
Tgp chi Cdng nghe Sinh hgc 9(1): 119-123,2011 
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TOM T A T 

Viec san xuat con nhien lieu di tu lignocellulose (phS phu phim nong nghiep) hy vgng se lam ha gia thanh 
san pham va khong anh hudng den an ninh luong thuc. Tuy nhien, trong ttr nhien khong co chung vi sinh vat 
nao c6 kha nang len men cdn hieu qua tu hon hgp cac loai dudng dugc tao ra do thiiy phan lignocellulose. 
Trong nghien cuu nay, chiing tdi da tien hanh tach dong va giai trinh tu hai gen ma hoa hai enzyme quan trgng 
cua con dudng len men ethanol la pymvate decarboxylase (PDC) va alcohol dehydrogenase (ADH) tu 
Zymomonas mobilis. Hai genpdc va adhB cd kich thudc tuong iing la 1,7 va 1,15 kb. Hai gea pdc va adhB 
dugc tach ddng da dtrgc gan vao vector bieu hien pTAC-MAT va dua vao chung chu Escherichia coli ATCC 
11303 de tao ra chiing vi khuan tai td hgp cd kha nang su diing dugc cac loai dudng C5 va C6 cho len men 
ethanol. Kha nang ISn men ethanol ciia chiing E. coli C13 tai to hgp da dugc danh gia so by tren moi trudng len 
men cd bd sung 12% glucose va ethanol sinh ra da dugc xac dinh bang phuong phap sac ky khi va phuong 
phdp do phan umg mau. Lugng ethanol sinh ra tang manh nhat d thdi diem tu 24 den 48 h va muc dp 
tang giam di sau 48 va 72 h len men. Cac kSt qua thu dugc cho thay chung E. coli da dugc cai bien di trayen 
bing viec dua vao hai gen pdc va adhB ngudn gdc Z. mobilis de tao ra chiing tai td hgp co kha nang len men 
ethanol. 

Tu- khoa: alcohol dehydrogenase II (ADH), duang C5 vd C6, pyruvate decarboxylase (PDC), Escherichia coli, 
Zymomonas mobilis 

Gl6l THIEU 

Hiu hit cdn nhien lieu hien nay dupe san xuat tir 
ngudn dudmg hexose (dudng C6) cd nguIn gdc tfr 
tinh bdt ngii cdc hoac ri dudng mia sfr dung chiing 
nim men Saccharomyces cerevisiae hoac vi khuan 
Zymomonas mobilis (Sanchez et al, 1010). Tuy 
nhifin, day la ngudn nguyen lieu tuomg ddi dat nen 
viec sir dung ngudn nguyen lieu nay se lam. tang gia 
thanh san phim, hom nua cd kha nang anh hudng den 
an ninh luong thuc (Dien et al, 2003). Tinh bdt va 
dudng chi chilm mdt ty le nhd frong ting sd 
carbohydrate cua thuc vat, frong khi dd phan ldm 
sinh khii thuc vat la cellulose va hemiceljulose. 
Thuy phan cac poljoner nay se tao ra mpt hon hgp 
cdc dudng bao gdm glucose, xylose, mannose, 
galactose va arabinose (Zaldivar et al, 2001). Du di 
tii ngudn nguyen lipu ban diu nao, thi vi sinh vat van 
ddng vai frd chii chit frong qua frinh len men san 
xuit ethanol. Tuy nhien, cho din nay chua tim dugc 
bat cii chiing vi smh vat nao frong tvr nhien cd kha 
nang len men nhanh va hieu qua hdn hgp dudng nay 
thanh ethanol ho^c cac san phim khac cd gia tri (Lau 
et al, 2010). Do dd, vi?c t?io ra chiing vi sinh vat 
bing cdng nghe tai t l hgp cd kha nang sfr dung dugc 

hdn hgp cac loai dudng de len men cdn la mpt hudng 
di rat cd y nghia va thuc tiln. Nhu chung ta da biet, 
Escherichia coli la chiing vi sinh v^t cd kha nang sfr 
dung dupe hiu nhu tit ca cac loai dudng la thanh 
phin chinh cua sinh khii thuc vat, tuy nhien chung 
lai khdng chuyin hda dugc thanh ethanol do thieu 
hut hai enzyme quan frong dd la pyruvate 
decarboxylase (PDC) va alcohol dehydrogenase 
(ADH) (Zhang et al, 2007). Do dd, trong nghien cuu 
nay chung tdi da tiln banh dua hai gen pdc va adh 
nguIn gdc Z. mobilis vao chiing E. coli nham tao ra 
chiing tai t l hgp cd kha nang len men ethanol tu 
dudng C5 va C6. 

NGUYEN LIEU VA PHUONG PHAP 

Nguyen lieu 

Cac chiing £•. coli ATCC 11303 and Zymomonas 
mobilis ATCC 31821 nhan dugc tii ngan hang chiing 
gilng cua My. Cac chiing nghien cuu dugc nudi ciy 
fren mdi trudng Luria Bertani broth (LB) ldng hoac 
fren dia Petii thach chua 1% tiyptone, 0,5% cao nim 
men, 1% NaCl. 

Hai C£̂  mdi dac hieu gen ma hda enzyme PDC va 
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ADH n vdi trinh tu cac cap mdi tuomg frng nhu sau: 

Cap mdi PDC gdm mdi xudi (PDCf) 5'-
ATAGAATTCATGAGTTATACTGTCGG -3 ' ; mli 
ngugc (PDCr) 5'- TTTAGATCTCTAGAGGAGCTT 
GTTA/C-3'; 

Cfip mli ADH gdm mli xudi (ADHf) 5'- AT 
AGAATTCAFGGCTTCTTCAACTT -3', mli ngugc 
(ADHr) 5'- 'TTTAGATCTTTAGAAAGCGCTCAG -3'. 

Vector bieu hien pTAC-MAT cua Sigma-Aldrich 
(My). Cac enzyme gidi ban dugc cung cip bdi hang 
New England Biolabs. Cac hda chit khac diing cho 
nghien cfru nay dugc cung cap bdi cac hang nhu 
Sigma-Aldrich, Merck, Invifrogen, Fermentas. 

Phuorng phap nghien cvu 

Phuang phap tach chiet DNA, phuang phap 
PCR, phuomg phap cit DNA bing enzyme gidi han, 
phuang phap lai ghep gen, phuomg phap tinh sach 
DNA, phuang phap biln nap bing sic nhiet, phuomg 
phap tach chiet plasmid dugc md ta bdi Sambrook va 
Russell (2001). 

Phirang phdp cat DNA ban^ enzyme gidi han: 
San pham PCR va vector dugc cat bang enzyme gidi 
ban EcoRl va BgUl a 37°C qua dem sau dd tinh sach 
bang kit ciia Invifrogen. 

Phuffngphdp noi ghep gen: San pham PCR va 
vector sau khi dugc xu ly bang enzyme gidi ban 
dugc ndi ghep vdi nhau nhd su xiic tac ciia T4 DNA 
ligase (Fermentas) d 22''C qua dem. 

Phirffng phdp biin nap: San pham ndi ghep 
dugc sfr dung de bien nap vao te bao vi khuan E. coli 
DHlOb kha bien bang phuong phat sdc nhiet d 42°C 
frong 2 phiit. Te bao vi khuan sau khi bien nap dugc 
cay frai fren mdi trudng LB chgn lpc chfra ampicillin 
(100 pg/ml). 

Phuomg phdp lin men: Sfr dung mdi trudng len 
men LB dugc b l sung dem kali phosphate pH 7,0 
ndng dp 0,2 M; khang sinh ampicillin 100 pg/ml; 
dudmg glucose 12%. Qua frinh len men dugc tien 
hanh nhu sau: ciy khuin lac vao mdi trudng LB va 
nudi lac qua dem; sfr dung mdi trudng len men de 
dua mat dp dich nudi ve OD550 = 1,0 va bat dau qua 
trinh len men d 30°C fren may lac tdc dp 200 
vdng/phiit. Tiln hanh thu dich nudi sau mdi 24 h dl 
xac dinh ham lugng ethanol dugc tao ra frong qua 
trinh len men. 

Phuorng phdp xdc dinh ndng do ethanol: Trong 
nghien cfru nay chung tdi sfr dung phuang phap phan 

frng mau giua dicromate va ethanol de xac dinh ndng 
dp- ethanol frong dich len men (Seo et al, 2009). 
Phuang phap cd thi tdm tat nhu sau: dich len men 
dugc dao frdn vdi dung dich di-n-butyl phlhalate 
(DBP) theo ty le 1:1 frong 1 h, dl yen cho din khi 
tach pha hoan toan, hut pha dudi sang dng mdi va bd 
sung mpt thi tich tuomg duomg thudc thfr dichromate. 
Sau khi dao frdn 30 phut, hdn hgp dugc dl yen cho 
din kbi tach pha hoan toan, hut pha dudi va xac dinh 
mat dp quang d budc sdng 595 imi. 

KET QUA VA T H A O L U A N 

Tach dong gen ma hoa pyruvate decarboxylase 
(PDC) va alcohol dehydrogenase II (ADH II) 

Gen pdc va adhB ma hda cho enzyme PDC va 
ADHII tuomg ling dugc khulch dai bing ky thuat 
PCR sfr dung cap mdi PDC va ADH tuomg frng. Kit 
qua cua phan frng PCR dugc the hien fren hinh 1. 
Ket qua fren hinh 1 cho thay fren mdi dudmg chay 
xuat hien mdt bang DNA rit dam vdi kich thudc 
tuomg frng la khoang 1,15 kb va 1,7 kb (dudmg chay 
sd 1 va 2). Kich thudc nay hoan toan phii hgp vdi 
kich thudc cua doan gen ma hda enzyme ADH va 
PDC tuomg ling theo nhu thiet kl. Ket qua nay chi ra 
rang hai doan gen ma hda cho enzyme pyruvate 
decarboxylase va alcohol dehydrogenase II da dugc 
khuech dai thanh cdng bang ky thuat PCR. D I cd the 
sfr dung san phim PCR cho phan frng lai ghep vao 
vector, chung tdi da tiln hanh xfr ly san phim PCR 
bing enzyme gidi ban la ^coRI va BgUl (NEB) va 
tinh sach san pham bang bp kit tinh sach cua 
Invifrogen. Hinh anh dien di thu dugc cho thiy bang 
DNA quan tam rat dam chiing td rang san pham thu 
dugc sau tinh sach cd ham lugng rat cao va dam bao 
chit lugng cho phan frng lai ghep gen. 

San phim PCR va vector sau khi dugc chuin bi 
(dugc md ta frong phin phuang phap nghien cfru) da 
dugc ndi ghep vdi nhau nhd su xiic tac cua T4 DNA 
ligase. San phim ndi ghep dugc sfr dung dl biln nap 
vao tl bao E. coli DH 10 kha biln. Tdng so 19 khuin lac 
dli vdi gen adhB va 10 khuin lac dli vdi geapdc dugc 
thu nhan. Cac khuan lac mpc dugc fren mdi budng cd 
chfra khang sinh dilu dd chfrng td ring cac vi khuin da 
mang plasmid. Tuy nhien dl xac dinh khuin l?c nao cd 
chfra jilasmid tai to hpp mang gen quan tam chiing tdi 
da tien hanh tach chiet DNA plasmid cua tit ca cdc 
ddng thu dugc. Tlieo ly thuylt thi nhiing DNA plasmid 
nao chfra gen ngo?i lai thi bang DNA chay cham ban so 
vdi bang DNA dli chfrng (DNA plasmid khdng mang 
gen). Kit qua cho thiy cac ddng sd 2, 5, 9 va 11 (k^ 
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hi?u la A2, A5, A9 va All) cac bang DNA plasmid 
chay cham hon so vdi ddi chiing nen cd thi da mang 
them mdt doan DNA. 

Hinh 1. Sin phim PCR cda gen adt) va pdc. M: thang DNA 
chuin 100 bp (Femientas); 1, 3: s in phim PCR cua gen 
adh tru'dc v i sau khi tinh sgch; 2, 4: s in phim PCR cua 
gen pdc tru'dc v i sau khi tinh sach. 

De khang dinh cac doan DNA chen vao la cac 
gen quan tam, DNA plasmid tu cac ddng 2, 5, 9 va 
11 dugc cat bing enzyme gidi han Pstl. Theo tinh 
toan neu la ddng tai td hgp se tao thanh hai bang 
DNA cd kich thudc 1,7 kb va 4,6 kb. 

A2 AS A9 A11 DC 

Hinh 2. Sin phim cat kiem tra DNA plasmid mang doan 
gen ma hda bang enzyme gidi han Pstt. fi£, A5, A9, A11: 
DNA plasmid ti> cic dong A2, A5, A9; DC: doi chdng (pTAC-
MAT/Pstl); M: thang DNA chuin 500 bp (Invitrogen). 

Tii kit qua hinh 2 cho thiy hai ddng A2 va A5 cd 
cac bang DNA vdi kich thudc nhu du doan. Do vay, 
cic ddng A2 va A5 la cac ddng tai td hgp mang gen 
raa hda alcohol dehydrogenase II. D I khang dinh 
chac chin hom nua chung tdi da tiln banh giai trinh 
tv d o ^ gen quan tam tu ddng tai td hgp. Sau khi 
blast trinh tu thu dugc len ngan hang gen (NCBI) kit 
qua cho thiy doan gen thu dugc cd dp tuomg ddng la 

100% so vdi gen adhB cua chiing Z. mobilis (ma si: 
AB359062.1). 

Tuomg tu, cac ddng tai td hgp dli vdi gen 
pyruvate decarboxylase ciing da dugc tiln hanh sang 
lpc. Ket qua dien di plasmid cua 10 ddng khac nhau 
ddi vdi gen pdc cho thiy cac ddng sd 2, 7, 10 dugc 
ky hieu la P2, P7, PIO cd bang DNA chay cham lion 
so vdi dli chung (pTAC-MAT), do dd cd thi cac 
ddng nay da mang gen pdc. Cac ddng kha nghi s lu 
dd da dugc cat kiem tra bang enzyme gidi ban Pstl. 
Theo ly thuyet nlu la ddng tai t l hgp thi se thu dugc 
hai bang DNA vdi kich thudc 1,7 kb va 5,1 kb. 

kb M DC P2 P7 PIO 

Hinh 3. Dign di sin phim cit kiem tra DNA plasmid mang 
doan gen bang enzyme gi6i hgn Pstt. P2, P7, PIO la 
plasmid tCr cic dong P2, P7, PIO; DC. doi chung (pTAC-
MAT/Pstl); M. thang DNA chuin 500 bp (Invitrogen). 

Ket qua dien di tren hinh 3 cho thay ca 3 ddng 
P2, P7 va PIO deu cd cac bang DNA vdi kich thudc 
nhu du kien. Ket qua nay chi ra rang cac ddng P2, P7 
va PIO nay la cac ddng tai td hpp mang gen ma hda 
pyruvate decarboxylase. De khang dinh chic chin 
hem nira chiing tdi da tien hanh giai trinh tu doan gen 
quan tam tii ddng tai td hgp. Sau khi blast trinh tu 
thu dugc len ngan hang gen (NCBI) ket qua cho thiy 
doan gen thu dupe cd dp tuomg ddng la 100% so vdi 
genpdc cua chiing Z. mobilis (ma sd: M15393.2). 

Tao vector bieu hifn mang gen ma hda pyrvate 
decarboxylase va alcohol dehydrogenase II 

De cd the bieu hien dupe ddng thai hai gen pdc 
va adh trong te bao chii E. coli, he vector bieu hi$n 
mang ddng thdi hai gen quan tam da dugc thilt kl. 
Qua tririh tao vector bieu hien mang hai gen pdc va 
adh nhu sau: he vector bieu bien dugc sfr dimg la 
pTAC-MAT, vdi promoter la tac. Manh DNA chiia 
gen ma hda cho enzyme alcohol dehydrogenase II 
thu dugc tir vector tai td hgp sau khi xu ly bang 
enzyme BamHl va Bglll se dugc ndi ghep vao vector 
tai td hgp chiia genpdc da dugc md vdng vdi sir xiic 
tac cua enzyme T4 DNA ligase. San pham ndi ghep 
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dugc bien nap vao E. coli DhlOb va ket qua nhan 
dugc la 13 khiian lac khac nhau. Kit qua dien di 
DNA plasmid tach tii cac ddng thu dugc cho thay 
ring tit ca DNA plasmid deu chay cham hom so vdi 
DNA p.asmid ddi chung (pTAC-MAT). Tuy nhien, 
hai ddng sd 11 va 13 cd kich thudc ldm hom cac ddng 
cdn lai. Dieu do chiing td cd the hai ddng nay da 
mang hai genpdc va adh. Ddng 13 da dugc lua chpn 
de cat kiem tra bang enzyme gidi han Ncol va BgUl, 
theo ly thuyet neu la ddng tai td hgp mong muln se 
xuat hien hai bang vdi kich thudc khoang 3,4 kb va 
4,7 kb. Ket qua hinh 4 cho thiy cac bang tao ra khi 
cat dan le bang enzyme BgRl hoac phdi hgp hai 
enzyme Ncol va BgUl deu cd kich thudc nhu mong 
dgi. Tfr ket qua nay chiing tdi cd the khang dinh rang 
da tao ddng dugc hai gen pdc va adh frong vector 
bieu hien pTAC-MAT va dugc ky hieu la 
pHBB18b7. 

Hinh 4. Bign dl s in pham cat kiim tra ddng 13 (C13) bang 
enzyme gidi han. du'dng chay 1-C13/Ncol+Bglll, 2-
C13/Bglll, M. thang DNA chuin 500 bp (Invitrogen). 

Danh gia Idia nang sinh ethanol cua chung E. coli 
tai to hop mang vector pHBB1807 

Vector tai t l hgp pHBB1807 thu dugc da dugc 
sfr dimg de bien nap vao chiing vi khuan E. coli 
ATCC 11303 va kilm fra kha nang len men ethanol 
ciia chung tai td hgp thu dugc. Chung E. coli tai td 
hgp dugc ky hieu la E. coli C13. Qua trinh len men 
ethanol cua chiing E. coli C13 dugc thuc hien nhu 
md ta frong phin phuang phap nghien cfru. Dich len 
men sau do dugc thu nhan va xac dinh ethanol theo 
ca hai phuang phap sic ky khi va phan iing mau. Ket 
qua sic ky khi cho thay chiing tdi da thu dugc mdt 
dinh (peak) ttr dich len men cua chiing E. coli C13 
vdi thai gian fri la 3,678 phiit. Khi so sanh vdi dinh 
thu dugc tu kit qua sac ky ethanol chuan cd thdi 
gian fri la 3,670 phiit, kit qua nay chi ra ring frong 
dich len men cd xuit hien ethanol. Theo nhu cdng bd 
tiirdc day thi chiing E. coli 11303 hoan toan khdng 
cd kha nang sinh ethanol do khuylt thilu pyruvate 

decarboxylase va alcohol dehydrogenase (Alterthum, 
Ingram, 1989). Kit qua nay cho tiiiy hai genpdc va 
adhB da dugc dua thanh cdng vao chung E. coli 
ATCC 11303 dl tao ra chiing tai td hgp cd kha nang 
sinh ethanol. 

Su smh ting hgp ethanol theo thdi gian frong 
qua tiinh len men ciing da dugc khao sat va ket qua 
dugc thi bien fren hinh 5. Trong qua tiinh len men 
mlu dugc liy sau moi 24 h (24, 48, 72, 96 h) va xac 
dinh ham lugng ethanol thdng qua phan ung mau vdi 
thudc thfr dichromate. Kit qua cho thiy ethanol sinh 
ra da dugc xac dinh sau 24 h len men va tang manh 
nhat d thdi dilm tii 24 din 48 h (0,274). Muc dp tang 
giam di sau 48 va 72 h len men (0,216 va 0,143 
tuomg frng). Ddi vdi mau dli chiing la chiing E. coli 
ATCC 11303 va chiing nay mang plasmid pTAC-
MAT diu khdng thiy xuit hien ethanol. Day la ket 
qua danh gia sa bd kha nang len men ethanol cua 
chung E. coli C13 tai td hgp. 

o 

48 72 

Th6>i gian (h) 

Hinh 5. Kha nang sinh ethanol cua chung £. coll C13 t i i to 
hgp. 

KETLUAN 

Tfr cac ket qua thu dugc ciia nghien cfru nay 
chiing tdi dua ra mpt sd ket luan nhu sau: 

Hai gen ma hda alcohol dehydrogenase II (adh) 
va pyruvate decarboxylase (pdc) tii Zymomonas 
mobilis da dugc tach ddng thanh cdng frong vector 
pTAC-MAT. 

Da tao dugc vector bieu hien tai td hgp mang hai 
gen adh vapdc, ky hieu pHBB1807. 

Tao dugc chiing E. coli C13 tai to hgp mang hai 
gen ma hda alcohol dehydrogenase II va pyruvate 
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decarboxylase. 

Danh gia dugc sa bp kha nang len men ethanol 
cua chiing E. coli C13 tai td hgp fren mdi trudmg len 
men cd bd sung 12% glucose. 

Lori cam orn; Cdng trinh ndy dugc thuc hien v&i su 
hd trg vi kinh phi cua De tdi DT.05.09/NLSH cua Bg 
Cdng thuong. 
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CONSTRUCTION OF RECOMBINANT ESCHERICHIA COLI STRAIN FOR ETHANOL 
FERMENTATION FROM C5 AND C6 SUGARS 

Truong Quoc Phong', Nguyen Lan Huong, To Kim Anh, Vu Thi Thu Ha 

School of Biotechnology and Food Technology, Hanoi University of Science and Technology 

SUMMARY 

Efficient utilization of lignocellulosic feedstocks (agricultural wastes) offers an opportunity to reduce the 
cost of producing fiiel ethanol and does not affect food security. However, no organism has been found in 
nature which can rapidly and efficiently metabolize different sugars from hydrolyzed lignocellulose into 
ethanol. Here we reported that two pivotal genes of ethanol producing pathway from Zymomonas mobilis 
including pymvate decarboxylase (1.7 kb) and alcohol dehydrogenase II (1.15 kb) were cloned and sequenced." 
Cloned genes were inserted into expression vector pTAC-MAT and transformed into the host E. coli 
ATCC 11303. A recombinant strain was tested for ethanol production on the fermentation medium containing 
12% glucose by using gas chromatography and colorimetric measurement. Ethanol production was strongly 
increased from 24 - 72 h. These results indicate that it is possible to change the genetics of £. coli strain by the 
addition of genes encoding pivotal enzymes of ethanol producing pathway from Z. mobilis to generate 
recombinant strain for ethanol fermentation from C5 and C6 sugars. 

Keywords: alcohol dehydrogenase II (ADH), C5 and C6 sugars, pyruvate decarboxylase (PDC), Escherichia 
coli, Zymomonas mobilis 
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