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TAO DONG BIEU HIEN malQ TU ESCHERICHIA COLI K12
VA XAC PINH PIEU KIEN HOAT PONG TOI UU CUA
ENZYM MalQ

Tran Phwong Lan', Park Kwan-Hwa’ va Park Jong-Tea’
ABSTRACT

The gene of malQ encoding 4-a-glucanotransferase (amylomaltase) is located in the
malPQ operon of Escherichia coli K12. It has an open reading frame of 2082 nucleotides
encoding 694 amino acid residues of a 72 kDa protein. In an effort to understand the
function of this enzyme from E. coli, MalQ was overexpressed by constructing in pET29b.
The optimal reaction condition of MalQ was at 37°C, in 200 mM sodium acetate buffer,
pH 6.5.
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TOM TAT

Gen malQ gidai ma enzym 4-a-glucanotransferase (amylomaltase) dwoc dinh vi trong
malPQ operon cua Escherichia coli K12. Gen malQ co 2082 nucleotide ma hoa 694
amino acid hinh thanh protein c6 trong lwong phdn tir la 72 kDa. Pé tim hiéu ddc tinh
ciia enzym nay tir E. coli, MalQ dwoc biéu hién b&ng cdch bién nap trong vector pET29b.
Piéu kién hoat dong 16i thich cia enzym MalQ dwoc xac dinh ¢ nhiét do 37°C, pH 6.5
trong dung dich sodium acetate 200 mM.

Tir khoa: 4-a-glucanotransferase, amylomaltase, E. coli K12, malQ

1 PAT VAN PE

Hé¢ théng maltose/maltodextrin cta E. coli bao gdm 10 gen qui dinh két hop, diéu
khién tong hop cac proteln lién quan dén hiéu qua st dung maltose va cac
maltodextrin nhu mot ngudn carbon va ning luong [2]. Trong té bao chit, MalQ
dugc biéu hién voi glucan phosphorylase va ca hai co vi tri trén cing operon.
Protein nay dugc xac dinh 1a thanh phﬁn cua hé théng van chuyén va su dung
maltooligosaccharide [4]. Pé hiéu va xac dinh dic tinh cua MalQ, “Tao dong biéu
hién malQ tir Escherichia coli K12 va xac dinh diéu kién hoat dong t6i wu cua
enzym MalQ” dugc thuc hi¢n.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Chung vi sinh vat

Chuing ,vi khuén E. coli K1’2, do giao su W. Boos ¢ truong Pai hoc Konstanz- Pirc
cung cap, st dung cho chiét tich DNA muc ti€u; Chung E. coli BL 21 (DE3) duogc
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sir dung lam vét chii cho biéu hién dong gen. E. coli dugc nudi cdy trong mdi
truong Luria-Bertani (LB) [1% tryptone, 0,5% yeast extract va 1% NaCl] co bd
sung 20 pg/ml kanamycin khang sinh khi can dé lam nhén t5 chon loc.

2.2 Tao dong gen malQ & E.coli K12

Duya vao trinh tu gen malQ cua E. coli K12 trong ngan hang gen, cip mdi malQ-
Ndel R (5’-AAACGCTAAGGAAGCCATATGGAAAGC-3’) va malQ-Xhol F
(5-AACCGCACTCTCGAGCTTCTTCGCTGCAGC-3") dugc thiét ké dé ding
cho PCR. PCR duogc thyc hién trong thiét bi thermal cycler v6i 34 chu ky. Trong
mdi chu ky, giai doan 1 ning nhiét dén 94°C, 30 gidy; giai doan 2 ha nhiét xuéng
55°C, 30 gidy; giai doan 3 ning nhiét dén 72°C, 135 gidy. Thanh phan phan tng
PCR gém 100 pl trong d6 dung dich dém [10 mM Tris/pH 8.85; 25 mM KCI; 5
mM (NH,),SO4; 2 mM MgSOy; 0.2 mM mdi dNTP (dATP, dGTP, dCTP, dTTP) ],
50~100 ng DNA ban miu, 50 pmole mdi xudi va mdi nguoc, 2.5U Ex Taqg DNA
polymerase. San pham PCR dugc dugce tinh sach bang QIAprep Spin Miniprep Kit
(QIAGEN, Germany) va cit bang Ndel va Xhol. Poan gen malQ duoc ndi vao
vector pET-29(+)(T7 promoter, N-terminal His, tag, Kan" , Novagen Inc., Madlson
Wis.) tai Ndel va Xhol nho T4 DNA ligase. Thanh phan phan tng nbi gdm
plasmid pET29-malQ[His] va gen malQ. San phim ndi sau d6 dugc bién nap vao
E. coli BL21(DE3).

2.3 Sén xuit va tinh sach MalQ

San phérn ndi sau khi duoc bién nap vao E. coli BL21(DE3) sé duoc chon loc dua
trén kiéu hinh khang kanamycin. Cac khuan lac du tuyén duoc kiém ching bang
phuong phap PCR khuan lac st dung cip mdi malQ-Ndel R va malQ-Xhol F cua
gen malQ. Phuong phap ban d6 cat han ché ciing duoc st dung dé kiém tra
plasmid thu duoc [1]. Bién nap pET29-malQ vao E.coli BL21 (DE3). Chung biéu
hién sau khi bién nap dugc nudi ¢ 37°C trong moi truong Luria-Bertani (LB) long
hodc LB agar ¢ bd sung 20 pg/ml kanamycin. Sy biéu hién ctia gen dugc diéu tiét
bang cach thém isopropyl-B-D-thiogalactopyranoside (IPTG). Té bao thu duoc
bang cach ly tam (12,000 rpm, 10 phut). Té bao dwoc pha v trong thiét bi VC-
600, Sonics & Materials Inc. Enzym tho duge chiét tich bang ly tim (12,000 rpm,
4°C, 15 phit) va tinh sach bang nhua nickel-nitrilotriacetic acid (Ni-NTA) trong
ot sic ky Poly-Prep®. Protein muyc tiéu duoc thim tach lai trong dung dich dém
50 mM Tris-HCI pH 7.5. Nong d6 protein dugc xac dinh bang phuwong phap
Bradford [3]. D6 tinh khiét va khdi lwong phan tir ciia protein tinh sach dwgc phan
tich bang 10% SDS-PAGE.

3 KET QUA NGHIEN CUU VA THAO LUAN

3.1 Tao dong biéu hién gen malQ tir E. coli K12

Dé tach gen malQ, doan gen 2082 bp cua gen nay duoc khuyéch dai tir nhiém ‘Sé:lC
thé DNA cua E. coli K12 bang PCR (Hinhl). San pham PCR dugc xu 1y bang
enzym gi6i han Xhol va Ndel va sau d6 dugc chuyén vao vector pET29b véi vi tri
gio1 han tuong tng. DNA tai t6 hop dugc chuyén vao E. coli BL21 (DE3). Trinh
tu nucleotide cia doan malQ trong pET29b-malQ[His] dugc tham dinh qua phan
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tich trinh ty DNA (Biomedic-Korea) xac dinh khong c6 sai sot trong sudt qua trinh
PCR.

20
2.1 kb

1.5
1.0

0.75

M 1

Hinh 1: Phin tich agarose gel electrophoresis ciia sin phim PCR
Cét M: 1kb DNA chudn; Cot 1: san pham PCR
3.2 Céu triic co ban cia gen malQ

Khung doc md gen malQ bét dau bang start codon ATG ¢ nucleotide 3,292 va két
thic véi TAG codon ¢ nucleotide 1,208 giai ma chuoi polypeptide don ctia 694

amino acid (Hinh 2).

1 ATG GAA AGC AAA CGT CTG GAT AAT GCC GCG CTG GCG GCG
1 M E S K R L D N A A L A A

40 GGG ATT AGC CCC AAT TAC ATC AAT GCC CAC GGT AAA CCG
14 G 1 S P N Y 1 N A H G K P

79 CAG TCG ATT AGC GCC GAA ACC AAA CGG CGT TTG CTT GAC
27 Q S | S A E T K R R L L D

118 GCG ATG CAT CAA CGT ACC GCC ACG AAA GTG GCG GTA ACG
40 A M H Q R T A T K \% A \% T

157 CCA GTC CCG AAT GTC ATG GTT TAT ACC AGC GGC AAA AAA
53 P \Y P N \ M \ Y T S G K K

196 ATG CCG ATG GTG GTG GAG GGC AGC GGC GAA TAT AGC TGG
66 M P M \Y \ E G S G E Y S w

235 CTG CTG ACC ACC GAA GAA GGA ACG CAG TAC AAA GGC CAT
79 L L T T E E G T Q Y K G H

274 GTA ACG GGG GGC AAA GCG TTC AAT CTA CCG ACG AAG CTG
92 \ T G G K A F N L P T K L

313 CCG GAA GGT TAT CAC ACG CTG ACA CTC ACC CAG GAC GAC
105 P E G Y H T L T L T Q D D
352 CAG CGC GCG CAT TGC CGG GTG ATT GTC GCC CCG AAA CGC
118 Q R A H C R V 1 v A P K R
391 TGT TAC GAA CCG CAG GCG TTG CTG AAT AAA CAA AAG CTG
131 c Y E P Q A L L N K Q K L
430 TGG GGT GCC TGC GTT CAG CTT TAT ACG CTG CGA TCG GAA
144 w G A C V Q L Y T L R S E
496 AAA AAC TGG GGT ATT GGG GAT TTT GGC GAT CTC AAA GCG
157 K N W G | G D F G D L K A
508 ATG CTG GTG GAT GTG GCA AAA CGT GGC GGG TCG TTC ATT
170 M L v D V A K R G G S F 1
547 GGC CTG AAC CCG ATT CAT GCG CTC TAT CCG GCA AAT CCG
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183 G L N P 1 H A L Y P A N P
586 GAG AGC GCC AGC CCA TAC AGC CCG TCT TCT CGC CGT TGG
196 E S A S P Y S P S S R R W
625 CTG AAT GTG ATT TAT ATC GAC GTT AAC GCC GTT GAA GAT
209 L NV 1 Y 1 D V N AV E D
664 TTC CAT CTT AGC GAA GAG GCT CAG GCC TGG TGG CAG TTG
222 F H L S E E A Q A W W Q L

703  CCG ACC ACG CAA CAG ACG CTG CAA CAG GCG CGC GAT GCC
235 P T T Q Q T L Q Q A R D A
742  GAC TGG GTC GAT TAC TCC ACG GTT ACC GCC CTA AAA ATG
248 D W V D Y S T V T A L K M
781  ACA GCA TTA CGA ATG GCG TGG AAA GGT TTC GCG CAA CGT
261 T A L R M A W K G F A Q R
820  GAT GAT GAG CAG ATG GCC GCG TTT CGC CAG TTT GTT GCA
274 D D E Q M A A F R Q F V A
859  GAG CAG GGC GAC AGC CTG TTC TGG CAG GCA GCC TTT GAT
287 E Q G D S L F W Q A A F D
898  GCG CTA CAT GCC CAG CAA GTG AAA GAG GAC GAA ATG CGC
300 A L H A Q Q V K E D E M R
937  TGG GGC TGG CCT GCA TGG CCA GAG ATG TAT CAG AAC GTG
313 W G W P A W P E M Y Q N V
976  GAT TCA CCA GAA GTG CGT CAG TTC TGC GAA GAA CAT CGT

326 D T P E V R Q F C E E H R
1015 GAT GAC GTC GAT TTT TAT CTC TGG TTG CAG TGG CTG GCT
339 D D Vv D F Y L W L Q W L A

1054 TAC AGC CAG TTT GCC GCC TGC TGG GAG ATA AGC CAG GGC
352 Y S Q F A A C W E L S Q G
1093 TAT GAA ATG CCG ATT GGC TTG TAT CGT GAT CTG GCG GTT
365 Y E M P 1 G L Y R D L AV
1132 GGC GTA GCG GAA GGT GGG GCG GAA ACC TGG TGT GAC CGT
378 G v A E G G A E T W C D R
1172 GAA CTA TAT TGC CTG AAA GCA TCG GTT GGC GCG CCG CCG
391 E L Y C L K A S§ V G A P P
1210 GAT ATC CTC GGC CCG TTG GGG CAG AAC TGG GGA TTA CCG

404 D 1 L G P L G Q N W G L P
1249 CCA ATG GAC CCG CAT ATC ATC ACC GCG CGT GCC TAT GAA
417 P M D P H 1 | T A R A Y E
1288 CCG TTT ATC GAG CTG TTG CGT GCC AAT ATG CAA AAC TGC
430 P F | E L L R A N M Q N C
1327 GGC GCA TTA CGA ATT GAC CAT GTG ATG TCG ATG CTG CGT
443 G A L R | D H V M S M L R
1366 TTG TGG TGG ATA CCG TAT GGC GAG ACG GCA GAT CAG GGC
456 L w W 1 P Y G E T A D Q G

1405 GCG TAT GTT CAC TAT CCG GTG GAT GAT CTG CTC TCG ATT
469 AY vV H Y P V D D L L S |
1444 CTG GCA CTC GAA AGT AAA CGT CAT CGC TGT ATG GTG ATT
482 L A L E S K R H R C M V 1
1483 GGT GAA GAT CTC GGT ACC GTA CCG GTA GAG ATT GTC GGT
495 G E D L 6 T Vv P V E 1 vV G
1522 AAG CTG CGC AGC AGC GGT GTG TAC TCT TAC AAA GTG CTC
508 K L R § § G V Y S Y K V L
1561 TAT TTC GAA AAC GAC CAC GAG AAG ACG TTC CGT GCA CCG
521 Y F E N D H E K T F R A P
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1600 AAA GCG TAT CCG GAG CAG TCG ATG GCG GTT GCG GCG ACA

534 K A Y P E Q S M A VvV A A T
1639 CAT GAC CTG CCA ACG CTG CGC GGT TAC TGG GAG TGC GGG
547 H D L P T L R G Y W E C G

1678 GAT CTA ACG CTG GGC AAA ACC CTG GGG CTG TAT CCG GAT
560 D L T L G K T L G L Yy P D
1717 GAA GTG GTA CTG CGC GGT CTG TAT CAG GAT CGC GAA CTG
573 E v VvV L R G L Yy Q D R E L
1756 GCG AAG CAA GGG CTG CTG GAT GCA CTG CAT AAA TAT GGT
586 A K Q G L L b A L H K Y G
1795 TGT CTG CCG AAA CGT GCC GGG CAT AAG GCA TCG TTG ATG
599 C L P K R A G H K A S L M
1834 TCG ATG ACG CCG ACG CTG AAC CGT GGT TTG CAG CGC TAC
612 s M T P T L N R G L Q@ R Y
1873 ATT GCC GAC AGT AAC AGT GCT CTG TTA GGA CTA CAG CCG

625 | A D S N S A L L G L Q P
1912 GAA GAC TGG CTG GAT ATG GCC GAA CCG GTG AAT ATT CCT
638 E D w L b M A E P V N 1 P

1951 GGC ACC AGT TAC CAG TAT AAA AAC TGG CGA CGC AAG CTT
651 G T S Y Q Y K N W R R K L

1990 TCC GCA ACG CTT GAG TCG ATG TTT GCC GAT GAT GGC GTG
664 T A T L E S M F A D D G Vv

2029 AAC AAG TTG CTG AAG GAT TTG GAC AGA CGG CGC AGA GCT
677 N K L L K D L D R R R R A

2068 GCA GCG AAG AAG AAG TAG

690 A A K K K *

Hinh 2: Trinh tu chudi nucleotide ciia gen malQ

Trinh tw protein dy doan dwoc trinh bay bén dudi trinh tw DNA , (*) stop codon
3.3 Biéu hién va tinh sach MalQ tai t6 hop

Amylomaltase E. coli dugc giai ma boi gen malQ hop nhat v6i C-terminal Hisg tag
ctia vector pET29b va biéu hién duéi su kiém soat cuia promoter T7. Plasmid tai t6
hop duogc chuyén vao E. coli BL21 (DE3) va nudi céy trong moi truong LB chira
kanamycin (20 pg/ml) Gen biéu hién s& dugc diéu tiét bang cach bo sung IPTG
dén nong do cudi cung 1a 0.2 mM duge xem la thich hop ¢ mirc hép thu quang hoc
dat ¢én 0.6 (do & 600 nm). San pham MalQ tao ra trong E.coli dugc tinh sach bang
phuong phép sic ky i luc Ni-NTA. Két qua hoat tinh enzym duoc xac dinh bang
phwong phap Lugol’s [5] (Bang 1) cho thdy enzym dugc tinh sach 3 lan, véi san
luwgng dat dugce 1a 20% trong qua trinh tinh sach mgt budc va trong lugng phan tir
tuong duong 72 kDa (Hinh 3) twong quan véi trong lugng phén tr du doan tir trinh
tu amino acid ctia MalQ.
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Hinh 3: Phén tich SDS-PAGE ciia MalQ tai t6 hop dwgc biéu hién tir pET29b trong E. coli
BL21 (DE3)
Cét M: trong liwong phdn tir chudn; Cét 1: trong phan hoa tan ciia té bao dirge phd vé; Cot 2: MalQ sau khi tinh sach

Bang 1: Hoat tinh va ham luwgng protein ciia enzym MalQ qua cic buéc tinh sach

. Téng Protein Hoat Hoat tinh San n e
Budc Z . P . 2 in Do tinh
tinh sach the tich tong tinh tong riéng lwong sach
: (ml) (mg) (mU) (mU/mg) (%) :
Pha vo 20 242.7 3,000 12.4 100 1
te bao
Ni-NTA 4 18.1 600 33.2 20 3

3.4 Dac tinh ciia enzym MalQ
3.4.1 Anh hwéng cia nhiét do

Téc d6 phan tmg cua MalQ tang dan va dat t6i da ¢ nhiét ¢ 37°C, nhung sau do
hoat tinh ctia enzym giam nhanh & nhiét do trén 40°C. Vi vay, nhiét tdi thich cho
hoat dong ciia MalQ tai t6 hop 1a 37°C khi 0.05% (w/v) amylose trong 200 mM
sodium acetate bufer (pH 6.5) duoc sir dung lam co chat (Hinh 4).

120
S 100§
£ 80
o0
£ 60
=
£ 401
1
= 20
0 . . . .
20 30 40 50 60 70

Nhiét d (°C)
Hinh 4: Nhiét dd t6i wu ciia MalQ
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3.4.2 Anh hwéng cia pH va ion sodium

Pé xac dinh pH t6i wu ciia MalQ, hoat tinh twong d6i cia MalQ véi amylose duoc
do qua mot loat pH tir 4 dén 10. Dung dich dém dugc sir dung nhu sau: 50 mM
sodium acetate (pH 4.0 dén 6.0); 200 mM sodium acetate (pH 4.0 dén 6.5); 50 mM
sodium phosphate (pH 6.5 dén 8.0); and 50 mM Tris-HCl (pH 6.5 dén 10)
(Hinh 5). Enzym MalQ hoat dong t6t nhat & pH 6.5 vdi 0.05% (w/v) amylose trong
moi truong 200 mM sodium acetate; nguoc lai hoat tinh cua né kha thip trong
dung dich dém 50 mM sodium acetate.

120
—®— 50 mM Tris-HCI
100+ —O— 50 mM Na-phosphate
—_ —¥— 50 mM Na-acetate
N —v— 200 mM Na-acetate
= 80
3
=1
%" 60
g
= 40 1
£
g 20-
=
0-
3 4 5 6 7 8 9 10 11
pH
Hinh 5: pH tbi wu ciia MalQ
100
S
>~ 80
£
o0 °
£ 60
g
c
b= 40
=
=]
= 20 .
0 T T T T
0 50 100 150 200 250
Nong dé (mM)

Hinh 6: Anh hudng ciia ndng d9 dung dich dém sodium acetate trén hoat tinh ciia MalQ
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Hinh 7: Anh huong ciia ion sodium trén hoat tinh ciia MalQ

Hoat tinh cta enzym MalQ khéng bi uc ché boi ndng d6 ion sodium cao. Khi ndng
d6 sodium chloride dugc tang 1én tir 200 mM dén 500 mM trong dung dich dém 50
mM sodium acetate, hoat tinh cua enzym nay chi thay doi 11% (Hinh 6 va 7).

4 KET LUAN

V6i “tao dong biéu hién malQ tir Escherichia coli K12 va xac dinh diéu kién hoat
dong t6i wu cua enzym MalQ” bude dau cung cép cac dir liéu va thong tin co ban
cho cac nghién ctru vé dic tinh xuc tic ciia enzym nay dong thoi giup tim hiéu sau
hon vai tro ciia n6 trong hé thong chuyén hoa maltodextrin/glycogen cia E. coli.
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