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(54) VISINH VAT TAI TO HOP CO KHA NANG SAN XUAT 2,3-BUTANDIOL GIA
TANG VA PHUONG PHAP SAN XUAT 2,3-BUTANDIOL SU DUNG VI SINH
VAT NAY

(57) Sang ché dé cap dén vi sinh vat tai t6 hop c6 kha niang san xuat 2,3-butandiol gia ting,

trong d6 con dudng chuyén hoa pyruvat thanh axetyl-CoA, con duong chuyén hoa pyruvat

thanh axit formic, hodc con duong chuyén hoa pyruvat thanh lactat bi trc ché trong vi sinh
vat c6 con dudng sinh tong hop axetyl-CoA va lactat. Sang ché ciing dé cap dén phuong
phap san xuat 2,3-butandiol sir dung vi sinh vat nay.
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Linh ve k§ thuét dwoc dé cap

Sang ché dé cap dén vi sinh vat tai t hop c6 khé nang san xuét 2,3-butandiol gia
ting va phuong phap san xuét 2,3-butandiol bang c4ch st dung vi sinh vat nay, trong do vi
sinh vét 1a Klebsiella.

Tinh trang k¥ thuit ciia sing ché

2.3-butandiol (CH3CHOHCHOHCH3) [a mot trong s6 cac rugu ma phan tir cb bén
nguyén tir cacbon va hai nhom hydroxyl (-OH) ¢6 thé duoc chuyén héa bang xtc tic hoa
hoc thanh 1,3-butadien ma 12 nguyén liéu thd dugc st dung cho qua trinh sén Xuét cao su
tdng hop va etyl metyl keton (methyl ethyl ketone - MEK) duoc dung lam phu gia cho
nhién lidu va dung moi (Ji et al.,, Biotechnol. Adv., 29: 351, 2011 ). Ngée‘li ra, 2,3-butandiol
c6 thé ding 1am chét ting chi sb octan bang cach tron 1An véi gasolin (xang), ma la hop chét
trung gian rit quan trong trong cic nganh cong nghiép nhién liéu (Celinska et al.,
Biotechnol. Adv., 27: 715, 2009).

2 3-butandiol ¢6 thé dugc san xuAt bing qua trinh tong hop héa hoc va qué trinh én
men vi sinh vat. Tuy nhién, do chi phi san xuht 2,3-butandiol bing cc qué trinh dugc md
ta trén dy 1a rit cao, nén khong thé san xuét 2,3-butandiol & quy mo cong nghiép. Trong
khi d6, v6i viéc gid nguyén liéu tho hoa thach dang tang nhanh va viéc dua vao ap dung quy
dinh vé 6 nhiém moi truong qudc té, cling véi sy phat trién rAt nhanh gin ddy vé cong nghé
san xut 2,3-butandiol bang qu4 trinh 1én men vi sinh vat, tAm quan trong cta qua trinh san
xuét 2,3-butandiol trén co s& sinh hoc bing qué trinh 1én men vi sinh vat va viéc nghién ciu
va phat trién ctia ching dang ting nhanh.

Phuong phap san xuét 2,3-butandiol trén co s& sinh hoc 14 chuyén héa nguyén liéu
sinh khéi c6 thé tai sinh thanh 2,3-butandiol bang qué trinh 1én men vi sinh vét c6 kha ning
san xuit 2,3-butandiol. 2,3-butandiol dugc san xXuét béng céc loai vi sinh vat khac nhau nhu
loai Klebsiella, loai Enterobacter, loai Bacillus, lodi Serratia, va cac loai vi sinh vét khac
(Maddox IS, Biotechnol., 6: 269, 1996). Cu thé, Klebsiella pneumoniae (K. pneumoniae),
Klebsiella oxytoca (K. oxytoca), va Paenibacillus polymyxa san xudt mét luong 2,3-
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butandiol trong ddi 16n. Cu thé hon, Klebsiella pneumoniae (K. pneumoniae) va Klebsiella
oxytoca (K. oxytoca) c6 wu diém & chd qué trinh nudi cy duoc thuc hién d& dang, tdc d6
phat trién nhanh, va 2,3-butandiol c6 thé duoc san xuét tir cac nguén nguyén lidu sinh khdi
khéc nhau bao gdm pentoza c6 ngude gbe tix lignoxenluloza (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).

Viée nghién ctru doi vi qué trinh sin xuat 2,3-butandiol trén co s sinh hoc bing
qua trinh lén men vi sinh vat d duoc thyuc hién chia thanh hai linh vuc, linh vuc t6i vu héa
(bao gdm nhiét do, do pH, lugng oxy hoa tan, va cic yéu t twong tw) qua trinh 1én men va
linh vure phét trién vi sinh vat (bao gdm phét hién vi sinh v4t, tim hidu dc tinh sinh Iy, su
dot bién, k¥ thuat di truyén, va cac yéu t6 tuong tw). Ddi véi linh vue t6i uu héa qué trinh
1én men, c4c diéu kién khac nhau nhu nhiét do, d6 pH, ham lugng oxy hoa tan, va cac yéu
t6 khac dé san xuét mét cach hi€u qua 2,3-butandiol dugc xé4c dinh (Ji ef al,, Bioresour.
Technol., 100: 3410, 2009; Nakashimada et al, J. Biosci Bioeng, 90: 661, 2000;
Nakashimada et al., Biotechnol. Lett, 20: 1133, 1 998). Tuy nhién, qua trinh san xuét 2,3-
butandiol bang qué trinh 1én men vi sinh vat duéi cac diéu kién dugc mé t trén day van gip
kho khan trong viée sir dung mot cach truc tiép 1am qu4 trinh san xuét thuong mai do hiéu
Suat va sén lugng thép. Ngoai ra, qué trinh sn xuét niy c6 nhuoc diém & chd céc sin phim
phu nhur axit hitu co bao gdm axit lactic, rugu bao gdm etanol, va c4c san phém tuong ty,
cing dugc tao ra, cung véi 2,3-butandiol trong qua trinh 1én men. Viée tao thanh céc san
phém phy lam gidm higu suét tao ra 2,3-butandiol d6i véi nguyén liéu sinh khdi, va cAn chi
phi rét 16n dé tach va lam sach trong qua trinh thu hdi 2,3-butandiol ra khéi chit 1éng méi
truong nudi cy.

Do d0, viéc nghién ctru ddi véi su phat trién ciia vi sinh vét cho qu4 trinh san xuét
2,3-butandiol cht yéu tap trung vao viéc giam luong cic san pham phy. Phuong phép tiéu
biéu, ctia Ji va cac cOng s, da thanh cong trong viéc ngin nglra mot phén su tao ra axit hitu
co' ma 14 céc san phim phu, bang cach cho ching Klebsiella oxytoca thé tw nhién tiép xtic
voi tia ttrngoai (UV), lam mét trong cac phurong phép gay dot bién gen (Ji et al, Biotechnol
Lett, 30: 731, 2008). Ngoai ra, cling c6 ¢ ging khac dé phét trién qué trinh san xuét 2,3-
butandiol bang céch sir dung phuong phép phéng ion (chim ion) dén chiing Klebsiella
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pneumoniae dé ting toc do tidu thy nguyén liéu sinh khdi (Ma et al, Appl. Microbiol.
Biotechnol., 82: 49, 2009). Tuy nhién, cic ching dugc phét trién trén ddy van khong da
hiéu qua @ sir dung mot cach truc tiép trong quy trinh san xuét thuong mai xét va nang
Suét, n@)ng do cudi, va hiéu suét tao ra 2,3-butandiol.

Do do, céc thc gia sang ché da tién hanh nghién ciru vi sinh vat t4i t& hop khong chi
¢l nang suét cao, néng d6 cao, va hiéu suét tao ra 2,3-butandiol cao, ma con c6 do chon loc
cao ddi véi 2,3-butandiol, ma tao ra it san phém phy, va céc tac gia sang ché con phat hién
ra réng vi sinh vt tai td hop ma tir d6 cac gen cu thé duoc tach ra c6 thé tao ra lugng nhd
cac san phém phu df“mg thoi c6 d6 chon loc cao va ndng sudttaora 2,3-butandiol cao, va do
do, cac tAc gia da tao ra sang ché.

Bin chét ky thudt ciia sang ché
Vén @& k¥ thust cAn giai quyét

Muc dich cta séng ché 14 tao ra vi sinh vAt ti tb hop ¢6 kha ning san xuét 2,3-
butandiol gia ting, va phuong phép san xuét 2,3-butandiol bang c4ch sir dung vi sinh vét
nay, trong do vi sinh vat 1a Klebsiella.

Céch thirc giai quyét van dé

Dé dat duwoc muc dich trén day, theo m¢t phuong 4n tiéu biéu, sang ché dé xuit vi
sinh vat t4i td hop c6 kha nang san xut 2,3-butandiol gia ting,

trong d6 con dudng chuyén héa pyruvat thanh axetyl-CoA, con dudng chuyén hoa
pyruvat thanh axit formic, hogc con dudng chuyén héa pyruvat thanh lactat bi trc ché trong
vi sinh vét ¢6 con dudng sinh tong hop axetyl-CoA va lactat, , trong d6 vi sinh vét 1a
Klebsiella.

Theo mdt phuong 4n tiéu biéu khac, sing ché d& xuét phuong phédp san xuét 2,3-
butandiol, phuong phép nay bao gdm céc buéc:

budc nuobi céy vi sinh vat tai td hop nhu duge md ta trén day;

va bude thu hdi 2,3-butandiol tir vi sinh vat tAi td hop dwoc nudi cy.

Hiéu qué c6 lgi ctia sang ché

Vi sinh vat tai tb hop theo sang ché c6 thé san xuAt 2,3-butandiol v6i d6 chon loc va

ndng d6 cao.

MG ta van tit cac hinh vé
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FIG. 11450 dd minh hoa pathway trong d6 2,3-butandiol dugrc tong hop trong chiing
Klebsiella.

FIG. 2 1a anh trén gel agaroza thu dugc bang k§ thust khuéch dai PCR va dién di dé
xac dinh 1dhA ma 1a gen ctia lactat dehydrogenaza lién quan dén s tao ra axit lactic dwoc
loai bo.

FIG. 3 12 anh trén gel agaroza thu dugc bang k§ thuat khuéch dai PCR va dién di dé
xac dinh pflB ma 14 gen clia pyruvat-format lyaza lién quan dén sur tao ra format duoc loai
bo.

FIG. 4 13 so ¢ minh hoa két qua cta qua trinh 1én men chung Klebsiella oxytoca
cua vi du so sanh 1.

FIG. 5 14 50 d minh hoa két qua cua qua trinh Ién men chiing Klebsiella oxytoca tai
t6 hop ciia vi du so sanh 2.

FIG. 6 14 so &6 minh hoa két qua cua qua trinh 1én men chiing Klebsiella oxytoca tai
t0 hop ctia vidu 1.

FIG. 7 14 so d6 dén 11 minh hoa két qua clia qua trinh len men theo mé ching
Klebsiella oxytoca ti t6 hop ctia vi du 1 phu thude vao tde do khudy tron tai 150 vong/phut
(tpm) (FIG. 7), 250 vong/phut (FIG. 8), 350 vong/phiit (FIG. 9), va 450 vong/phut (FIG.
10) (FIG. 11: nong d6 2,3-butandiol mbi gios phu thudc vao tbe do khudy tron).

FIG. 12 13 so & minh hoa két qué clia qua trinh 1én men theo mé bd sung co chét
ching Klebsiella oxytoca tai t6 hop ctia vi du 1 duge thyc hién bang cach duy tri tdc do
khudy tron tai 450 vong/phut dusi didu kién wa khi,

FIG. 13 12 so 46 minh hoa két qua ctia qua trinh 1én men theo mé bd sung co chit
ching Klebsiella oxytoca tai td hop ctia vi du 1 duoc thuc hién bﬁng cach kiém so4t tde do
khudy tron.

MG ta chi tiét sang ché

Sang ché dé cap dén: |

vi sinh vat téi t6 hop c6 kha ning san xut 2,3-butandiol gia tang,

trong d6 con dudng chuyén héa pyruvat thanh axetyl-CoA, con dudng chuyén héa
pyruvat thanh axit formic, hodc con dudng chuyén héa pyruvat thanh lactat bi trc ché trong
vi sinh VAt ¢6 con dudng sinh tdng hop axetyl-CoA va lactat, trong d6 vi sinh vét 1a
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Klebsiella.

Ngoai ra, sang ché dé cap dén:

phuong phap san xuét 2,3-butandiol, phuong phép nay bao gdm: bude nudi cy vi
sinh vét t4i t6 hop theo sang ché; va

thu hdi 2,3-butandiol tir vi sinh vt t4i td hop duoc nudi cdy nay.

Sau ddy, sang ché dugc md ta mot cach chi tiét hon.

Vi sinh vat ti t6 hop c6 kha nang san xut 2,3-butandiol gia tang

Vi sinh vét t4i t§ hop theo sang ché 13 vi sinh vAt t4i t hop c6 kha ning san xuét 2,3-
butandiol gia ting, trong d6 con dudng chuyén héa pyruvat thanh axetyl-CoA, con duong
chuyén héa pyruvat thanh axit formic, hoic con dudng chuyén hoa pyruvat thanh lactat b
tic ché trong vi sinh vét ¢6 con dudng sinh tong hop axetyl-CoA va lactat, , trong d6 vi sinh
vat 1a Klebsiella.

Ngoai ra, vi sinh vt t4i t5 hop theo séng ché 14 vi sinh vat tai td hgp ma tr d6 gen
ma héa enzym tach loai hydro (dehydro héa) ra khéi rugu (enzym dehydrogenaza
aldehyt/ruqu), cu thé 13, adhE, khong duoc tach ra.

Tét hon néu, nhu dugc minh hoa trong FIG. 1, vi sinh vt tai t hop theo sang ché
14 vi sinh vét t4i t6 hop, trong d6 con dudng chuyén hoa pyruvat thanh axetyl-CoA, con
dudng chuyén hoa pyruvat thanh axit formic, hogic con dudng chuyén hoa pyruvat thanh
lactat bi trc ché mic dir ¢6 con dudng sinh tong hop axetyl-CoA va lactat.

Ngoai ra, vi sinh vat t4i t6 hop theo séng ché ¢ d6 chon loc, hiéu sut, néng do, va
nidng sut tao ra 2,3-butandiol cao. Cu thé I3, trong vi sinh VAt tai to hop theo sang ché, do
chon loc dbi véi 2,3-butandiol 12 70% hoiic 16n hon, tét hon 1a 80% hoic 16n hon, va higu
suét tao ra 2,3-butandiol 1a 0,35 g/g hodc 16n hon dbi véi qua trinh nudi céy theo mé hodc
qua trinh nudi cdy theo mé bd sung co chét. Hon nita, do su t4i td hop, vi sinh vat t&i t5 hop
theo sang ché vc ché tdt hon kha nang san xuéit axit formic, axit axetic, hodc etanol khi so
v6i vi sinh vat thé ty nhién.

Con dudng sinh tong hop axetyl-CoA

Con dudng sinh tdng hop theo axetyl-CoA clia sang ché dugc ding dé chi con
dudng trong d6 axetyl-CoA dugc tong hop tir chét chuyén héa cy thé trong vi sinh vét. con
dudng sinh tong hop theo axetyl-CoA ctia sang ché 1a con duong tong hop axetyl-CoA tix
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pyruvat, va chét tuong tu.
Con duong sinh tong hop lactat

Con duong sinh tdng hop theo lactat ctia sang ché dugc dung dé chi con dudng trong
d6 lactat durgc tong hop tir chét chuyén hoa cu thé trong vi sinh v4t. con dudng sinh téng
hop theo lactat clia sang ché 1a con dudng tong hop lactat tir pyruvat, va chat tuong tu.
Vi sinh vét ¢6 con dudng sinh téng hop axetyl-CoA va lactat

Vi sinh vt theo sang ché duoc bao gdm trong chi Klebsiella, t6t hon 1a Klebsiella
oxytoca (K. oxytoca), Klebsiella pneumoniae (K. pneumoniae), va chiing twong tr, va tt
nhét 1 Klebsiella oxytoca (K. oxytoca).
Su tic ché con dudng chuyén hoa pyruvat thanh axetyl-CoA

Enzym pyruvat-format lyaza kiém soat sy chuyén hoa pyruvat thanh axetyl-CoA.
Con dudng chuyén héa pyruvat thanh axetyl-CoA c6 thé bi tic ché bang cach tc ché
pyruvat-format lyaza. Viéc tc ché pyruvat-format lyaza c6 thd duoc thuc hién bang cach
tic ché sy biéu hién cta pyruvat-format lyaza, trc ché hoat tinh enzym ctia pyruvat-format
lyaza, va céc cach trc ché tuong tw. Vi dy, pyruvat-format lyaza c6 thé bi tic ché bang cach
chon lwa phuong phap thich hop béi chuyén gia trong linh vuc k§ thuat nay, phuong phép
thich hop nhur loai bé pflB ma 14 gen ma hoa pyruvat-format lyaza, phat trién thé dot bién
trong gen (thé dot bién tre ché su biéu hién cia gen binh thuong bang cach gy dot bién, thé
hofic loai bd phan mAu tur co ban ra khdi gen, hodic bang cach bd sung thém phin miu tu co
ban vao trong gen), didu hoa sy biéu hién gen trong qua trinh phién ma hodc qua trinh dich
ma, va cac phuong phép tuong tur.
Su tic ché con dudng chuyén hoéa pyruvat thanh axit formic

Enzym pyruvat-format lyaza kiém soét su chuyén héa pyruvat thanh axit formic.
Con dudng chuyén hoa pyruvat thanh axit formic c6 thé bi trc ché bang cach trc ché pyruvat-
format lyaza. su (rc ché pyruvat-format lyaza c6 thé duoc thyuc hién br?mg cach e ché sy
biéu hién ciia pyruvat-format lyaza, tic ché hoat tinh enzym cua pyruvat-format lyaza, va
cac cach trc ché tuong tu. Vi dy, pyruvat-format lyaza c6 thé bi trc ché br?mg cach chon lua
phuong phap thich hop béi chuyén gia trong linh vyc k§ thuét nay, phuong phép thich hop
nhu loai bo pflB ma 14 gen ma hoa pyruvat-format lyaza, phat trién thé dot bién trong gen

(thé dot bién rc ché sur biéu hién ctia gen binh thuong bing céch gdy dot bién, thé hoiic loai
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bo ph?m mau tu co ban ra khoi gen, hodac béng cach bd sung thém ph?m mau tu co ban vao
trong gen), diéu hoa su biéu hién gen trong qua trinh phién ma hodc qua trinh dich ma, va
céac phuong phép twong tu.
Sy tic ché con dudng chuyén héa pyruvat thanh lactat

Enzym lactat dehydrogenaza kiém soét sur chuyén hoa pyruvat thanh lactat. Con
dudong chuyén héa pyruvat thanh lactat c6 thé bi tc ché bing cach G ché lactat
dehydrogenaza. Sy trc ché lactat dehydrogenaza ¢6 thé dugc thue hién bang cach te ché su
biéu hién ca lactat dehydrogenaza, trc ché hoat tinh enzym ciia lactat dehydrogenaza, va
cac cach trc ché tuong tu. Vi du, lactat dehydrogenaza c6 thé bi trc ché béng cach chon luva
phuong phdp thich hgp béi chuyén gia trong linh vue k¥ thuét nay, phuong phap thich hop
nhu loai b Idha ma 14 gen ma héa lactat dehydrogenaza, phat trién thé dot bién trong gen
(thé dot bién trc ché sy biéu hién ciia gen binh thudng bang cach gay dot bién, thé hodc loai
b phan mAu tw co ban ra khéi gen, hoic bang cach bd sung thém phan mAu tur co ban vao
trong gen), diéu hoa sy biéu hién gen trong qua trinh phién ma hoic qua trinh dich ma, va
cac phuong phép tuong tu.
Enzym dehydro héa rugu

Enzym dehydro héa rugu (enzym dehydrogenaza aldehyt/ruou) kiém soat con
dudng chuyén héa axetyl-CoA thanh etanol. Do d6, ¢6 trudong hop trong d6 viée tang qua
trinh san xuét 2,3-butandiol duoc déy manh béng céach loai bd adhE ma 13 gen ma hoa
enzym dehydro héa ruou dé trc ché sur tao ra etanol (Ji et al., Appl. Microbiol. Biotechnol.,
85: 1751, 2010). Tuy nhién, trong vi sinh vat t4i to hop theo sang ché, néu adhE bj tach ra,
thi lugng san Xuét, do chon loc, va nang suét tao ra 2,3-butandiol bi gidam mdt cach dang ké.
Do d6, adhE ma 1a gen ma h6a enzym dehydro héa rugu khéng dugc tach ra theo sang ché.
Phuong phap san xut 2,3-butandiol

Phuong phép san xuét 2,3-butandiol theo sang ché bao gdm budc nudi cly vi sinh
VAt tai td hop theo sang ché; va budc thu hdi 2,3-butandiol tir vi sinh VAt tai td hop dugc nudi
chy.

Budc nubi ce“'ly duorc thyuc hién duéi didu kién wa khi, tbt hon néu, didu kién it va khi
oxy. Vi du, budc nudi céy duoc thuc hién c6 kém cép 0Xy, cU thé 13, khong khi trong bude

nubi cy, va cu the hon, viéc cap oxy c6 the dugc thuc hién bang cach khudy. Tot hon néu,
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bude nudi cdy dugce thuc hién c6 kém khudy tai tde do khudy tron 450 vong/phit hoic nhd
hon, tot hon nita 13 50 dén 450 vong/phuit, va tham chi tdt hon nita 1a 150 dén 450 vong/pht.

T6t hon néu, bude nudi céy c6 thé kiém soét duoc nang suét tao ra 2,3-butandiol
bang cach kiém soat lwong oxy cp vao. Déi véi phuong phép kiém soét lugng oxy cip vao
trong bude nudi céy, vi dy, budc nudi céy theo sang ché ¢c6 thé duge thuc hién c6 kém
khudy, va budc nudi cy c6 thé kiém soédt dugc ning suét tao ra 2,3-butandiol bing cach
kiém soét tbc do khudy tron trong moi truong nudi cdy. Vi du, néu ndng do cia axetoin
dugc tang 1én dén 5 g/L hoc 16n hon, tdt hon 1 10 g/L hozc 16n hon, thi tde do khudy tron
c6 thé dugc giam, bang cach nay 1am ting ndng do va ning suit tao ra 2,3-butandiol va trc
ché su taora san phém phu.
Vi du thire hién sang ché

Cac dic diém va uu diém cia sang ché va phuong phép thuc hién sang ché s& tré
nén rd rang nhd phan mé ta cac phuong 4n véi sy tham chiéu dén céc hinh vé kém theo
dudi ddy. Tuy nhién, sang ché khong bi gidi han & phuong 4n tiéu bidu duge mo ta & day,
ma sang ché con c6 thé dugc thuc hién & céc dang khéc nhau. C4c phuong 4n tiéu biéu nay
dugc md ta chi véi muc dich minh hoa dé chuyén gia trong linh virc k¥ thust ndy 6 thé hiéu
13 sang ché va pham vi ctia séng ché. Do d6, sang ché s& chi duge xé4c dinh bang pham vi
ctia yéu cau bao ho dinh kém sau day.
Nguyén liéu va phuong phap

- Nong do ctia 2,3-butandiol (g/L): Luong 2,3-butandiol dugc san xuét trén mi don
vi thé tich;

- Hiéu suét tao ra 2,3-butandiol (g/2): Luong san xuét (g) 2,3-butandiol/nguén
cacbon (g) x 100;

- Néang suét tao ra 2,3-butandiol (g/L/h): Luong 2,3-butandiol duge san xuit trén
mdi don vi thdi gian va don vi thé tich.

D chon loc (%) 2,3-butandiol: Lugng san xut (g) 2,3-butandiol/(luong sén xuét
() 2,3-butandiol, etanol, axetoin, axit sucxinic, lactat format, va axit axetic) x 100
Vi du thye nghiém 1: Qué trinh san xut vi sinh vét ti td hop

Dé bt hoat gen dich ciia Klebsiella oxytoca dugc san xuat bang manh ADN bao

gdm ving twong ddng ciia gen dich, co ché t4i t6 hop ctia vi khudn dugc st dung, va viing
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tuong déng cta gen dugc loai bé dugc khuéch dai béng PCR. Sau d6, manh ADN tuong
{ing bao gdm ving twong dong dugc chuyén sang vi khuan, va sau d6, gen dich dugc loai
bd bang co ché t4i td hop bing recombinaza (enzym téi td hop gen) giita ving tuong dong
cia gen trong manh ADN va gen trong nhiém sic thé ctia Klebsiella oxytoca.

Dau tién, dé thyc hién budc tao dong vo tinh clia lactat dehydrogenaza cuia
Klebsiella oxytoca, ving twong déng 1 (SEQ ID NO: 2) ciia IdhA (SEQ ID NO: 1) ma 1a
gen dich dugc khuéch dai biang doan mdi ¢6 s6 xac dinh chudi (SEQ ID NO): 3 va 4 bang
PCR. Ngoi ra, ving tuong ddng 2 (SEQ ID NO: 5) cia n6 duogc khuéch dai bang doan mbi
¢6 SEQ ID NO: 6 va 7 bang PCR. Sau do, ca hai ving twong dong 1 va 2 dugc st dung
mot cach ddng thoi lam mau va dugc khuéch dai bang PCR, nhé d6 tao ramanh ADN hoan
thanh (SEQ ID NO: 8) bao gdbm viing tuong dong 1 va 2.

Trong khi do, dé thuc hién budc tao dong vo tinh ving tuong dong cia pyruvat-
format lyaza ctia Klebsiella oxytoca, ving tuong déng 1 (SEQ ID NO: 10) cia pfIB (SEQ
ID NO: 9) ma 1a gen dich duoc khuéch dai bang doan mdi c¢6 SEQ ID NO: 11 va 12 bang
PCR. Ngoai ra, ving twong dong 2 (SEQ ID NO: 13) cia n6 dugc khuéch dai bing doan
mbi c¢6 SEQ ID NO: 14 v 15 bang PCR. Sau d6, ca hai ving tuong dong 1 va 2 dugc sir
dung mot cach ddng thoi 1am mAu va duge khuéceh dai bang PCR, nhd d6 tao ra manh ADN
hoan chinh (SEQ ID NO: 16) bao gdm ving twong dong 1 va 2 (Bang 1). Pé tang kha ning
tai t0 hop cta gen dich, manh ADN hoan chinh c6 thé bao gdm gen khang thudc khang
sinh, va cac thanh phén tuong tu. Hon nita, manh ADN c6 thé bao gém gen sacB ma hdéa
enzym levansucraza, dé loai bo gen khang thudc khang sinh t4i t6 hop trong nhiém séc thé.
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Béang 1

SEQ
ID
NO.

Trinh tw

ATGAAAATCGCTGTGTATAGTACAAAACAGTACGACAAGAAGTATCTGCAGCATGTTAATGATG
CATATGGCTTTGAACTGGAGTTTTTTGACTTCCTGCTAACCGAAAAAACCGCCAAAACCGCCA
ACGGCTGTGAAGCGGTGTGTATCTTCGTAAACGATGACGGTAGCCGCCCGGTACTTGAAGAA
CTGAAAGCCCACGGCGTGCAGTACATCGCGCTGCGCTGCGCGGGGTTCAACAACGTTGACC
TCGATGCCGCCAAAGAGCTGGGCCTGCGGGTGGTGCGCGTCCCGGCCTACTCGCCGGAAG
CGGTCGCTGAGCACGCGATCGGCATGATGATGTCGCTGAACCGCCGCATTCACCGTGCCTA
TCAGCGCACCCGCGACGCGAACTTCTCTCTGGAAGGGCTGACCGGTTTCACCATGCACGGT
AAAACCGCCGGCGTTATTGGCACCGGTAAAATCGGCGTCGCCGCGCTGCGCATTCTTAAAG
GCTTCGGTATGCGTCTGCTGGCGTTTGATCCCTACCCAAGCGCCGCCGCGCTGGATATGGG
CGTGGAGTATGTCGATCTTGAAACCCTGTACCGGGAGTCCGATGTTATCTCACTGCACTGCC
CACTGACCGATGAAAACTACCATTTGCTGAACCATGCCGCGTTCGATCGCATGAAAGACGGG
GTGATGATCATCAACACCAGCCGCGGCGCGCTCATCGATTCGCAGGCAGCGATCGACGCCC
TGAAGCATCAGAAAATTGGCGCGCTGGGGATGGACGTGTATGAGAACGAACGCGATCTGTTC
TTTGAAGATAAGTCTAATGACGTGATTCAGGATGATGTGTTCCGCCGTCTCTCCGCCTGCCAT
AACGTCCTGTTTACCGGTCACCAGGCGTTTCTGACCGCGGAAGCGTTGATCAGCATTTCGCA
AACCACCCTCGACAACCTGCGTCAAGTGGATGCAGGCGAAACCTGTCCTAACGCACTGGTCT
GA

ATGACGTTCGCTAAATCCTGCGCCGTCATCTCGCTGCTGATCCCGGGCACCTCCGGGCTACT
GCTGTTCGGCACCCTGGCATCGGCCAGCCCGGGACATTTCCTGTTAATGTGGATGAGCGCC
AGCCTCGGCGCTATCGGCGGATTCTGGCTCTCGTGGCTGACGGGCTACCGCTACCGGTACC
ATCTGCATCGTATCCGCTGGCTTAATGCCGAACGCCTCGCTCGCGGCCAGTTGTTCCTGCGC
CGCCACGGCGCGTGGGCAGTCTTTTTTAGCCGCTTTCTCTCTCCGCTTCGCGCCACCGTGC
CGCTGGTAACCGGCGCCAGCGGCACCTCTCTCTGGCAGTTTCAGCTCGCCAACGTCAGCTC

CGGGCTGCTCTGGCCGCTGATCCTGCTGGCGCCAGGCGCGTTAAGCCTCAGCTTTTGATGA
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AAGGTATTGTCTTTTAAAGAGATTTCTTAACACCGCGATATGCTCTAGAATTATTACTATAACCT
GCTGATTAAACTAGTTTTTAACATTTGTAAGATTATTTTAATTATGCTACCGTGACGGTATTATCA

CTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGC

Ko_ldhA_FP1 - CACGGATCCATGACGTTCGCTAAATCCTGC

Ko_ldhA_RP1 — GCACAAAAGGGCAAGGAAAAAAGACTTTTCTCCAGTGATA

TATCACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGCTCCCCCTTCGCGGGGGGCACATT
CAGATAATCCCCACAGAAATTGCCTGCGATAAAGTTACAATCCCTTCATTTATTAATACGATAA
ATATTTATGGAGATTAAATGAACAAGTATGCTGCGCTGCTGGCGGTGGGAATGTTGCTATCGG
GCTGCGTTTATAACAGCAAGGTGTCGACCAGAGCGGAACAGCTTCAGCACCACCGTTTTGTG
CTGACCAGCGTTAACGGGCAGCCGCTGAATGCCGCGGATAAGCCGCAGGAGCTGAGCTTC
GGCGAAAAGATGCCCATTACGGGCAAGATGTCTGTTTCAGGTAATATGTGCAACCGCTTCAG
CGGCACGGGCAAAGTCTCTGACGGCGAGCTGAAGGTTGAAGAGCTGGCAATGACCCGCATG
CTCTGCACGGACTCGCAGCTTAACGCCCTGGACGCCACGCTGAGCAAAATGCTGCGCGAAG
GCGCGCAGGTCGACCTGACGGAAACGCAGCTAACGCTGGCGACCGCCGACCAGACGCTGG

TGTATAAGCTCGCCGACCTGATGAATTAATAATTA

Ko_IdhA_FP2 — TATCACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGC

Ko_IdhA_RP2 - CCTGCGGCCGCTAATTATTAATTCATCAGGTC

ATGACGTTCGCTAAATCCTGCGCCGTCATCTCGCTGCTGATCCCGGGCACCTCCGGGCTACT
GCTGTTCGGCACCCTGGCATCGGCCAGCCCGGGACATTTCCTGTTAATGTGGATGAGCGCC
AGCCTCGGCGCTATCGGCGGATTCTGGCTCTCGTGGCTGACGGGCTACCGCTACCGGTACC
ATCTGCATCGTATCCGCTGGCTTAATGCCGAACGCCTCGCTCGCGGCCAGTTGTTCCTGCGC
CGCCACGGCGCGTGGGCAGTCTTTTTTAGCCGCTTTCTCTCTCCGCTTCGCGCCACCGTGC

CGCTGGTAACCGGCGCCAGCGGCACCTCTCTCTGGCAGTTTCAGCTCGCCAACGTCAGCTC
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CGGGCTGCTCTGGCCGCTGATCCTGCTGGCGCCAGGCGCGTTAAGCCTCAGCTTTTGATGA

AAGGTATTGTCTTTTAAAGAGATTTCTTAACACCGCGATATGCTCTAGAATTATTACTATAACCT

GCTGATTAAACTAGTTTTTAACATTTGTAAGATTATTTTAATTATGCTACCGTGACGGTATTATCA

CTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGCTCCCCCTTCGCGGGGGGCACATTCAGAT

AATCCCCACAGAAATTGCCTGCGATAAAGTTACAATCCCTTCATTTATTAATACGATAAATATTT

ATGGAGATTAAATGAACAAGTATGCTGCGCTGCTGGCGGTGGGAATGTTGCTATCGGGCTGC

GTTTATAACAGCAAGGTGTCGACCAGAGCGGAACAGCTTCAGCACCACCGTTTTGTGCTGAC

CAGCGTTAACGGGCAGCCGCTGAATGCCGCGGATAAGCCGCAGGAGCTGAGCTTCGGCGA

AAAGATGCCCATTACGGGCAAGATGTCTGTTTCAGGTAATATGTGCAACCGCTTCAGCGGCA

CGGGCAAAGTCTCTGACGGCGAGCTGAAGGTTGAAGAGCTGGCAATGACCCGCATGCTCTG

CACGGACTCGCAGCTTAACGCCCTGGACGCCACGCTGAGCAAAATGCTGCGCGAAGGCGC

GCAGGTCGACCTGACGGAAACGCAGCTAACGCTGGCGACCGCCGACCAGACGCTGGTGTA

TAAGCTCGCCGACCTGATGAATTAATAATTA

ATGTCCGAGCTTAATGAAAAGTTAGCCACAGCCTGGGAAGGTTTTGCGAAAGGTGACTGGCA
GAACGAAGTCAACGTCCGCGACTTCATCCAGAAAAACTATACCCCGTACGAAGGTGACGAGT
CCTTCCTGGCTGGCGCAACTGACGCGACCACCAAGCTGTGGGACACCGTAATGGAAGGCGT
TAAACAGGAAAACCGCACTCACGCGCCTGTTGATTTTGATACTTCCCTTGCATCCACCATCAC
TTCTCATGACGCTGGCTACATCGAGAAAGGTCTCGAGAAAATCGTTGGTCTGCAGACTGAAG

CTCCGCTGAAACGCGCGATTATCCCGTTCGGCGGCATCAAAATGGTCGAAGGTTCCTGCAAA
GCGTACGATCGCGAGCTGGACCCGATGCTGAAGAAAATCTTCACTGAATACCGTAAAACTCA

CAACCAGGGCGTGTTTGACGTTTACACCAAAGACATCCTGAACTGCCGTAAATCTGGTGTTCT
GACCGGTCTGCCGGATGCCTATGGCCGTGGTCGTATCATCGGTGACTACCGTCGCGTTGCG
CTGTACGGTATCGACTTCCTGATGAAAGACAAATACGCTCAGTTCGTTTCTCTGCAAGAGAAA

CTGGAAAACGGCGAAGATCTGGAAGCAACCATCCGTCTGCGCGAAGAAATCTCTGAACAGCA
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CCGCGCGCTGGGTCAGATCAAAGAAATGGCGGCTAAATATGGCTGCGATATCTCTGGTCCTG
CTACCACCGCTCAGGAAGCTATCCAGTGGACCTACTTCGGTTACCTGGCTGCCGTAAAATCT
CAGAACGGCGCGGCAATGTCCTTCGGTCGTACCTCCAGCTTCCTGGACATCTTCATCGAACG
TGACCTGAAAGCCGGTAAAATCACCGAGCAAGACGCACAGGAAATGATTGACCACCTGGTCA
TGAAACTGCGTATGGTTCGTTTCCTGCGTACCCCTGAATATGATGAACTGTTCTCTGGCGACC
CGATCTGGGCAACAGAATCTATCGGCGGTATGGGCGTTGACGGCCGTACTCTGGTCACCAA
AAACAGCTTCCGTTTCCTGAACACCCTGTACACCATGGGGCCGTCTCCGGAGCCGAACATCA
CCATTCTGTGGTCTGAAAAACTGCCGCTGAGCTTCAAAAAATACGCCGCGAAAGTGTCCATC
GATACCTCTTCTCTGCAGTACGAGAACGATGACCTGATGCGTCCTGACTTCAACAACGATGAC
TACGCTATCGCTTGCTGCGTAAGCCCGATGGTTGTTGGTAAGCAAATGCAGTTCTTCGGCGC
GCGTGCTAACCTGGCGAAAACCATGCTGTACGCAATCAACGGCGGCGTTGATGAAAAACTGA
AAATGCAGGTTGGTCCTAAATCTGAACCGATCAAAGGCGACGTTCTGAACTTCGACGAAGTGA
TGGACCGCATGGATCACTTCATGGACTGGCTGGCTAAACAGTACGTCACTGCGCTGAACATC
ATCCACTACATGCACGACAAGTACAGCTACGAAGCTTCCCTGATGGCGCTGCACGACCGTGA
TGTTATCCGCACCATGGCATGTGGTATCGCAGGTCTTTCCGTTGCGGCTGACTCCCTGTCTG
CAATCAAATATGCGAAAGTTAAACCGATTCGTGACGAAAACGGTCTGGCTGTCGACTTCGAAA
TCGAAGGCGAATACCCGCAGTTTGGTAACAACGACTCTCGCGTCGATGATATGGCCGTTGAC
CTGGTTGAACGTTTCATGAAGAAAATTCAGAAACTGCACACCTACCGCAACGCTATCCCGACT
CAGTCCGTTCTGACCATCACCTCTAACGTTGTGTATGGTAAGAAAACCGGCAACACCCCTGA
CGGTCGTCGCGCTGGCGCTCCGTTCGGACCAGGTGCTAACCCGATGCACGGCCGTGACCA
GAAAGGCGCTGTTGCCTCTCTGACCTCCGTTGCAAAACTGCCGTTTGCTTACGCGAAAGATG
GTATTTCTTACACCTTCTCTATCGTGCCGAACGCGCTGGGTAAAGACGACGAAGTTCGTAAAA
CTAACCTCGCCGGCCTGATGGATGGTTACTTCCACCACGAAGCGTCCATCGAAGGCGGTCA

GCATCTGAACGTCAACGTTATGAACCGCGAAATGCTGCTCGACGCGATGGAAAACCCGGAAA
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AATATCCGCAGCTGACCATCCGCGTATCCGGCTACGCAGTACGTTTTAACTCCCTGACTAAAG

AACAGCAGCAGGACGTTATTACTCGTACCTTCACTCAGACCATGTAA

10

GGGTCAACTGGCGAAAAACTGGCTCAACGTCTATGTTGGTAACCTGATTGGTTGCTTACTGTT

TGTATTGCTGATGTGGCTTTCAGGCGAATATATGACTGCCAACGGTCAATGGGGACTTAACGT

TCTGCAAACCGCCGACCACAAAATGCACCATACTTTTGTTGAAGCCGTGTGCCTGGGTATCCT

GGCAAACCTGATGGTCTGCCTTGCGGTATGGATGAGTTACTCCGGCCGTAGCCTGATGGATA

AAGCCATGATTATGGTTTTACCGGTGGCAATGTTTGTTGCCAGCGGGTTTGAGCACAGTATCG

CGAACATGTTTATGATCCCGCTGGGTATCGTTATCCGCGACTTTGCAAGCCCGGAATTCTGGA

CCGCAGTTGGTTCAACTCCGGAAAGTTTCTCTCACCTGACCGTCATGAACTTCATCACTGATA

ACCTGATTCCGGTAACTATCGGGAACATCATCGGCGGTGGTCTGCTGGTTGGGTTGACATAC

TGGGTCATTTACCTGCGTGGCGACGACCATCACTAAGGGTTGTTTCAGGCAGTAAATAAAAAA

TCCACTTAAGAAGGTAGGTGTTACATGTCCGAGCTTAATGAAAAGTTACAGCAGCAGGACGTT

ATTACTC

11

Ko_pflB_FP1 - ATCGGATCCGGGTCAACTGGCGAAAAACTGGCTCAACGT

12

Ko_pfIB_RP1 — GAGTAATAACGTCCTGCTGCTGTAACTTTTCATTAAGCTCGGACAT

13

ATGTCCGAGCTTAATGAAAAGTTACAGCAGCAGGACGTTATTACTCGTACCTTCACTCAGAGC
ATGTAATGGTATTGACTGAAATCGTACAGTAAAAAGCGTACAATAAAGGCTCCACGCAAGTGG
GGCCTTTTTAGCAATATCATCCTGCCCCAGTCTCTTTTGTCTGCTGTCTATACTTTATGGATAA
CAGCCAAAACAGACTCGACATAGCCTTTGAGCTGTGCATCTACATAGGCCCCGGATGGGCCA
AATTCGGAGATATCACCGCAATGTCAACAATTGGTCGCATTCACTCCTTTGAATCCTGTGGCA
CCGTCGATGGCCCGGGGATTCGCTTTATCACCTTCTTCCAGGGCTGCCTGATGCGCTGCCTC
TATTGCCACAACCGCGATACCTGGGATACCCACGGCGGCAAAGAGATTACCGTTGAAGAGCT
GATGAAAGAGGTGGTGACCTATCGCCACTTTATGAACGCTTCCGGCGGCGGCGTGACGGCA
TCCGGCGGCGAGGCTATCCTGCAGGCCGAATTTGTTCGCGACTGGTTCCGCGCCTGTAAGA
AAGAAGGTATTCATACCTGTCTCGATACCAACGGCTTTGTGCGCCGCTACGATCCGGTTATTG
ATGAACTGCTGGAGGTCACCGACCTGGTGATGCTCGATCTCAAGC

-15-




25865

14 Ko_pfIB_FP2 — ATGTCCGAGCTTAATGAAAAGTTACAGCAGCAGGACGTTATTACTC
15 Ko_pfIB_RP2 - ACTGCGGCCGCGCTTGAGATCGAGCATCACCAGGTCGGTGA
16 GGGTCAACTGGCGAAAAACTGGCTCAACGTCTATGTTGGTAACCTGATTGGTTGCTTACTGTT

TGTATTGCTGATGTGGCTTTCAGGCGAATATATGACTGCCAACGGTCAATGGGGACTTAACGT
TCTGCAAACCGCCGACCACAAAATGCACCATACTTTTGTTGAAGCCGTGTGCCTGGGTATCCT
GGCAAACCTGATGGTCTGCCTTGCGGTATGGATGAGTTACTCCGGCCGTAGCCTGATGGATA
AAGCCATGATTATGGTTTTACCGGTGGCAATGTTTGTTGCCAGCGGGTTTGAGCACAGTATCG
CGAACATGTTTATGATCCCGCTGGGTATCGTTATCCGCGACTTTGCAAGCCCGGAATTCTGGA
CCGCAGTTGGTTCAACTCCGGAAAGTTTCTCTCACCTGACCGTCATGAACTTCATCACTGATA
ACCTGATTCCGGTAACTATCGGGAACATCATCGGCGGTGGTCTGCTGGTTGGGTTGACATAC
TGGGTCATTTACCTGCGTGGCGACGACCATCACTAAGGGTTGTTTCAGGCAGTAAATAAAAAA
TCCACTTAAGAAGGTAGGTGTTACATGTCCGAGCTTAATGAAAAGTTACAGCAGCAGGACGTT
ATTACTCGTACCTTCACTCAGACCATGTAATGGTATTGACTGAAATCGTACAGTAAAAAGCGTA
CAATAAAGGCTCCACGCAAGTGGGGCCTTTTTAGCAATATCATCCTGCCCCAGTCTCTTTTGT
CTGCTGTCTATACTTTATGGATAACAGCCAAAACAGACTCGACATAGCCTTTGAGCTGTGCAT
CTACATAGGCCCCGGATGGGCCAAATTCGGAGATATCACCGCAATGTCAACAATTGGTCGCA
TTCACTCCTTTGAATCCTGTGGCACCGTCGATGGCCCGGGGATTCGCTTTATCACCTTCTTCC
AGGGCTGCCTGATGCGCTGCCTCTATTGCCACAACCGCGATACCTGGGATACCCACGGCGG
CAAAGAGATTACCGTTGAAGAGCTGATGAAAGAGGTGGTGACCTATCGCCACTTTATGAACG
CTTCCGGCGGCGGCGTGACGGCATCCGGCGGCGAGGCTATCCTGCAGGCCGAATTTGTTC
GCGACTGGTTCCGCGCCTGTAAGAAAGAAGGTATTCATACCTGTCTCGATACCAACGGCTTT
GTGCGCCGCTACGATCCGGTTATTGATGAACTGCTGGAGGTCACCGACCTGGTGATGCTCG

ATCTCAAGC
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Sur phét trién ctia vi sinh vt t4i t6 hop

Ménh ADN duoc tao ra dugc chuyén sang Klebsiella oxytoca bang cach sir dung
k¥ thuat xung dién (25 uF, 200 Q, 18 kV/cm), va gen dich c6 thé duoc loai bd bang cach sir
dung co ché tai t6 hop cta vi sinh VAt.

Ménh ADN bao gdm ving tuwong dong ciia gen Idha dugc chuyén sang Klebsiella
oxytoca thé tur nhién dé san xuét Klebsiella oxytoca tai tb hop ma tir d6 gen Idha duoc loai
bd (Vi du so sénh 2). Trong khi d6, sau khi gen Idha dugc loai bo ra khoi Klebsiella oxytoca
thé tir nhién, manh ADN bao gdm ving twong ddng ciia gen pfIB durgc chuyén dé san xuét
Klebsiella oxytoca ma tir d6 gen pfIB duoc tiép tuc loai bo cling véi vide loai bé gen 1dha
(Vidy ).

K¥ thuét xung dién dugc thuc hién, va vi sinh vat tai td hop dugc nudi céy & 30°C
trong 1 gio va dugc 1am dn dinh. Sau do, vi sinh vat tai t6 hop duoc nudi cdy bing cach
phan b ching trén mdi truong hdn hop rén LB chita chét khang sinh (nhu kanamyxin,
cloramphenicol, va chét twong tir) trong tng & 37°C.

Sau do, k¥ thuét PCR truc tiép tir khuén lac duoc thue hién d6i véi khudn lac duge
phat trién trén moi trudng ran, va gen tuwong tmg duoc x4c nhén 1a duge loai bo ra khéi
khuan lac (FIG. 2 lAn lugt minh hoa viéc loai bo Idha va FIG. 3 minh hoa viéc loai bo pflB).
Trong trudng hop nay, dé x4c dinh gen 1dha dugc loai bo, PCR dugc thuc hién béng doan
mdi c6 SEQ ID NO: 17 va 18, va dé xac dinh gen pflB dugc loai bd, PCR duoc thuc hién
bang doan mdi ¢6 SEQ ID NO: 19 va 20 (Bang 2).

Bang 2
EEQ b Trinh tw
17 Ko_ldhA_Sc_FP — CCATCTGCATCGTATCCGCTGGCTTAAT
18 Ko_ldhA_Sc_RP - GCTGAAGCGGTTGCACATATTACCTG
18 Ko_pflB_Sc_FP - ACCATCACTAAGGGTTGTTTCAGGCAGTAA
20 Ko_pfIB_Sc_RP - GCTAAAAAGGCCCCACTTGCGTGGAGCCTT

Trong thir nghiém tiép theo, Klebsiella oxytoca thé ty nhién duoc st dung nhu trong
Vi du so sanh 1. Trong khi d6, Klebsiella oxytoca tai t hop ma tir d6 gen 1dhA va adhE
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duoc tach ra duoc san xuét béng cach tiép tuc loai bo gen adhE tir Klebsiella oxytoca tai td
hop ma tir d6 Idha dugc tach ra theo Vidu so sénh 2, gen adhE 1a gen ma hoa enzym dehydro
héa ruou (enzym dehydrogenaza aldehyt/ruou) truc tiép tham gia trong viéc tao ra etanol.
Klebsiella oxytoca tai tb hop dugc san xudt ma tir d6 gen IdhA va adhE duoc tach ra duogc
thtr nghiém nhu trong Vi du so sénh 3. Gen adhE dugc loai bd theo phuong phép tuong tu
nhu phuong phap loai bé gen Idha hoiic gen pflB. Manh ADN bao gdm ving tuong dong
cta gen adhE dugc chuyén sang Klebsiella oxytoca ma tir d6 Idha dugc loai bd, nhds d6 tao
ra Klebsiella oxytoca ma tir d6 gen adhE dugc tiép tuc loai bo cing véi viée loai bd gen
1dha.
Vi dy thuc nghiém 2

Qua trinh nud1 céy theo mé duoc thuc hién béng céach str dung vi sinh vat cia Vi du
1, Vi du so sanh 1 va 2 duogc tao ra trong Vi du thue nghi€ém 1 trén day. Dau tién, chiing
Klebsiella oxytoca dugc cy truyén trong 250 ml mdi truong hdn hop bao gbm 9 g/L
glucoza (50 mM) va duoc nudi cdy & 37°C trong 16 gidy, va sau d6 chét 1éng méi truong
nudi cdy dugc cy truyén trong 3L ctia mdi trudng hdn hop va duge nudi cdy. Trong trudng
hop nay, qué trinh 1én men duoc thuc hién dudi diéu kién it wa khi (t5¢ d6 cdp khi 1 vvm va
t6c d6 khudy tron 150 vong/phiit), & ndng do glucoza ban du 90 g/L, d6 pH 1 6,8, va nhiét
d9 nudi ciy 37°C. Dung dich NH4OH 5N duoc sir dung dé kiém soét d6 pH trong qué trinh
1én men. C4c mAu di véi ching Klebsiella oxytoca duoc l4y ra trong qua trinh 1én men, va
tdc d6 phat trién thu dugc bang cach x4c dinh mat d6 quang 600 (OD 600) cta cac miu
duoc 1y ra. Sau d6, cac mau duoc ly ra duoc ly tim & téc d6 13,000 vong/phit trong 10
phut, va chét chuyén héa clia céc chét trén bé mit va néng do6 2,3-butandiol ciia nd duogc
phén tich bang séc ky long (HPLC).

Két qua 13, trong ching cia Vi du so sénh 2, lugng san xuét 2,3-butandiol 12 29,91
g/L, va hiéu suit qué trinh san xuét 2,3-butandiol (gam ctia 2,3-butandiol/gam cia glucoza)
0,32. Ngoai ra, trong chiing ctia Vi du so sanh 2, ning suét (g/L/h) ctia 2,3-butandiol 1a 1,07,
va d9 chon loc ctia né 59%. Khi so v6i Vi du so sanh 1 ma 1a Klebsiella oxytoca thé tur
nhién, chiing tai td hop ctia Vi du so sanh 2 dugc xéc dinh 1a nang cao tt ca cac thong sb
vé clia nff)ng dd qua trinh san xudt, hiéu suit qua trinh san xuét, nang suat va do chon loc dbi

v6i 2,3-butandiol ddng thoi 1am gidm su tao ra axit lactic va ting kha ning san xudt 2,3-
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butandiol. Tuy nhién, Klebsiella oxytoca tai tb hop ctia Vi du so sanh 2 vAn san xuét lugng
rét 16n clia cac san phdm phu bao gbm axit formic va etanol, didu nay dugc xem la nguyén
nhén gy ra sy ¢ ché néng d0 qua trinh san Xuét, hiéu suét qua trinh san Xuét, do chon loc,
va cac yéu td tuwong tu, ddi véi 2,3-butandiol ctia Vi du so sanh 2 (FIG. 4 minh hoa Vi du
so sanh 1, va FIG. 5 minh hoa Vi du so sanh 2).

Trong khi d6, khi so v6i Vi du so sanh 2 (Klebsiella oxytoca AldhA, 2,3-BDO 29,91
g/L), trong chiing t4i t6 hop clia Vi du 1, luong san xuét 2,3-butandiol duoc ting 1én dén
39,17+1,51 g/L.. Ngoai ra, trong ching tai tb hop cuia Vi du 1 lugng axit formic tao ra dugc
xac dinh 1a gidm dén 90% hodc 16n hon, va luong etanol tao ra gidam dén 73% hodc 16n hon,
va hiéu sudt qua trinh san xuét 2,3-butandiol (gam cua 2,3-butandiol/gam clia glucoza) cling
tang mot cach dang ké tir 0,32 dén 0,45. Do d6, hiéu suét trén Iy thuyét tao ra 2,3-butandiol
(hidu suit voi gia thiét ring tit ca lugng glucoza dugc cip cho Klebsiella oxytoca dugc
chuyén hoa thanh thanh 2,3-butandiol) 14 0,5, hiéu suit ciia Vi du 1 (hiéu suit trén Iy thuyét
ctia n6 13 90%) 1a rét cao.

Do d6, c6 thé x4c dinh duoc r’fmg viéc tao ra cic san phdm phu dugc gidam mét cach
déng ké, va 2,3-butandiol duoc san xuét véi do tinh khiét cao bang cach loai bd ddng thoi
Cac san phérn phu nhu axit formic, etanol, va chét tuong tu, thong qua viéc loai bd 1dhA va
gen pfIB. Do d6, ¢6 thé xéc dinh dugc ring viéc loai b gen (Idha) ma hoa enzym dehydro
héa axit lactic (lactat dehydrogenaza) ciia Klebsiella oxytoca va gen (pfIB) ma héa pyruvat-
format lyaza c6 vai trd rat quan trong ddi v6i qua trinh san xuét 2,3-butandiol trong céc giai

doan khéc nhau cta céc con dudng tao ra 2,3-butandiol (FIG. 6) (Bang 3).

Béang 3
2,3-butandiol Nong d6 (g/L) cua cac san phdm phu
, N _ | Hiéu suat . Do chon . . .
Ching | Nong do Nang suat Axit Axit Axit
(/L) taora (e/L/h) loc Lactat . Etanol formi “
sucxinic ormic | axetic
(g/e) (%)
Vidu so
) 17,31 0,18 0,58 27 32,20 1,92 1,61 3,88 1,27
sanh 1
Viduso |
i 29,91 0,32 1,07 59 1,93 2,27 3,54 6,11 0,92
sanh 2
) 39,17+ 83,33 £
Vidul 151 0,45 0,43 £ 0,02 153 3,24 1,77 0,53 0,97 0,15
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Vi du thuc nghiém 3

Viéc xac dinh liéu kha ndng san xuét 2,3-butandiol tang hay giam dugc thuc hién
tai thoi diém loai b gen tham gia vao viéc tao ra cac san pham phu so véi sy sinh tong hop
2,3-butandiol trong vi sinh vat san xuét 2,3-butandiol. AhE 13 gen ma héa enzym dehydro
héa rugu (enzym dehydrogenaza aldehyt/rrou) truc tiép tham gia trong vi€c tao ra etanol
ma 1 san phim phu trong qué trinh san xuét 2,3-butandiol. Do d6, Klebsiella oxytoca téi td
hop ctia Vi du so sanh 3 ma tir 46 1dhA va adhE duogc loai bé duge nudi cdy v so sanh véi
v6i vi sinh vét ctia Vi du 1. Trong trudng hop nay, diéu kién nubi cy clia vi sinh vat tai td
hogp ctia Vi du so sénh 3 la giéng v6i didu kién nudi cy ctia Vi du thuc nghiém 2.

Két qua 14, trong Vi du so sanh 3 ma tir 46 1dhA va adhE duoc loai bé mot cach
dong thoi ra khoi Klebsiella oxytoca, lugng san xuét 2,3-butandiol giam xudng dén
25,96¢/L khi so v6i Vi du so sanh 2 (Klebsiella oxytoca AldhA, 2,3-BDO 29.91 g/L). Ngoai
ra, trong Vi du so sanh 3, hiéu suét qué trinh san xuét 2,3-butandiol 13 0,27, thép hon so véi
hiéu suét ctia Vi du so sanh 2 (0,32), va do chon loc ctia n6 1a 55%, thép hon d6 chon loc
ciia Vi du so sanh 2 (59%), va ning sut (g/L/h) 12 0,36, thép hon dang ké so vé6i ning suit
cua Vi du so sanh 2 (1.07). Hon nita, trong Vi du so sanh 3, lugng etanol tao ra gidm khi so
v6i Vi du so sanh 2; tuy nhién, kha nang tao ra 2,3-butandiol lai gidm.

Ngoai ra, mdc du dugc so sanh véi véi Vi du 1, tuy nhién can phai hiéu réng kha
niing tao ra 2,3-butandiol ctia Vi du so sanh 3 bi giam mot cach dang ké (Bang 4). Do do,
¢6 thé x4c dinh duoc ring mic dit gen tham gia vao viéc tao ra cic san phém phu dugc loai

b6, tuy nhién n6 khong tao thuan loi cho qué trinh san xuét 2,3-butandiol.
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Bang 4
2,3-butandiol Nong d6 (g/L) clia cac san pham phu
\ Hiéu suit . ) . .
Ching Nong do Nang suat | D9 chon Axit Axit Axit
taora Lactat . . | Etanol . .
(g/L) (g/L/h) loc (%) sucxinic formic | axetic
(g/9)
id
Viduso |5y 0,18 0,58 27 3220 | 1,92 | 1,61 | 3.8 | 127
sanh 1
Vidu so
29,91 0,32 1,07 59 1,93 2,27 3,54 6,11 0,92
sanh 2
Vid
PSSO 9596 0,27 0,36 55 271 | 232 | 089 | 413 | 643
sanh 3
39,17 + 0,43 83,33+
Vidu 1 ’ 0,45 3,24 1,77 0,53 0,97 0,15
' 1,51 0,02 1,53

Vi du thue nghiém 4: Su thay dbi trong qué trinh san xuét 2,3-butandiol theo sur thay ddi vé
lugng oxy cip vao

Téc dong clia sy thay dbi vé luong oxy hoa tan lwrong trong mo1 trudng phu thude
vao tbc do khqu trdn trong budc nudi céy, d6i vé6i hiéu suét qua trinh san XUAt, ning Suét,
va do chon loc ddi véi 2,3-butandiol duge danh gia bang cach str dung Klebsiella oxytoca
t4i t6 hop ctia Vi du 1.

PAu tién, vi sinh vt tai td hop cia Vi du 1 duge céy truyén trong 250 ml ciia moi
trudng hdn hop bao gdm 9 g/L glucoza (50 mM) v dugc nudi cdy & 37°C trong 16 gio.
Sau d6, chét 1ong moi truong nudi cdy thu duge duoc cdy truyén trong 3L clia moi truong
hdn hop, va qué trinh 1én men theo mé (gian doan) duoc thuc hién. Qu4 trinh 1&n men nay
duge thyc hién dudi diéu kién it wa khi (tc do cip khi 1 vvm), & ndng do glucoza ban diu
1490 g/L, d pH 1a 6,8, va nhiét do nudi cdy 37°C, tai cac tde d6 khudy khac nhau, vi du,
150 vong/pht, 250 vong/phut, 350 vong/phiit, va 450 vong/phut. Dung dich NH4OH 5N
duoc sir dung dé kiém soat do pH trong qué trinh 1én men. Cac mAu d6i véi ching Klebsiella
oxytoca ti td hop duoc liy ra trong qua trinh 1én men, va téc do phat trién thu dugc bang
cach x4c dinh mat d6 quang 600 (OD 600) ctia cc mAu dugc 1y ra. Sau do, cdc mAu duge
ly ra dugc ly tAm & tbe do 13,000 vong/phut trong 10 pht, va chét chuyén hoa cta céc
chét trén bé mat va ndng do 2,3-butandiol (2,3-BDO) ctia n6 dugc phan tich bang séc ky
léng (HPLC).

-21-




25865

Két qua 13, trong chiing Klebsiella oxytoca t4i t6 hop ctia Vi du 1, nang suét tao ra
2,3-butandiol (g/L/h) thay di rét nhiéu phu thudc vao sy thay ddi trong tdc do khudy tron.
Cu thé 13, c6 thé x4c dinh dugc rang tai thoi diém khudy tron & tbe do khudy tron 13 450
vong/phiit, nang suét tao ra 2,3-butandiol tang 5 1an hozc 16n hon khi so voi khudy tron &
toc do khudy tron 1 150 vong/phut (Bang 5, FIG. 7 dén 11). C6 thé x4c dinh duoc ring su
thay dbi vé luong oxy cip vao phu thudc vao toe do khudy tron 14 could improve ning suét

cia Vidu 1.

Béang 5
Téc do 2,3-Butandiol
khqu tron \ Hiéu suét tao ra Ning sut Do chon loc
X . Nong d6 (g/L)
(vong/phut) (g/e) (g/L/h) (%0)
150 39,17 £ 1,51 0,45 0,43 +£ 0,02 83,33 +£1,53
250 33,51 +£0,23 0,39 £ 0,01 0,77 £ 0,02 84
350 31,39+ 1,68 0,37 £ 0,02 1,40+ 0,12 80+ 1,00
450 30,79 £ 1,46 0,35+ 0,02 2,71 £0,21 84 + 4,58

Vi du thue nghiém 5 Qua trinh san xuét 2,3-butandiol béng qué trinh 16n men theo mé bd
sung co chat dusi diéu kién wa khi (khudy tron & tde do khudy tron 1a 450 vong/phuit)

Qué trinh 1én men theo mé bd sung co chit déi voi qua trinh san xuét 2,3-butandiol
duoc thuc hién b%mg céch str dung chiing ctia Vidu 1 déng thoi duy tri tbe do khqu trOn 14
450 vong/phut ma nang cao ning sudt nhat dya trén két qua ctia Vi du thuc nghiém 4.
Pau tién, ching Klebsiella oxytoca t4i td hop ciia Vi du 1 duge cdy truyén trong 250 ml ctia
moi trudng hdn hop bao gbm 9 g/L glucoza (50 mM) va dugc nudi cy & 370C trong 16
gio, va sau d6 chét 16ng moi trdng nudi ciy thu dugc duge cdy truyén trong 3L ctia mdi
trdng hdn hop va qué trinh nudi ciy theo mé bd sung co chét dugc thuc hién. Trong truong
hop nay, qué trinh 1én men dugc thuc hién dusi diéu kién it wa khi (tdc do cdp khi 1 vvm),
& nong do glucoza ban diu 90 g/L, d6 pH 14 6,8, va nhiét do nuéi cAy 37°C. Téc do khudy
trdn tiép tuc duge duy tri & 450 vong/phit. Dung dich NH:OH 5N duge sir dung dé kiém
sodt 0 pH trong qué trinh 1én men. Néu ghicoza ndng do giam xudng dén 10 g/L hodc thap
hon trong qué trinh Ién men, dung dich glucoza 700 g/L hoic 16n hon duge bd sung thém.

Mau dbi v6i chiing Klebsiella oxytoca t4i td hop diroc l4y ra trong qu4 trinh 1én men, va téc
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d6 phat trién thu dugc bang cach x4c dinh mat d6 quang 600 (OD 600) ctia mau dugc lay
ra. Sau d6, mau duoc 1y ra dugc ly tim & tde do 13,000 vong/phit trong 10 phut, va chat
chuyén héa cia chit ndi bé mit va néng do 2,3-butandiol cia né dugc phan tich béng sic
ky léng (HPLC).

Két qué 13, ¢6 thé x4c dinh dugc rang néu toe do khudy tron tiép tuc dugc duy tri & 450
vong/phut, kha ning tao ra 2,3-butandiol khong dugc duy tri mot cach lién tuc (Bang 6). Cu
thé, c6 thé xac dinh dugc ring néu ndng do clia axetoin vuot qué 10 g/L, thi kha ning tao ra
2,3-butandiol bi giam mot cach dang k& (FIG. 12). Tuy nhién cAn phai hiéu ring téc do
khudy trén clia qua trinh nudi cdy theo mé b sung co chét cAn phai dugc kiém soat dua trén
két qua ctia qué trinh nuoi cdy theo mé bd sung co chét dugc thuc hién & toe do khqu trdn
duoc duy tri & 450 vong/phut, va thoi diém dé kidm soat tbe do khudy tron can phéi dugce

x4c dinh dua trén nong do cla axetoin dugc tich tu.

Bang 6
2,3-Butandiol
. \ . | Hiéusuit | Pd chon . Axit Axit
Ching | Nong dd | Nang suat Axetoin . .
(@L) (/Lh) taora loc (@) sucxinic | axetic
(g/g) (%) (g/'L) (gL)
Vidul 57,7 1,65 29 63 13,44 12,38 5,32

Vi du thyc nghi€ém 6: Qua trinh san xuét 2,3-butandiol béng qué trinh 1én men theo mé bd
sung co chit

Chung Klebsiella oxytoca tai tb hop cta Vi du 1 dugc ciy truyén trong 250 ml clia
mi trudng hdn hop bao gdbm 9 g/L glucoza (50 mM) va duge nudi cdy & 37°C trong 16
gir. Sau d6, chit 1ong méi trudng nudi cdy thu duge dugce cdy truyén trong 3L cia mdi
trurdng hdn hop, va qué trinh nudi cdy theo mé bd sung co chét duge thye hién. Trong trudng
hop nay, qua trinh 1én men dugc thuc hién dudi diéu kién it wa khi (téc do cép khi 1 vvm),
& ndng do glucoza ban dau 90 g/L, d6 pH 13 6,8, nhiét d6 nudi cdy 370C, va tdc do khudy
tron 12 450 vong/phit. Dung dich NH4OH 5N duoc sir dung dé kiém soat d6 pH trong qua
trinh 1én men. Néu glucoza néng d6 giam xubng dén 10 g/L hodc thip hon trong qua trinh
1én men, dung dich glucoza 700 g/L hodc 16n hon duge bd sung thém. Ngoai ra, ¢ thoi diém

& ma la nong do ctia axetoin ma la mdt trong so céc san pham phy, 7 g/L, qua trinh 1én men
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dugc thyc hién bang cch thay ddi tde do khudy tron tir 450 vong/phit thanh 350 vong/phit.
Mau ddi véi ching Klebsiella oxytoca tai td hop duorc I4y ra trong qué trinh 16n men, va tbc
o phat trién thu dugc bang cach x4c dinh mat do quang 600 (OD 600) ctia mau dugc 1y
ra. Sau d6, mau duoc léy ra dugc ly tim & t6c do 13,000 vong/phtt trong 10 phut, va chét
chuyén hoéa ciia chit ndi bé mat va nff)ng dd 2,3-butandiol ctia né dugc phan tich b?lng sic
ky 16ng (HPLC).

Két qua 13, khi so v6i qua trinh nudi cdy theo mé bd sung co chat dugc thyc hién
béng cach duy tri toc do khudy trén 6n dinh tai 450 vong/phut trong Vi du thuc nghiém 5,
tht cc céc thong s vé n(‘“mg do, ndng suét, hiéu sudt, va do chon loc déi vé6i 2,3-butandiol
ting & mirc do rat 16n 1an huot 14 74,5%, 29,7%, 55,2%, va 27,0%. Do d6, c6 thé x4c dinh
dugc ring qué trinh san xuét 2,3-butandiol bang c4ch sir dung chiing t4i t6 hop cta Vidu 1
bi anh huéng rat nhiéu bang cach kiém soét lugng oxy hoa tan Iuong phu thude vao tdc do
khqu tron. Do do, nang suét tao ra 2,3-butandiol dugc xéc dinh 1a dugc nang cao b%lng cach
kiém soét toc do khudy tron dé kiém soét luong oxy hoa tan lugng trong moi trudng nudi

cdy (Bang 7, FIG. 13).

Béang 7
2,3-Butandiol
. X . D6 chon ) Axit Axit
Ching | Nongdd | Nang suat loc Axetoin sucxinic axetic
(gL) (¢/L/h) %) (&) /L) @L)
Vidul 100,66 2,14 80 5,19 14,76 2,73

Kha néng img dung trong cdng nghiép

Sang ché dé cap dén vi sinh vat tai t8 hop c6 kha ning san xuét 2,3-butandiol gia
tang, trong d6 con dudng chuyén hoa pyruvat thanh axetyl-CoA, con dudng chuyén héa
pyruvat thanh axit formic, hoic con duong chuyén héa pyruvat thanh lactat bi ttc ché trong
vi sinh v4t ¢6 con duong sinh tong hop axetyl-CoA va lactat, , trong do6 vi sinh vat 1a
Klebsiella. Vi sinh vt ti t6 hop theo sang ché c6 thé san xut 2,3-butandiol véi nong do va

do chon loc cao.
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<110> GS CALTEX CORPORATION
<120> VI SINH VAT TAI TO HOP CO KHA NANG SAN XUAT 2,3-BUTANDIOL
GIA TANG VA PHUGNG PHAP SAN XUAT 2,3-BUTANDIOL BANG CACH SU

DUNG VI SINH VAT NAY

<130>DOP130178PCT
<150>10-2013-0028884
<151>2013-03-18
<150>10-2013-0114791
<151>2013-09-26

<160>20

<170> KopatentIn 2.0

<210>1
<211>990
<212> ADN

<213>Klebsiella oxytoca

<400> 1

atgaaaatcg
gatgcatatg
accgccaacg
cttgaagaac
aacgttgacc
tcgeccggaag
caccgtgect
accatgcacg
cgcattctta
gcgctggata
atctcactgce
gatcgcatga
caggcagcga
gagaacgaac
ttecgeegte
gcggaagcgt

ggcgaaacct

ctgtgtatag
gctttgaact
gctgtgaage
tgaaagccca
tcgatgeccge
cggtegetga
atcagcgcac
gtaaaaccge
aaggcttcgg
tgggcgtgga
actgcccact
aagacggggt
tcgacgecect
gcgatctgtt
tcteegectg
tgatcagcat

gtcctaacgce

tacaaaacag
ggagtttttt
ggtgtgtatc
cggcgtgeag
caaagagctg
gcacgcgate
ccgcgacgeg
cggcgttatt
tatgcgtctg
gtatgtcgat
gaccgatgaa
gatgatcatc
gaagcatcag
ctttgaagat
ccataacgtce
ttcgcaaacce

actggtctga

tacgacaaga
gacttecctge
ttcgtaaacg
tacatcgege
ggcctgeggg
ggcatgatga
aacttctctc
ggcaccggta
ctggcgtttg
cttgaaaccc
aactaccatt
aacaccagcc
aaaattggcg
aagtctaatg
ctgtttacecg

accctcgaca

agtatctgca
taaccgaaaa
atgacggtag
tgcgetgege
tggtgecgcegt
tgtcgectgaa
tggaagggct
aaatcggcgt
atccctaccc
tgtaccggga
tgctgaacca
geggegeget
cgctggggat
acgtgattca
gtcaccaggce

acctgcgtca

gcatgttaat
aaccgccaaa
ccgeeceggta
ggggttcaac
cccggcectac
ccgecegeatt
gaccggtttc
cgccgegetg
aagcgccgcec
gtccgatgtt
tgcecgegtte
catcgattceg
ggacgtgtat
ggatgatgtg
gtttctgacce

agtggatgca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

990
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<210>2
<211>595
<212> ADN

<213> Trinh tir nhén tao

<220>

25865

<223> tuong duong cua gen IdhA

<400>2

atgacgttcg ctaaatcctg cgcegtcecatce

ctgctgtteg
gccagectceg
taccatctgce
ctgcgeegece
accgtgccege
gtcagctceg
ttttgatgaa
tattactata

ctaccgtgac

gcaccctgge
gcgectatcgg
atcgtatccg
acggcgegtg
tggtaaccgg
ggctgctctg
aggtattgtc
acctgctgat

ggtattatca

atecggccage
cggattctgg
ctggcttaat
ggcagtcettt
cgccagcggce
gccgcetgatce
ttttaaagag
taaactagtt

ctggagaaaa

tcgetgetga
ccgggacatt
ctctegtgge
gccgaacgcece
tttagceget
acctctctect
ctgctggege
atttcttaac
tttaacattt

gtctttttte

tceecgggeac
tcctgttaat
tgacgggcta
tcgctcgegg
ttctectectee
ggcagtttca
caggcgcgtt
accgcgatat
gtaagattat

cttgceettt

ctcegggeta
gtggatgagc
ccgctaccgg
ccagttgttc
gcttegegece
gctcgccaac
aagcctcagc
gctctagaat

tttaattatg

tgtgce

60

120

180

240

300

360

420

480

540

595

<210>3
<211>30
<212> ADN

<213> Trinh tw nhéan tao

<220>

<223> doan mdi

<400> 3

cacggatcca tgacgttcge taaatectge 30

<210>4
<211>40
<212> ARN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 4

gcacaaaagg gcaaggaaaa aagacttttc tccagtgata

<210>5
<211>591

40
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<212> ADN

<213> Trinh ty nhan tao

<220>

25865

<223> twong duong ctia gen IdhA

<400>5
tatcactgga

gaaaagtctt

ttttecttge

ccttttgtge

tcecccectteg

cggggggeac

60

attcagataa
acgataaata
ttgctategg
caccgttttg
gagctgagct
tgcaaccgct
gcaatgaccc
aaaatgctgce

gccgaccaga

tcececcacaga
tttatggaga
gctgegttta
tgctgaccag
tcggcgaaaa
tcagcggcac
gcatgctctg
gcgaaggcgce

cgctggtgta

aattgcctge
ttaaatgaac
taacagcaag
cgttaacggg
gatgcccatt
gggcaaagtc
cacggactcg
gcaggtcgac

taagctcgec

gataaagtta
aagtatgctg
gtgtcgacca
cagcecgcetga
acgggcaaga
tctgacggeg
cagcttaacg
ctgacggaaa

gacctgatga

caatcccttce
cgctgctgge
gagcggaaca
atgccgegga
tgtctgttte
agctgaaggt
ccctggacge
cgcagctaac

attaataatt

atttattaat
ggtgggaatg
gcttcagcac
taagcecgcecag
aggtaatatg
tgaagagctg
cacgctgage
gctggcgacce

a

120

180

240

300

360

420

480

540

591

<210>6
<211>40
<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> doan mdi

<400> 6

tatcactgga gaaaagtctt ttttccttge ccttttgtgce

<210>7
<211>32
<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> doan mdi

<400>7

cetgeggeeg ctaattatta attcatcagg te 32

<210>8
<211>1146
<212> ADN

<213> Trinh tu nhén tao

40
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<220>

<223>Manh ADN

<400> 8

atgacgttcg ctaaatcctg cgcegtcate tcgetgetga tcccgggcac ctceccgggceta 60
ctgetgtteg gecacecctgge atcggeccage ccgggacatt tectgttaat gtggatgage 120
gccagcctcg gegectatcgg cggattcectgg ctcectegtgge tgacgggcta ccgctaccgg 180
taccatctge atcgtatceg ctggecttaat gccgaacgece tcgetcgegg ccagttgtte 240
ctgegecegee acggegegtg ggcagtcettt tttageeget ttetctetee gettegegece 300
accgtgeccge tggtaaccgg cgccagegge acctctctet ggcagtttca getegceccaac 360
gtcagctceg ggctgectcectg geecgetgate ctgetggege caggegegtt aagcctcage 420
ttttgatgaa aggtattgtc ttttaaagag atttcttaac accgcgatat gectctagaat 480
tattactata acctgctgat taaactagtt tttaacattt gtaagattat tttaattatg 540
ctaccgtgac ggtattatca ctggagaaaa gtctttttte cttgeccttt tgtgctcecce 600
cttcgegggg ggcacattca gataatccce acagaaattg cctgegataa agttacaatce 660
ccttcattta ttaatacgat aaatatttat ggagattaaa tgaacaagta tgctgcgcetg 720
ctggcggtgg gaatgttgct atcgggectgce gtttataaca gcaaggtgte gaccagagceg 780
gaacagcttc agcaccaccg ttttgtgctg accagecgtta acgggcagcce gctgaatgcec 840
gcggataagc cgcaggagct gagcttcgge gaaaagatgce ccattacggg caagatgtct 900
gtttcaggta atatgtgcaa ccgcttcage ggcacgggca aagtctctga cggcgagetg 960
aaggttgaag agctggcaat gacccgcatg ctctgcacgg actcgcagct taacgccectg 1020
gacgccacgce tgagcaaaat gctgecgecgaa ggecgcegcagg tcgacctgac ggaaacgcag 1080
ctaacgctgg cgaccgccga ccagacgcectg gtgtataage tcgeccgacct gatgaattaa 1140
taatta 1146
<210>9

<211>2283

<212> ADN

<213>Klebsiella oxytoca

<400>9
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atgtccgagc
cagaacgaag
gagtccttce
ggcgttaaac
accatcactt
cagactgaag
ggttcctgca
taccgtaaaa
cgtaaatctg
gactaccgtc
ttegtttete

cgcgaagaaa

ttaatgaaaa
tcaacgtccg
tggctggege
aggaaaaccg
ctcatgacge
ctccgetgaa
aagcgtacga
ctcacaacca
gtgttctgac
gcgttgeget
tgcaagagaa

tctctgaaca

25865

gttagccaca
cgacttcatc
aactgacgcg
cactcacgcg
tggcetacate
acgcgcgatt
tcgegagetg
gggcgtgttt
cggtctgccg
gtacggtatc
actggaaaac

gcaccgcegceg

gcctgggaag

cagaaaaact
accaccaagc
cctgttgatt
gagaaaggtce
atccegtteg
gacccgatge
gacgtttaca
gatgcctatg
gacttcctga
ggcgaagatc

ctgggtcaga

gttttgcgaa
ataccccgta
tgtgggacac
ttgatacttc
tcgagaaaat
gcggcatcaa
tgaagaaaat
ccaaagacat
gccgtgatcg
tgaaagacaa
tggaagcaac

tcaaagaaat

aggtgactgg
cgaaggtgac
cgtaatggaa
ccttgcatcce
cgttggtetg
aatggtcgaa
cttcactgaa
cctgaactgce
tatcatcggt
atacgctcag
catccgtcetg

ggcggctaaa

60

120

180

240

300

360

420

480

540

600

660

720

-20-



25865

tatggctgeg atatctcectgg tcctgetace accgetcagg aagectatcca gtggacctac 780
ttcggttacce tggectgecgt aaaatctcag aacggcgcegg caatgtccectt cggtegtacce 840
tccagecttece tggacatctt catcgaacgt gacctgaaag ccggtaaaat caccgagcaa 900
gacgcacagg aaatgattga ccacctggtc atgaaactgc gtatggttcg tttecctgegt 960
acccctgaat atgatgaact gttctetgge gaccecgatcet gggcaacaga atctatcgge 1020
ggtatgggcg ttgacggccg tactctggtc accaaaaaca gcecttcegttt cctgaacacce 1080
ctgtacacca tggggccgtc tccggageccg aacatcacca ttcectgtggte tgaaaaactg 1140
ccgctgaget tcaaaaaata cgccgcgaaa gtgtccatcg atacctcectte tcectgcagtac 1200
gagaacgatg acctgatgcg tcctgacttc aacaacgatg actacgctat cgcttgcectge 1260
gtaagcccga tggttgttgg taagcaaatg cagttctteg gegegegtge taacctggeg 1320
aaaaccatgc tgtacgcaat caacggcggc gttgatgaaa aactgaaaat gcaggttggt 1380
cctaaatctg aaccgatcaa aggcgacgtt ctgaacttcg acgaagtgat ggaccgcatg 1440
gatcacttca tggactggct ggctaaacag tacgtcactg cgctgaacat catccactac 1500
atgcacgaca agtacagcta cgaagcttcc ctgatggege tgcacgaccg tgatgttatce 1560
cgcaccatgg catgtggtat cgcaggtcectt tcegttgegg ctgactcececcect gtetgeaatce 1620
aaatatgcga aagttaaacc gattcgtgac gaaaacggtc tggctgtcga cttcgaaatc 1680
gaaggcgaat acccgcagtt tggtaacaac gactctcgeg tcgatgatat ggccgttgac 1740
ctggttgaac gtttcatgaa gaaaattcag aaactgcaca cctaccgcaa cgctatcecg 1800
actcagtccg ttctgaccat cacctctaac gttgtgtatg gtaagaaaac cggcaacacc 1860
cctgacggtce gtcgecgetgg cgctcecegttcec ggaccaggtg ctaaccecgat gcacggcecegt 1920
gaccagaaag gcgctgttgc ctctctgacce tcecgttgcaa aactgccgtt tgettacgeg 1980
aaagatggta tttcttacac cttctctatc gtgecgaacg cgetgggtaa agacgacgaa 2040
gttcgtaaaa ctaacctcge cggecctgatg gatggttact tccaccacga agcgtccatc 2100
gaaggcggtc agcatctgaa cgtcaacgtt atgaaccgeg aaatgetget cgacgegatg 2160
gaaaacccgg aaaaatatcc gcagctgacc atccgcegtat ccggctacge agtacgtttt 2220
aactccctga ctaaagaaca gcagcaggac gttattactc gtaccttcac tcagaccatg 2280
taa 2283
<210>10

<211> 635
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<212> ADN

<213> Trinh ty nhan tao

<220>

25865

<223> twong duong clia gen pflB

<400> 10
gggtcaactg

gtttgtattg
taacgttctg
gggtatcctg
cctgatggat
tgagcacagt
aagcccggaa
catgaacttc
tctgetggtt
gttgtttcag

taatgaaaag

gcgaaaaact
ctgatgtggc
caaaccgccg
gcaaacctga
aaagccatga
atcgcgaaca
ttctggaccg
atcactgata
gggttgacat
gcagtaaata

ttacagcagc

ggctcaacgt
tttcaggcga
accacaaaat
tggtctgect
ttatggtttt
tgtttatgat
cagttggttc
acctgattcce
actgggtcat
aaaaatccac

aggacgttat

ctatgttggt
atatatgact
gcaccatact
tgeggtatgg
accggtggca
cccgetgggt
aactccggaa
ggtaactatc
ttacctgcegt

ttaagaaggt

tactc

aacctgattg
gccaacggtc
tttgttgaag
atgagttact
atgtttgttg
atcgttatcc
agtttctctce
gggaacatca
ggcgacgacc

aggtgttaca

gttgcttact
aatggggact
ccgtgtgect
ccggeegtag
ccagcgggtt
gcgactttge
acctgaccgt
tcggeggtgg
atcactaagg

tgtccgaget

60

120

180

240

300

360

420

480

540

600

635

<210>11
<211>39
<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> doan mdi

<400>11

atcggatccg ggtcaactgg cgaaaaactg getcaacgt

<210> 12
<211>46
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400> 12

39

gagtaataac gtectgetge tgtaacttit cattaagetc ggacat 46

<210>13
<211> 669
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<212> ADN

<213> Trinh tu nhén tao

<220>

25865

<223> twong duong cta gen pflB

<400> 13
atgtececgage

ttaatgaaaa

gttacagcag

caggacgtta

ttactcgtac

cttcactcag

60

accatgtaat
aagtggggcce
ttatggataa
ccggatggge
ttgaatcctg
gcctgatgeg
agattaccgt
ccggcggcegg
actggttccg
tgecgecegeta

atctcaagc

ggtattgact
tttttagcaa
cagccaaaac
caaattcgga
tggcaccgtce
ctgcctcetat
tgaagagctg
cgtgacggca
cgcectgtaag

cgatccggtt

gaaatcgtac
tatcatcctg
agactcgaca
gatatcaccg
gatggccegg
tgccacaacc
atgaaagagg
tceggeggeg
aaagaaggta

attgatgaac

agtaaaaagc
ccccagtctce
tagcctttga
caatgtcaac
ggattegett
gcgatacctg
tggtgaccta
aggctatcct
ttcatacctg

tgctggaggt

gtacaataaa
ttttgtctge
gctgtgecate
aattggtcge
tatcacctte
ggatacccac
tcgccacttt
gcaggccgaa
tctcgatace

caccgacctg

ggctccacge
tgtctatact
tacataggcce
attcactcct
ttcecaggget
ggcggcaaag
atgaacgctt
tttgttegeg
aacggctttg

gtgatgctcg

120

180

240

300

360

420

480

540

600

660

669

<210> 14
<211>46
<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> doan mdi

<400> 14

atgtccgagc ttaatgaaaa gttacagcag caggacgtta ttactc 46

<210> 15
<211>41
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 15

actgcggeeg cgcettgagat cgagceatcac caggicggtga 41

<210> 16
<211> 1258
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<212> ADN

<213> Trinh ti nhén tao

<220>

<223>Manh ADN

<400> 16

gggtcaactg gcgaaaaact ggctcaacgt ctatgttggt aacctgattg gttgettact 60
gtttgtattg ctgatgtggc tttcaggcga atatatgact gccaacggtc aatggggact 120
taacgttctg caaaccgecg accacaaaat gcaccatact tttgttgaag ccgtgtgect 180
gggtatcetg gcaaacctga tggtctgect tgeggtatgg atgagttact cecggecgtag 240
cctgatggat aaagccatga ttatggtttt accggtggca atgtttgttg ccagegggtt 300
tgagcacagt atcgcgaaca tgtttatgat cccgectgggt ategttatece gegactttge 360
aagcccggaa ttetggaccg cagttggttc aactccggaa agtttctcte acctgaccegt 420
catgaacttc atcactgata acctgattcc ggtaactatc gggaacatca tcggeggtgg 480
tctgectggtt gggttgacat actgggtcat ttacctgegt ggcgacgace atcactaagg 540
gttgtttcag gcagtaaata aaaaatccac ttaagaaggt aggtgttaca tgtccgagct 600
taatgaaaag ttacagcagc aggacgttat tactcgtacc ttcactcaga ccatgtaatg 660
gtattgactg aaatcgtaca gtaaaaagcg tacaataaag gctccacgeca agtggggect 720
ttttagcaat atcatcctgec cccagtctct tttgtctget gtctatactt tatggataac 780
agccaaaaca gactcgacat agcctttgag ctgtgcatct acataggecce cggatgggcce 840
aaattcggag atatcaccgc aatgtcaaca attggtcgca ttcactcett tgaatcctgt 900
ggcaccgteg atggecceggg gattegettt atcaccttet tccagggetg cetgatgege 960
tgcctctatt geccacaaccg cgatacctgg gatacccacg geggcaaaga gattaccgtt 1020
gaagagctga tgaaagaggt ggtgacctat cgccacttta tgaacgctte cggecggegge 1080
gtgacggcat ccggcggcga ggctatcctg caggeccgaat ttgttcgega ctggttecege 1140
gcctgtaaga aagaaggtat tcatacctgt ctcgatacca acggctttgt gcgccgcetac 1200
gatccggtta ttgatgaact gctggaggtc accgacctgg tgatgctcga tctcaagce 1258
<210>17

<211>28

<212> ADN

<213> Trinh ty nhén tao
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<220>

<223> doan mdi

<400>17

ccatctgceat cgtatccget ggettaat 28
<210>18

<211>26

<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> doan mdi

<400> 18

gctgaagegg ttgcacatat tacctg 26
<210>19

<211>30

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 19

accatcacta agggttgttt caggcagtaa 30
<210>20

<211>30

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> doan mdi

<400>20

gctaaaaagg ccccacttge gtggagectt 30
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Yéu cau bao ho

1. Vi sinh vat ti t6 hop c6 kha ning sén xuét 2,3-butandiol gia ting, trong d6 con dudng
chuyén hoéa pyruvat thanh axetyl-CoA, con dudng chuyén héa pyruvat thanh axit formic,
hoic con dudng chuyén héa pyruvat thanh lactat b Grc ché trong vi sinh vét c6 con duong

sinh tong hop axetyl-CoA va lactat, va vi sinh vat nay la Klebsiella.

2. Vi sinh vt téi t& hop theo diém 1, trong d6 con dudng chuyén héa pyruvat thanh axetyl-
CoA, va con dudng chuyén hoa pyruvat thanh axit formic bi trc ché bang cach trc ché enzym

pyruvat-format lyaza.

3. Vi sinh vét t4i t6 hop theo diém 1, trong d6 con dudng chuyén héa pyruvat thanh lactat
bi tic ché bang cach tc ché enzym lactat dehydrogenaza.

4. Vi sinh vat t4i t6 hop theo diém 1, trong d6 ¢4 hai pfIB va 1dhA bi x6a bd hodc bi tic ché,

pfIB 1a gen ma héa enzym pyruvat-format lyaza va 1dhA 13 gen ma héa enzym lactat
dehydrogenaza.

5. Vi sinh vét tai td hop theo diém 1, trong d6 gen mi héa enzym chuyén hoa axetyl-CoA
thanh etanol khong bi x6a bo tach ra.

6. Vi sinh vt téi t6 hop theo diém 1, trong d6 do chon loc dbi vé6i 2,3-butandiol 14 70% hoiic

16n hon trén co s& qué trinh nudi ciy theo mé.

7. Vi sinh v4t téi t6 hop theo diém 1, trong d6 hi¢u suft tao ra 2,3-butandiol 13 0,35¢/g hodc

16n hon trén co s& qua trinh nuodi ciy theo mé.

8. Visinh vat tdi t hop theo diém 1, trong d6 do chon loc déi véi 2,3-butandiol 13 70% hoic

16n hon trén co s& qud trinh nudi ciy theo mé bo sung co chat.
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9. Vi sinh vt t4i td hop theo diém 1, trong d6 do chon loc dbi véi 2,3-butandiol 13 80% hoiic

16n hon trén co s& qua trinh nudi cdy theo mé bd sung co chét.
10. Phurong phap sén xuét 2,3-butandiol, phurong phép nay bao gdm cac budic:
nudi cy vi sinh vat tai t hop theo diém bét ky trong sb cac diém tir 1 dén 9; va

thu hdi 2,3-butandiol tir méi trudng nudi ciy.

11. Phuong phép theo diém 10, trong d6 budc nudi cdy duoc thuc hién duéi didu kién ua

khi.

12. Phuong phép theo diém 10, trong d6 bude nudi cly kiém soat ning suit tao ra 2,3-

butandiol bang cach kiém so4t Iwong oxy cap vao.
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Fig. 1
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Fig.2
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Fig. 3
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Fig. 5
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Fig. 6
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Chét chuyén héa (g/L), OD 600
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Fig. 7
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Fig. 8
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Chét chuyén héa (g/L), OD 600
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Fig. 9
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Chét chuyén héa (g/L), OD 600
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Fig. 10
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Fig. 11
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Fig. 12
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Néng do (g/L), OD 600
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Fig. 13
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