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TAO CHUNG ESCHERICHIA COLI TAI TO HQP CO KHA NANG LEN MEN CON TU
PUONG C5 VA C6

Truwong Qubc Phong, Nguyén Lan Huong, Té Kim Anh, Vii Thij Thu Ha
Vién Cong nghé sinh hoc va Cong nghé thuc phdm, Pai hoc Bach khoa Ha Néi

TOM TAT

Viéc san xut cdn nhién liéu di tir lignocellulose (phé phu phim néng nghiép) hy vong s& 1am ha gla thanh
sin phim va khéng anh hu‘(mg dén an ninh luong thyc. Tuy nhién, trong tr nhién khong c6 ching vi sinh vét
40 ¢6 kha niing 1&n men cdn higu qua tir hén hop cac loai dudmg duoc tao ra do thiy phan lignocellulose.
Trong nghién ciru nay, ching t6i d3 tién hanh tich dong va giai trinh tu hai gen ma héa hai enzyme quan trong
cia con dudng lén men ethanol la pyruvate decarboxylase (PDC) va alcohol dehydrogenase (ADH) tir
Zymomonas mobilis. Hai gen pdc va adhB c6 kich thuéc twong img 1 1,7 va 1,15 kb. Hai gen pdc va adhB
dugc tich dong da dugc gan vao vector biéu hién pTAC-MAT va dua vio chung chu Escherichia coli ATCC
11303 dé tao ra chiing vi khuin tai t6 hop c6 kha ning sir dyng dugc cic loai dudng C5 va C6 cho 1én men
ethanol. Kha niing 1&n men ethanol ciia ching E. coli C13 tai t hop da duoc dénh gia so by trén mdi truomg 18n
men ¢ b sung 12% glucose va ethanol sinh ra di dwoc xac dinh bing phuong phap sac ky khi va phu'(mg
phép do phan img mau. Lugng ethanol sinh ra ting manh nhét & thoi diém tir 24 dén 48 h va mic d6
tang g1a.m di sau 48 va 72 h 1én men. Cac ket qué thu dugc cho théy ching E. coli da dugc cai bién di truyén
bing viéc dua vao hai gen pde va adhB ngubn goc Z. mobilis dé tao ra chung tai t§ hop co kha nang 1éa men
ethanol.

Tir khoa: alcohol dehydrogenase 1l (ADH), duong C5 va C6, pyruvate decarboxylase (PDC), Escherichia coli,

Zymomonas mobilis

GIOI THIEU

Hau hét cbn nhién lidu hién nay dugc san xuat tir
ngudn dudng hexose (duong C6) c6 ngudn gbc tir
tinh bot ngii c¢bc hogc ri duomg mia sur dung ching
ndm men Saccharomyces cerevisiae hodc vi khuin
Zymomonas mobilis (Sanchez et al., 2010). Tuy
nhién, day la nguon nguyén liéu fwrong dbi dit nén
viéc sir dyng ngudn nguyen liéu nay s& lam tang gia
thanh san phdm, hon nita c6 khé ning anh hudng dén
an ninh luong thuc (Dien et al., 2003). Tinh bt va
dudng chi chiém mét ty 1& nho trong tong sb
carbohydrate cua thyc vat, trong khi d6 phin 16n
sinh khéi thuc vat la cellulose va hemicellulose.
Thiy phan cac polymer nay s€ tao ra mét hon hop
cic duomg bao gom glucose, xylose, mannose,
galactose va arabinose (Zaldlva.r et al., 2001). Du dl
tir nguén nguyén ligu ban d4u nao, thi vi sinh vt van
déng vai trd chu chét trong qué trinh 1én men san
xuit ethanol. Tuy nhién, cho dén nay chua tim duoc
bét cir ching vi sinh vét ndo trong ty nhién c6 kha
ning lén men nhanh va hiéu qua hén hop dudng nay
thanh ethanol hodc céc san pham khac c6 gia tri (Lau
et al., 2010). Do d6, vigc tao ra chung vi sinh vt
bing cOng nghé tai t6 hop co kha ning sir dung duoc

hén hqp cac loai duomg dé 12n men con 14 mdt huéng
di rit c6 y nghia va thyc tién. Nhu ching ta 43 biét,
Escherichia coli 1a chung vi sinh vét c6 kha nang sir
dung duoc hiu nhu tit ca cac loai duong 1a thanh
phén chinh cia sinh khéi thyc vat, tuy nhién chung
lai khéng chuyén héa dugc thanh ethanol do thiéu
hut hai enzyme quan trong d6 la pyruvate
decarboxylase (PDC) va alcohol dehydrogenase
(ADH) (Zhang et al., 2007). Do do, trong nghlen clru
ndy ching t6i da tién hanh dua hai gen pdc va adh
nguon goc Z. mobilis vao chung E. coli nhim tao ra
ching tai t6 hop c6 kha nidng 1én men ethanol tir
dudmg C5 va Cé6.

NGUYEN LIEU VA PHUONG PHAP

Nguyén li¢u

Cac chung E. coli ATCC 11303 and Zymomonas
mobilis ATCC 31821 nhin dugc tir ngan hang ching
gibng cia My. Céac ching nghién ciru duoc nudi chy
trén méi truomg Luria Bertani broth (LB) long hoac
trén dia Petri thach chita 1% tryptone, 0,5% cao ndm
men, 1% NaCl.

Hai cap mbi dic hiéu gen m3 hoa enzyme PDC va
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ADH II véi trinh tr c4c cip mdi tirong émg nhu sau:

Cip mdéi PDC gébm mdi xudi (PDCf) 5’-
ATAGAATTCATGAGTTATACTGTCGG -3’; mdi
nguoc (PDCr) 5°- TTTAGATCTCTAGAGGAGCTT
GTTAAC -3’

Cip mdi ADH gdm mbi xudi (ADHf) 5'- AT
AGAATTCATGGCTTCTTCAACTT -3°, moi nguge
(ADHr) 5- TTTAGATCTTTAGAAAGCGCTCAG -3".

Vector biéu hién pTAC-MAT ciia Sigma-Aldrich
(M¥). Cac enzyme gidi han dugc cung cip bdi hing
New England Biolabs. Cac héa chét khac ding cho
nghién ctru nay dugc cung cdp boi cic hing nhu
Sigma-Aldrich, Merck, Invitrogen, Fermentas.

Phwong phap nghién ciru

Phuong phap tach chiét DNA, phuong phap
PCR, phuong phép cit DNA bing enzyme gidi han,
phuong phap lai ghép gen, phuong phap tinh sach
DNA, phucmg phap bién nap bang séc nhiét, phuong
phép tach chiét plasmid dugc mé ta boi Sambrook va
Russell (2001).

Phuong phap cit DNA bang enzyme gioi hgn:
San pham PCR va vector dugc cat bing enzyme gidi
han EcoR1 va Bglll & 37°C qua dém sau d6 tinh sach
béng kit ciia Invitrogen.

Phurong phdp ndi ghép gen: San phdm PCR va
vector sau khi dugc xu ly bing enzyme giéi han
dwoc néi ghép vdi nhau nho su xtc tic cia T4 DNA
ligase (Fermentas) & 22°C qua dém.

Phuwong phdp bién ngp: San phim ndi ghép
dugc sir dung dé bién nap vao té bao vi khuin E. coli
DH10b kha bién bang phuong phat sbc nhiét & 42°C
trong 2 phat. Té bao vi khuén sau khi bién nap dugc
cy trai trén méi truong LB chon loc chira ampicillin
(100 pg/ ml).

Phiwrong phdp lén men: St dung mdi truong 1én
men LB dugc b6 sung dém kali phosphate pH 7,0
néng d6 0,2 M; khang sinh ampicillin 100 pg/ml;
dudng glucose 12%. Qué trinh 1én men dugc tién
hanh nhu sau: ciy khuén lac vao méi truong LB va
nudi lic qua dém; sir dung méi truomg 1én men dé
dua mat d6 dich nudi vé ODsso = 1,0 va bit diu qua
trinh 1én men & 30°C trén may lic téc dd 200
vong/phit. Tién hanh thu dich nudi sau mdi 24 h dé
xac dinh ham lugng ethanol dugc tao ra trong qua
trinh 1én men.

Phuwrong phap xdc dinh nong dj ethanol: Trong
nghién ctru nay ching tdi sir dung phuong phap phéan
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{mg mau giira dicromate va ethanol dé x4c dinh nong
d6- ethanol trong dich 1én men (Seo et al., 2009).
Phuong phap cé thé tém tit nhu sau: dich 1én men
duge dio tron véi dung dich di-n-butyl phthalate
(DBP) theo ty 1& 1:1 trong | h, dé yén cho dén khi
tach pha hoan toan, hit pha dudi sang ong méi va bd
sung mét thé tich trong duong thuc thir dichromate.
Sau khi dao tron 30 phat, hdn hop dugc dé yén cho
dén khi tach pha hoan toan, hiit pha dudi va xac dinh
mat 46 quang ¢ budc song 595 nm.

KET QUA VA THAO LUAN

Tach dong gen mi héa pyruvate decarboxylase
(PDC) va alcohol dehydrogenase I1 (ADH II)

Gen pdc va adhB ma héa cho enzyme PDC va
ADHII twong (mg dugc khuéch dai bang k¥ thust
PCR sir dung cip méi PDC va ADH tuong (mg. Két
qui cia phan (mg PCR dugc thé hién trén hinh 1.
Két qua trén hinh 1 cho thiy trén mdi dudng chay
xuit hién mét bing DNA rit dam véi- kich thude
tuong Ung la khoang 1,15 kb va 1,7 kb (duwong chay
s6 1 va 2). Kich thudc niy hoan toan phu hop véi
kich thuéc cua doan gen mi hdéa enzyme ADH va
PDC tuong tmg theo nhu thiét ké. Két qua nay chi ra
ring hai doan gen mi hoa cho enzyme pyruvate
decarboxylase va alcohol dehydrogenase 1I da duoc
khuéch dai thanh cong bing k§ thuit PCR. Dé c6 thé
sir dung san phim PCR cho phén img lai ghép vao
vector, chung t6i da tién hanh xur 1y san pham PCR
bang enzyme gidi han 13 EcoRI va Bglll (NEB) va
tinh sach san phém bing bd kit tinh sach cia
Invitrogen. Hinh anh dién di thu dugc cho thay bang
DNA quan tdm rit dam chimg to rang san pham thu
dugc sau tinh sach ¢6 ham luong rit cao va dam bao
chét lwong cho phan \ng lai ghép gen.

San phim PCR va vector sau khi duoc chuln bj
(dugc md ta trong phén phuong phap nghién ciru) d3
duge nbi ghép voi nhau nho sy xic tic ciia T4 DNA
ligase. San phim ndi ghép duoc sir dung dé bién nap
vio té bao E. coli DH10 kha bién. Tong s6 19 khun lac
d6i véi gen adhB va 10 khun lac d6i véi gen pdc dugc
thu nhan. C4c khuén lac moc duoc trén méi trudng c6
chira khang sinh diéu do chimg 6 rang c4c vi khudn d3
mang plasmid. Tuy nhién dé x4c dinh khun lac ndo c6
chira Plasnud tAi 1O hop mang gen quan tim ching t6i
da tién hanh tach chiét DNA plasmid cua tt ca cic
dong thu dugc. Theo 1Y thuyét thi nhitng DNA plasmid
nao chira gen ngoai lai thi bing DNA chay chidm hon so
voi bang DNA dbi chung (DNA plasmid khéng mang
gen). Két qua cho thiy cic dong sé 2, 5, 9 va 11 ky
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hi¢u 1a A2, A5, A9 va All) cac bing DNA plasmid
chay cham hon so véi d6i chimg nén co6 thé di mang
thém mét doan DNA,

Hinh 1. San phdm PCR cua gen adh va pdc. M: thang DNA
chuan 100 bp (Fermentas); 1, 3: san pham PCR cia gen
adh trwdc va sau khi tinh sach; 2, 4: san phdm PCR cla
gen pdc trwdc va sau khi tinh sach.

Dé khing dinh cic doan DNA chén vao Ia cac
gen quan tim, DNA plasmid tr cac dong 2, 5, 9 va
11 duovc cét bing enzyme gi9i han Pstl. Theo tinh
todn néu 1a dong tai td hop s& tao thanh hai bang
DNA c6 kich thuéc 1,7 kb va 4,6 kb.

A2 A5 A9 A11 ©BC M kb

Hinh 2. San pham cét kiém tra DNA plasmid mang doan
gen ma héa bang enzyme gi¢i han Pstl. A2, A5, A9, A11:
DNA plasmid tir cac dong A2, A5, A9; BC: d6i chirng (pTAC-
MAT/Psti); M: thang DNA chuan 500 bp (Invitrogen).

Tir két qua hinh 2 cho thy hai dong A2 va A5 c6
cdc bang ‘DNA véi kich thudc nhu du doan. Do vay,
che dong A2 va A5 1a cac dong tai td hop mang gen
mi3 héa alcohol dehydrogenase 11, Pé khing dinh
chic chén hon nira chung t6i da tién hanh giai trinh
ty doan gen quan tam tir dong tai t6 hop. Sau khi
blast trinh ty thu dugc 1€n ngan hang gen (NCBI) két
qua cho thay doan gen thu dugc c6 d6 tuong dong la

100% so v6i gen adhB cia ching Z. mobilis (ma sb:
AB359062.1).

Tuong tu, cic dong tii t6 hop dbi voi gen
pyruvate decarboxylase ciing da dugc tién hanh sang
loc. Két qua dién di plasmid cta 10 dong khac nhau
dbi véi gen pdc cho thiy céc dong sb 2, 7, 10 dugc
ky hi¢u 1a P2, P7, P10 c6 bing DNA chay chim ion
so voi d6i chimg (pTAC- -MAT), do d6 cé thé cac
dong nay da mang gen pdc. Cac dong kha nghi sau
dé da duogc cat k1em tra bing enzyme gioi han Psl.
Theo ly thuyét néu 14 dong tai td hop thi s& thu duoc
hai bang DNA véi kich thuédc 1,7 kb va 5,1 kb.

Hinh 3. Dién di san pham cét kiém tra DNA plasmid mang
doan gen bdng enzyme gi¢i han Psl. P2, P7, P10 la
plasmid tir cac dong P2, P7, P10; BC. déi chirng (pTAC-
MAT/Pstl); M. thang DNA chuén 500 bp (invitrogen).

Két qua dién di trén hinh 3 cho thiy ca 3 dong
P2, P7 va P10 déu c6 cac bang DNA vdi kich thuoc
nhu du kién. Két qua nay chi ra ring cac dong P2, P7
va P10 nay la cac dong tai t6 hgp mang gen ma hoa
pyruvate decarboxylase. Pé khang dinh chic chin
hon nira ching t6i d tién hanh giai trinh tr doan gen
quan tam tir dong tai td hgp. Sau khi blast trinh ty
thu duoc [én ngan hang gen (NCBI) két qua cho thiy
doan gen thu dugc co d6 twong déng 1a 100% so véi
gen pdc cia chiing Z. mobilis (ma sb6: M15393.2).

Tao vector biéu hi¢n mang gen ma héa pyrvate
decarboxylase va alcohol dehydrogenase 11

Pé c6 thé biéu hién dugc ddng thoi hai gen pde
va adh trong té bao chu E. coli, hé vector biéu hién
mang dong thoi hai gen quan tim di duogc thiét ké.
Qua trirth tao vector biéu hién mang hai gen pdc va
adh nhu sau: hé vector biéu hién dugc sir dung 13
pTAC-MAT, véi promoter la tac. Manh DNA chira
gen ma héa cho enzyme alcohol dehydrogenase 11
thu dugc tir vector tai t6 hop sau khi xu ly bing
enzyme BamHI va Bglll s& dugc ndi ghép vao vector
tai td hop chira gen pdc da dugc mé vong véi sur xiic
tic cua enzyme T4 DNA ligase. San pham néi ghép
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duoc bién nap vao E. coli Dh10b va két qua nhan
duoc 12 13 khidn lac khac nhau. Két qua dién di
DNA plasmid téch tr céc dong thu dugc cho thiy
rang tat ca DNA plasmid déu chay chdm hon so véi
DNA p.asmid di chimg (pTAC-MAT). Tuy nhién,
hai dong sb 11 va 13 ¢6 kich thudce 16n hon cac dong
con lai. Diéu d6 chimg té c6 thé hai dong nay da
mang hai g:n pdc va adh. Dong 13 da duoc lya chon
dé cit kiém tra bang enzyme gioi han Neol va Bglll,
theo 1y thuyét néu 1a dong tai t6 hop mong mubdn s&
xuét hién hai bang véi kich thuéc khoang 3,4 kb va
4,7 kb. Két qua hinh 4 cho thiy céc bing tao ra khi
cat don 1¢ bang enzyme Bg/ll hodc phdi hop hai
enzyme Ncol va BgllI déu c6 kich thuéc nhu mong
doi. Tir két qua nay ching t6i c6 thé khing dinh ring
dé tao dong duoc hai gen pdc va adh trong vector
biéu hién pTAC-MAT va dugc ky hiéu Ila
pHBB1807.

—1,0

Hinh 4. Dién di san pham cét kidm tra dong 13 (C13) bang
enzyme @i¢i han. dwong chay 1-C13/Ncol+Bglll, 2-
C13/Bglil, M. thang DNA chun 500 bp (Invitrogen).

Panh gia kha niing sinh ethanol cua chiing E. coli
t4i t6 hop mang vector pHBB1807

Vector tai t& hop pHBB1807 thu duoc da duoc
str dung dé bién nap vao chung vi khuén E. coli
ATCC 11303 va kiém tra kha ning 1én men ethanol
ctia chiing tai td hop thu dugc. Chung E. coli tai t6
hop dugce ky hiéu 1a E. coli C13. Qua trinh [én men
ethanol cua ching E. coli C13 dugc thyc hién nhu
md ta trong phin phuong phap nghién ctru. Dich 1én
men sau d6 dugc thu nhan va xac dinh ethanol theo
ca hai phuong phép séc ky khi va phan tng mau. Két
qua siac ky khi cho thiy ching t6i da thu dugc mot
dinh (peak) tr dich 1€n men cia ching E. coli C13
voi thoi gian tré 13 3, 678 phut. Khi so sanh véi dinh
thu duge tir két qua sic ky ethanol chuan ¢ thoi
gian tré 13 3,670 pht, két qua nay chi ra ring trong
dich 1én men c6 xuét hién ethanol. Theo nhu cdng b
truc day thi ching E. coli 11303 hoan toan khdng
¢6 kha nang sinh ethanol do khuyét thiéu pyruvate
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decarboxylase va alcohol dehydrogenase (Alterthum
Ingram, 1989). Két qua nay cho thiy hai gen pdc va
adhB da dugc dua thanh céng vao chung E. coli
ATCC 11303 d8 tao ra chung tai t hop c6 kha ning
sinh ethanol.

Su sinh téng hop ethanol theo thdi gian trong
qua trinh l1én men ciing da duogc khao sat va két qua
duoc thé hién trén hinh 5. Trong qué trinh 1én men
méu dugc ldy sau mdi 24 h (24, 48, 72, 96 h) va xac
dinh ham lugng ethanol thong qua phan img mau vdi
thudc thir dichromate. Két qua cho thiy ethanol sinh
ra da dugc xac dinh sau 24 h 1én men va tang manh
nhét & thoi didm tr 24 dén 48 h (0,274). Mirc do ting
giam di sau 48 va 72 h 1én men (0,216 va 0,143
twong tmg). Péi véi miu d6i chimg 1a ching E. coli
ATCC 11303 va chung nay mang plasmid pTAC-
MAT déu khéng thdy xuét hién ethanol. Pay la két
qua danh gia so by kha niang 1én men ethanol cia
ching E. coli C13 tai tb hop.
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Hinh 5. Kha nang sinh ethanol clia chiing E. coli C13 téi t&
hop.

KET LUAN

Tir cac két qua thu duge ciua nghién ciru nay
chung t61 dua ra mét s6 két ludn nhu sau:

Hai gen ma héa alcohol dehydrogenase Il (adh)
va pyruvate decarboxylase (pdc) tr Zymomonas
mobilis da dugc tich dong thanh céng trong vector
pTAC-MAT.

Pi tao duoc vector biéu hién tai tb hop mang hai
gen adh va pdc, ky hiéu pHBB1807.

Tao duoc chung E. coli C13 tai td hgp mang hai
gen ma hoa alcohol dehydrogenase II va pyruvate
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decarboxylase.

Panh gia dugc so by kha ning Ién men ethanol
cta chung E. coli C13 tai td hop trén méi trromng 1én
men c6 bd sung 12% glucose.

L(‘_)’i cém\ on: Cong trinh‘ndy duoc thuc hién véi su
ho tro vé kinh phi cia Dé tai PT.05.09/NLSH ctia Bé
Cong 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 Um’ﬁersity of Science and Technology

SUMMARY

Efficient utilization of lignocellulosic feedstocks (agricultural wastes) offers an opportunity to reduce the
cost of producing fuel 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 pyruvate 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
ATCC11303. 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 E. 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 Il (ADH), C5 and C6 sugars, pyruvate decarboxylase (PDC), Escherichia

coli, Zymomonas mobilis
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