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TAO DONG VA BIEU HIEN PROTEIN KOJA DUNG HOP
VO'1 SUMO TREN ESCHERICHIA COLI

Nguyén Quéc Thai', Dwong Mai Hong!, Vii Thanh Thao!, Trirong Phuwong!

TOM TAT.

Pat van dé: Acid kojic la mdt tdc nhan lam trang
da du’dc st dung pho bién trong my pham. Acid kojic
dugc san xuat bang perdng phap Ien men tr ndm,
qua trinh nay tén nhiéu thai gian va gia san pham tao
ra kha cao. Nghlen ciu gan day trén Asperglllus
oryzae da chi ra san pham ma hoa tir gen kojA o lién
quan dén phan (ng tdng hop acid kojic tUr glucose.
Muc dich: tao dugc protein KojA tai t6 hgp dang
dung hop véi SUMO trén Escherichia coli. Phudng
phap: Tao dong ching E. coli BL21(DE3) mang
pIasmld tai to hdp pET-SUMO-kojA cé kha nang biéu
hién protein KojA 6 dang dung hgp véi SUMO. Hoa tan
thé Vi KojA va tinh ché& thu nhan KojA bdng IMAC.
Két qua: Chung E. coli BL21(DE3) mang plasmid tai
t6 hdp PET-SUMO- kOJA c6 kha nang tao KojA V@i hiéu
suat cao G dang the VUI (m0| trerng TB, thém 0,1 mM
IPTG & 25°0). Thé vui cé kha nang hoa tan trong
dgng dich uré 6 M, pH 12 G 25°C va du‘dc t|nh ché
b&ng IMAC Vi hleu suat 37 mg/L dich nu0| cay. Két
luan: Nghién clru da tao dong thanh cong chung E.
coli BL21(DE3) mang plasmld tai to hgp pET-SUMO-
kojA co kha nang tao KojA vdi hiéu suat cao G dang
the vUi. Tinh ché proteln KojA thanh céng béng cot
sdc ky ai luc trén cot Ni Sepharose.

T khoa' acid kojic, gen kojA, pET-SUMO,
protein téi t& hap

SUMMARY
EXPRESSION OF PROTEIN KOJA FUSED

WITH SUMO IN ESCHERICHIA COLI

Background: Kojic acid is a skin-lightening agent
extensively used in cosmetic products. Kojic acid is
produced by fungal fermentation, which is time-
consuming, thus elevating the product’s price. Recent
studies in Aspergillus oryzae idicated that gene kojA
encodes for a protein involved in the synthesis of kojic
acid using glucose as substrate. Objectives: This
study aims to express recombinant KojA fused with
SUMO in Escherichia coli. Methods: Plasmid pET-
SUMO-KojA was transformed into E. coli BL21(DE3) for
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the expression of KojA protein with SUMO tag. KojA as
inclusion bodies was dissolved and purified by IMAC.
Results: The transformed bacteria can express KojA
with high vyield, nevertheless as inclusion bodies (TB
medium, 0.1 mM IPTG at 25°C). Inclusion bodies
could be dissolved in buffer containing 6 M urea, pH
12 at 25°C and purified by IMAC with the final yield of
37 mg/L culture. Conclusions: In this study, we have
successfully transformed E. coli BL21(DE3) with the
recombinant plasmid pET-SUMO-kojA. The bacteria
expressed KojA with high amount in inclusion bodies.
The insoluble protein could be completely dissolved
and the pure protein obtained by 1-step purification
using Ni-Sepharose column.

Keywords: kojic acid, kojA gene, pET-SUMO,
recombinant protein

I. DAT VAN DE

Cung Vi su phét trién ctia xa héi, nhu cau
vé lam dep ngay cang dudc quan tam, dac biét
la cic san pham lam dep va tréng da. Trong cac
thanh phan lam trdng da c6 ngudn géc tu’ nhién,
khdng thé khdng ké dén acid kojic—mdt chéat
chuyén hda thr cip, sinh ra bgi cac loai ndm
thudc chi Aspergillus. Tac dung lam tréng da cla
acid kojic la do Uc ché tyrosinase, mot enzym
then chét trong qua trinh hinh thanh sac t6 da
melanin. Hién nay acid kojic chi yéu dugc tng
hop bang phuong phap 1én men vdi cht]ng nam
phu hgp. Phugng phap san xudt nay van tén
nhiéu thoi glan (10-20 ngay), dan tdi gla thanh
acid kojic con kha cao [1]. Viéc cai tién san xudt
acid kojic theo xu hudéng sinh hoc téng hop
(synthetic biology) hodc cai tién chuyén hda
(metabolic engineering) dodi hoi phai hiéu rd vé
con dudng sinh téng hdp cla acid kojic.

Nam 2010, Terabayashi va cac cong su da
xac dinh trong con dudng sinh tdng hop acid
kojic & Aspergillus oryzae gen kojA c6 th€ ma
héa cho enzym oxy héa nhdm hydroxyl & vi tri C3
cla glucose thanh nhom ceton [2]. Pay la mot
enzym rat co tiém nang s dung lam chat xuc
tac sinh hoc trong nhdm carbohydrat oxidase.

DE& gép phan hiéu rd vai trd cua KojA trong
con dudng sinh téng hop acid kojic tir glucose,
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dong thdgi nghién clru tng dung KojA lam xuc tac
sinh hoc, nhém nghién c(u tién hanh biéu hién
gen kojA tai t& hgp trén Escherichia coli. Nghién
cttu du doan do tan cla KojA trudc day cho thay
day la mot protein khd tan do dé nhédm nghién
clru da thiét k& vector bi€u hién gen kojA ¢ gan
His-SUMO tag va st dung t6i uu hda codon cho
bi€u hién trén E. coli [3].

Il. PHUONG PHAP NGHIEN CUU

2.1. Tao dong E. coli BL21(DE3) mang
plasmid tai td hop pET-SUMO-kojA. Plasmid
pET-SUMO-kojA dugc t8i uu hod cho biéu hién
trén E. coli [3] dudc tdng hop bdi cdng ty
GeneScript (Piscataway, NJ, Hoa Ky). Té bao E.
coli BL21(DE3) kha nap dudc bién nap véi 2 uL
dung dich plasmid 10 ng/uL bdng cach sbc nhiét
G 42°C. T€ bao sau bién nap dugc nudi cdy trong
mdi trudng LB bd sung kanamycin 50 upg/mL,
glucose 1%, lac 6 37°C qua dém.

2.2. Khao sat biéu hién protein tai to
hgp. E. coli BL21(DE3) mang vector tai t& hdp
dugc sau khi cdy hoat hdéa trong LB (muc 2.1)
dugdc cdy chuyén sang méi trudng TB bd sung
kanamycin 50 pg/mL, glucose 1%, lac & 37 °C,
200 vong/phit. Khi mat do té bao dat ODeoo =
0,8, cam (ng bang isopropyl pB-D-1-
thiogalactopyranosid (IPTG) 0,5mM. Ti€p tuc
nudi cdy qua dém trong cung diéu kién. Ly tdm
thu sinh khai t€ bao & toc d6 6000 x g trong 10
phdt. Phan tan sinh khdi trong dung dich dém A
chlra natri phosphat 50 mM pH 7,8; NaCl 400
mM; KCl 100 mM; glycerol 10%. Tan siéu am
pha té bao, ly tdm & 13000 x g, 30 phut ¢ 10°C.
Phan tich su biéu hién protein bang SDS-PAGE.

2.3. Khao sat diéu kién nudi cay. Tién
hanh khao sat cac diéu kién sau day: Nhiét do
nudi cay sau khi cdm (ng véi IPTG (muc 2.2)
trong moéi truéng TB & nhiét do 25°C va 30°C;
NOng do chat cdm U’ng IPTG 0,1 mM va 0,5 mM
trong méi trudng TB (muc 2.2) va moi trudng tu
cam Ung ZYP-5052 [4]; M0i trudng nudi cdy: LB,
TB (0,5 mM IPTG), ZYP-5052. Sau khi nudi cay,
theo doi va thu sinh khdi té€ bao va phéan tich
bi€u hién protein bdng SDS-PAGE theo muc 2.2.

2.4, Hoa tan thé vui va tinh ché€ bang
sac ky ai luc trén cot Ni Sepharose. Hoa tan
0,2 g protein KojA téi t& hgp & dang thé vui (thu
dugc tir phan tda sau khi pha té bao va ly tam,
muc 2.2) trong 5 ml dung dich dém uré 6 M, pH
12 @ 25°C trong vong 3 gid. Dich protein hoa tan
dugc nap lén cot Ni Sepharose 1,0 mL va dugc
rira giai lan lugt v8i 2 mL cac dung dich pha
trong dém A (muc 2.2) c6 chira uré va imidazol
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nhu sau: Al: uré 6 M, imidazol 10 mM; A2: uré 4
M, imidazol 50 mM; A3: uré 4 M, imidazol 50
mM; A4: uré 3 M, imidazol 100 mM; A5: uré 2 M,
imidazol 100 mM; A6: uré 2 M, imidazol 250 mM;
A7: uré 2 M, imidazol 500 mM. Cac phan doan
dugc phan tich bdng SDS-PAGE va nong do
protein dudc dinh lugng bdng phucng phap
Bradford [5].

Il. KET QUA NGHIEN CU'U
3.1. Tao dong E. coli BL21(DE3) mang
plasmid tai t6 hgp pET-SUMO-kojA va biéu
hién protein clia KojA. Sau khi t€ bao E. coli
BL21(DE3) dugc bién nap vdi vector tai t6 hgp
pET-SUMO-kojA, dudc nudi cdy dé biéu hién
protein tai t6 hgp trong mdi trudng TB cam (ng
bdng IPTG 0,5 mM. Qua két qud dién di SDS-
PAGE (Anh 1) cho thay vach protein to dam cé
kich thudc khoang 61 kDa—tuang Ung vdi kich
thudc protein His-SUMO-KojA & dang dung hgp
vGi SUMO (khéi lugng phan tir cia KojA va tag
SUMO lan lugt la 47,8 va 13 kDa). Két qua nay
cling cho thdy protein KojA chi yéu nam & phan
protein tla va cling cé thé mdt phan nhd nam &
dich protein tan cua dich chiét t€ bao E. coli. VGi
két qua trén, KojA da dugc cam (ng biéu hién
thanh cdng véi hiéu suét biéu hién rat cao, xap xi
70% tong lugng protein toan phan néu danh gid
két qua bang SDS-PAGE.
M 1 2

=%
— His-SUMO-KojA

I i 61 kDa

, —
Anh 1: Biéu hién protein & E. coli
BL21(DE3)/pET-SUMO-kojA

M: Thang chuan protein; 1: protein
tong cdng; 2: protein tan

3.2. Khao sat diéu kién nudi cady thich
hop dé thu protein tan

Nhiét do nudi cdy sau khi cam (rng véi
IPTG. Tién hanh khao sat nudi cdy trong 50 mL
moi truGng TB & nhiét d6 25 °C va 30 °C sau khi
cam Ung IPTG, qua dém. Két qua thu hoach sinh
khoi t€ bao va SDS-PAGE dugc trinh bay trong
Bang 1 va anh 2.

Bang 1: Anh hudng cua nhiét dé dén
sinh khoi té bao
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Nhiét do 25°C 30 °C
ODsoo 16-20 giG 13-14 | 9-10
Téng sinh khdi (g) thu dugc tir 50
. N 1,2 1
mL dich nudi cay

Sau 16-20 giG & nhiét d6 25 °C mat do té
bao 6n dinh, khéng thay ddi, trong khi & nhiét do
30 °C mat do té€ cé dau hiéu giam xudng, ODeoo
do dugc thap hon so véi nhiét do 25 °C, trong
khi lugng protein thu dudc tinh trén cung lugng
t€ bao tucng tu nhau (Anh 2) Do dd, nhiét do
25°C dudc chon d€ nudi cdy E. coli bi€u hién
protein trong nhfrng thor nghiém sau

Il

Anh 2: Biéu hién protein khi nuéi cdy d (A)
25 °Cva (B) 30 °C

M: Thang chuén protein; 1: protein tdng cdng
khi chua cam (ng bang IPTG; 2 va 3 lan lugt
protein tan va protein tong cong khi cé mat IPTG

Nong do chat cam rng. Két qua phan tich
SDS-PAGE cho thé’y cd ba diéu kién khao sat
(IPTG ¢ 0,1 mM va 0,5 mM; ZYP-5052) déu co
the cam (ng biéu hién thanh cbng protem KojA
(Anh 3). Do IPTG c6 gia thanh cao va cd thé doc
t€ bao nén chi can s dung IPTG vdi ndng d6 0,1
mM trong moi trerng can chat cdm (mng. O mdi
trudng ZYP-5052 ¢ chla lactose, khi vi khuan E.
coli BL21(DE3) st dung hét glucose nd s& chuyén
qua st dung lactose, dong thdi cdm U'ng qua trinh
phién m3 xdy ra, lic d6 vi khudn bt dau biéu
hién protein tai t& hop.

M 1 2 3

63 kDa His-SUMO-KojA

61kDa —* His-SUMO-KojA

48 kDa 61 kDa

e t=g T 11

His-SUMO-KojA
61 kDa

—

—

Anh 3: Biéu hién protein & cdc néng dé chat
cam irng khac nhau

M: Thang chudn protein; 1: protein téng
cdng khi chua cam (ng bang IPTG; 2, 3: IPTG
0,5 mM protein tda, protein tan; 4, 5: IPTG 0,1
mM protein tua, protein tan; 6, 7: ZYP-5052
protein tua, protein tan

MGi truGng nudi cdy

K&t qua khao sat cam (g biéu hién protein
@ nhiét do 25°C, trong 50 mL 3 méi truéng dugc
trinh bay trong bang 2 va anh 4.

Bang 2: Sinh khéi thu duoc tu 3 moi
truong nuéi cdy

Moi truong TB |LB Broth | ZYP-5052
Tong sinh khoi
thu dudc (g) 1,15 0,6 0,73

O ca ba moi trudng His-SUMO-KojA xuat
hién phan I6n & protein tua cua dich chiét té bao.
Sau 16-20 giG nudi cay, sinh khéi nudi trong 50
mL moGi trudng TB la 1,15 g cao han nhiéu so vdi
LB, ZYP-5052, do d6 Iuva chon méi trudng TB cho
cac nghién clru sau.

AM 1 2 13

His-SUMO-
KojA
61 kDa

Anh 4: Biéu hién protein & cac méi truong
(A) TB, (B) LB va (C) ZYP-5052

M: Thang chudn protein; (A) 1: protein t6ng
cdng khi chua cdm (ng bang IPTG; 2,3: 0,1 mM
IPTG protein t0a, protein tan; (B) 1, 2: protein
tla, protein tan; (C) 1: protein tdng cdng khi
0D600=0,8-1,0; 2,3: protein tua, protein tan. Mi
tén chi vi tri vach tuong Lrng VGi His-SUMO-KojA.

3.3. Hoa tan thé vui va tinh ché& bang
sac ky ai luc trén cot Ni Sepharose. Thé vii
protein His-SUMO-KojA dudc hoa tan trong dung
dich dém ch(ra uré 6 M va dudc tinh ché qua cot
Ni Sepharose 1 mL (muc 2.4). K&t qua phan tich
protein tUr cac phan doan dich rifa giai chira nbng
do uré giam dan dudc trinh bay trong anh 5.

Két qua cho thdy dich protein sau khi qua
cot, KojA dudc qilt lai mot phan, mot phan I6n
protein khong bam cot. Sau phan doan rira loai
tap, dich thoi protein cd xuat hién bang protein
tugng (ng vdi kich thudc His-SUMO-KoiA (61
kDa) c6 do tinh sach kha cao & phan doan A5,
A6, A7. Ham lugng protein & phan doan A6 dugc
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xac dinh baéng phudng phap Bradford la 0,22
mg/mL, tudng (ng kha ndng thu dugc tur thé vui
ban dau la 2,2 x 103 mg/mg, tu dich nudi cay la
37 mg/L.

M 1 2

3 4 Al A2 A3 A4 A5 A6 A7

His-SUMO-
> KojA
{ 61 kDa

Anh 5: Tinh ché Hls-SUMO-I(a]A tur cot Ni
Sepharose

M: Thang chuén protein; 1: protein tong
cdng khi chua cdm (ng bang IPTG; 2: Thé vui
hoa tan trong Triton X-100 1%, uré 1M; 3: Thé
vUi hoa tan trong uré 6 M; 4: Protein khong bam
cOt; A1-A7: Phan doan rira bang dung dich tir
A1-A7 (muc 2.4).

IV. BAN LUAN

Chung E. coli BL21(DE3) la ching vi khuan
dugc thiét ké cha gen T7 st dung hé thdng
vector pET, do dé si dung ching nay dé biéu
hién gen kojA chiu su’ kifm soét bai promoter T7.
Ngoai ra moi trudng tang trudng, nhiét do, nong
do chat cdm Ung, s6 lugng ban sao plasmid, hé
thdng vector cling anh hudng dén kha nang biéu
hién protein hoa tan. Trong khudn khé cta dé tai,
ching t6i chi ti€n hanh khao sat cac diéu kién:
nhiét d6 nudi cay sau khi cam Ung vai IPTG, nGng
d6 chat cdm Uing, méi trudng nudi cady.

Isopropyl B-D-1-thiogalactopyranosid la mot
chdt cam (ng cb tinh 6n dinh va hiéu qua cao
trén hé thong T7 promoter, dugc s dung rong
rai trong cac phong thi nghiém. Tuy nhién, IPTG
la mot chat cam (ng c6 doc tinh tiém tang va chi
phi cao. Do dé nghién cltu da diéu kién cam Uing
t8i uu, tiét kiém va hiéu qua trong qua trinh biéu
hién protein tai t6 hap.

LB la mdi trudng dugc s’ dung phd bién
nhat dé nudi cdy E. coli, tuy nhién sinh khéi thu
dugc thudng khong cao (Bang 2). Nhirng méi
truGng nhu TB (Terrific Broth) da chdng minh
tao dugc mat do té€ bao cao hon LB. Mot moi
trudng toi uu cling dugc biét dén la moi truGng
tu cdm ’ng nhu ZYP-5052. MGi trudng nay su
dung glucose, lactose va glycerol dé t6i uva hda
diéu kién cam (ng. Két qua khao sat cho thady
nuéi cdy trong méi truéng TB, thém IPTG 0,1
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mM & 25°C cho lugng protein 16n nhat nhung
protein KojA van biéu hién chu yéu & dang thé
vUi. T 50 mL dich nu6i cay thu dugc 1,15 g
tdng sinh khéi va 0,85 g thé vui.

Trong dé tai nay, ching toi thuc hién hoa
tan thé vii KojA bang phuang phap pha lodng
giam dan ndéng do uré két hdp sac ky ai luc vdi
cOt Ni Sepharose 1 mL dé& thu protein tinh khiét.
V. KET LUAN

Nghién clru dd tao dong, bi€u hién thanh
cong chdng E. coli BL21(DE3) mang plasmid tai
td6 hop pET-SUMO-kojA cé kha ndng tao His-
SUMO-KojA & dang thé vui. Khao sat diéu kién
nudi cdy trong quy mo phong thi nghiém cho két
qua nudi cdy trong moi truGng TB, thém IPTG
0,1 mM & 25°C cho lugng protein I3n nhat. Thé
vui ¢ thé hoa tan trong dung dich uré 6 M, pH
12 & 25°C trong vong 3 gid va tinh ché thanh
cdng bang cOt sac ky &i luc trén cbt Ni-
Sepharose. Protein tinh khiét thu dugc & 3 phan
doan rra bang dung dich uré 2 M, néng dd
imidazol [an lugt la 100, 250, 500 mM. Kha nang
tinh ché protein KojA bang IMAC c6 hiéu suét la
37 mg/L dich nudi cay.
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Thanh phS H& Chi Minh d& hd trg kinh phi thuc
hién dé tai nay thong qua hgp dong nghién clru
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