nhd d6
ting tbc do tiéu thu nguyén liéu sinh khdi (Ma et al., Appl. Microbiol.
Biotechnol., 82: 49, 2009). Tuy nhién, cic chiing dugc phat trién ndy van c6 van
d& & chd 1a ching khong thé str dung trong quy trinh san xut & quy mé cong
nghiép xét vé cac khia canh nhu san lugng, ndng d6 cudi, va hiéu suét tao ra
2,3-butandiol.

Do d6, c4c tac gia sang ché da nghién ctru vi sinh vét tai t§ hop trong d6
san lugng, ndng do, va hiéu sudt tao ra 2,3-butandiol 14 cao, va phét hién ra rang
vi sinh vt tai t6 hop trong d6 gen cu thé duoc bd sung c6 d6 chon loc cao va

san lugng san xuét 2,3-butandiol cao, va nhd d6 di tao ra sang ché.

Bin chit ky thuit ciia sang ché
Van d ky thuat can duoc giai quyét

Muc dich ctia sang ché 13 d& xuét vi sinh vat tai td hop c6 kha nang san
xuét 2,3-butandiol gia ting, va phuong phap san xuat 2,3-butandiol bing cach
sit dung vi sinh vat nay.

Céch thiic giai quyét vin dé

Theo mdt khia canh, sang ché d& xuat vi sinh vét tai t& hop dé san xudt
2,3-butandiol trong d6 con dudng chuyén héa pyruvat thanh alpha-axetolactat,
con dudng chuyén héa alpha-axetolactat thanh axetoin, hodc con duong chuyén
héa axetoin thanh 2,3-butandiol, dugc gia ting trong vi sinh vat sin xuét 2,3-
butandiol.

Theo khia canh khéc, séng ché dé xuit phuong phap san xuit 2,3-
butandiol bao gdm céc budc: @ vi sinh vat t4i t& hop theo sang ché; va nudi ciy
vi sinh vt tai t6 hop nay.

Vi sinh vt tai td hop theo sang ché c6 thé c6 san lwong san xuét 2,3-

butandiol cao.
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MO ta vin tit cic hinh vé

FIG. 1 thé hién con dudng sinh tdng hop 2,3-butandiol trong ching san
xuét 2,3-butandiol.

FIG. 2 thé hién plasmit pGSC-budA.

FIG. 3 thé hién plasmit pGSC-budAB.

FIG. 4 thé hién plasmit pGSC-budABC.

FIG. 5 thé hién két qua 1én men cta ching Klebsiella oxytoca kiéu dai
cua Vidu so sanh 1.

FIG. 6 thé hién két qua 1én men cia ching Klebsiella oxytoca tai t5 hop
(K. oxytoca AldhA ApflB) ctia Vi du so sanh 2.

FIG. 7 thé hién két qua 1én men cta chiing Klebsiella oxytoca tai t6 hop
(K. oxytoca kiéu dai + pGSC-budRABC) ctia Vi du 1.

FIG. 8 thé hién két qua 1én men cia ching Klebsiella oxytoca tai tb hop
(K. oxytoca AldhA ApflB + pGSC-budRA) ctia Vi du 2.

FIG. 9 thé hién két qua 1én men ctia chiing Klebsiella oxytoca tai t hop
(K. oxytoca AldhA ApflB + pGSC-budRAB) cua Vi du 3.

FIG. 10 thé hién két qua 1én men ctia chiing Klebsiella oxytoca tai t6 hop
(K. oxytoca AldhA ApflB + pGSC-budRABC) cua Vi du 4.

MO ta chi tiét sang ché

Sang ché @& cap dén vi sinh vat tai t6 hop dé san xut 2,3-butandiol
trong d6 con dudng chuyén héa pyruvat thanh alpha-axetolactat, con dudng
chuyén héa alpha-axetolactat thanh axetoin, hozc con duong chuyén héa axetoin
thanh 2,3-butandiol, duoc gia ting trong vi sinh vét san xuét 2,3-butandiol.

Ngoai ra, sang ché dé cap dén phuong phép san xuét 2,3-butandiol bao
gdm céc bude: 0 vi sinh vat tai t5 hop theo sang ché; va nudi cdy vi sinh vt tai
t6 hop nay.

Sau ddy, sang ché s& dugc mo ta chi tiét hon.
Vi sinh vt tai t6 hop c6 kha ning san xuét 2,3-butandiol gia ting

Vi sinh vat tai td hop theo sang ché 12 vi sinh vat ti t6 hop d& san xuét
2,3-butandiol trong d6 con dudng chuyén héa pyruvat thanh alpha-axetolactat,

con dudng chuyén héa alpha-axetolactat thanh axetoin, hoic con dudng chuyén
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héa axetoin thanh 2,3-butandiol, dugc gia ting trong vi sinh vét san xuét 2,3-
butandiol.

Ngoai ra, vi sinh vat tai t6 hop theo sang ché 13 vi sinh vt tai t6 hop
trong d6 hoat tinh cia mét hodc nhidu enzym dugc lam gia ting, enzym nay
dugc chon tir nhém bao gdm axetolactat synthaza, axetolactat decarboxylaza, va
axetoin reductaza, trong vi sinh vat san xuét 2,3-butandiol.

Ngoai ra, vi sinh vt tai td hop theo sang ché 13 vi sinh vat t4i t6 hop
trong d6 hoat tinh ctia hai hogc nhiéu enzym 13 duoc lam gia ting, enzym nay
duge chon tir nhém bao gdm axetolactat synthaza, axetolactat decarboxylaza, va
axetoin reductaza, trong vi sinh vat san xudt 2,3-butandiol.

Ngoai ra, vi sinh vit tai t6 hop theo sang ché 13 vi sinh v4t tai t8 hop
trong d6 hoat tinh cua axetolactat synthaza, hoat tinh cua axetolactat
decarboxylaza, va hoat tinh cla axetoin reductaza dugc lam gia ting, trong vi
sinh vt san xudt 2,3-butandiol.

Ngoai ra, vi sinh vat i to hop theo sang ché 1 vi sinh vt tai t6 hop dé
san xuit 2,3-butandiol trong d6 con duong chuyén héa pyruvat thanh axetyl-
CoA, con dudng chuyén héa pyruvat thanh axit formic, hoic con dudng chuyén
héa pyruvat thanh lactat, bi tic ché (bi kim ham), va con dudng chuyén héa
pyruvat thanh alpha-axetolactat, con duong chuyén héa alpha-axetolactat thanh
axetoin, hodc con dudng chuyén héa axetoin thanh 2,3-butandiol, dugc gia ting,
trong vi sinh vét san xuét 2,3-butandiol.

Trong trudng hop nay, vi sinh vt tai td hop theo sang ché dic trung &
chd con dudng chuyén héa pyruvat thanh axetyl-CoA, con dudng chuyén hoa
pyruvat thanh axit formic, va con dudng chuyén héa pyruvat thanh lactat, c6 thé
bi trc ché, va con dudng chuyén hoa pyruvat thanh alpha-axetolactat c6 thé duge
gia ting, trong vi sinh vat san xuit 2,3-butandiol.

Ngoai ra, vi sinh vt tai t6 hop theo sang ché dic trung & chd con dudng
chuyén hoéa pyruvat thanh axetyl-CoA, con dudng chuyén héa pyruvat thanh
axit formic, va con dudng chuyén hoa pyruvat thanh lactat, c6 thé bi wc ché, va
con dudng chuyén héa pyruvat thanh alpha-axetolactat, va con dudng chuyén
héa alpha-axetolactat thanh axetoin c6 thé dugc gia ting, trong vi sinh vat san

xuit 2,3-butandiol.
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Ngoai ra, vi sinh vat t4i t6 hop theo sang ché dic trung & chd con dudng
chuyén héa pyruvat thanh axetyl-CoA, con dudng chuyén héa pyruvat thanh
axit formic, va con duong chuyén héa pyruvat thanh lactat, c6 thé bj uc ché, va
con dudng chuyén héa pyruvat thanh alpha-axetolactat, con dudng chuyén héa
alpha-axetolactat thanh axetoin, va con dudng chuyén héa axetoin thanh 2,3-
butandiol c¢6 thé duoc gia ting, trong vi sinh vat san xuét 2,3-butandiol.

Ngoai ra, vi sinh vat tai t6 hop theo sang ché c6 thé 13 vi sinh vét tai
hop trong d6 hoat tinh ctia pyruvat-format lyaza, va hoat tinh cua lactat
dehydrogenaza bi tic ché, va hoat tinh ciia axetolactat synthaza 1 duoc lam gia
tang, trong vi sinh vét san xuét 2,3-butandiol.

Ngoai ra, vi sinh vat tai td hop c6 thé 13 vi sinh vt tai t5 hop trong d6
hoat tinh ctia pyruvat-format lyaza, va hoat tinh cia lactat dehydrogenaza bi trc
ché, va hoat tinh cua axetolactat synthaza, va hoat tinh ctia axetolactat
decarboxylaza duoc 1am gia ting, trong vi sinh vat san xuét 2,3-butandiol.

Ngodi ra, vi sinh vat t4i t6 hop c6 thé 1a vi sinh vat tai t5 hop trong d6
hoat tinh cua pyruvat-format lyaza, va hoat tinh cta lactat dehydrogenaza bj {rc
ché, va hoat tinh cua axetolactat synthaza, hoat tinh cua axetolactat
decarboxylaza, va hoat tinh cla axetoin reductaza duoc lam gia téng, trong vi
sinh vat san xuét 2,3-butandiol.

Ngoai ra, vi sinh vt tai t6 hop theo sang ché c6 d6 chon loc cao, hidu
suit cao, néng do cao, va san lugng san xuét 2,3-butandiol cao. Ngoai ra, vi sinh
vat tai tb hop theo sang ché c6 thé c6 kha ning tao ra san phidm phu nhu axit
formic, lactat, v.v., bi trc ché do dugc téi_té hop, khi so vé6i vi sinh vat kiéu dai.
Con dudng sinh tdng hop axetyl-CoA

Vi sinh vt tai t6 hop theo sang ché c6 thé 13 vi sinh vt tai t6 hop duoc
tao ra bang cich sir dung vi sinh vét san xuét 2,3-butandiol c6 cic con dudng
sinh tong hop axetyl-CoA va lactat. Con dudng sinh tdng hop axetyl-CoA theo
séng ché nghia 13 con dudng trong d6 axetyl-CoA duoc tdng hop tir chit chuyén
héa cu thé trong vi sinh vat. Con dudng sinh tdng hop axetyl-CoA theo sang ché
c6 thé con duong tdng hop axetyl-CoA tir pyruvat, v.v.

Con dudng sinh tdng hop lactat
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Vi sinh vAt tai tb hop theo sang ché c6 thé 13 vi sinh v4t t4i t6 hop duoc
tao ra bang cach sir dung vi sinh vét san xuét 2,3-butandiol ¢6 cac con dudng
sinh tong hop axetyl-CoA va lactat. Con dudng sinh tdng hop lactat theo séng
ché nghia 1 con dudng trong d6 lactat duoc tdng hop tir chit chuyén hoa cy thé
trong vi sinh vat. Con dudng sinh téng hop lactat theo sang ché c6 thé con
dudng téng hop lactat tir pyruvat, v.v.

Vi sinh vat san xuét 2,3-butandiol

Vi sinh vAt tai td hop theo sang ché c6 thé 13 vi sinh vat tai t8 hop duoc
tao ra bang cach tai t6 hop gen cta vi sinh vét san xuét 2,3-butandiol. Vi sinh
vat san xuét 2,3-butandiol theo sang ché 13, vi du, vi sinh vat thudc chi
Klebsiella, chi Bacillus, chi Serratia, hodc chi Enterobacter, t6t hon Ia,
Klebsiella oxytoca (K. oxytoca), Klebsiella pneumoniae (K. pneumoniae), v.v.,
va tot nhét 13, Klebsiella oxytoca (K. oxytoca). Qu4 trinh san xuét vi sinh vAt tai
t6 hop theo sang ché bing cach sir dung Klebsiella oxytoca 12 thuan loi cho qua
trinh san xuét 2,3-butandiol & quy mé cong nghiép khi so v6i qué trinh san xuit
bang cach sir dung Klebsiella pneumoniae.

Qua trinh trc ché con dudng chuyén héa pyruvat thanh axetyl-CoA

Enzym pyruvat-format lyaza kiém soat qua trinh chuyén héa pyruvat
thanh axetyl-CoA. Con dudng chuyén héa pyruvat thanh axetyl-CoA c6 thé bi
tic ché bang cach trc ché pyruvat-format lyaza. Qua trinh trc ché pyruvat-format
lyaza c6 thé duge thuc hién bing cach wc ché su biéu hién cua pyruvat-format
lyaza, tc ché hoat tinh enzym clia pyruvat-format lyaza, v.v. Vi du, pyruvat-
format lyaza c6 thé bi tic ché bang cach chon lya sir dung phuong phap thich
hop bdi ngudi c6 hiéu biét trung binh trong linh vuc ndy, phuong phap thich
hop nhu loai bo pflB ma 13 gen ma héa pyruvat-format lyaza, gay dot bién trong
gen (su dot bién trong d6 sy bidu hién ciia gen binh thudng bj trc ché bang céach
lam d6t bién, thay thé hoic loai bé mot phén cac bazo ra khoi gen, hoac bﬁng
cach bd sung mét phin céc bazo vao trong gen), didu hoa cta sy bidu hién cua
gen trong qua trinh phién ma hodc qué trinh dich ma, v.v.

Qué trinh tic ché con dudng chuyén héa pyruvat thanh axit formic

Pyruvat-format lyaza kiém soét qué trinh chuyén hoéa pyruvat thanh axit

formic. Con duong chuyén héa pyruvat thanh axit formic c6 thé bi c ché bing
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cach trc ché pyruvat-format lyaza. Qua trinh trc ché pyruvat-format lyaza c6 thé
duogc thuc hién bang cach tc ché su biéu hién cia pyruvat-format lyaza, Gc ché
hoat tinh enzym cta pyruvat-format lyaza, v.v. Vi dy, pyruvat-format lyaza c6
thé bi e ché bang cach chon lya st dung phuong phép thich hop béi ngudi c6
hiéu biét trung binh trong linh vuc nay, phuong phap thich hop nhu loai bé pflB
ma 12 gen mi héa pyruvat-format lyaza, gdy dot bién trong gen (su dot bién
trong d6 su biéu hién ctia gen binh thudng bi trc ché bang cich 1am dot bién,
thay thé hoic loai bo mot phan cic bazo ra khéi gen, hodc bing cach bd sung
mdt phin cac bazo vao trong gen), didu hoa cta su biéu hién cta gen trong quéi
trinh phién ma hodc qué trinh dich ma, v.v.
Qua trinh e ché con dudng chuyén hoa pyruvat thanh lactat

Lactat dehydrogenaza kiém soat qué trinh chuyén héa pyruvat thanh
lactat. Con dudng chuyén héa pyruvat thanh lactat c6 thé bi ttc ché bing cach
ché lactat dehydrogenaza. Qua trinh tic ché lactat dehydrogenaza c6 thé duogc
thuc hién bing cach tc ché su biéu hién cua lactat dehydrogenaza, ttc ché hoat
tinh enzym cua lactat dehydrogenaza, v.v. Vi du, lactat dehydrogenaza c6 thé bi
tic ché bang cach chon lua sir dung phuong phép thich hop boéi ngudi ¢é hiéu
biét trung binh trong linh vuc nay, phuwong phép thich hop nhu loai bo IdhA ma
1a gen md hoa lactat dehydrogenaza, giy dot bién trong gen (su dot bién trong
d6 su biéu hién ciia gen binh thudng bi tic ché bing cach 1am dot bién, thay thé
hoic loai béd mét phan cic bazo ra khoi gen, hoac bﬁng céch bd sung mot phﬁn
cac bazo vao trong gen), didu hda clia su biéu hién ctia gen trong qua trinh phién
ma hodc qué trinh dich ma, v.v.
Qué trinh 1am gia ting con dudng chuyén héa pyruvat thanh alpha-axetolactat

Axetolactat synthaza diéu hoa qua trinh chuyén héa pyruvat thanh alpha-
axetolactat tham gia vao trong qua trinh san xuét alpha-axetolactat. Con dudng
chuyén héa pyruvat thanh alpha-axetolactat c6 thé dugc gia ting bang cach lam
tang hoat tinh cua axetolactat synthaza. Viéc lam tang hoat tinh cta axetolactat
synthaza c6 thé duoc thuc hién béng cach khuéch dai sy biéu hién cua gen cua
axetolactat synthaza, 1am tdng hoat tinh enzym clia axetolactat synthaza, v.v. Vi
du, hoat tinh cta axetolactat synthaza cé thé dugc 1am gia tang bang cach chon

Iwa sir dung phuong phap thich hop bdi ngudi c¢6 hiéu biét trung binh trong linh
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vuc ndy, phuong phap thich hop nhu bd sung budB ma 13 gen m3 hoa
axetolactat synthaza vio trong vi sinh vét, gdy dot bién trong gen (su dot bién
trong d6 su biéu hién cta gen dugc khuéch dai béng cach 1am d6t bién, thay thé
hoic loai bé mot phin cac bazo, hoic bing cach bd sung mot phﬁn cac bazo vao
trong gen), diéu hoa ciia sy biéu hién clia gen trong qua trinh phién m4 hoic qua
trinh dich ma3, v.v.
Qua trinh 1am gia ting con dudng chuyén héa alpha-axetolactat thanh axetoin
Axetolactat decarboxylaza diéu hoa qué trinh chuyén héa alpha-
axetolactat thanh axetoin tham gia vao trong qua trinh san xuit axetoin. Con
dudng chuyén hoéa alpha-axetolactat thanh axetoin c6 thé duoc gia ting bing
cach lam tidng hoat tinh ctia axetolactat decarboxylaza. Viéc lam tang hoat tinh
ciia axetolactat decarboxylaza c6 thé dugc thuc hién bang cach khuéch dai su
biéu hién clia gen cuia axetolactat decarboxylaza, 1am ting hoat tinh enzym cua
axetolactat decarboxylaza, v.v. Vi du, hoat tinh cua axetolactat dehydrogenaza
c6 thé dugc 1am gia ting bang cach chon lua sir dung phuong phap thich hop
boi ngudi c6 hiéu biét trung binh trong linh vuc nay, phuong phép thich hop
nhu bd sung budA ma 1a gen mi hoa axetolactat dehydrogenaza vao trong vi
sinh vat, gy dot bién trong gen (su d6t bién trong d6 su bidu hién cua gen duoc
khuéch dai béng cach 1am d6t bién, thay thé hodc loai bd mot phﬁn cac bazo,
hoic bang cach bd sung mdt phan cac bazo vao trong gen), didu hoa cia su biéu
hién cua gen trong qué trinh phién ma hodc qua trinh dich ma, v.v.
Qua4 trinh 1dm gia ting con dudng chuyén héa axetoin thanh 2,3-butandiol
Axetoin reductaza diéu hoa qué trinh chuyén hoéa axetoin thanh 2,3-
butandiol tham gia vao trong qui trinh san xuit 2,3-butandiol. Con dudng
chuyén héa axetoin reductaza thanh 2,3-butandiol c6 thé dugc gia ting bing
cach lam tdng hoat tinh cia axetoin reductaza. Viéc lam tang hoat tinh cua
axetoin reductaza c6 thé dugc thuc hién bing cach khuéch dai sy bidu hién cua
gen cua axetoin reductaza, lam tang hoat tinh enzym cua axetoin reductaza, v.v.
Vi du, axetoin reductaza c6 thé dugc 1am gia ting bang cach chon lya sir dung
phuong phép thich hgp boi ngudi c6 hiéu biét trung binh trong linh vuc nay,
phuong phép thich hgp nhu bd sung budC ma 14 gen mi hoa axetoin reductaza

vao trong vi sinh vat, gdy dot bién trong gen (sw dot bién trong d6 sy biéu hién
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cua gen dugc khuéch dai béng cach lam do6t bién, thay thé hozic loai bo mot
phan cac bazo, hoic bang cach bd sung mot phin cac bazo vao trong gen), didu
hoa cta sy biéu hién ciia gen trong qua trinh phién ma hodc qué trinh dich m4,
V.V.
Phuong phap san xuét 2,3-butandiol

Phuong phap san xuét 2,3-butandiol theo sang ché bao gdbm budc nudi
cAy vi sinh vat tai t6 hop theo sang ché; va thu hdi 2,3-butandiol tir mdi truong
nudi ciy.
Buéc nudi ciy

Budc nudi cdy cla vi sinh vat tai tb hop theo séng ché dugc thuc hién
duéi didu kién hiéu khi, t6t hon 13, diéu kién vi hiéu khi. Vi du, buéc nudi cy
duge thuc hién véi viée ddng thoi cAp oxy, ma 13, khong khi trong khi nudi ciy,
va cu thé hon, viéc cdp oxy c6 thé duoc thuc hién bang cach, nhung khong chi
gi6i han &, khudy. Vi sinh vt téi t6 hop theo sang ché c6 thé duoc nudi cy
trong moi trubng hén hop, va méi truong hdn hop 13 khdng bi gii han mot cach
cu thé, va ngudi c6 hiéu biét trung binh trong linh vuc nay c6 thé d& dang chon

moi trudng hdn hgp c6 ban sin trén thi trudng mot cach thich hop.

Vi du thue hién siang ché

Céc uu diém va diu hidu khéc theo sang ché va phuong phéap theo sang
ché s& dwoc mo ta mot cach chi tiét hon théng qua cac Vi du. Tuy nhién, séng
ché khong bi gi6i han & cac phudng an cu thé dugc mo ta nay ma cé thé duoc
thuc hién theo cac dang khac nhau. Cac phuong an nay dugc mo ta chi véi muc
dich minh hoa cho sang ché dé ngudi c6 hiéu biét trung binh trong linh vye k§
thuat ndy c6 thé hiéu dugc sang ché va pham vi cta sang ché mot cach day du.
Do d6, sang ché s& dugc xac dinh béi pham vi ciia yéu ciu bao hd dinh kém sau
day.
Nguyén li€u va phuong phép

Chung Klebsiella oxytoca kiéu dai KCTC 12132BP dugc diéu ché va
duoc st dung 1am chiing ctia Vi du so sanh 1. Ngoai ra, vi sinh vat tai t hop
duoc tao ra trong muc 1-1 dén 1-3 dudi day bang cach st dung chung nay.
Klebsiella oxytoca KCTC 12132BP
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Tén van phong luu trit: Vién nghién ctru Sinh hoc va K thuét sinh hoc
Han Quéc (Korea Research Institute ctia Bioscience va Biotechnology -KRIBB)

M3 s6 nhan biét dac hiéu: KCTC12132BP

Ngay dang ky: Ngay mung 8 thang hai, 2012.

- Nong d6 cua 2,3-butandiol (g/L): Luong 2,3-butandiol duge tao ra mdi
don vi thé tich

- Hiéu suét tao ra 2,3-butandiol (g/g): Luong 2,3-butandiol tao ra (g) /
ngudn cacbon (g) x 100

- San lugng cua 2,3-butandiol (g/L/h): Luong 2,3-butandiol duogc tao ra

mdi don vi thoi gian va don vi thé tich

1-1) Qua trinh san xuét K. oxytoca tai t6 hop trong d6 1dhA va pflB duogc loai
bd

Viéc tao cAu triic cia manh ADN bao gdm ving twong ddng cua gen
dich

Dé 1am bt hoat gen dich cta K. oxytoca, co ché tai tb hop cia vi khuén
duoc st dung, va ving tuong ddng clia gen can loai bé duge khuéch dai bang k¥
thuat PCR. Sau d6, manh ADN tuong tmg bao gdm ving twong ddng dugc
chuyén dén vi khuan, va sau d6, gen dich duoc loai bé bang co ché tai tb hop
bang recombinaza (enzym tai td hop) gitta viing tuong ddng ctia gen trong manh
ADN va gen trong nhiém séc thé ctia Klebsiella oxytoca.

Dau tién, dé thuc hién qua trinh tao dong lactat dehydrogenaza cuia
Klebsiella oxytoca, ving trong dong 1 (SEQ ID NO: 2) ciia IdhA (SEQ ID NO:
1) ma 1 gen dich duge khuéch dai bing doan mdi c6 SEQ ID NO: 3 va 4 bang
PCR. Ngoai ra, viing tuong dong 2 (SEQ ID NO: 5) cia né dugc khuéch dai
bang doan mdi c6 SEQ ID NO: 6 va 7 bing PCR. Sau d6, ca hai ving twong
dong 1 va 2 ciing duge sir dung 1am mAu va duge khuéeh dai bang PCT, nh& d6
tao ra manh ADN hoan chinh (SEQ ID NO: 8) bao gdm ving tuong ddng 1 va
2.

DPong thdi, d& thuc hién qua trinh tao dong ving tuong ddng cua
pyruvat-format lyaza ctia Klebsiella oxytoca, ving tuong ddng 1 (SEQ ID NO:
10) cta pfIB (SEQ ID NO: 9) ma gen dich dugc khuéch dai bing doan mdi c6
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SEQ ID NO: 11 va 12 biang PCR. Ngoai ra, ving tuong ddng 2 (SEQ ID NO:
13) ctia n6 dugc khuéch dai bang doan méi c6 SEQ ID NO: 14 va 15 bang PCR.
Sau d6, ca hai ving tuong ddng 1 va 2 cing duoc st dung lam mau va dugc
khuéch dai bang PCT, nhd d6 tao ra manh ADN (SEQ ID NO: 16) bao gdm
ving twong ddng 1 va 2 (xem, Bang 1 duéi day). Pé ting kha ning tai td hop
ctia gen dich, manh ADN hoan chinh c6 thé bao gdm gen khang thudc khang
sinh, v.v., va c6 thé bao gdm gen sacB m3 héa enzym levansucraza dé loai bo

gen khang thudc khang sinh t4i t& hop trong nhidm séc thé.

Quié trinh san xuét K. oxytoca tai t hop trong d6 1dhA va pflB dugc loai bd

Manh ADN duoc tao ciu triic duoc chuyén dén Klebsiella oxytoca
KCTC 12132BP bing cach sir dung k¥ thuat dién di (25 uF, 200 Q, 18 kV/cm),
va gen dich c6 thé dugc loai bo biang cach sir dung co ché tai t hop cta vi sinh
vat.

Manh ADN bao gdm ving tuong dong cia gen IdhA duogc chuyén dén
Klebsiella oxytoca kiéu dai dé tao ra Klebsiella oxytoca tai t6 hop trong d6 gen
IdhA dugc loai bo. Ngoai ra, sau khi gen 1dhA dugc loai bd tir Klebsiella
oxytoca kiéu dai, manh ADN bao gdm ving tuong dong cia gen pfIB dugc
chuyén dé tao ra Klebsiella oxytoca trong d6 gen pfIB con dugc loai bé clng
v6i viéc loai bo gen IdhA.

Vi sinh vat tai tb hop K. oxytoca KCTC 12132BP duogc tao ra trén day
trong d6 1dhA va pflB dugc loai bd (sau day, con dugc goi 1a “Vi du so sénh 27,
“K. oxytoca AldhA ApflB”) duogc st dung dé thuc hién qua trinh ti t5 hop va

thtr nghi€ém l€n men sau day.

1-2) Qua trinh san xuét plasmit pGSC-budA, plasmit pGSC-budAB, va plasmit
pGSC-budABC

Plasmit t4i td hop dugc st dung dé khuéch dai sy biéu hién ctia gen ma
héa axetolactat decarboxylaza (budA), axetolactat synthaza (budB), va axetoin
reductaza (budC) 14n luot dugc tao ra tir Klebsiella oxytoca, dugc tao ra.

P8 tao ra vecto tai td hop dé khuéch dai sy biéu hién cua gen dich ciia

Klebsiella oxytoca, gen can khuéch dai cin dugc tao dong trong plasmit
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pBBRIMCS (Kovach et al., Biotechniques, 800-802, 1994) bao gbém vi trf
enzym gi6i han, céc vi tri tao dong, va gen khang chloramphenicol. Sau khi
plasmit twong ting dugc tao dong vao trong vi khuan, su biéu hién cua gen duge
khuéch dai trong té bao bang co ché sao chép ciia plasmit.

Pé tao dong gen mi hoa axetolactat decarboxylaza (budA, SEQ ID NO:
17), gen mé hoéa axetolactat synthaza (budB, SEQ ID NO: 18), va gen mi héa
axetoin reductaza (budC, SEQ ID NO: 19) cua Klebsiella oxytoca, gen dich
duogc khuéch dai bing PCR (xem, Bang 2 sau day). Trong trudng hop nay, mdi
budR, gen diéu hoa, con dugc bd sung thém (SEQ ID NO: 20). Bé khuéch dai,
doan mdi bao gdm vi trf enzym gidi han (Xbal, Apal, v.v.) ¢6 trong céc vi trf tao
dong clia plasmit duoc sir dung. Manh ADN bao gbm mdi gen va plasmit dugc
xur ly v61 enzym giéi han c6 trong céc vi tri tao dong, va sau d6, hai manh duoc
két hop ciing v6i ligaza ADN T4 d& 1am hoan chinh pGSC-budA va pGSC-
budAB va plasmit pGSC-budABC (cac FIG. 2 dén 4).

1-3) Viéc khuéch dai su bidu hién coa gen ma hoa axetolactat decarboxylaza,
axetolactat synthaza, va axetoin reductaza

Su biéu hién cta gen m3i hoa axetolactat decarboxylaza (budA),
axetolactat synthaza (budB), va axetoin reductaza (budC) duoc tao ra tur
Klebsiella oxytoca dugc khuéch dai.

Plasmit pGSC-budA, plasmit pGSC-budAB, va plasmit pGSC-budABC
duoc tao ra trong muc 1-2 trén day dugc tao dong vao trong Klebsiella oxytoca
t4i td hop ciia cac Vi du so sanh 1 va 2, bing cach st dung k¥ thuat dién di (25
uF, 200 Q, 18 kV/cm). Cy thé hon, plasmit pGSC-budABC dugc tao dong véio
trong Klebsiella oxytoca kiéu dai KCTC 12132BP (Vi du so sanh 1), nh& d6 tao
ra Klebsiella oxytoca tai t6 hop trong d6 su biéu hién cua gen duoc khuéch dai
(sau déy, con dugc goi 1a Vi du 1, “K. oxytoca kiéu dai + pGSC-budABC”).
Ngoai ra, plasmit pGSC-budA, plasmit pGSC-budAB, va plasmit pGSC-
budABC 14n lugt dugc tao dong trong Klebsiella oxytoca tai t6 hop cta Vi du
so sénh 2 ma 13 vi sinh vat tai t6 hop trong d6 ca 1dhA va pflB cing duge loai
b6, nhd d6 tao ra ching Klebsiella oxytoca tai t6 hop, trong d6 su biéu hién cua

gen 1an luot duoc khuéch dai (céc Vi du 2 dén 4). Trong trudng hop nay, mbi
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budR, gen diéu hoa, con duoc bb sung thém. K§ thuat dién di dugc thuc hién, va
ching Klebsiella oxytoca tai t hop twong ting dwoc nudi cdy & 30°C trong 1 gid
va dugc 1am 6n dinh. Sau d6, vi sinh vat tai t& hop ndy duoc nudi ciy bang cach
phéan phéi chung trén méi truong LB hdn hop rin chira chloramphenicol & 37°C.
Sau d6, cac cum khuin phat trién trong moi trudng rén chira chloramphenicol
dugc 14y ra. Plasmit chira cic cum khuin dugc 14y ra dugc tach riéng
(Miniprep) va viéc thuc hién qua trinh tao dong gen dugc xac dinh bang k§

thuat dién di. Két qua 13, vi sinh vat tai t6 hop duoc tao ra nhu duge md ta dudi

day (xem, Bang 3).
Bang 3
Ching MG ta chi tiét
Vidul K. oxytoca kiéu dai + | K. oxytoca KCTC 12132BP trong d6
: pGSC-budRABC | budA, budB, va budC dugc khuéch dai.
K. oxytoca AldhA | K. oxytoca KCTC 12132BP trong d6
Vidu?2 ApflB + pGSC- IdhA va pflB duogc ,loai bd, va budA
budRA duoc khuéch dai.
K. oxytoca AldhA | K. oxytoca KCTC 12132BP trong d6
Vidu3 | ApflB+pGSC- 1dhA va pflB duogc loai pc’), va budA va
budRAB budB duoc khuéch dai.
K. oxytoca AldhA | K. oxytoca KCTC 12132BP trong d6
Vidu4 ApflB + pGSC- 1dhA va pflB dugc loai bo, va
budRABC budA, budB, va budC duogc khuéch dai

Vi du thue nghiém 1: Kha ning tao ra 2,3-butandiol trong vi sinh vat kiéu dai va
vi sinh vét tai t6 hop, trong d6 IdhA va pflB dugc loai bd

Kha ning 1én men tao ra 2,3-butandiol dwoc danh gi bang cach st dung
ching Klebsiell kiéu dai theo Vi du so sanh 1 va chiing Klebsiella oxytoca tai t6
hop trong d6 1dhA va pflB cung dugc loai bé theo Vi du so sanh 2.

Klebsiella oxytoca kiéu dai theo Vi du so sanh 1 va Klebsiella oxytoca
t4i t6 hop trong d6 1dhA va pflB cling dugc loai bé theo Vi du so sénh 2 dugce
cho 1én men. Qua trinh nuoi céy cac vi sinh vat nay dugc thyc hién nhu mo ta
dudi day.

DAu tién, cac vi sinh vét nay dugc U trong 250 ml clia méi trudng hon

hop bao gbém 9 g/L glucoza (50 mM) va duoc nudi cdy & 37°C trong 16 gio, va
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sau d6, chét 16ng nudi cdy duoc U trong 3 L cta moi trudng hén hop. Trong
trudng hop ndy, qua trinh 1én men duoc thuc hién duédi didu kién vi hiéu khi
(t6c d6 suc khi 1 vvm (thé tich khi/thé tich chét 1éng/phut) va tdc d6 khudy 150
vong/phiit), & ndng d6 glucoza ban dau 90 g/L, pH 14 6,8, va nhiét db nudi cy
37°C. 25 mg/L cta chloramphenicol duoc bb sung vao mdi truong niy. NaOH
5N duoc sit dung dé diéu chinh pH trong qua trinh 1én men. Cac mAu trong
ching Klebsiell kiéu dai va chung Klebsiell tai t hop duoc ldy ra trong qua
trinh 1én men, va téc do phat trién duoc theo dai bang cach do mét do quang 600
(OD 600) ctia cic mAu duge ldy ra. Sau d6, cac mau duoc 14y ra duge ly tAm &
13000 vong/phit trong 10 phit, va ndng dd cta chit chuyén hoéa ctia phan dich
nbi va 2,3-butandiol dugc phan tich bang séc ky 1ong (HPLC).

Két qua 13, khi lactat dehydrogenaza (Idha) va pyruvat-format lyaza
(pfIB) dugc loai bd ra khoi Klebsiella oxytoca, lugng 2,3-butandiol tao ra la
39,49 g/L, va hiéu suét tao ra 2,3-butandiol (sé g cta 2,3-butandiol/sb g cua
glucoza) 1a 0,45. San lugng (g/L/h) cuia vi sinh vAt tai td hop ctia Vi du so sanh
2 12 0,58. Khi so véi kiéu dai chiing ctia Vi du so sanh 1, vi sinh vat tai t& hop
ctia Vi du so sénh 2 c6 ndng d6 san xuét, hidu sut, san lugng déu dugce gia tdng
va d6 chon loc dbi véi 2,3-butandiol va c6 kha nang tao ra 2,3-butandiol duoc
lam gia ting dong thoi 1am giam dang k& viéc tao ra lactat, axit formic, va
etanol (Bang 4) (céc FIG. 5 va 6).

Bang 4
\ 2,3-butandiol
Ching X p AT X ;
Nong d6 (g/L) Hiéu suat (g/g) | San lugng (g/L/h)
Vidusosanh 1
(K. oxytoca kiéu 17,31 0,18 0,50
dai)

Vi du so sanh 2

(K. oxytoca 39,49 0,45 0,58
AldhA ApflB)

Vi du thuc nghiém 2: Kha ning tao ra 2,3-butandiol ctia vi sinh vat tai td hop
trong d6 budA, budAB, va budABC gen dugc khuéch dai va biéu hién mét cach

chon loc
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Qué trinh 1én men dugc thuc hién dbi véi cac vi sinh vat Klebsiella
oxytoca tai td hop cua cac Vi du 1 to 4 nhu dugc tao ra trong muc 1-3.

Qua trinh 1én men cu thé duoc thuc hién nhu mé ta duéi ddy. Pau tién,
cac vi sinh vat ndy ma 13 d6i tuong thir nghiém dugc U trong 250 ml cila moi
truong hdn hop bao gém 9 g/L glucoza (50 mM) va duogc nudi cy & 37°C trong
16 gio, va sau d6, chat long nudi cdy dugc U trong 3 L clia mdi trudng hdn hop.
Trong trudng hop ndy, qua trinh 1én men dugc thuc hién dudi didu kién vi hiéu
khi (t6c d6 suc khi 1 vvm va tbc d6 khudy 150 vong/phut), & ndng do glucoza
ban dau 90 g/L, pH 1a 6,8, va nhiét d6 nudi cdy 37°C. 25 mg/L cua
chloramphenicol duge bd sung vao méi trudng nay. NaOH 5N duoc st dung dé
didu chinh pH trong qué trinh 1én men. C4c mau trong vi sinh vt tai t5 hop
duoc 14y ra trong qua trinh 1én men, va téc d6 phat trién duoc theo dbi bang
cach do mat 6 quang 600 (OD 600) ctia cac mau dugc 14y ra. Sau dé, cac miu
duoc 14y ra dugce ly tam & 13000 vong/phit trong 10 phut, va ndng do cua chét
chuyén héa ctia phan dich ndi va 2,3-butandiol dugc phén tich bang séc ky long
(HPLC).

Két qua 13, c6 thé thay ring Vi du 1 (trudng hop trong d6 budABC duge
khuéch dai va duoc biéu hién trong kiéu dai) ¢ hiéu suit va ndng do cua 2,3-
butandiol dugc lam gia ting khi so véi Vi du so sanh 1 (kiéu dai). Tuy nhién, c¢6
thé thdy rang luong san phdm phu (lactat), v.v., vin 16n hon so véi luong cua
2,3-butandiol.

Ddng thoi, khi so sanh Vi du 1 trong d6 gen pflB va 1dhA khong dugc
loai bé véi Vi du 4 trong d6 gen pflB va 1dhA duoc loai bd, cb thé xac dinh
duoc rang Vi du 4 c6 tac dung tuyét voi trong viée lam giam lwong san phdm
phu nhu lactat, v.v., va ¢ hiéu suét, néng do, va san lugng cua 2,3-butandiol tbt
hon khi so v4i Vidu 1 (xem, Bang 4, va cac FIG. 7 va 10).

Ngodi ra, c6 thé thdy rang vi sinh vat tai t& hop ctia Vi du 2 ¢6 hiéu sut
va san lugng cta 2,3-butandiol dwoc 1am gia ting déng ké khi so voi hidu sudt
va san luong clia vi sinh vt t4i t hop ctia Vi du so sanh 2 (K. oxytoca AldhA
ApfIB). Ngoai ra, khi so sanh vi sinh vt tai t6 hop ctia cac Vi du 2 va 3, c6 thé
xéc dinh duoc rang hidu suét ctia 2,3-butandiol duge cai thién ngay ca khi budB
duoc khuéch dai cung vdi viéc khuéch dai budA. Ngoai ra, khi so sanh vi sinh

-17-



29556

vat tai t0 hop cua cac Vi du 3 va 4, c6 thé xac dinh dugc rang hiéu suat cua 2,3-

butandiol dugc cai thién ngay ca khi budC dugc khuéch dai. Két qua 13, cé thé
thiy ring vi sinh vét tai t6 hop cua Vi du 4 trong d6 tit ca budABC dugc

khuéch dai c6 hiéu sut tao ra 2,3-butandiol dugc cai thién nhiéu nhét khi so véi

hiéu suat cua vi sinh vat tai to hop ctia Vi du so sanh 2.

Do dé, c6 thé xac dinh dugc rang viéc khuéch dai su bi€u hién cta gen

ma hda axetolactat decarboxylaza, gen mé hoa axetolactat synthaza, va gen ma

héa axetoin reductaza cua Klebsiella 13 rt quan trong cling nhu viée loai bé cac

gen, pfIB va 1dhA, dé loai bo san phim phy, trong qua trinh san xuét 2,3-
butandiol (xem, Bang 5, cac FIG. 7 dén 10, FIG. 7: Vi du 1, FIG. 8: Vi du 2,
FIG. 9: Vidu 3, FIG. 10: Vidu 4).

Bang 5

Chuing

2,3-butandiol

Nong do (g/L)

Hiéu suit (g/g)

San lugng (g/L/h)

Vi du so sanh 1
(K, oxytoca ki€u
dai)

17,31

0,18

0,50

Vi du so sanh 2
(K, oxytoca
AldhA ApflB)

39,49

0,45

0,58

Vidul
(K, oxytoca kiéu
dai + pGSC-
budRABC)

21,29

0,24

0,48

Vidu?2
(K, oxytoca
AldhA ApflB +
pGSC-budRA)

38,74

0,47

0,79

Vidu3
(K, oxytoca
AldhA ApflB +
pGSC-budRAB)

43,12

0,50

0,60

Vidu4
(K, oxytoca
AldhA ApflB +
pGSC-
budRABC)

46,08

0,50

0,68
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Kha nang tmg dung trong cong nghiép

Sang ché dé cap dén vi sinh vat tai tb hop dé san xuét 2,3-butandiol
trong d6 con duong chuyén héa pyruvat thanh alpha-axetolactat, con dudng
chuyén héa alpha-axetolactat thanh axetoin, hoic con dudng chuyén héa axetoin

thanh 2,3-butandiol, dugc gia tang trong vi sinh vat san xuét 2,3-butandiol.

Danh muc trinh tu

SEQ ID NO: 1 1a trinh tu bazo cia IdhA ma 1a gen ma héa lactat
dehydrogenaza ciia Klebsiella oxytoca. SEQ ID NO: 2 13 viing twong ddng 1 cuia
1dhA va SEQ ID NO: 3 va 4 13 doan mbi dé khuéch dai ving tuong ddng 1 cua
IdhA biang PCR. SEQ ID NO: 5 1 ving tuong ddng 2 ciia 1dhA va SEQ ID NO:
6 va 7 12 doan moi dé khuéch dai ving twong ddng 2 ctia IdhA bing PCR. SEQ
ID NO: 8 13 manh ADN duoc tao ra bang cach khuéch dai bang PCR bang cach
sir dung ddng thoi ving tuong ddng 1 va 2 cia IdhA, 1am mAu.

SEQ ID NO: 9 la trinh tu bazo ctia pfIB ma la gen ma héa pyruvat-
format lyaza cua Klebsiella oxytoca. SEQ ID NO: 10 13 ving tuong ddng 1 ctia
pflB va SEQ ID NO: 11 va 12 13 doan mdi dé khuéch dai ving twong ddng 2
ctia pfIB bang PCR. SEQ ID NO: 13 14 viing tuong ddng 2 ciia pflB va SEQ ID
NO: 14 va 15 12 doan mdi dé khuéch dai ving twong ddng 2 ctia pfIB bing PCR.
SEQ ID NO: 16 12 manh ADN dugc tao ra bang cach khuéch dai bang PCR
bang cach str dung ddng thdi ving twong ddng 1 va 2 cta pfIB 1am mAu.

SEQ ID NO: 17 1a trinh tu bazo cuia budA ma la gen ma hda axetolactat
decarboxylaza cua Klebsiella oxytoca, SEQ ID NO: 18 1a trinh tu bazo cua
budB ma la gen ma hoa axetolactat synthaza, va SEQ ID NO: 19 13 trinh tu bazo
cua budC ma la gen ma hoa axetoin reductaza, va SEQ ID NO: 20 1a trinh tu

bazo ctia budR ma 13 gen diéu hoa.
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Yéu cau bio ho

1. Vi sinh vat tai t& hop dé san xuét 2,3-butandiol trong d6 con dudng chuyén
hoéa pyruvat thanh axetyl-CoA, con dudng chuyén héa pyruvat thanh axit
formic, va con dudng chuyén hoéa pyruvat thanh lactat bi tic ché,

con dudng chuyén hoa alpha-axetolactat thanh axetoin dugc gia tang
trong vi sinh vét san xuét 2,3-butandiol, va

vi sinh vat nay 1a Klebsiella.

2. Vi sinh vat tai t3 hop theo diém 1, trong d6 con dudng chuyén hoéa pyruvat
thanh alpha-axetolactat dugc gia tdng hon, va
con dudng chuyén hoéa pyruvat thanh alpha-axetolactat nay dugc gia

ting bang cach lam ting hoat tinh cua axetolactat synthaza.

3. Vi sinh vat tai t6 hop theo diém 1, trong d6:

con dudng chuyén héa pyruvat thanh alpha-axetolactat dugc gia ting
hon, va

con dudng chuyén hoéa pyruvat thanh alpha-axetolactat nay dugc gia
ting bing cach 1am ting sy biéu hién ctia budB ma la gen ma hoéa axetolactat

synthaza.

4. Vi sinh vat tai t6 hop theo diém 1, trong d6 con dudng chuyén héa alpha-
axetolactat thanh axetoin dugc gia ting bang cach lam ting hoat tinh cua

axetolactat decarboxylaza.
5. Vi sinh vat ti td hop theo diém 1, trong d6 con dudng chuyén hoa axetolactat
thanh axetoin dugc gia ting bing cach 1am ting s biéu hién ctia budA ma 13

gen mi hda axetolactat decarboxylaza.

6. Vi sinh vt tai t8 hop theo diém 1, trong d6 con dudng chuyén hoéa axetoin

thanh 2,3-butandiol dugc gia ting hon, va
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con dudng chuyén héa axetoin thanh 2,3-butandiol nay duogc gia tang

bing cach 1am ting hoat tinh cla axetoin reductaza.

7. Vi sinh vét tai td hop theo diém 1, trong d6 con duong chuyén héa axetoin
thanh 2,3-butandiol dugc gia ting hon, va
con dudng chuyén héa axetoin thanh 2,3-butandiol nay duoc gia tang

bing cach 1am ting su biéu hién ctia budC ma 13 gen ma hoa axetoin reductaza.

8. Vi sinh vat tai t6 hop theo diém 1, trong d6 con dudng chuyén héa pyruvat
thanh axetyl-CoA, hodc con duong chuyén héa pyruvat thanh axit formic bi trc

ché bing céch tic ché pyruvat-format lyaza.

9. Vi sinh vat tai t6 hop theo diém 1, trong d6 con dudng chuyén hoéa pyruvat
thanh lactat bi Grc ché bang cach uc ché lactat dehydrogenaza.

10. Vi sinh vt tai t& hop theo diém 1, trong d6 mdt hogc nhiéu pflB, ma 12 gen
m3 hoa pyruvat-format lyaza, va ldhA, ma la gen ma hoéa lactat dehydrogenaza,

duoc loai bo hodc bi tic che.

11. Vi sinh vat tai t hop theo diém 1, trong do su biéu hién ctia budA ma 13 gen

m3 hoa axetolactat decarboxylaza dugc gia tang.

12. Vi sinh vat tai t& hop theo diém 1, trong d6 vi sinh vt tai t0 hop 1a
Klebsiella oxytoca.

13. Vi sinh vat t4i t6 hop theo diém 1, trong d6 vi sinh vat t4i t6 hop dic trung &

chd san luong tao ra 2,3-butandiol cao hon so véi san lugng tao ra lactat.
14. Vi sinh vat tai t6 hop theo diém 1, trong d6 su biéu hién cta budB ma 13 gen

mi hoa axetolactat synthaza va budC ma 13 gen ma hoéa axetoin reductaza dugc

gia tang.
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15. Phuong phap san xuét 2,3-butandiol bao gdm céc budc:
i) 4 vi sinh vt tai t8 hop theo diém bat k¥ trong sb cac diém tir 1 dén
14; va

ii) nuéi cAy vi sinh vt tai tb hop nay.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
Aual (8967)
Gen dan truyén cm(r)
1 EcoRI (688)
%;é\ NcolI (989)
Aual (7582) / N\ —
Gen sao chép 4 \%% M13-20R
o 12206FApal
0GSC-budABC % Acc651 (1387)
M13F 8971 bp L\ 06ALDCFO
Xbal (5729) F1 Clal (1818)
12206RXbal £\ \\0BALDCdelF
Clal (5650) TR BudR
Smal (5449) 0608seq1
Aual (5447) KOseq9
Xmal (5447) Aual (2589)
BudC BudA
Clal(5212) Acc651 (2861)
06seq2 KoSeq3
KOseqb PstI(3136)
PstI (4556) Clal(3311)
BudBseq1
PPbudCrepF
KOseq4
06BudBOVF/R
ApalLT (3553)
BudB
06seqt

Ncol (4463)

-26-



29556

Fig. 5
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Fig. 6
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Fig. 7
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Fig. 8
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Fig. 10
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Béang 1

SEGID
NO:

Trinh ty

ATGAAAATCGOTGTGTATAGTACAAAACAGTACGACAAGAAGTATCTGCAGCATGTTAATGATG
CATATGGCTTTGAACTGGAGTTTTTTGACTTCCTGCTAACCGAAAAAACTCGCCAAAACCECTCA
ACGGCTGTGAAGCGGTGTETATCTTCGTAAACGATGACGGTAGCCGCUCGATACTTGAAGAA
CTGAAAGCCCACGGECATEGCAGTACATCGCAOTGCACTGLGCGEGEETICAACAACGTTGACT
TOCGRATGCCGOCAAAGAGCTAGRCCTGCEEETEETGCECAETCCCEECCTACTCGCCGEAAG
CGGTCGOTGAGCACGCGATCGGCATGATGATGTCGCTGAACCGCCGCATTCACCGTGOCTA
TCAGCACACCOGCEACGCEAACTTCTCTCTEGAAGGGCTGACCAGTTTCACCATACACEGET
AAAACCGOCHBACETTATTGGCACCAETAAAATCBACETCGCCEGCGCTGCGCATTCTTAAAG
GCTTCAGTATACGTCTGCTGACETTTGATCCCTACCCAAGCGCCECCECEGCTERATATGGE
CGTGGAGTATGTCGATCTTGAAACCCTGTACCGGGAGTCCGATGTTATCTCACTGCACTGCC
CACTGACCGATGAAAACTACCATITGCTGAACCATGCCGCGTTCGATCGCATGAAAGACGGS
GTGATGATCATCAACACCAGCCECEBCECACTCATCEATTCGCAGGCAGCBATCGACGCCS
TTTGAAGATAAGTCTAATGACGETGATTCAGGATGATGTATTCCGCCGTCTCTCCGCCTGCCAT
AACGTCCTETTTACCGGTCACCAGBCATTTCTGACCECEGAAGCGETTGATCAGCATTTCGCA
AACCACCCTCBACAACCTGUGTCAAGTGGATGCAGGCGAAACCTGTCCTAACGCACTGETCT
GA

ATGACGTTCGCTAAATCCTGCGCCETCATCTCGCTGCTGATCCCEGGCACCTCCGGGTTACT
GCTETTCGECACCCTAGCATCAGCCAGCCCEGGACATTTCCTGTTAATATEGATGAGCECT
AGCCTCGEOGCTATCGGCEGATTCTGGCTCTCETGBCTGACGGGECTACCGUTACCGETACS
ATCTGCATCETATCCGCTGECTTAATGCCGAACGCCTCECTCETGGOCAGTTETTCCTGCES
CHOCACGGCGCETGEACAGTCTTITITTAGCCGCTITCTCTCTCCGCTTCGCGCCACCETGE
CGCTEETAACCGGCGCCAGCGECACCTCTCTCTGGCAGTTTCAGCTCGCCAACGTCAGCTC
CGEECTGCTCTGECCACTGATCCTACTAECECCAGGCGCETTAAGCCTCAGCTTITTGATGA
AAGGTATTGTCTTTTAAAGAGATTTCTTAACACCGCGATATGCTCTAGAATTATTACTATAACCT
GUTGATTAAACTAGTTTTTAACATTTGTAAGATTATTTTAATTATGCTACCGTGACGGTATTATCA
CTEGAGAAAGTICTTTITICCTIGCCCTTITGIGO ’
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Bang 1 (tiép theo)

Ko_loha_FP1 ~ CACGGATCOATGACHTTOAOTARATCUTGR

Ko lahA_BE ~ GCAGAMMAGGGCAAGEAAAAAGACTTTICTCCAGTGATA

XY e 03

TETATAAGCTCOCCGACCT GATGAAT

T A GO CRARAGTCTIT T TOC T TECCCTTTIS TRCTLCCOOTICGOGRGGRETACATT
o OO CACAGAANT TR CTRUGATAMAST TACAATOOCT TOAT TTATTAATACOATAA

T ATEGAGATTAAATEAACARGTATGO TECECTEUTEGOAG TEEEAATETTBCTATCEE
AOTECETTTATAACACCAAGG TG TUBACCAGAGCEEAACARCTICASCACCACCETTTT
CTGATCAGUETTAACGGECAGICEUTGAA CEGATAAGCCEOAGGAGCTEAGRTSTTR
BOCOAAASATECOCAT TACGERCAAGATETCTET TTOAGETAATATETGUARCCEETTCAG

SHECACGAGCAAGTOTOTGACGACGAGE THAAIGT TRAAGAGCTEARUAATGACCUGUATS
IO TEOACGAACTORCARS TTAALGOCTIGERACECRADGUTBAG AN TGUTACECGAAS
GOGOACAGETOGACTEACGEAMACECAGUTAACGC TRACEACCATCEACCAGASEUTEG
’ CARTARTTA

Ko lanh Fbs ~ TATCACTGOAGRARAG iflsehcesoutiicics

bt |

Ko jdnA RP? - COTEOGGCOGUTAATTATTAATTCATOAGETE

ATGACGTTOGCTAMTONTGCACCETOATCTRGCTACTGATCLCGEECACETOCARACTACT |
UG TTOGECACOO TEAOATCGEUCARCCOSGGACAT I TCC TATTANTGIGEATGARDGECC
AGCCTCOEOGOTATORGCOGATTCTGACTCTOOTGHC TEACGEGCTACCECTACCEETALG
ATCTOOATCSTATOOGO TGO TTARTGLCGAACBCCTOGCTCGOEEUCAGTTGTIOCTECGC
COCCACARCEROATEGGCAGTOTTTITTAGCCRCTTTCTLTOTORGITTCGCRCRARCETER
CHOTAETAACCRGOALCAGCEE0A STCTCTAGCAGTTTCAGOTOACCAACETCAGSTE
CBeAOTEOTOTEACOGCTRATOO TGO TRELECCAGBOGCET TAARCCTCABCTITIGATEA
BAGETAT TG TCTTT TARAGAGASTTOT TAADARCGOBATATECTOTAGAAT TATTACTATAACTY
TEATTARAC TAGTTT T T AAAT T TATAAGAT TATTTTASTTATSCTACCETGAZGETATTATOA
WABAGTCTTETT TGOODTTTTETGOTOCCCOT TOGLGEAGAETACATTCAGAT
AR TOOOCACAGAAAT TGO TGOGATARAGT TACAATCOOT TCATT TATTAAT ACGATARRTATTY
ATAGASATTALMTEAMCANATATEC TECGCTECTGROAATAREATETTECTATCEEECTED
GTTTATAACAGCAAG COARCABAGCGEAACAGUTTCAGCACCACCATTTIGTGUTGAL
CAGCETTAACGEGCAGCOGUTEATERCECEGATAAGCCECAGSAGCTEAGCTTCGRCGA
ASAGATOOOCAT TACGEGUAAGATATCTETTTCAGATAATATETGCAADCGUTTCAGUGAGECA
CEEEAAAGTOTOTEACEGCBAGCTGAAGE T TGARGAGT TGGCAATEACCCGUATEUTLTG
CACGRACTOOCAGCTTAACGLOCTERACGRCACGTUTEAGCAAMATGTTECEOCAAGEBLEC
FICGACTTGACGEAAADECAGCTAMCEITGGOGACCRUCGACCAGACETRTGETETA
TAAGUTCGUCAACTTEATEARTTAATAATTA

ATGTCOGAGDTTAATEARAAG TTAGOCADAGDOTRGRAAGGET T TGCEAAAGETEACTEECA
GAACGAMSTOAACHTCOGCGASTTCATOCAGAAAAAC TATACTCOBTACEAAGETAACGAGT
COTTOOTRRCTEGOECAACTGACGOGACCADTAAGL TR TBEGACATCET AT GEAAGECET
TAAACAGGAMAACCOCADTCADGOACCTETTEATITIGATACTTCCOUTTGUATCCAGOATCAD
T OATGACEOTEEOTACATOGAGAAAGET CTCGAGAMAATOAT TGETCTGCAGACTGAAG
CTCOGOIGAMMCECECEATTATCCOETTORGLAACATCAAAAT GETCEAGETTCLTAOAAA
& AT OGUGHA SEACCCGATECTGAAGAMAATU TTOACTRAATACCETAAMACTIA
CAACCARORRATGT TTEADGT T TACACCARAGARATOO TGAACTARCET AALTCTEGTETIOT
gh STCTGOOAGATAOCTATGROCETAATOETATOATE SACTACCATOECAETIARG
CTGTACGETATCGACTICOTGATEAMGACAATAGECTCASTTOGTTTCTCTGOAAGAGAAA
CTGEAMACBOCBAAGATOTEGANGOALCCATOCGTUTEBCACEAMBASATITOTGAACAGTA
CeGOEOGOTGGETOAGATCARAGAAATERUAGOTAMATATAECTEOBATATCTCIGEETCCTS
OTACCACCGCTCAGGARGOTATOCAGTEBACCTACTTOBETTACDTGECTERUGTAAAATCT
CAGAACGGOGOGROAATETCOTTCAGTCGTACCTUOAGCT TOCTAGACATCTTCATCGAAGD
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Bang 1 (tiép theo)

TEACCTERAAGCCEE 'i'ﬁi!'%)'%,.&?i;?&{ii}{?iﬁxﬁ”A&GR”"”C‘&Y‘A( "Ff:}AﬁﬁTGA”?WTGR{?{IAQt‘ STGETCA
TOAMACTEOGTATGETTOGTTTONTY SBAACTETTCTCTEECEALT
CEATCTEEGO A’“ﬁiﬁﬁ,&T"‘ £ P C8:6 CTCTAGTOAGTAR
ARACAGETT TGRADAL ‘3%&{ ' COAGAGBCCEAATATEA
COATTCTETEN T’”TG}%)’\A&#CTS{‘CCC?&AL CRUGRAAMGETEICOATC
a1 CAGTA "Q)AQJMQC“ATGA! GTOUTGACTTOARDAACGATEAL

FCES TTG{Z’TiJC%S?AAC“ COOGATGS ?’GTTuGTAAG’“ ARATGOASTTOTTOGECEE
9‘“G'GQTA&!‘“C‘TQG GAAAADCATGCTETACGRAATOAADGROGROETTGATGAAASATTEA
:a'aTC(*TI%!X@sT TE“AAQQCE:’XT{}AI'SAQEf“:(’*GA"E:TTC“‘T(MA COACEANGTEA
2?" CITCATGGACTEGCTRECTABACAR CACTGOGCTEAACATD
ACASUTACGAAGUTTCOCTEATEE ,%L’G{Z‘Tf"““m"f ACCETEA
FOGUAEETCTTTCOATTGCAUCTEACTCOCTETCTG
AﬂYC%AA¥me"‘ SARAAGTTAMAD CuAWT ETEACGAAAACGETCTERROTEY UL‘ACT' GARS
TQGAA& C»:nl%ﬂ&Te’%f C&;Gr‘r& ?TTEA? AACARCGACTOTC “G“""LQ:A?(:ATA' C{%’Tt\‘m

f"?é’“‘fi&;«.ﬁ GUACACCTA \%vi“‘Arﬁ‘“f‘TﬁEx‘{:
CTOTATGETAA ””M%Aé\u COETAATAL !"CC=
iMif,«CQ JQ;C#"&CG a;uu?ﬁ:nf%a.

TACGEST,

OGO (Jf;%iﬁ;%@w A*’.;} l&z(EAiy'L}AQ Aﬁb&(ﬁi{;‘ﬁmixbﬁﬁ\ix{i{*&b”‘A
DOATCTEAAMD ¢ SGACE'W»&?A? IOAMACTCGEANS

AATATOCEOA

\;Maw( fﬁf:i’;}{‘&t_q ; CTOOOTRACTAME

ALCHGTAGCAGH HA{:GTTAT?ALT:{;;QXﬁQTTF ACTOAGROG

10

GGETCAACTOGCGAAMMADTEGUTCAACGTOTATETT ”"%’-‘\C}i’t!i‘aﬁ" ':'"f"ff’"’l':ﬁfﬂ‘TTAf’?’GTT
TETATTECTGATETGECTTTCAGSOEAATATATOACTEOCAACGETCAATEGEEACT TAMCG
TCTGCAARCCGOURACDACAARATGCACTATACTTT TET TGAABCCGTETGCCTEEETATE “i
GGCAAACCTRATGETCTROOTTGRGGETATGRATGAGT TARTOX GGCG“AGPC”QﬁTGu&TA
}U&b‘:}ﬁ:«meﬁTfﬁTGhTTT CCGETEGCAATETTTETTAOCAGOERETTTEAGCACAGTATCE
COAACATETITATGATCOCEOTGEETATOS T TATCCGCEATT T THCAAGOCLABAAT TOTGGA
SOGCAGTIGOTTOAACTCOEGAMMGTTTOICTOACCTEACCGETG AT(%&C‘“*”?(’&TCA{STC‘ATA
ACCTAATICOG EAACATUATCHECOATEETOIBCTGETTGaGTTEBACATAS
TEGETCATITACCTGOGTGROGACGACCATCACTAAGEETIGT A&u&éﬁl%&?ﬁ%ﬁﬁﬁ.
TOLACTTAAGAAGOTAGETGTIACATET DCGAGLT TAATGMAAGTTACAGCAGCAGOALGTT
ATTACTO

£

11

PP~ ATCOGATCOGGEGTCAACTEGUGAAAAADT (z(:]"%’“ AARCET

12

AP1 - GAGTAATAACGTCOTGOTGCTETARRTT TTCAT TAARGTTOGIHACAT

13

ATETCOE SATGAAAAGTTACAGCAGCACGADGTTATTACTOGTADCTTOACTCAGACT
A‘T‘G"VA*«,T@{E“AT FEACTEASATCOTACAGT AAAAAGOGTACAATAARGECTOCACIEOAAZTAG
CCTITTTAGCAATATCATCCTGRCOCAGTOTCTTITGTOTGCTGETOTATACTTTATGHATAA
C.&Gs;b#ﬁ;%}‘k{?f\- ACTCOACATAGCCTTIGAGCTETECATCTADATAGECCOCEEATEEGORA
ASTTCGEAGATATOACCGUAATGTOAACAATTGETCGCATTCACTOUTTTGAATOUTHTGGOA
COGTRGATARLCE Cmax:i‘«??"{JCTTTﬁ% CACCTTOTTOCAGEGCTROCTEATECECTGCCTC
U«T SARGOG SEATALCCAD ?iﬁiﬁ;ﬁfauﬁékﬂ'zﬁﬁﬂ TACCGETTEAAGAGDT
ATGASAGAGATEETCACCTATOGUCACTI TATGAACGRTTROGECGBLGECETEADGGTA
TQC6 E GCL&&GQQ‘T&T’G{‘TGP&G CGQM&T*TLT'”“ '”Cu"&f"'GGTTC CEUGCOTETAAGA
AABAAGETATTCATACCTOTCTOGATADCAADEGUTTTGTGCGRCECTACGATOCGGTTATTS
s*le:::m‘xCTh Tqa&tﬁm%i‘}iﬂf GACCT EQ:iTL:zﬂTG CTCGATCTOAARBC

odd

14

Ko_pHB_FPZ - ATGTCOGAGUTTAATGAARAGT TACAGUAGCAGGACGTTATTACIC
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Béng 1 (tiép theo)

Ko pllE RPP - ACTECEROCECECTTEAGATCEASTATCACLAGRICEETEA

[sapiles}

STCAMCTGOGARAASSTEGCTOADGTOTATET TAGTAACCTEATTGG T TECTTACTGY
TETATTGOTEAT F‘Y’G{E{BT,, AGGOGAATATATEACTEOOAACGETCAATGARGGACTTARCGT
TOTEOAMOOGOCEACCACARMATECACCATACTTTTETTEAAGCCATETEOCTEEETATECT
;mf: &A &PCTC\\&T(.,GTCTG 3{3 Tqu‘uTATF‘ Gr’kTizhaTTAu?C ZGGCC}GTAF” COTRATGEATA
< TTRAGCACAGBTATCG
KZGMCAT!S"TTAT&»‘\T&. "”’"‘L KZ@GTA?CGTTA‘"G’"‘WEGE& T{:CMGCC{DL;"“AA”TCT(: 3A
2 A;{‘AGTTG{ BTTC AACTOD TG sf;!i%_?f‘ ATEAACTTOATCAGTOATA
: { STEETTGEATTEACATAG
: GGCAGTARATAMAAL
CITAATEAMSAGTTACASCAGCAGEACGTT
AEE)‘-\{;T‘;’-GIHQ wACaQA@P-CCA‘I’GTAA *"“IATTu;%{AﬁAAMC TR‘CA{:TAAAAA GGG ‘M
CAATARAGGUTOCACGUAAG TERGGOCTITTTAGCAATATCATCCTGOCORAGTCTCY ¥
CTECTaE xC*"ﬂTAC‘““TAT@GA'ﬁ% CAGCCAAMMACAGACTCEACATAGICTTIGAET GTG@M
OTACATAGOOGE Bie SEFTGROAG QAT;&TCA».,\)CQ.QATCT‘::MCAATTGQJTV{J
TICACTOCTITGAATCC \:&FAC&JGYCQA? COCGGEGEEATTOGL “TTATC%CC?TC?TCC
AGGECTEOCTGATRCECTROOTCTATTGO *Cﬁ«CAW"‘C GUEATACCTEGEATACCCACGELGSE
CRSAGABATTACCGTTA ﬁd»\ AGCTOATOAAAGAL :(*’i"’(%f"fb ACGTATCEOCACTTTATGAACT
TR SOATOOGGUERIGAGECTATCITGCAGRUCGMATTIGTTS

k yvu».-Efom ¢ B
GOSACTEATTCOBCOCCTETAAGAAAGAAGGTATTCATACCTGTCTCEATACTAMDGEOTTY

GTGUECCECTACGATOOGETTAT TBATEAACTEUTEEAGGTCACCGACCTEETEATEETCG
ATCTCARGC
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SEQID
MO

17

&

ACCGGTUCAGO

AT TOTGCG
AUCGCGECAGAC

TCAAL
AAKCG

CUORG
o i e Bl o

18

GTEGATAATCAACATCAACCOCGCCAGTOGAECECACGRUECCEACCTOATCGTCAGCCAGBC
TIRAGECCCAGEEEETACGLOABGTETTLCGUATTCOGEGEECCAAMATOGATAAETCTT
CORATTCHUTROTCGACTCTCOATTCGCATIATCCOGETRCECLALBAAGUCAACGTTEUCT
TTATEGOOGCOECEETTEECCECATCACCGRUAAGUGERLETOGLECTRETCACGTOCE
GACCEGECTACTCTAADCTEATTACT CAMCGECCATAGCGAAGECEACTOEET
GGTEACACTEGHOGERLACGATAAMAGES AUAABECCAMAOKGETGCACTCAGAGTAY
GEATACGETGACGATETITAGCCCEETGACCAMATACTOGETEGAAGTCACCBLECOEGEAA
GUEOTAGCEEALSTTETCTCCAACGOETITCATGCAGCCEABCAGEEALELCTCAELAGT
GOOTTOATCAGCOTEOCADAGGACGTGEICSACGESCORETCCACGCTAGGRTINTEOCE
GUCGEGECEATGLECOECAGACCEECECGECACCAGAIEACALIATIGUECEAGTOGOEAA
GATEATTG i GGOCTEATGEOCAGOLAGACGEAAA
JCGOTBOGCGAATIGUTEAAMAAAST

ACAGRECE ALK
AGTOAMTCAGEATCACTTTACCOECTTCACOREACHEEGTTCETETETTCA

CARTATOOOGETGACCAGUACCTATOAS
QUCACCaGRER

-37-



29556

Bang 2 (tiép theo)

SOEATORACTOOTGOATOTCRCCBACCTEATCATCTECATCOGCTATAGTY
GAGTACGASOOGEOCATGTEGAATAALGETAACGOCADBUTEETACATATOGACE

TGUTGOOOACTTACOAMGARCETANTTATACCCLGGACGTCBAGCTAGTOEADAATATOGCC

SOCCACET
CORGAGATOC

TOARCCAGT

T

A0

GUEETTTO

AGCGGECT
CUCCAARGE

ACAAACTETOTOAACGOATOOACOACRAGTET
TTETCGADCGCCAGTATCAGOE
; TOATOLEOTE0G
GATGTCACTOTBACCOTOGEATATEGEEGAED

£ TCAGGTOATGATT TGO

i g
i

3
TEOARTCOMS

a0

FEUTGETOAATOUGUAL

GEIGCTOTOEOCECAGERGE
GEAGUTCOTREADCGICCCEETECGCACT

CAGGACATCETCAATAGD

TCATATOTAGATCRCOCGITATCTOTACAS

MACAGATCATGEOATGROGCTGCCG
GUAAGTAETITOCETTTCOGROEACE
CATESAGCTERAGACCECTETACEGT
GUATATCATCTGEGTCHATAACGRUTACAACATGETS

TEAAMGTEANCETOCT

GLGATTCAGGAGEAGAAARAATACT
CTCOAGUETTGASTTCECCCOSETEGATT T TAAAGTCTACGCCGANGDITTCGE
GCGETAGAGABTEUCGAARCCOTTGAGRCEARGETGCEGGELAEBRGAT

GEACGTCORACGECCOOGLCGTCGTAGCCATCCCUATEGATTACCGUGATAADCCGCTGEET

DAACHUGATOAGETTTTTT

STOAGTOARCTACTTTAA

COGTOEAARCA

CGRGCAMSBETOTCEGOEETT

TATCEETAAAGUTATCEOCCTTO
GATTATAACGACGCLACCGLGECAGEO
CACTAGOGET

SAAGETGGATETATOT
GACG

TGEATCRTOAADAADECOEERGTTGRGLCCTRCACACTAATCOAAGAGATTCGLRAZEAGET

GATCGATAAAGT

GUECATES

CTEATOGATGEOBEUATEETATTTARCTAA

ACARTATOAAMCGTTAAMGGOATTATCTGRGRCATCCAGGLOGLGETAG
GEECUATEECEGUANANTTATOMC GG TEC
CGOTCTATAGOTCCAGTAMATTTGOCATGOBCEACTTAALG
GEGATTACDSTARMACGROTACTGOCCEGEEA
CECCAGETTTCOGAARCEACEGATAMET
TCARCAMOGBOATTACCCTTEGRCARCTATCCBAGCCO

STCCCAGBCEEGEERA

20

GEUAAAAGAALTY

GTCOTTTY
AGGELATIG
TOSTOOECAN

GAGCAACTEALGRACGTEGECRCCGATTCTTTH

AGCTGRTE
CAAATATOA
CEATGOA

£

&

5T
T TR R

GUTBAACGETCEE

CTCECTEEEC

GOGTTCEOACK

SCAACGTGAGCTATCACDOGT

i BAGTOAGUAAA
AAATTGGCACACOECTTTTCOBOOGATTAMSGIGEEECGETDBAG
CTTGRCAGATTCTERCETTAAGCEACG

BACGGAAGTEEGEEGEA
CEECGCTEEAMMAAACE
ATTACCAGUTCTEATEC

¥

i ACGUTGATGGAGGOECTTGGUGAABCBGAGTTAGATATY
GLCCTECEAGASCASTARAGCETTRAATCTGUGBATTATOGATCAAGA
VTG CTATLETCCOALLERGAGTTEALGRTE
COECETEAAGTEROCCCTRGEOOTGETATG
TTCAACAGCTATCTECGUGECCEETATTEACETRCAGCEAGCITATCAGTCATIG
GTCRCTCAGCATGRTGRABRGCTEBCTTCGECTTTGCECTEE TRCCGRAGT
SOTGOATOACEOTO!

TOATGGUTACACCAUTEAARL

ACCHATATCECTATCGOCTEGOGECGEUTACGAGLECTCGOCUALGETEAAGCETTTTCIGE

CCATATTTTAA
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<110> gs caltex

<120> VI SINH VAT TAI TO HOP CO KHA NANG SAN XUAT 2,3-BUTANEDIOL
GIA TANG VA PHUONG PHAP SAN XUAT 2,3-BUTANDIOL BANG CACH SU
DUNG VI SINH VAT NAY

<130> DOp150044PCT

<150> KR 10-2014-0047683

<151> 2014-04-21

<160> 20

<170> KopatentIn 2.0

<210>1

<211>990

<212>DNA

<213> Klebsiella oxytoca

<400>1

atgaaaatcg ctgtgtatag tacaaaacag tacgacaaga agtatctgea geatgttaat 60
gatgcatatg getttgaact ggagtttttt gacttectge taaccgaaaa aaccgecaaa 120
accgecaacg getgtgaage ggtgtgtatce ttcgtaaacg atgacggtag cegeecggta 180
cttgaagaac tgaaagecca cggegtgeag tacatcgege tgegetgege ggggttcaac 240
aacgttgacc tecgatgeege caaagagetg ggectgeggg tggtgegegt cecggectac 300
tcgecggaag cggtegetga geacgegate ggeatgatga tgtegetgaa cegeegeatt 360
caccgtgect atcagegeac cegegacgeg aacttetete tggaaggget gaccggtite 420
accatgcacg gtaaaaccge cggegttatt ggcaccggta aaatcggegt cgeegegetg 480
cgeattctta aaggettegg tatgegtetg ctggegtttg atcectacee aagegecgee 540
gegetggata tgggegtgga gtatgtegat cttgaaacce tgtaceggga gtecgatgtt 600
atcteactge actgeccact gaccgatgaa aactaccatt tgetgaacca tgeegegtte 660
gatcgcatga aagacggggt gatgatcatc aacaccagec geggegeget catcgatteg 720
caggcagega tecgacgeect gaageatcag aaaattggeg cgetggggat ggacgtgtat 780
gagaacgaac gegatctgtt ctitgaagat aagtctaatg acgtgattca ggatgatgtg 840
ttccgeegte tetcegectg ceataacgte ctgtttaceg gtecaccagge gtttetgace 900
gcggaagcegt tgatcageat ttcgcaaace accctegaca acctgegtca agtggatgea 960
ggcgaaacct gtectaacge actggtetga 990

<210>2

<211> 595

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> Trinh ty nhén tao

<400> 2

atgacgttcg ctaaatcetg cgecgteate tegetgetga tecegggeac ctecgggeta 60
ctgetgtteg geaccetgge atcggecage cegggacatt tectgttaat gtggatgage 120
gccagecteg gegetatcgg cggattetgg ctetegtgge tgacgggcta cegetacegg 180
taccatctge atcgtateeg ctggettaat geegaacgec tegetegegg ceagttgtte 240
ctgegeegee acggegegtg ggcagtettt titageeget ttetetetee gettegegee 300
accgtgecege tggtaaccgg cgecagegge acctetetet ggeagtttca getcgecaac 360
gtcagetecg ggetgetetg geegetgate ctgetggege caggegegtt aagectcage 420
ttttgatgaa aggtattgtc ttttaaagag atttcttaac accgegatat getctagaat 480
tattactata acctgetgat taaactagtt tttaacattt gtaagattat tttaattatg 540
ctaccgtgac ggtattatca ctggagaaaa gtettittte cttgeecttt tgtge 595

<210>3

<211> 30
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<212> ADN

<213> Trinh ty nhén tao

<220>

<223> trinh tir nhan tao

<400> 3

cacggatcca tgacgttcge taaatcetge 30

<210>4

<211>40

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> trinh ty nhan tao

<400> 4

gcacaaaagg gcaaggaaaa aagacttttc tccagtgata 40

<210>5

<211> 591

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> trinh tu nhan tao

<400> 5

tatcactgga gaaaagtett ttttcettge cettttgtge teccectteg cggggggeac 60
attcagataa tccccacaga aattgeetge gataaagtta caatcectte atttattaat 120
acgataaata tttatggaga ttaaatgaac aagtatgetg cgetgetgge ggtgggaatg 180
ttgctatcgg getgegtita taacageaag gtgtegacca gageggaaca gettcageac 240
caccgttttg tgetgaccag cgttaacggg cageegctga atgecgegga taageegeag 300
gagctgagcet tcggegaaaa gatgeccatt acgggceaaga tgtctgtttc aggtaatatg 360
tgcaacegct tecageggeac gggeaaagte tetgacggeg agetgaaggt tgaagagetg 420
geaatgaccce geatgetctg cacggactceg cagettaacg cectggacge cacgetgage 480
aaaatgctge gegaaggege geaggtegac ctgacggaaa cgeagetaac getggegace 540
gecgaccaga cgetggtgta taagetegee gacetgatga attaataatt a 591

<210>6

<211>40

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> trinh tu nhén tao

<400> 6

tatcactgga gaaaagtctt ttttecttge cettttgtge 40

<210>7

<211>32

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> trinh tu nhan tao

<400>7

cctgeggeeg ctaattatta attcatcagg te 32

<210>8

<211> 1146

<212> ADN
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<213> Trinh tu nhan tao

<220>
<223> Trinh tu nhén tao
<400> 8

atgacgttcg ctaaatectg cgecgteate tegetgetga tecegggeac cteegggceta 60
ctgetgttcg geaccetgge atcggecage ccgggacatt tectgttaat gtggatgage 120
gecagecteg gegcetategg cggattetgg ctetegtgge tgacgggeta cegetacegg 180
taccatctge atcgtateeg ctggettaat gecgaacgee tegetegegg ceagttgtte 240
ctgegeegee acggegegtg ggeagtettt tttageeget tictetetee gettegegee 300
accgtgeege tggtaaccgg cgccagegge acctetetet ggeagtttea getegecaac 360
gtcageteeg ggetgetetg geegetgate ctgetggege caggegegtt aageetcage 420
ttttgatgaa aggtattgte ttttaaagag atttcttaac accgegatat getctagaat 480
tattactata acctgetgat taaactagtt tttaacattt gtaagattat tttaattatg 540
ctaccgtgac ggtattatca ctggagaaaa grctttttte cttgeccttt tgtgeteece 600
cttcgegggg ggcacattca gataatcece acagaaattg cetgegataa agttacaate 660
ccttcattta ttaatacgat aaatatttat ggagattaaa tgaacaagta tgetgegetg 720
ctggeggtgg gaatgttget atcgggctge gtttataaca geaaggtgte gaccagageg 780
gaacagcttc agcaccaccg tittgtgetg accagegtta acgggcagec getgaatgee 840
gecggataage cgeaggaget gagettcgge gaaaagatge ceattacggg caagatgtet 900
gtttcaggta atatgtgcaa cegettcage ggeacgggea aagtetetga cggegagetg 960
aaggttgaag agetggeaat gaccegeatg ctetgeacgg actegeaget taacgeectg 1020
gacgecacge tgagcaaaat getgegegaa ggegegeagg tegacctgac ggaaacgeag 1080
ctaacgetgg cgacegecga ccagacgetg gtgtataage tegeegacct gatgaattaa 1140
taatta 1146

<210>9

<211>2283

<212> ADN

<213> Klebsiella oxytoca

<400> 9

atgtccgage ttaatgaaaa gttagecaca gectgggaag gttttgegaa aggtgactgg 60
cagaacgaag tcaacgtceg cgactteate cagaaaaact ataccccegta cgaaggtgac 120
gagtecttee tggetggege aactgacgeg accaccaage tgtgggacac cgtaatggaa 180
ggcgttaaac aggaaaaccg cactcacgeg cctgttgatt ttgatactte cettgeatee 240
accatcactt ctcatgacge tggctacate gagaaaggte tegagaaaat cgttggtetg 300
cagactgaag ctecgetgaa acgegegatt atcecgtteg geggeateaa aatggtegaa 360
ggttcctgea aagegtacga tegegagetg gaccegatge tgaagaaaat cticactgaa 420
taccgtaaaa ctcacaacca gggegtgttt gacgtttaca ccaaagacat cctgaactge 480
cgtaaatctg gtgttetgac cggtetgeeg gatgecetatg geegtggteg tatcateggt 540
gactaccgte gegttgeget gtacggtate gacttectga tgaaagacaa atacgetcag 600
ttegtttcte tgeaagagaa actggaaaac ggegaagate tggaageaac cateegtetg 660
cgcgaagaaa tetetgaaca geaccgegeg ctgggtcaga tcaaagaaat ggeggetaaa 720
tatggctgeg atatetetgg tectgetace acegetcagg aagetateca gtggacctac 780
ttcggttace tggetgecgt aaaatetcag aacggegegg caatgtectt cggtegtace 840
tccagettee tggacatett catcgaacgt gacctgaaag ccggtaaaat caccgageaa 900
gacgcacagg aaatgattga ccacctggte atgaaactge gtatggticg tttcetgegt 960
acccctgaat atgatgaact gttetctgge gacecgatet gggeaacaga atctategge 1020
ggtatgggcg ttgacggeeg tactetggte accaaaaaca gettecgttt cetgaacace 1080
ctgtacacca tggggecegte tecggageeg aacatcacca ttetgtggte tgaaaaactg 1 140
ccgcetgaget tcaaaaaata cgeecgegaaa gtgteeatceg atacctette tetgeagtac 1200
gagaacgatg acctgatgeg tectgactte aacaacgatg actacgetat cgettgetge 1260
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gtaagcecga tggttgttgg taageaaatg cagttetteg gegegegtgce taacctggeg 1320
aaaaccatge tgtacgcaat caacggeggc gttgatgaaa aactgaaaat geaggttggt 1380
cctaaatetg aaccgatcaa aggegacgtt ctgaactteg acgaagtgat ggaccgeatg 1440
gatcacttca tggactgget ggctaaacag tacgtcactg cgetgaacat catccactac 1500
atgcacgaca agtacagcta cgaagcttee ctgatggege tgeacgaceg tgatgttate 1560
cgcaccatgg catgtggtat cgeaggtett teegttgegg ctgacteect gtetgeaate 1620
aaatatgcga aagttaaacc gattcgtgac gaaaacggte tggetgtega cttcgaaate 1680
gaaggcgaat accegeagtt tggtaacaac gactetegeg tegatgatat ggeegttgac 1740
ctggttgaac gtttcatgaa gaaaattcag aaactgcaca cctaccgeaa cgetatcecg 1800
actcagtecg ttctgaccat cacctetaac gttgtgtatg gtaagaaaac cggeaacace 1860
cetgacggte gtegegetgg cgeteegtte ggaccaggtg ctaaccegat geacggeegt 1920
gaccagaaag gegetgttge ctetetgace tecgttgeaa aactgecgtt tgcttacgeg 1980
aaagatggta tttcttacac cttctctate gtgccgaacg cgetgggtaa agacgacgaa 2040
gttcgtaaaa ctaacctege cggectgatg gatggttact tccaccacga agegtecate 2100
gaaggcggte ageatetgaa cgteaacgtt atgaaccgeg aaatgetget cgacgegatg 2160
gaaaacccgg aaaaatatee geagetgace atecgegtat ceggetacge agtacgtttt 2220
aactecctga ctaaagaaca geageaggac gitattacte gtaccttcac tcagaccatg 2280
taa 2283

<210> 10

<211>635

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Trinh tu nhén tao

<400> 10

gggtcaactg gegaaaaact ggetcaacgt ctatgttggt aacctgattg gttgettact 60
gtttgtattg ctgatgtggc tttcaggega atatatgact gecaacggte aatggggact 120
taacgtictg caaaccgecg accacaaaat geaccatact tttgttgaag cegtgtgeet 180
gggtatcctg geaaacctga tggtetgeet tgeggtatgg atgagttact ccggecgtag 240
cctgatggat aaagecatga ttatggtttt accggtggea atgtttgttg ccagegggtt 300
tgagcacagt atcgegaaca tgtttatgat cecegetgggt ategttatee gegactttge 360
aagcecggaa tietggaceg cagttggttc aactceggaa agtttetete acctgacegt 420
catgaacttc atcactgata acctgattcc ggtaactatc gggaacatca teggeggtgg 480
tetgetggtt gggttgacat actgggteat ttacctgegt ggegacgace atcactaagg 540
gitgtttcag geagtaaata aaaaatceac ttaagaaggt aggtgttaca tgtecgaget 600
taatgaaaag ttacagcage aggacgttat tactc 635

<210> 11

<211>39

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Trinh tu nhan tao

<400> 11

atcggatccg ggtcaactgg cgaaaaactg getcaacgt 39

<210>12

211> 46

<212> ADN

<213> Trinh ti nhan tao

<220>

<223> trinh tu nhan tao
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<400> 12

gagtaataac gtcctgetge tgtaactttt cattaagete ggacat 46

<210> 13

<211> 669

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Trinh ty nhén tao

<400> 13

atgtccgage ttaatgaaaa gttacageag caggacgtta ttactcgtac cttcactcag 60
accatgtaat ggtattgact gaaatcgtac agtaaaaage gtacaataaa ggctccacge 120
aagtggggcc tttttagcaa tatcatectg ceccagtete ttttgtetge tgtetatact 180
ttatggataa cagccaaaac agactcgaca tagectttga getgtgeate tacataggee 240
ccggatggge caaattcgga gatatcaccg caatgtcaac aattggtege attcactect 300
ttgaatcetg tggcacegte gatggeeegg ggattegett tatcacctte ttecaggget 360
geetgatgeg ctgectetat tgecacaace gegatacetg ggatacecac ggeggeaaag 420
agattaccgt tgaagagctg atgaaagagg tggtgaccta tegeeacttt atgaacgett 480
ccggeggegg cgtgacggea teeggeggeg aggetatect geaggeegaa ttigticgeg 540
actggtteeg cgeetgtaag aaagaaggta tteatacctg tetcgatace aacggetttg 600
tgcgeegceta cgateeggtt attgatgaac tgetggaggt cacegacetg gtgatgeteg 660
atctcaage 669

<210> 14

<211> 46

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Trinh ty nhan tao

<400> 14

atgtccgage (taatgaaaa gttacagcag caggacgtta ttactc 46

<210> 15

211> 41

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Trinh tu nhén tao

<400> 15

actgcggeeg cgcttgagat cgageatcac caggteggtg a 41

<210> 16

<211> 1258

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Trinh ty nhan tao

<400> 16

ggotcaactg gegaaaaact ggcteaacgt ctatgttggt aacctgattg gttgettact 60
gtttgtattg ctgatgtgge tttcaggega atatatgact gecaacggte aatggggact 120
taacgttctg caaaccgecg accacaaaat geaccatact tttgttgaag cegtgtgeet 180
gggtatcctg geaaacctga tggtetgect tgeggtatgg atgagttact ceggecgtag 240
cctgatggat aaagecatga ttatggtttit accggtggea atgtttgttg ccagegggtt 300
tgagcacagt atcgegaaca tgtttatgat ccegetgggt ategttatee gegactttge 360
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aagcceggaa ttctggacceg cagttggtte aactccggaa agtttetete acctgacegt 420
catgaacttc atcactgata acctgattce ggtaactatc gggaacatca teggeggtgg 480
tetgetggtt gggttgacat actgggteat ttacctgegt ggegacgace atcactaagg 540
gttgtttcag geagtaaata aaaaatccac ttaagaaggt aggtgttaca tgtcegaget 600
taatgaaaag ttacagcage aggacgttat tactcgtacc ttcactcaga ccatgtaatg 660
gtattgactg aaatcgtaca gtaaaaageg tacaataaag getccacgea agtggggect 720
ttttagcaat atcatcetge cecagtetet tttgtetget gtetatactt tatggataac 780
agccaaaaca gactcgacat agectttgag ctgtgeatet acataggece cggatgggee 840
aaattcggag atatcaccge aatgtcaaca attggtcgea ttcactectt tgaatcetgt 900
ggcaccgteg atggeceggg gattegettt atcaccttet tecagggetg cetgatgege 960
tgectetatt gecacaaceg cgatacetgg gatacecacg geggeaaaga gattacegtt 1020
gaagagctga tgaaagaggt ggtgacctat cgecacttta tgaacgette cggeggegge 1080
gtgacggeat ccggeggega ggetatectg caggeegaat ttgttegega ctggtteege 1140
gcctgtaaga aagaaggtat tcatacctgt ctegatacca acggetttgt gegeegetac 1200
gatccggtta ttgatgaact getggaggte acegacetgg tgatgetega tetcaage 1258
<210> 17

<211> 780

<212> ADN

<213> Klebsiella oxytoca

<400> 17

atgaaccatt ctgctgaatg ctettgtgaa gagageetgt gtgaaactct acgaggattt 60
tccgegeaac ateccgatag cgteatetac cagacctcte tgatgagege getgttaage 120
ggcgtttatg aaggtaatac gaccatcgee gatttgetea cecacggega tttcggeete 180
gggaccttta atgaactgga cggegagetg atcgegttta geagegaagt ttaccagetg 240
cgegeegacg geagegeeeg caaageeegt atggaacage gtacgeegtt cgeggtgatg 300
acctggtttc agecgeagta tcgeaaaacg ttegataaac cggteageeg tgaacaactg 360
cacgacatca tegaccagea aattcegteg gacaatetgt tetgegeect gegtattaac 420
ggecattttc geceacgecea tacecgeacg gtacegegee agacgeegcee ataccgggeg 480
atgaccgacg tactcgacga ccageeggtt tttegettca accagegega gggtgtecetg 540
gttgggottca gaacgeegea geatatgeag ggeattaacg tggecggeta ccatgaacac 600
ttcatcaccg atgaccgeca gggeggeggc catetgeteg attatcaget cgaccacgge 660
gttctgacet ttggegagat ccacaaattg atgattgace ttectgeega tagegectte 720
ctgcaggegg atctgeatee agacaatett gatgeegeea ttegetcagt cgaaaactaa 780
780

<210> 18

<211> 1680

<212> ADN

<213> Klebsiella oxytoca

<400> 18

gtggataatc aacatcaacc gegeeagtgg gegeacggeg cegaccteat cgtecagecag 60
cttgaggeee agggggtacg ccaggtgttc ggeattcegg gggecaaaat cgataaagte 120
ttegattege tgctegactce cteeattege attatccegg tgegecacga agecaacgec 1 80
gectttatgg cegecgeggt tggecgeate accggeaaag cgggegtege getggteacg 240
tccggaccgg getgetetaa cetgattace gggatggeaa cggecaatag cgaaggegac 300
ccggtggtog cgetgggegg cgcggtaaaa cgegeegaca aggecaaaca ggtgeaccag 360
agtatggata cggtgacgat gtttagceeg gtgaccaaat acteggtgga agtcaccgeg 420
ccggaagegc tggeggaagt tgtetccaac gegtttegtg cagecgagea gggacgeccee 480
ggcagegccet tegtcageet geegeaggac gtggtegacg ggeeggieea cgecagggtt 540
ctgeecgeeg gegatgegee geagacegge geggegecgg acgacgeeat tgegegagte 600
gegaagatga ttgeeggege gaaaaatecg atatttetge teggectgat ggecagecag 660
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acggaaaaca gegeggeget gegegaattg ctgaaaaaaa gtcatatece ggtgaccage 720
acctatcagg cegecggege agtcaatcag gatcacttta cecgettege cggacgggtt 780
gotetgttca acaaccagge aggggatega ctectgeate tegeegacct ggteatetge 840
atcggctata gteeggtgga gtacgagecg gecatgtgga ataacggtaa cgecacgetg 900
gtacatatcg acgtgetgee cgettacgaa gagegtaatt atacceegga cgtegagetg 960
gtcggeaata tegecgecac cotgaacaaa ctgtetcaac geatcgaccea cecagetggtg 1020
ctetegeege aggecgecga gateettgte gacegecage atcageggga getectegace 1080
cgecgeggtg cgeacctgaa ceagttegeg ctteateege tgegeategt tegegeeatg 1140
caggacatcg tcaatagega tgtcacectg accgtcgata tggggagctt teatatctgg 1200
atcgeccgct atetetacag ctttegegee cgteaggtea tgatttccaa cggtcaacag 1260
accatgggcg tggegetgee gtgggegatt ggegectgge tggteaatee geagegeaaa 1320
gtggtiteeg titccggega cggeggttte ctgeagteca geatggaget ggagaceget 1380
gtacggctga aagegaacgt cetgeatate atctgggteg ataacggeta caacatggtg 1440
gcgattcagg aggagaaaaa ataccagegg ctetceggeg ttgagttegg ceeggtggat 1500
tttaaagtct acgecgaage ctteggegee aaagggtttg cggtagagag cgecgaagee 1560
cttgageega cgetgeggge ggegatggac gtegacggee cegeegtegt agecateeee 1620
gtggattacc gecgataacee getgetgatg ggecagetee atctcagtea actactttga 1680
1680

<210> 19

<211> 771

<212> ADN

<213> Klebsiella oxytoca

<400> 19

atgaaaaaag tcgeactegt caccggegeg ggecagggta teggtaaage tatcgecectt 60
cgtetggtga aagatggttt tgecgtgget atcgecgatt ataacgacge caccgegeag 120
geggtcgetg atgaaattaa ccgeageggce ggeegggege tageggtgaa ggtggatgte 180
tetcaacgeg atcaggtttt tgeegecgte gaacaggege geaagggtet cggeggtttt 240
gacgtgateg tcaacaacge cggggttgeg ceetecacac caatcgaaga gattegegag 300
gaggtgatcg ataaagtcta caatatcaac gttaaaggeg ttatctgggg catccaggece 360
gcggtagagg cgtttaaaaa agagggecac ggeggcaaaa ttatcaacge ctgeteccag 420
gegggccatg taggtaacce ggagetggeg gtetataget ccagtaaatt tgecgtgege 480
ggcctgacge aaaccgeege cegegatetg gegeatetgg ggattacegt aaacggcetac 540
tgccegggga tegtcaaaac cecaatgtgg geggaaattg accgecaggt ticcgaageg 600
gegggtaaac cgetgggeta cggaacccag gagttegeea aacgeattac cetigggegg 660
ctatcegage cggaagacgt cgeageetge gtetettate tegeeggtee ggactecaat 720
tatatgaccg gecaatcget getgatcgat ggeggeatgg tatttaacta a 771

<210> 20

<211> 873

<212> ADN

<213> Klebsiella oxytoca

<400> 20

atggaacttc gttatctgeg ctacttegte geegtegecg aggegeggea cttcactaaa 60
gcggeaaaag aacttggtat ctcecageca cegetaagte ageaaattca acggettgaa 120
agagaaattg gcacaccget tttecgeega ttaacgeggg gegtegaget gacggaageg 180
ggggagtcgt tttatgagga tgcttgecag attetggegt taagegacge ggegetggaa 240
aaaaccaagg gaattgeceg cgggetgaac ggteggetet cgetgggeat taccagetet 300
gatgcttttc atccgeaaat ctttageetg ttacageagt ticageagag ttatccgggg 360
gtgacgttge atcaggtcga aggcaatatg gegacgetga tgggggegcet tggegaageg 420
gagctggata ttgcttttgt acgeetgece tgegagagea gtaaagegtt caatetgegg 480
attatcgatc aagaaccgat ggtgattgee ctggegegtt cgeacceget ategtcecac 540
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cgegagetga cgetggagea actgacggac gtggegeega ttettttcee gegtgaagtg 600
geecctggece tgtatgaget ggtgttcaac agetatetge gegeeggtgt tgacgtgeag 660
cgagcectate agtcatcgea aatatcateg tegetcagea tggtggagge tggettegge 720
titgegetgg tgeegeagte gatgacctge atcacgetee ccaacgtgag ctatcacceg 780
ctgatgggta caccgetgaa aaccgatate getategeet ggeggegcta cgagegeteg 840
cgcacggtga agegttttct ggecatgttt taa 873
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