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TOM TAT

2-Methylketone 1a nhém hop chét hitu co
c6 nhiéu (g dung rong réi trong cdng nghiép
thuc phdm va my phédm véi vai trd |a chét tao
mui, tao huong. Mét sé methylketone duoc
tim thay trong thurc vét ¢é vai trd nhuw chét dan
du sinh hoc va thudc trir séu tw nhién. Bac
biét, gan day methylketone duroc xem la mét
ngudn hop chéat hira hen cho viéc sén xuét
néng lwong sinh hoc trong twong lai vi ching
c6 chi sé kich né cetane cao, c6 tinh wa nuéc
kém hon va nhiét dé néng chay thdp hon cac
acid béo hién dang duoc str dung nhiéu trong
san xuat dau diesel sinh hoc. Thém vao do,
cac methylketone c6 chuédi carbon ngédn c¢é
nhiét dé6 néng chdy thdp hon so Véi
methylketone chudi carbon dai. Trong nghién
clru nay, ching téi da tao dong va biéu hién
trong té bao vi khudn Escherichia coli
C41(DE3) gen ma hoa enzym acyl
thioesterase 2 (ALT2) dwoc phén lap ftor
Arabidopsis thaliana. Khi duoc biéu hién tai to

hop trong té bao vi khuén E. coli C41(DE3),
enzyme ALT2 chd yéu si¥ dung co chét 3-
ketoacyl-ACP, nhing hop chét trung gian
trong con duong chuyén héa acid béo dién ra
trong té bao vi khuén, dé téng hop céc 3-
ketoacid. 3-Ketoacid la nhidng hop chét
khéng bén, cé thé bj decarboxyl hoa thanh
hop chat methylketone tuong (ing cé chiéu
dai chudi carbon ngdn hon mét nguyén ti
carbon. Cac hop chat methylketone thoét ra
ter dich méi trirong nuéi cédy duoc ly trich bang
hexane va phan tich thanh phan bdng ky
thuat sdc ky khi véi dau do FID (GC-FID). Két
qua cho théy khi dwoc nuéi cady cam (rng voi
IPTG 0,25 mM tai nhiét dé 37 °C trong 3,5 gi&
té bao vi khuén E. coli C41(DE3) biéu hién tai
t6 hop enzyme ALT2 c6 kha ndng san sinh ra
cac hop chat 2-methylketone chudi carbon
ngdn va trung binh bao gém 2-nonanone
(9C), 2-undecanone (11C) va 2-tridecanone
(13C).

Tw khéa: 2-methylketone, acyl thioesterase 2 (ALT2), Arabidopsis thaliana, vector
pETDuet-1, E. coli C41(DE3), sdc ky khi véi dau do FID (GC-FID).
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2-Methylketone & nhém hop chit hitu co
mang nhom dinh chirc ketone & nguyén tir carbon
thir hai. Nhém hop chat nay c6 nhiéu ung dung
rong rdi trong cong nghiép thuc pham va my pham
v6i vai trd 13 chit tao huong [1]. Mot s 2-
methylketone duoc tim thay trong thuc vat cé vai
trd nhu chit dan du sinh hoc va thudc trir sau tu
nhién [2, 3]. Nhimg nam gin day, methylketone
bit dau nhan dwoc nhiéu su quan tm cua cac nha
nghién ciru nang lwong sinh hoc Vi céc hop chat
nay c6 tri s kich nd cetane cao, duwoc xem 1a mot
trong nhiing ngudn ning lugng cd thé tai sinh mai
trong tuong lai. Dua trén co s6 dit liéu trinh tu bd
gen va dit liéu EST d4 dugc cong bb & mot sb loai
thuc vat, nhitng nam gan ddy cac nha khoa hoc dé
xac dinh dugc cac gen ma hda cho enzyme tham
gia trong con dudng sinh tong hop methylketone
o thuc vat. Nam 2010, Yu va cac cong su [4] d&
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xac dinh duoc hai enzyme methylketone synthase
2 (ShMKS2) va methylketone synthase 1
(ShMKS1) tham gia trong con duong sinh tong
hop methylketone ¢ loai ca chua hoang dai
Solanum habrochaites. ShMKS2 ¢6 hoat tinh 3-
ketoacyl-ACP thioesterase xUc tac sy thuy phan
lién két thioester cua 3-ketoacyl-ACP (mét hop
chit trung gian trong con dwdng sinh tong hop acid
béo) thanh 3-ketoacid. ShAMKSL1 cé hoat tinh 3-
ketoacid decarboxylase, xUc tac su decarboxyl hoa
céc 3-ketoacid thanh cac methylketone c6 chiéu
dai chudi carbon ngén hon mét nguyén tir carbon
(Hinh 1). Ngoai ra, 3-ketoacid la nhiing hop chat
khong bén, c6 thé bi decarboxyl héa & 75 °C thanh
c4c hop chit methylketone, mét lwong nho 3-
ketoacid ciing bi decarboxyl héa & nhiét do
thuong.

0
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Hinh 1. Su tong hop methylketone [4].

ShMKS2 hoat dong hiéu qua nhét trén co
chat  3-ketomyristoyl-ACP  (C14) va 3-
ketolauroyl-ACP (C12) tao thanh 3-ketoacid
twong tng la 3-ketomyristic acid (C14) va 3-
ketolauric acid (C12), vi vy methylketone dugc
téng hop trong 16ng tiét cua ca chua hoang dai
ciing nhu trong dich méi trudng nudi cay vi khuan
E. coli siéu biéu hién ShMKS2 va ShMKS1 chi
yéu bao gom 2-tridecanone (13C) va 2-
undecanone (11C) [4]. Hon hop 2-tridecanone
(C13) va 2-undecanone (C11) véi tilé 1:1 dya trén
khéi lwong c6 chi sb kich né cetane cao (58,4) [5],
tuy nhién, nhiét d6 néng chay cua chdng ciing
twong di cao 1a mot didu bat loi cho dic tinh cua
nhién liéu nhiét lanh. Do céc methylketone chudi

ngén hon hodc ¢ suon carbon mang mat lién két
d6i c6 nhiét d6 nong chay thip hon nhidu so Voi
methylketone chudi dai hon hodc co suon carbon
bdo hoa véi cing chiéu dai chudi, cac hudng
nghién citu mai hién nay dang tap trung vao viéc
t6i wru hoa cac dic tinh caa nhién liéu bang cach
diéu chinh chiéu dai chudi hoac mirc d6 khong bao
hoa trong suon carbon cua cac hop chat
methylketone. Nam 2014, Pulsifer va cong su [6]
d4 phan lap duoc bén gen thudoc ho acyl
thioesterase tir Arabidopsis thaliana méa héa cho
c4c protein tuong dong 72-80 % véi ShMKS2 va
dat tén lan luot 12 acyl-lipid thioesterase 1 (ALT1),
ALT2, ALT3 va ALT4. Khi biéu hién cac gen nay
trong té bao E. coli K27, 1a chung khuyét gen
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FadD - gen ma hoéa enzyme acyl-CoA synthetase,
c4c enzym ALT sir dung co cht acyl-ACP dé tao
thanh céc acid béo da dang vé chiéu dai chudi
carbon (C8-C16), mic do bdo hoa cua chudi va
trang thai oxy hoa. bac biét, enzyme ALT2 cd kha
ning st dung co chat 3-ketoacyl-ACP dé tong hop
3-ketoacid (acid béo cé mang moét nhém chirc
ketone & nguyén tir carbon tht 3) chudi ngén (8C,
10C) khi duoc biéu hién tai to hop trong té bao E.
coli K27. Thém vao d6, nam 2012, Auldrich va
cac cong su [7] dd chung minh rang
ShMKS1G129W, dang dot bién thay thé acid
amine G (Glycine) tai vi tri 129 bang acid amine
W (Tryptophan) c6 hoat dong xuc téc hiéu qua gip
44 lan so v6i ShMKSI trén co chat 3-ketoacid
chudi ngan. Nham huéng téi viéc tong hop dugc
céc methylketone chudi ngén va trung binh & quy

md céng nghiép mét cach chu dong, dap wng tiém
ning @ng dung rong rdi cia nhém hop chat
methylketone trong bao vé thuc vat, trong cong
nghiép tao huong va trong linh v san xuit ning
luong sinh hoc, chdng t6i mong muén dua con
duong sinh tong hop methylketone chudi ngan va
trung binh vao té bao vi khuan E. coli bang cach
biéu hién dong thoi hai gen ALT2 va
ShMKS1G129W vao vector pETDuet-1 chira hai
ving tao dong. Trong d6, gen ShMKS1G129W sé&
dugc tao dong vao vung MSC1 va gen ALT2 s&
dwgc tao dong vao vung MSC2 cua vector
pETDuet-1. Nhu vay, viéc tao dong gen ALT2 vao
ving MSC2 cua vector pETDuet-1 1a budc dau
tién can thyc hién va 12 noi dung chinh caa bai bao
nay.
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Hinh 2. Con dudng sinh tong hop methylketone trong té bao E.coli tir co chét ban dau 1a glucose [8].

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Chiing vi sinh vat va vector

Vector pUNI51 mang cDNA ma hoa cho gen
ALT2 (426 bp) to Arabidopsis thaliana
(Arabidopsis Biological Resource Center). Vector
pETDuet-1 thudc hé thdng vector Duet (Novagen)
c6 mang gen khang khang sinh ampicillin.

Chung E. coli TOP10 (Invitrogen) duoc dung
dé nhan ban plasmid. Chung E. coli C41(DE3)
(Invitrogen) dugc ding dé tao dong va biéu hién
protein muc tiéu véi sy cam tng cua IPTG. Té bao
kha nap E. coli TOP10 va E. coli C41(DE3) duoc
tao ra bang phuong phap CaCl2 lanh.

Phuong phap PCR két hop A-tailing

Phuong phap PCR duoc sir dung dé tong hop
doan DNA mang gen ALT2 c6 gén trinh ty cét gioi
han Ndel ¢ dau 5’ va Xhol ¢ dau 3’(duoc goi la
doan Ndel-ALT2-Xhol trong bai bao nay). Buéc
A-tailing duoc két hop & cudi phan tng PCR gitp
gan thém Adenine vao dau 5’ ciia hai mach cua san
pham PCR.

Gen ALT2 duoc khuéch dai bang Tag DNA
Polymerase (BioLabs) tir khuon la vector pUNI51
mang trinh ty ma héa ALT2. Mdi xudi (Ndel-
ALT2-F. 5-CATATGGGTGGGTTCCATGAG-
3) va mdi nguwoc (Xhol-ALT2-R: 5-
CTCGAGATCGACCAAGTGTTGACA-3') dugc
thiét ké c6 gan thém trinh tu nhan biét caa enzym
cit gigi han Ndel va Xhol nham hd trg viéc chén
doan gen ALT2 vao vung MCS2 cua vector
PETDuet-1 & cac budc sau. Bé thu nhan hiéu qua
doan Ndel-ALT2-Xhol, ching t6i tién hanh gin
doan Ndel-ALT2-Xhol nay vao vector pPGEM-T
(Promega) trudc, va do d6 can gan thém Adenine
vao dau 5’ cua hai mach doan DNA nay théng qua
phan tng A-tailing dugc két hop vao giai doan kéo

dai & budc cudi cung trong phan ung PCR. Chi tiét
chu trinh nhiét cho phan ing PCR két hop A-
tailing nhu sau: 95 °C/30 giay; 36 x
(95 °C/20 gidy, 52 °C/20 gidy, 72 “C/40 gidy); bd
sung thém 0,2 ul Taq DNA Polymerase va 0,2 uL
dATP (10 mM); 72 °C/5 phut; 4 °C/oo.

Phwong phap thu hdi va tinh sach DNA tir gel
agarose

San pham cua phan tng PCR két hop A-
tailing dugc chay dién di trén gel agarose 1 %,
doan Ndel-ALT2-Xhol c6 mang Adenine & diu 5’
cua hai mach dugc tinh sach tir gel bang bo kit
Expin™ Gel SV (GenAll) va duoc béo quan & -20
°C dé lam nguyén liéu tao dong ¢ cac budc sau.

Phwong phap gin doan Ndel-ALT2-Xhol vao
vector pGEM-T

Poan Ndel-ALT2-Xhol c6 mang Adenine &
dau 5’ cua hai mach duoc chén vao vector pGEM-
T théng qua phan tng néi dugc XUc tac boi enzyme
T4 DNA ligase, tao plasmid pGEM-T-Ndel-
ALT2-Xhol. Hon hop phan tng ni dugc bién nap
vao té bao kha nap E. coli TOP10 bing phwong
phap séc nhiét. Sau do, thé bién nap E. coli
TOP10/pGEM-T-Ndel-ALT2-Xhol dugc nudi céy
trén dia méi truong LB rin (10 g/L tryptone, 5
g/L cao ndm men va 5g/L mubi NaCl) c6 bd
sung ampicillin véi nong do cudi 1a 100 pg/mL.
Thu nhan cac khuan lac don moc Ién, tién hanh
phan ting PCR khuan lac véi cap mdi Ndel-ALT2-
F va Xhol-ALT2-R, véi chu trinh nhiét 95 °C/30
gidy; 36 x (95 °C/20 giay, 52 °C/20 giay, 72 °C/40
gidy); 72 °C/5 phut; 4 “C/eo dé sang loc cac khuan
lac cua dong té bao E. coli TOP10 mang plasmid
PGEM-T-Ndel-ALT2-Xhol. Dong té bao E. coli
TOP10/pGEM-T-Ndel-ALT2-Xhol dugc nudi
nhan sinh khdi va plasmid pGEM-T-Ndel-ALT2-
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Xhol duoc tach chiét bang bo kit StrataPrep
Plasmid Miniprep Kit (Agilent Technologies).
Plasmid pGEM-T-Ndel-ALT2-Xhol dugc cit ma
vong véi enzyme Ndel va duoc dién di song song
vé6i thang DNA chuan 1 kb trén gel agarose 1 % dé
kiém tra kich thudc cua plasmid.

Phuong phap tao dong gen ALT2 vao vector
PETDuet-1

Plasmid pGEM-T-Ndel-ALT2-Xhol dugc
cét boi hai enzyme cit gigi han Ndel va Xhol. San
pham cit dugc dién di trén gel agarose 1 %. Poan
Ndel-ALT2-Xhol duoc thu hdi va tinh sach tir gel
agarose, sau d6 dugc néi vai vector pETDuet-1 da
dugc cit ma vong véi Ndel va Xhol. H3n hop
Phwong phap biéu hién ALT?2 trong té bao vi
khuén E. coli C41(DE3)

Plasmid pETDuet-1-ALT2 dugc bién nap
vao té bao kha nap E. coli C41(DE3) bang phuong
phép séc nhiét. Khuan lac don ciia dong té bao E.
coli C41(DE3) d3 duoc bién nap pETDuet-1-
ALT2 duoc cho vao 1 mL méi treong LB léng c6
bd sung ampicillin véi ndng do cudi 1a 100 pg/mL
va duoc nudi cdy lic hoat héa qua dém. Ciy
chuyén 0,1 mL dich nudi ciy sang 30 mL mdi
truong LB long ¢6 bd sung ampicillin véi nong do
cudi 12 100 pg/ml va tiép tuc nubi cdy ¢ 37 °C voi
toc do lac 200

vong/phdt. Khi OD600 dat 0,6-1, bd sung
IPTG dén nédng do cudi 1a 0,25 mM, va tiép tuc
nudi cy lic 200 vong/phat & 37 °C trong 3,5 gid.
Dich nuéi ciy vi khuan E. coli C41(DE3) mang
vector pETDuet-1-ALT2 duoc thu nhan cho buéc
phan tich tiép theo.

Thi nghiém dbi chimg duoc thuc hién twong
tu voi té bao E. coli C41(DE3) duoc bién nap
vector pETDuet-1 trong, khéng mang gen ALT2.

phan &g néi dugc bién nap vao té bao kha nap E.
coli TOP10. Cac budc sang loc dong té bao E. coli
TOP10 mang plasmid pETDuet-1-ALT2 va
phuong phap tach chiét va kiém tra kich thudc
plasmid pETDuet-1-ALT2 dugc thuc hién tuong
ty nhu mé ta trong muc “Phwong phap gan doan
Ndel-ALT2-Xhol vao vector pGEM-T”. Trinh ty
nucleotide ctia gen ALT2 trén vector pETDuet-1-
ALT2 duoc xac dinh theo phuong phép cai tién
trén may BigDye® Terminator v3.1 cua cong ty
First BASE, Malaysia vgi moi T7 Terminator. Két
qua giai trinh ty dwoc kiém tra bang phan mém
BioEdit dé phat hién céc 13i bat cap do enzym
DNA Taq polymerase tao ra trong qua trinh PCR.

Phwong phap xac dinh thanh phan
methylketone trong dich nuéi ciy vi khuin
E. coli C41(DE3)/pETDuet-1-ALT2

30 ml dich méi trwong nudi ciy vi khuan
E. coli C41(DE3)/pETDuet-1-ALT2 dugc dun
néng & 75 °C trong 30 phut va 1 mL hexane dugc
thém vao dé chiét xuit cac hop chat methylketone
vao pha hexane. Thanh phan methylketone hoa tan
trong pha hexane dwoc phan tich bang phuong
phép sic ky khi (GC). Hé théng GC Agilent 6890
N duoc sir dung véi ¢t HP innowax, 30 m x 250
um x 0,25 pm (chiu nhiét &6 cao nhét la 250 °C)
va dau do FID. Chuong trinh nhiét 6 chay trong
31 phat nhu sau: nhiét do tiém (giai hap) 250 °C,
nhiét d¢ dau do 250 °C, nhiét d6 dau 50 °C, ting
15 °C/1 phat dén 160 °C, tang 5 °C/1 phut dén 240
°C giir trong 10 pht. Cac hop chat methylketone
thoét ra tir dich nudi cay duoc xac dinh théng qua
viéc so sénh thoi gian Iuu véi cac chat chuan 2-
nonanone (9C), 2-undecanone (11C), 2-
tridecanone (13C) va 2-pentadecanone (Sigma-
Aldrich).

Thi nghiém dbi chimg duoc thuc hién twong
tu voi dich méi truedng nudi ciy vi khuan E. coli
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C41(DE3) d dwoc bién nap vector pETDuet-1
tréng, khdng mang gen ALT2.

Kiém tra sy biéu hién gen ALT?2 bing phwong
phap dién di SDS-PAGE

10 ml dich mai trueong nudi ciy vi khuan E.
coli C41(DE3)/pETDuet-1-ALT2 duoc cam ang
biéu hién gen ALT2 bang IPTG duoc ly tdm thu
sinh khéi. Hoa tan sinh khéi trong 500 pL dém ly
giai (100 mM NaCl; 10 mM Tris; 1 mM EDTA,;
10 % glycerol; pH 8) va phé v& mang té bao bang
s6ng siéu am. Dich sau khi pha mang té bao dugc
chia lam hai phan: phan 1 (100 pL) duoc sir dung
lam dich protein tong sb, phan 2 (300 uL) duoc ly
tdm. Sau khi ly tam, phan dich néi chtra protein

KET QUA VA THAO LUAN

Téng hop doan gen ALT2 6 gén trinh ty cat
giéi han Ndel & diu 5’ va Xhol & dau 3’ (Ndel-
ALT2-Xhol)

Két qua khuéch dai doan DNA chra trinh tu
mé héa ALT2 c6 gin thém trinh tu nhan biét cua
enzyme cat gi¢i han Ndel ¢ dau 5° va Xhol ¢ dau
3’ bang ky thuat PCR két hop A-tailing (Hinh 3)
cho thdy & giéng 1 xuét hién mot vach nam dudi
vach 500 bp cua thang chuan va dugc dy doéan 1a
tuwong duong vai kich thude 426 bp ciia gen ALT2.
Poan Ndel-ALT2-Xhol d& dwoc gin thém
Adenine vao dau 5’ cua hai mach duoc chén vao
vector pGEM-T ¢6 mang Thymidine dau 3’cua

hai mach nho su xic tdc cua enzyme T4 DNA
ligase. Hon hop phan wng ndi dwoc bién nap vao
té bao kha nap E. coli TOP10. Két qua sang loc
dong té bao TOP10 cd mang plasmid pGEM-T-
Ndel-ALT2-Xhol bang phan tng PCR khuan lac
(Hinh 4) cho thay ¢ giéng 1 xuat hién 1 vach c6
kich thudc twong dwong vai kich thudce 426 bp caa
gen ALT2 (duéi vach 500 bp cua thang chuan),

tan, con phan tua chira cac protein khong tan dugc
huyén phu lai trong 300 uL dém ly giai. Tién hanh
dién di SDS-PAGE dung dich chira protein tong
s6, protein tan, protein khong tan dé phan tich su
biéu hién gen ALT2 trong té bao E. coli
C41(DE3)/pETDuet-1-ALT2.

Thi nghiém dbi chimg duoc thuc hién twong
tu voi dich méi truedng nudi cay vi khuan E. coli
C41(DE3) d dwoc bién nap vector pETDuet-1
tréng, khong mang gen ALT2 va dich méi truong
nudi cay vi khuan E. coli C41(DE3)/pETDuet-1-
ALT2 khéng dugc cam ung biéu hién gen ALT2
bang IPTG.

chung t6 khudn lac dwoc st dung twong tng voi
dong té bao TOP10 mang plasmid pGEM-T-Ndel-
ALT2-Xhol. Nguoc lai, & giéng 2 khong xuat hién
mét vach nao, ching to khuan lac dwoc st dung
twong (g véi dong té bao vi khuan khéng duoc
bién nap plasmid pGEM-T-Ndel-ALT2-Xhol.

Plasmid pGEM-T-Ndel-ALT2-Xhol duoc cat
mé& vong véi enzyme cét giéi han Ndel, va duoc
chay dién di trén gel agarose 1 %. Két qua dién di
(Hinh 5) cho thdy c6 1 vach (giéng 1) tai vi tri
twong tng gita vach 3000 bp va 4000 bp cua
thang chuan DNA (giéng 2) phu hop veéi kich
thudc du doan cua plasmid pGEM-T-Ndel-ALT2-
Xhol la khoang 3432 bp. Nhu vay, ching téi da
gin duwoc doan Ndel-ALT2-Xhol vao vector
pPGEM-T tao plasmid pGEM-T-Ndel-ALT2-Xhol.

Plasmid pGEM-T-Ndel-ALT2-Xhol duoc cat
boi hai enzym cit giéi han Ndel va Xhol. San
pham cit dugc dién di trén gel agarose 1 %. Poan
Ndel-ALT2-Xhol duogc thu hdi va tinh sach tir gel
agarose.
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500bp
426b

Hinh 3. Két qua phan tng
PCR ket hop A-tailing khuéch
dai gen ALT2. 1, san phéim
PCR; 2, thang chuén DNA 1kb

Hinh 4. Két qua sang loc dong té bao
TOP10/pGEM-T-Ndel-ALT2-Xhol b:?mg
phan tmg PCR khudn lac. 1, dong té bao

TOP10 khong dugc bién nap plasmid

PGEM-T-Ndel-ALT2-Xhol; 2, dong té bao
TOP10 duoc bién nap plasmid pGEM-T-

500bp

Hinh 5. Két qua kiém tra kich
thudc plasmid pGEM-T-Ndel-
ALT2-Xhol. 1, plasmid pGEM-
T-Ndel-ALT2-Xhol duoc cét
mé& vong bang Ndel; 2, thang
chuén DNA 1 kb

Ndel-ALT2-Xhol; 3, thang chuén DNA 1

Tao dong gen ALT2 vao vector pETDuet-1

Doan trinh tu Ndel-ALT2-Xhol duoc thu nhan
bang cach cit plasmid pGEM-T-Ndel-ALT2-Xhol
bang cip enzyme cit gisi han Ndel va Xhol. Poan
trinh tu nay sau d6 duoc ndi voi vector pETDuet-
1 da duoc cat ma vong véi hai enzyme cét gisi han
trén. Hon hop phan ting ndi duoc bién nap vao té
bao kha nap E. coli TOP10. Két qua sang loc dong
té bao E. coli TOP10 mang plasmid pETDuet-1-
ALT?2 duoc thyuc hién bang phan tng PCR khuan
lac v&i mdi xudi DuetUP2 va mdi nguoc Xhol-
ALT2-R (Hinh 6) cho thiy & giéng 2 xuat hién 1
vach c6 kich thuéc twong duwong véi kich thudc du
doan 1 540 bp, ching to khuan lac dugc st dung

la cua dong té bao vi khuan E. coli TOP10 duoc
bién nap thanh cong

plasmid pETDuet-1-ALT2.

Plasmid pETDuet-1-ALT2 duoc cit mé vong
V6i enzyme cat gioi han Ndel, va duoc chay dién
di trén gel agarose 1 %. Két qua dién di (Hinh 7)
cho thay ¢6 1 vach (giéng 1) tai vi tri trong tmg
gitta vach 5000 va 6000 bp cuia thang chuan (giéng
2) phu hgp véi kich thudc dy doan cta plasmid
pETDuet-1-ALT2 la khoang 5789 bp. Két qua giai
trinh ty gene ALT2 trong plasmid pETDuet-1-
ALT2 (Hinh 8) cho thay trong qué trinh tao dong
gene ALT2 vao vector pETDuet-1 da khdng xuat
hién dot bién nao lam thay ddi trinh ty gene ALT2.
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Nhu vay, ching téi dd tao dong thanh cdng gene
ALT2 tir Arabidopsis thaliana vao ving MCS2
cua vector pETDuet-1.

500bp

Hinh 6. Két qua sang loc dong té bao E. coli

TOP10/pETDuet-1-ALT2 bang phéan tmg PCR kpuém lac. 1,
thang chuan DNA 1 kb; 2, san pham PCR khuén lac ctia
dong té bao E. coli TOP10 duoc bién nap thanh cong

plasmid pETDuet-1-ALT2

Hinh 7. Két qua kiém tra kich thudc vector
PETDuet-1-ALT2. 1, thang chuén DNA 1 kb; 2,
plasmid pETDuet-1-ALT2 dugc cit mé vong
bing Ndel

DuetUP2 Primer T7 promotor-2 lac operator
TTGTACACGGCCGCATAATCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAA
Ndel
CAATTCCCCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATACATATGGGTGGGTTCC

ATGAGATTGAACTTAAAGTTCGTGATTATGAATTGGATCAGTTTGGTGTTGTGAACAATG
CTGTTTACGCAAACTACTGCCAACACGGTCGACACGAGTTITATGGATAGTATCGGTATC
AACTGTAATGAAGTATCCCGTICTIGGTGGAGCCTTGGCAATTCCTGAGTTAACAATAAA
GTTCCTTGCACCTTTACGTAGTGGATGTAGGTTTGTGGTGAAAACGAGGATATCGGGGA
TATCTTTGGTGCGCATTTACTTITGAACAGTTCATCTTTAAACTTCCAAATCAAGAGCCTA
TITTGGAGGCAAAAGGAACGGCTGTGTGGCTTGACAACAAGTACCGGCCTACTCGTGTC
Xhol

CCATCTCATGTACGCTCATATTTTGGTCACTTCCAGTGTCAACACTTGGTCGATCTCGAG
S.Tag

TCTGGTAAAGAAACCGCTGCTGCGAAATTTGAACGCCAGCACATGGACTCGTCTACTAGCGC

Hinh 8. Két qua giai trinh tu plasmid pPETDuet-1-ALT2 v6i mdi T7 Terminator. Poan trinh tu dugc in dam 13

trinh ty m& héa protein ALT2 dugc tao dong vao vector pETDuet-1

Biéu hién tai t6 hop protein ALT2 trong té bao
vi khuan E. coli C41(DE3) va xac dinh thanh
phan 2-methylketone thoat ra tir dich nudi cay

Plasmid pETDuet-1-ALT2 duoc bién nap
vao té bao kha nap E. coli C41(DE3). Dong té bao
vi khuin E. coli C41(DE3) c6 mang plasmid
pPETDuet-1-ALT2 c6 kha ndng moc trén moi
truong LB c6 bd sung ampicillin s& duoc chon dé
nudi cdy cam ung biéu hién tai to hop protein
ALT2 bang IPTG. Két qua & Hinh 9 cho thay khi

dun néng dich nudi ciy té bao vi khuan E. coli
C41(DE3) mang vector tréng pETDuet-1 khong
chua gen ALT2, chi ¢6 mot luong khong dang ké
2-nonanone (9C) va 2-tridecanone (13C) duoc
phat hién, ddng thoi khong phét hién dugc su thoat
ra 2-undecanone (11C) (Hinh 9D, E). Két qua
phén tich GC-FID ciing cho thay khdng c6 su khac
biét rd rang gitta sic ky d6 md ta cac hop chét
methylketone thoét ra tir dich nudi ciy té bao E.
coli C41(DE3)/pETDuet-1 da dugc xi ly ¢ 75 °C
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v6i dich nudi cdy t¢& bao E. coli
C41(DE3)/pETDuet-1 chua duoc xit Iy nhiét do,
dé nghi rang khong cé hodc cé rat it 3-ketoacid
hién dién trong dich méi trueong nudi cy té bao E.
coli C41(DE3)/pETDuet-1. Nhiing két qua thu
dugc tir thi nghiém ddi chung nay mot lan nira
cung ¢ nhing di liéu thyc nghiém da duoc cong
bd bai Yu (2010) va Pulsifer (2014), chiing minh
chang vi khuan E. coli khéng duoc bién nap gene
ma hdéa enzyme 3-ketoacyl-ACP thioesterase
(ShMKS2 hodc ALT?2) khéng sinh ra hoac chi tao
ra lugng khong dang ké cac 3-ketoacid trong moi
truong nudi cdy. Trong khi d6, dich méi truong
nudi cay té bao E. coli C41(DE3) c6 mang plasmid
PET-Duet-1-ALT2 duoc cam ting biéu hién tai to
hop protein ALT2 bing IPTG khi dugc dun néng
& 75 °C, sinh ra mot lwong 16n c&c san pham cudi
methylketone chudi carbon ngan va trung binh bao
gom 2-nonanone (9C), 2-undecanone (11C) va 2-
tridecanone (13C) (Hinh 9B) so voi mau chua
dugc xir ly nhiét do (Hinh 9C) va véi mau ddi
chitng am (Hinh 9D). Sy hién dién cua 2-
heptanone (7C) chua dwoc khang dinh trong thi
nghiém nay do con thiéu chat chuan tuong ung.
Nhu viy, ¢ té& bao vi khuin E. coli
C41(DE3)/pETDuet-1-ALT2, chinh  enzyme
ALT?2 da sir dung cac co chit sin ¢ trong té bao
vi khuan dé tong hop va tiét ra méi trudng nudi
cay cac 3-ketoacid va sy decarboxyl héa cac 3-
ketoacid ndy & nhiét do cao dan dén sy tao thanh
c4c san pham cudi methylketone twong tng. Trong
nghién cau cua Pulsifer va cong sy (2014), ALT2
dugc biéu hién trong té bao vi khuan E. coli K27
khuyét gen FadD, gen mé h6a enzyme acyl-CoA
synthetase [6]. O chung vi khuan khuyét enzyme
acyl-CoA synthetase, cac acid béo tu do duoc tao
ra s& duoc tich iy va phong thich ra méi truong
nudi cdy thay vi duoc hoat héa thanh acyl-CoA va
phén hay theo con duong p-oxy héa. Nhém nghién
cau cia Pulsifer d4 sir dung ching vi khuan nay

dé biéu hién cac enzyme acyl-lipid thioesterase
ALT nham gia tang su tiét ra méi truong nudi cay
céc acid béo ty do dugc tong hop boi cac enzyme
ALT dugc khao sat. Tuy nhién, nhdm nghién ctu
nay sau d6 da chung minh rang ALT2 khéng thé
hién hoat tinh acyl-ACP thioesterase véi co chat
thue nghiém lauroyl (12:0)-ACP nhu ALT1, 3 va 4
[6]. Nhu vay, y nghia cta viéc st dung chung E.
coli K27 khuyét gen FadD khi so sanh véi viéc sir
dung céc dong té bao E. coli khac khong mang dot
bién gen trén 1am té bao chu biéu hién gene ALT2
ciing chwa duoc thé hién rd qua nhiing dix liéu thuc
nghiém duoc cong b bai Pulsifer va cong su.

Két qua kiém tra sy biéu hién cua protein
ALT2 bang phuong phap dién di SDS-PAGE cho
thdy & cac mau protein tong s6 va protein khong
tan thu nhan tir té bao E. coli C41(DE3)/pETDuet-
1-ALT2 duoc cam ung biéu hién boi IPTG xuat
hién mot vach dam va & mau protein tan xuat hién
mét vach nhat hon nam gitra vach 14 va 22 kDa,
phu hop véi kich thudce du doan cta protein ALT2
(17 kDa) trong khi chung ddi ching E. coli
C41(DE3) chua vector pETDuet-1 khéng mang
gene ALT2 khéng cho vach tuong tng & vi tri trén.
Bén canh do, khi khong duoc cam ung biéu hién
boi IPTG, chung E. coli C41(DE3)/pETDuet-1-
ALT2 khong biéu hién protein ALT2 nay, ching
t6 protein ALT2 chi duoc biéu hién khi ¢6 su cam
ng caa IPTG. Piéu dang chu y trong két qua chay
dién di phan tich protein SDS-PAGE la protein
ALT2 da s6 ¢ pha khong tan va chi hién dién rét it
& pha tan mac du hoat tinh cua enzyme ALT2 van
duoc thé hién rd qua két qua phan tich san pham
cudi methylketone dugc tao ra bang k§ thuat GC-
FID (Hinh 9). Nhiing két qua nay s& cung cip thém
co s& khoa hoc va minh ching cho su can thiét tién
hanh cac thi nghiém téi wu héa kha ning tong hop
methylketone cua chung vi khuan trong cac
nghién cuu tiép theo.
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Hinh 9. Séc ky 6 mé ta cac hop chét methylketone thoét ra tir dich nuéi cdy té bao E. coli C41(DE3) biéu hién
vector pETDuet-1 hoac vector pETDuet-1-ALT2. A, cac chét chuan methylketone. B, dich nudi cay té bao E. coli
CA41(DE3)/pETDuet-1-ALT2 dd dugc xur Iy ¢ 75 °C. C, dich nudi cy té bao E. coli C41(DE3)/pETDuet-1-ALT2
chua dugc xtr Iy nhiét do. D, d1ch nuoi cay té bao E. coli C41(DE3)/pETDuet-1 d4 duge xtt Iy &

75 °C. E, dich nuéi ciy té bao E. coli C41(DE3)/pETDuet-1 chua duge xir 1y nhiét do.
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KET LUAN

Bing cac ky thuat sinh hoc phan tir, ching toi
d4 tao thanh cong dong té bao E. coli C41(DE3)
c6 mang vector tai t6 hop pETDuet-1-ALT2.
Dong té bao nay biéu hién tai to hop enzyme acyl
thioesterase 2 (ALT2) c6 kha nang

s dung co chat 3-ketoacyl-ACP duoc sinh ra
trong con dwdng sinh tong hop acid béo cia té bao
E. coli dé tao thanh cac 3-ketoacid chudi ngan va
trung binh. Sy tong hop protein ALT2 d4 dugc
kiém ching bang dién di SDS-PAGE va cac san
pham 3-ketoacid chudi ngn va trung binh da duoc
xéac dinh mot cach gian tiép thong qua xac dinh cac
hop chat methylketone chudi ngan va trung binh
twong tmg duoc tao thanh sau khi dun nong dich

Cloning and expression of

moi truong nudi cdy ¢ nhiét do cao. Hién nay,
nhém nghién ciru d4 va dang thyuc hién biéu hién
gene ShMKS2G129W vao ving MCS1 cua vector
tai t6 hop pETDuet-1-ALT2 va s& khao sat céc
diéu kién nudi cdy va cam tmg khac nhau nham tdi
wu hoa kha nang sinh tong hop methylketone cua
chang vi khuan, dic biét 1a cac methylketone
chudi ngén huéng dén quy mé san xuat 16n hon
can cho cac tng dung rong rai caa nhom hop chét
nay.

Lo cam on: Nghién citu nay duwoc tai tro béi Quy phat
trién khoa hoc va cong nghé qudc gia (NAFOSTED) trong dé
tai ma sé 106-NN.02-2013.35. Nhém nghién cizu chan thanh
cam on PTN Phan tich trung tam, Truong Dai hoc Khoa hoc
Twnhién ,PHOG-HCM d4 hd tro phan tich mdu bang ky thugt
GC-FID.

the acyl

thioesterase 2 (ALT2) gene in Escherichia
coli for producing short- and medium-chain

2-methylketones

e Khuat Le Uyen Vy
¢ Do Phuong Thao
e Nguyen Thi Hong Thuong

University of Science, VNU-HCM

ABSTRACT

2-Methylketones are organic compounds
that are more widely used in the food industry
and cosmetics. Some of methylketones found
in plants act as pheromones and natural
insecticides. Recently, methylketones have
been recognized as strong candidates for the

production of renewable energy as they
possess not only favourable cetane numbers
but also lower hydrophilicity and melting
points than fatty acids which have been used
in biodiesel production. In addition, short
chain methylketones have much lower
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melting points than long chain methylketones.
In this study, we cloned and expressed in
Escherichia coli C41(DE3) cells a gene for
acyl thioesterase 2 (ALT2) isolated from
Arabidopsis thaliana. The ALT2 enzyme
could hydrolyze 3-ketoacyl-ACP (also called
B-ketoacyl-ACP) intermediates in the fatty
acid biosynthetic pathway into the
corresponding 3-ketoacid. The resulting 3-
ketoacids are unstable compounds that will
be decarboxylated to produce n-1

methylketones. Methylketones released in
the growth medium of E. coli expressing ALT2
were extracted by hexane and analyzed by
gas chromatography with the flame ionization
detector (GC-FID). The results showed that
the E. coli C41(DE3) cells expressing ALT2
recombinantly produced 2-nonanone (9C), 2-
undecanone (11C) and 2-tridecanone (13C)
in the spent medium when were induced with
0.25 mM IPTG at 37 oC for 3.5 hours.

Keywords: 2-methylketones, acyl thioesterase 2 (ALT2), Arabidopsis thaliana, pETDuet-1,

E. coli C41(DE3), GC-FID.
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