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DY’ DOAN KHA NANG HOA TAN VA THIET KE VECTOR BIEU HIEN
PROTEIN KOJA TRONG CON PU'O'NG SINH TONG HO'P ACID KOJIC

TOM TAT

Pat van dé: Acid _kojic la mot tac nhan dugc sur
dung pho bién trong my pham Iam trang da. Acid kojic
Ia mot chat chuy&n hda thir cap cd trong mot s6 Ioa|
nam thudc chi Aspergillus. Ngh|en clru gan day da xac
dinh kojA 1a mdt gen déng vai tro quan trong trong
con duong sinh tong hop acid kojic G Aspergillus
oryzae. Muc dich: Dy doan dd tan clia protein KojA
nhdm thiét k& plasmid mang gen tai t8 hgp phlu hgp
¢6 kha nang tao protein dang tan trong Escherichia
coli. Phuang phap: Xay dung mé hinh tugng dong
mé phdéng cau trldc cla KojA bang SWISS-MODEL.
Ti€p theo st dung ba cong cu Protein-Sol, SOLart va
SoDoPE dé& du doan kha nang tan in silico cua KojA,
bao gom kha nang tan khi dung hop vdl cac tag. Két
qua: Ca ba cong cu déu cho ket qua du doan KojA
kém tan. Theo SODoPE do tan c6 thé cai thién khi gan
thém cac tag nhu MBP, SUMO. Ket luan: Nghlen clu
da du doan kha ndng hoa tan cua KojA va dé xuét
thiét k& gen tai t6 hdp & dang dung hop vdi tag SUMO
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v6i gen kojA dugc tdi uu hod codon dé& biéu hién trén
E. coli.
Tur khoa: acid kojic, gen kojA, kha nang hoa tan

SUMMARY
SOLUBILITY PREDICTION AND VECTOR
DESIGN FOR THE EXPRESSION OF
PROTEIN KOJA FROM THE BIOSYNTHETIC
PATHWAY OF KOJIC ACID
Background: Kojic acid is a skin-whittening
agent widely used in cosmetics. It is a secondary
metabolite produced by a few Aspergillus species.
Recent studies have identified that gene kojA played
an important role in the biosynthetic pathway of kojic
acid in Aspergillus oryzae. Objectives: This study
aims to predict the solubility of protein KojA, and
design the recombinant plasmid thereof to express
KojA as soluble protein in Escherichia coli. Methods:
A homology model of KojA was built using SWISS-
MODEL server. Three tools including Protein-Sol,
SOLart va SoDoPE were applied to predict the
solubility of KojA and its fusion with tags. Results: All
three tools predicted a poor solubility of KojA; the
solubility can be improved with tags MBP and SUMO as
suggested by SoDoPE. Conclusions: The study has
predicted the solubility of protein KojA and proposed a
recombinant plasmid in which kojA is fused with SUMO
and condons optimized for expression in E. coli.
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I. DAT VAN DE

Nhu cdu sir dung cac san pham lam trdng da
c6 ngubn goc tu nhién da tang Ién rat nhanh
trong nhitng nam gan day. Trong s6 nhirng tac
nhan lam trdng da c6 ngudn gbc tu nhién, tac
nhan dugc sir dung phé bién la acid kojic. Acid
kojic 1a mdt chat chuyén hda thr cdp cd trong
mot s6 loai ndm thudc chi Aspergillus nhG kha
nang Uc ché tyrosinase, mot enzym quan trong
trong quéd trinh tdng hgp séc t6 da melanin.
Ngoai ra, acid kojic va cac dan xudt cua acid
kojic con cé nhiéu ng dung trong y hoc, thuc
pham, néng nghiép va mdi trudng.

Viéc kham pha ngay cang nhiéu ¢'ng dung
cla acid kojic cung véi su phét trién nhanh
chdng clia nén céng nghiép dudc va my pham da
tao ra mét nhu cau to I6n trong san xuat acid
kojic [1]. Bén canh d0, acid kojic cling la mot co
chdt quan trong trong nghién clfu chuyén hoéa
thir cdp & chi Aspergillus [2]. Mong mubn gidi
quyét hai van dé nay da thic ddy nhiéu nha
khoa hoc nghién ctfu lam sang té con dudng sinh
téng hop acid kojic.

Nam 2010, tir bd gen cua Aspergillus oryzae,
Terabayashi va cac cong su da xac dinh dugc 3
gen cd vai trd quan trong trong qua trinh tng
hgp acid kojic. Trong do, gen kojA dudc du doan
la gen ma@ hda cho mot enzym cé kha nang oxi
hoéa nhom hydroxyl & vi tri C3 clia glucose thanh
nhém ceton [2].

VGEi mong mudn lam sang té vai tro cia KojA
trong con dudng sinh tdng hop acid kojic tir
glucose, dong thdi nghién cliu Ung dung KojA
lam xuc tac sinh hoc, nhédm nghién ctfu huéng
dén muc tiéu biéu hién gen kojA tai t& hop trén
Escherichia coli. Mot trong nhitng khoé khan chinh
khi bi€u hién protein ndm & E. coli 13 protein
thudng dugc san xudt dudi dang thé vii khdng
tan. Do dd, trong nghién clfu nay ching toi ti€n
hanh du doan kha ndng tan in silico clia KojA.
Pau tién ching téi xay dung md hinh tudng
déng md phong cau tric 3D cia KojA bang cong
cu SWISS- MODEL. Sau dé ba cong cu Protein-
Sol, SOLart va SoDoPE dudc dung dé du doan
kha nang tan in silico cla KojA, bao gém kha
nang tan khi dung hgp véi cac tag dé tang do
tan nhu MBP, SUMO, GST, Trx. TUr dé chung t6i
dé xudt thiét k& plasmid mang gen kojA tai té
hgp c6 kha ndng biéu hién protein & dang tan
trén E. coli.

Il. DPOI TUONG VA PHUONG PHAP NGHIEN CU'U
Xay dung moé hinh tuong dong mo
phong cau tric KojA. Truy cap trang web cla

SWISS-MODEL [3] theo dia chi:
https://swissmodel.expasy.org/.  Chon  Start
Modelling. Nhap trinh tu acid amin cia KojA
(UniProtKB/Swiss-Prot: Q2U5I0, & dinh dang
FASTA) vao khung Target Sequence. Trong s6
cac protein mau dugc x€p hang tir cao dén thap,
chon hai mau dau tién la 2rgh (alpha-
glycerophosphat oxidase) va 3dal (glycerol-3-
phosphate dehydrogenase). Nhan Build Models.
Luu va phan tich két qua. )

Du doan kha nang tan cia KojA bang
cong cu Protein-Sol. Protein-Sol la mét web
server vGi cong cu sequence solubity cd chirc
ndng du doan kha nang tan cla protein dua trén
trinh tu acid amin [4].

Truy cap trang web Protein-Sol theo dia chi:
https://protein-sol.manchester.ac.uk/. Chon cong
cu Sequence Prediction, nhap trinh tu acid amin
cla KojA (dinh dang FASTA) vao khung Submit
protein sequence.

Két qua du doan kha nang tan cla protein
dudc trinh bay bdng mét biéu d6 gém cd 2 cot
bi€u thi gid tri cia 2 dai lugng gébm QuerySol
(khd nang tan cla protein can du doan) va
PopAvrSol (The population average for the
experimental dataset ti'c kha nang tan trung
binh clia cac protein cua E. coli trong tap dir liéu
eSOL). PopAvrSol ¢ gia tri la 0,45. )

Du doan kha nang tan cia KojA bang
cong cu SOLart. SOLart la mét cong cu du
doan kha nang tan cua protein da co6 san cau
trdc tinh thé hodc md hinh tucng doéng [5].

Truy cap trang web theo dia chi:
http://babylone.ulb.ac.be/SOLART/. Sau khi chon
thé Query, upload file mé hinh tugng déng cua
KojA (dinh dang .pdb) vao khung upload your
own PDB file. Chon Aspergillus oryzae RIB40
trong khung organism. Luu va phan tich két qua.

Két qua du doan kha nang tan cla SOLart
dugc thé hién trong mét biéu d6 bao gdm gia tri
du doan kha nang tan tinh theo ti 1€ phan tram
trén thang do 0-130%. Protein c6 kha nang tan
I6n han 70% dudc dinh nghia la protein tan va
protein cé kha nang tan nhé hon 30% dugc dinh
nghia la protein khong tan ‘

Du doan kha nang tan cua KojA bang
cong cu SoDoPE. SoDoPE la mot cong cu du
doan kha nang tan cla protein dua vao chi sG
SWI (Solubility-Weighted Index). Chi s6 SWI
dudc tinh toan tir 20 dic diém cla cadc amino
acid chuan trong céu tric béc 1 cla protein [6].

Truy cdp trang web theo dia chi:
https://tisigner.com/, chon cd6ng cu SoDoPE,
nhap trinh ty acid amin cia KojA vao khung
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(dinh dang FASTA). Chon thé Add solubility tags
va thé Show profile plot d& xem thém két qua du
doan kha nang tan cla KojA khi gan thém cac
tag va bi€u d6 thé hién chi tiét tinh ky nudc va
do6 linh dong cua tirng acid amin trong trinh tu
cla KojA. Luu va phan tich két qua.

T6i vu hod codon gen kojA cho biéu
hién trén E. Coli. Khung doc md (Open reading
frame) ma hod cho KojA tUr A. oryzae RIB40
(GenelD: 5995965). Cac codon dudgc t6i uu hoa
cho bi€u hién trén E. coli bdng phan mém
OptimumGene™ (] Optimization Analysis cua
cong ty GeneScript.

Il. KET QUA NGHIEN cU'U

3.1. M6 hinh tuong d‘é‘)ng cua koja

_Két qua glang hang va lua chon protein
méu dung dé xdy du’ng mé hinh tuong
dong. Tat ca 50 protein mau tiém nang dugc
SWISS-MODEL d& nghi c6 dd tuong ddng trinh
tu’ cao nhat la 26,56%, thap nhat la 13,71%. Bo
che phu trinh tu cao nhat la 83%, thap nhat la
14% (bang 3.14). Hai protein mau tiém nang
2rgh va 3dal 13 hai protein c6 diém GMQE cao
nhat va cach biét nhat (d6 che phu 83%, GMQE
tuong ('ng la 0,46 va 0,42) va cd do tuang d(“)ng
trinh tu khdng qua thap. Do dd, hai proteln nay
sé dugc chon lam protein mau dé€ xay dung mo
hinh tugng dong cua KojA.

Bang 1: P tuong dong va dé che phu ctia mét sé protein mau tiém nang.

e X s < Do tuong don DO che phu
Protein mau tiem nang trinh tl_? (%)g trinh tu Iz%)
4bk1 (probable salicylate monooxygenase) 26,56 15
5mzc (kynurenin 3-monooxygenase) 25,40 15
2gmj (electron transfer flavoprotein-ubiquinon oxidoreductase) 23,81 15
4ysh (glycin oxidase) 18.09 46
2rgh (alpha-glycerophosphat oxidase) 17,98 83
3dal (glycerol-3-phosphat dehydrogenase) 16,67 83
6p9d (FAD-dependent catabolic D-arginin dehydrogenase DauA) 13,71 46

Két qua xay dung mé hinh tuong déng
mé phong céu tric 3D cua I(o_]A. TU 2 protein
mau dudc lua chon 1a 2rgh va 3dal, SWISS-
MODEL da xay dung dugc 2 mo hinh tugng dong
vGi KojA. Nhin chung, 2 m6 hinh nay cd cau tric
tugng déi giong nhau. Chi c6 mot vai vung,
chang han nhu vung acid amin trong khoang tur
90 dén 110 la cb su khac biét ro rét. Da s6 cac
vung cé su' khac nhau déu la cac cdu trdc coil
(Anh 1). MGt s6 tiéu chi danh gia chat lugng cua
2 m6 hinh dugc liét ké trong bang 2. Ba phan
cac tiéu chi déu c6é uu thé nghiéng vé mo hinh
tuong dong dudc xay dung tir 2rgh. Do d6, mo
hinh nay s& dugc lua chon dé sir dung cho phan
du doan kha nang tan cla KojA.

Anh 1: M6 hinh tuong déng cia KojA dugc
xdy dung tur 2rgh (A) va 3dal (B)
Mau dd la nhitng vung cé su khac nhau giira
2 cau truc.
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Bang 2: So sanh mot sé'tiéu chi danh gia
chéat luong mé hinh tuong dong cua KojA
Mo hinh

M6 hinh
Pic diém d‘f‘)ﬁgn\?di tuong dong
2rgh v@i 3dal
Trung khdp trnh tu | 17,98% 16,67%
Tugng dong trinh ty 28% 27%
Vlng tuong dong 2-378 2-378
Chat Liong proten y 4y, 2,30 A x-ray, 2,70 A
GMQE 0,40 0,43
QMEANDIsCo Global /10,51 £ 0,05| 0,5 £ 0,05

3.2. Du doan kha nang tan in silico cua
koja
_ Du doan kha nang tan cua protein KojA
bang Protein-sol. QuerySol = 0,279. PopAvrSol
= 0,45. Piém dang dién du doan: pI = 6,440.
KojA ¢ diém QuerySol thap hon diém PopAvrSol
(0,279 < 0,45) do d6 KojA dugc du doan la mot
protein ¢ kha nang tan thap (anh 2).
Deviations from population average
1

§$q§-\q¢?boiiba‘-lweeea%%*u«%st?aww nw»w‘g

Anh 2: Két qua dur doan kha ndng tan cua
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KojA bang Protein-Sol,

Windowed charge score per amino acid

0 8 $ Ky 8 §

Windowed fold propensity per amino acid

2 2 8 §

Anh 3: Biéu dé dién tich va khuynh hudng
gap cuén theo cum cua KojA du’ doan bang
Protein-Sol.

Biéu d6 dién tich theo cum va biéu dd
khuynh huéng gap cudn theo cum ciia KojA cho
thdy KojA khong cdé nhiéu subdomain dai
(subdomain dai nhat la 160 - 240, tudong Ung Vvéi
trinh tu bao tén chlra motif gén két véi FAD).
Thay vao do6, KojA cé nhiéu vung acid amin hep
va dién tich clia cac ving nay thay ddi lién tuc
(Anh 3).

_ Du doan kha nang tan cua protein KojA
bang SOLart. Kha nang tan du doan clia mo
hinh tuong dong vdi protein KojA dugc du doan
bang SOLart la 46.1% (Anh 4). Két qua nay cho
thdy mo hinh tuong dong vdi protein KojA dugc
du doan la kho tan.

Scaled solubility value =46.1 %
The protetn 1s likely to be poorly soluble

v # $ $ $ & #

Predicted Solubility single feature mm
all features —

Solubility (%)
s v = =

N
Anh 4: Két qua du’ doan kha ndng tan cia
mé hinh tuong déng vdi KojA bang SOLart

SOLart du doan kha nang tan dua trén 3

nhém tinh chat: tuong tac gilfa cac acid amin
trong ciu trac bac 3, cac déc diém cb lién quan
dén do tan cua trinh tu bac 1 va kha ndng xam
nhap cta dung mdi. Nhung do cdu truc bac 3
dugc st dung dé€ du doan chi 1a md hinh tuong
dong vdi KojA (m6 hinh tugng dong co do tin
cay thap) nén két qua du doan tinh chat tuong
tac gilra cac acid amin trong cau tric bac 3 chi
mang tinh tham khao. Tuy vay, ca 3 nhém tinh
chat déu du doan KojA cd kha ndng tan thap. Dy

doan nay tudng tu véi du doan clia cong cu
Protein-Sol.

_ Du doan kha nang tan cua protein KojA
bang SoDoPE. Kha nang tan clia KojA dugc du
doan bdng web server SoDoOPE |a khoang 65%,
du dodn KojA cé thé 1a mét protein hoi kém tan.
Khi c6 gén thém tag SUMO, khad nang tan du
doan cua KojA tang Ién vao khoang 73% (Anh
5). Kha nang tan du doan cla KojA la 0,6559 va
cia KojA c6 gan tag SUMO la 0,7336, tudng
duong véi SWI la 0,7824 va 0,7869.

1

%]

0.7542 0.7336

0.6559 0.6628

=N

0.5975

e e e e
=

Kha nang tan

Khong gin tag Trx MBP SUMO GST

Ciactag

Anh 5: Két qua dur dodn kha néng tan cia
KojA bang SoDoPE
Tuy nhién, khi gén thém céc tag vao thi kha
nang tan du doan cla KojA dugc cai thién han.
Hai tag cho két qua du doan t6t nhat va tuang
duong nhau la tag MBP va tag SUMO. Khi gén
thém tag SUMO, kha nang tan du doan cta KojA
tang Ién vao khoang 73%. Két qua nay tucng
('ng véi gia tri cla SWI 1a 0,7869. Dua vao biéu
d6 B, kha ndng tan theo eSOL cua KojA khi co
tag SUMO vao khoang 70-80%.

IV. BAN LUAN

Céc déc diém trong trinh tu’ ctia KojA cé do
léch khong I6n (+ 1, - 1, - 2) so véi trung binh
clia cac protein trong E. coli. Cac d&c diém co do
léch 16n hon va quan trong hon cac déc diém
con lai la d6 dai trinh tu, H, L va entropy trinh
tu. DO dai trinh tu’ va entropy trinh tu cla KojA
cd d0 léch duang so vdi trung binh clia cac
protein trong E. coli cho thay trinh tu cla KojA
kha phurc tap. Piéu nay cé thé lam giam dd tan
clia KojA. Bén canh dd, cac dic diém quan trong
khac nhu K - R, D + E, F+W+Y (aro), dién tich
tuyét dGi (chr) va khuynh hudng gap cudn (fld)
déu c6 do léch rat nhd hodc ngugc chiéu so véi
trung binh cac protein cta E. coli (Anh 2).

Ca 3 cong cu Protein-Sol, SOLart va SoDOPE
déu cho két qua du doan kha nang tan cla KojA
la khd kém. Do dd, két hgp véi du doan theo
SoDOPE nghién clru sé thiét k€ plasmid mang
gen kojA dung hdp véi tag dé tang dd tan. Trong
hai loai tag cho két qua tot nhat, nghién cliu
chon SUMO do c6 mdt s& uu diém so véi MBP
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[7]. Chung t6i thiét ké plasmid pET24 mang gen
bi€u hién protein tai td hgp theo trinh tu sau:

8xHis-SUMO tag-gen kojA (Anh 6) véi trinh tu
kojA dudc tdi uu hod codon cho biéu hién trén E.

coli tir phan mém OptimumGene™ ] Optimization
Analysis.

kojA

Plasmid pET24a(+) Plasmid pET-SUMO-kojA

Anh 6: Plasmid t3i té hop pET-SUMO-kojA
mang gen ma hoa cho protein KojA

V. KET LUAN

Nghlen ciu da xay dLrng md hinh tuong
dong vdi KojA tur proteln mau 2rgh bang cobng cu
SWISS-MODEL. Két qua xay dung mo hinh tuong
dong cta KojA cho thdy KojA cdé motif gan két
vGi FAD. S dung ba cong cu Protein-Sol, SOLart
va SoDoPE dé du doadn khad ndng tan cia KojA
cho két qua du doan kha nang tan kém cua KojA
va viéc can thiét phai thiét k& bi€u hién gen &
dang dung hgp Vi céc thé dé téng do tan. Két
qua nay la budc dau dé tién hanh khao séat biéu
hién cla KojA dugi dang dung hgp véi tag SUMO
trong nghién clu ti€p theo.

LO1 CAM ON

Nhém nghién ctu cam dn Pai hoc Y Dugc
Thanh ph& H& Chi Minh d& hd trg kinh phi thuc
hién dé tai nay thong qua hgp dong nghién cliu
khoa hoc s6 227/2020/HD-DHYD ngay 15/10/2020.
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DAC PIEM LAM SANG, CAN LAM SANG
O’ BENH NHAN BENH NAM ASPERGILLUS PHOI MAN TiNH
Tran Vin Long', Ta Ba Thing!, Nguyén Thi Bich Ngoc?,

TOM TAT

Muc tiéu: Mo ta dic diém lam sang, can lam
sang & bénh nhan ndm Aspergillus ph0| man tinh. Doi
tugng va phuang phap nghlen cliru: Nghlen ctu
hoi clru két hdp véi tién ciu, md ta cat ngang trén 50
bénh nhan nam Aspergillus ph0| man tinh dugc chan
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doan va diéu tri tai Bénh vién ph0| trung uong tor
thang 01/2022 dén 11/2022. Két qua: Tudi méc bénh
trung binh la 57 + 11, nam g|d| chiém 78%. Tién sur
lao phdi chiém ti & cao nhat véi 76%, dai thao dudng
chiém 20%. Thgi gian phat hién bénh mudn, trung
binh t&r 8,22 + 10,4 thang Triéu cerng Iam sang
terdng gap la ho, khac ddm (72%) va ho mau (56%)
Tén thudng trén CLVT [6ng nguc chu yéu & thuy trén
94%, t6n thuong hang 86%, hinh anh u ndm 76%.
Cay nam Aspergillus (+) 26,7% - 36,4% trong dé
Aspergillus  fumigatus chiém 95%; xét nghiém
Aspergillus Galactomannan ducng tinh 80% - 97,1%.
Ket Iuan Bénh thudng gap & nam gigi, do tu0| trung
nién, co tién st lao phoi va dudc phat hién mudn. Ho
khac ddm va ho mau Ia biéu hién [am sang chinh. Tén
thuong Xquang chti yéu & thuly trén véi hinh anh hang



