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Abstract

Background/Purpose: Gene expression refers to the process of translating genetic
information from Deoxyribonucleic Acid (DNA) to Ribonucleic Acid (mRNA) of a “special”
gene segment in a genome into a fully functional protein. Studying the function of a gene
is an important and meaningful job to better understand each gene segment’s function.
Glyoxylate/Hydroxypyruvate Reductase (GR/HPR) is a D-2-hydroxy-acid dehydrogenase
related to renal failure. The expression and purification of this gene play a very important
role in the research process, this is the first step to be able to conduct further studies on the
function and dynamics of the gene or protein that this gene encodes. Driving opportunities
for biotechnology uses in medicine development and medical treatment.

Methods: Described the experiments in the laboratory, gene transfer in bacteria, expression,
and purification of protein.

Results: We successfully cloned and expressed the gene encoding glyoxylate/hydroxypyruvate
dehydrogenase. The coding gene was inserted into the pET26b gene vector for the replicated
purpose in the cell and to collect in large quantities. After that, the transgenic vector was
inserted into the bacterial E. coli (DE3). Finally, from 2 liters of cell culture, we obtained 5
ml of recombinant protein solution concentration of 0.5mM (18.9 mg/ml).

Conclusion: We have successfully expressed the glyoxylate/hydroxypyruvate dehydrogenase
genes from Bacillus Subtillis (BsGOR). As well as the process of expression and purification
of this protein is also fully described in the study. Achieve the aim of research objectives.

Keywords: Glyoxylate/Hydroxy pyruvate Reductase; Recombinant protein, Expression, and
Purifications
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BIEU HIEN VA TINH SACH ENZYME CHUYEN HOA GLYOXYLATE/
HYDROXYPYRUVATE TU’ CHUNG VI KHUAN BACILLUS SUBTILIS

Nguyén Quyét Thing!, Poan Hiru Thién!, Pwong Thi Cam Lé!, Pham Quang Minh!,
Cianh Huyén Trang', Pam Thi Liéu’, Jin Kuk Yang?
Wién kiém dinh Quéc gia Vic xin va Sinh pham y té
’Khoa héa hoc, Nganh khoa hoc tw nhién, Truong Pai hoc Soongsil
Nhan ngay 12 thang 6 nam 2022
Chdp nhén dang ngay 16 thang 7 nam 2022
Tém tit
Pt vin dé/ Muc tiéu: Biéu hién gen/gene (Gene expression hay expression) 1a thuat ngit
dung dé chi qua trinh chuyén déi thong tin di truyén tir deoxyribonucleic acid (DNA) sang
messenger ribonucleic acid (mRNA) cua mot doan gene “dac bi¢t” trong mdt bd gene
(Genome) thanh mot protein c6 chirc ndng hoat dong hoan chinh. Nghién ctru chirc nang hoat
dong ctia mot gene 13 mot viéc lam vo cling quan trong va y nghia dé ching ta ¢6 thé hiéu
hon vé chirc nang cua timg doan gene. Glyoxylate/Hydroxypyruvate enzyme (GR/HPR) 1a
mdt enzyme thudc nhom D-2-hydroxy-acid dehydrogenase, c6 lién quan dén bénh suy than
trén ngudi. Viée biéu hién va tinh sach thanh cong gene nay tao nén méng cho nhiing nghién
ctru sdu hon vé chirc ning va dong luc hoc cua gene hay protein ma gene nay ma héa. Mo ra
tiém ning ing dung trong cong nghé sinh hoc dé diéu ché thuéc va diéu tri bénh.
Phwong phap: M6 ta thyc nghiém tai phong thi nghiém, chuyén gene trén té bao Vi khuén,
biéu hién va tinh sach protein.
Két qua: Trinh ty gene ma hoa cho enzyme c6 kha ning phan gii glyoxylate va hydroxypyruvate
duogc chiing t6i nhan ban va biéu hién thanh cong, st dung cong nghé chuyén gene trén té bao
Vi khuan. Gene ma héa duoc chén vao trong véc to chuyén gene pET26b dé tién hanh nhan
1én trong té bao va duoc thu nhan véi s6 lugng 16n. Véc to chuyén gene sau d6 dugc chén vao
trong té bao Vi khuan E. coli (DE3). Két qua, tir 2 lit dung dich té bao chung t6i thu duoc 5 ml
dung dich protein tai to hop c6 nong do 0.5 mM (18.9 mg/ml).
Két luan: Chung toi da thanh cong trong viéc biéu hién gene ma héa cho enzyme c6 kha nang
phan giai glyoxylate va hydroxypyruvate tir chung Vi khuan Bacillus subtillis (BsGOR).
Ciing nhu qua trinh biéu hién va tinh sach cta protein ndy ciing dugc trinh bay hoan thién
trong nghién ctru. Pat muc tiéu nghién ctru da duoc dé ra.

Tir khéa: Glyoxylate/Hydroxy pyruvate Reductase; protein tdi té hop, biéu hién va tinh sach protein.

1. Pit van dé qubc t& (EC 1.1.1.26 or 1.1.1.79) c6 kha
Enzyme chuyén hoa Glyoxylate mi ning chuyén hoa glyoxylate tao thanh
glycolate. Ngoai ra, qua trinh chuyén héa

Téc gia lién hé. hydroxypyruvate tl}élnh D-glycerate ’cﬁng
E-mail address: Thang50cnsh@gmail.com dugc cho la 96 moéi lién h¢ mat thi€t véi
https://doi.org/10.56086/jcvb.v2i2.36 enzyme chuyén hoa hydroxypyruvate ma
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qudc té (EC 1.1.1.81). Enzyme chuyén hoa
glyoxylate/hydroxypyruvate (GR/HPR) duoc
tim thay trong hau hét trong cac sinh vat bao
gém ca trén nguoi va dong vat bac cao. ba
¢6 rat nhiéu nghién ctru dugc cong bd vé biéu
hién va tinh sach enzyme nay tir nhiéu ngudn
khac nhau nhu ¢6 khuén [1-3], vi khuan [4-6],
nam men [7], tao [8], thuc vat[9-11], ndm [12]
va trén nguoi [13, 14]. Enzyme glyoxylate
14 mot trong nhimg enzyme rat quan trong
trong qua trinh chuyén hoa glyoxylate cta
cac sinh vat. Trén thuc vat, n6 gitip cho cay
khoe manh, khir doc & bao béng cach lam
giam ndng do glyoxylate trong t& bao [15].
Trén nguoi, hGRHPR chuyén hoa glyoxylate
thanh glycolate, mot chét it hoat dong hon
[16]. Dot bién mat gen ndy trén nguoi dugc
cho 13 nguyén nhan chinh dan dén suy than
loai II (hyperoxaluria type II). Boi vi viée
thiéu sy chuyén hoa ctia enzyme GRHPR dan
dén tang ndng do oxalate trong nude tiéu va
la nguyén nhan gy suy giam chirc nang than
dan dén suy than [17, 18].

Nghién ctu cua ching t61 la nghién
ctru dau tién str dung chung Bacillus subtilis
dé biéu hién va tinh sach enzyme GRHPR.
Pay 1a mot chung Vi khuan rat pho bién,
xuat hién & moi noi xung quanh ching ta
va da duoc nghién ciru, tmg dung trong rat
nhiéu linh vuc khic nhau: cong nghiép,
noéng nghiép, thuc pham, duge [19]. Viéc
biéu hién va tinh sach thanh cong enzyme
GRHPR tur gene dich duoc thé hién thong
qua két qua ciia cac thir nghiém dugc trinh
bay trong nghién ctru cua ching toi.

2. Vat liéu va phwong phap nghién ciru
2.1. Vit liéu sw dung cho qua trinh tach va
chuyén gene

Ching Vi khuin Bacillus Subtilis
dugc mua tir cong ty ATCC (My) va gene

[AOA164TVMS6] dugc st dung dé lam
DNA mau cho qua trinh tich va nhéan lén
cta gene. Str dung cip Moi (Primers) cho
phan tmg PCR (Polymerase chain reaction)
dé khuéch dai gene “dich” véi Moi Xudi:
5’-AGTTGGT CAT ATG AAA CCA TTT
GTA TTT-3" va Mbi Nguoc 5’-CTGTT CTC
GAG TTG AAA TTC TCT TGT AAG-3’.
Ngoai ra, cap enzyme cit giéi han Ndel va
Xohl dugc ding dé chén gene dich vao véc
to chuyén gene pET26b (Novagen, M¥). Véc
to pET vector da dugc ding ky ban quyén tai
Han Quéc (10-0690230). Chiing Escherichia
coli (DE3) dugc str dung dé biéu hién gene.
Cudi cing, giai trinh tu cua gene dich duoc
thuc hién boi cong ty Bionics, Han Quéc. Tat
cé hoa chat chiing t61 str dung dugc mua tir
Sigma- Aldrich (St .louis, MO, USA).

2.2. Phwong phdp biéu hién va tinh sach
enzyme BsGOR

Chung Vi khuan Escherichia coli
Rosetta2 (DE3) duoc st dung dé lam tac
nhan cho qua trinh biéu hién cta véc to
chuyén gene. Té bao chita vector chuyén
gene dugc nudi cdy bang cach lic qua dém
tai nhiét 46 370C trong mdi truong canh LB
(Luria Broth) chira 15 pg/ml kanamycin.
Chuyén 10 ml méi trudng nudi ciy vao 1 lit
mdi truong LB chira ndng d6 kanamycin 15
pg/ml, lic va nudi cay ¢ 370C. Khi gia tri
OD 600 dat tir 0.5 dén 0.8, tién hanh chuyén
binh nudi sang bé lanh, lam lanh nhanh
bang cach thém d4 vao bé va duy tri trong
vong 15 phut. Sau do kich hoat qué trinh
biéu hién bang cach bd sung isopropyl-p-
D-thiogalactopyranoside (IPTG) vao trong
binh nudi, néng do cudi trong dung dich 1a
0.25 mM, sau do tiép tuc nuodi céy tai 250C
trong vong 18 tiéng dé qué trinh biéu hién
gene duoc din ra. Cudi cung, té bao duoc
thu nhan bang cach ly tdm trong 30 pht tai
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5,000 vong/phut. Loai bo dich nbi va thu té
bao bang cach bd sung dung dich c6 thanh
phan 20 mM Tris-HCI, 5 % (v/v) glycerol,
0.1 mM TCEP, 100 mM Nacl, pH 8.0, 10mM
imidazole va 0.1 mM phenylmethylsulfonyl
fluoride. Sau d6 t& bao dugc bao quan tai -
600C.

Qua trinh ly giai protein tir té bao duoc
thuc hién bang cach sir dung hé thdng siéu
am pha v té bao, cai dit ché do phu hop
va gilt cho nhiét d6 cia dung dich té bao
khong dugc vuot qua 150C. Dung dich té
bao dugc phan tach bang cach ly tam tai
15000 vong/ phut trong 1 gid. Thu dich noi
va tién hanh tinh sach ngay lap tuc.

Qua trinh tinh sach duoc thuc hién bﬁng
cach loc dich ndi sau khi ly tim bang mang
loc 0.45 um dé loai bo cac tap chat hodc cac
manh té bao con sét lai. Tién hanh tinh sach
bang cot sac ky ai luc sir dung His-trap (GE
Healthcare Bioscience, USA), can bang cot
bang dung dich dung dé bao quan té bao &
trén, sau do sir dung imidazole dé thu nhan
protein tai t6 hop. San pham thu dugc ngay
1ap tirc duoc cho sang cot Hi-Prep Desalting
column (GE Healthcare Bioscience, USA)
dé loai bo imidazole tranh 1am bién tinh
protein, va cudi cing, stt dung cot sic ky
kich thudc size-exclusion chromatography
column (Superdex-200; GE Healthcare
Bioscience, USA) dé phan tach va tinh sach
protein. B9 tinh sach cua enzyme dugc
kiém tra thong qua dién di SDS-PAGE va
ndng do protein thu duoc duge do bang may
NanoDrop 1000 (Thermo Scientific, USA),
san phdm cudi cing 1a protein di tinh sach
dugc bao quan tai -600C dé dung cho cac
thir nghiém vé sau.

2.3. Phan tich kich thwdc phdn tur va hinh
dang céu triic ciia protein tdi té hop ciia gene
md hoa cho enzyme BsGOR (Analytical size
exclusion chromatography Multi-Angel
Light Scattering -SEC-MALS)

Thir nghiém duoc tién hanh trén hé thong
AKTA (GE Healthcare) két hop chung voi hé
thong DAWN TREOS (Wyatt Technology).
Cot sic ky phan tich Superdex-200 HR
10/300 GL (GE Healthcare) voi dung dich
dém co thanh phan bao gdbm: 20 mM Tris-
HCI, 200mM NaCl, pH 8.0, tbc do chay
mau 0.5 ml/ phat. Nong do protein dau vao
5.0 mg/mL. Pudng chuan 14 hdn hop chia
thanh phan cta tam (08) loai protein khac
nhau: aprotinin nguén gdc tir phdi bo (Sigma-
Aldrich, A3886), cytochrome C nguén goc tir
tim ngua (Sigma-Aldrich, C7150), carbonic
anhydrase ngudn goc tir huyét tuwong bo
(Sigma-Aldrich, C7025), ovalbumin ngudn
gbc tir 1ong tring trimg ga (Sigma-Aldrich,
A8531), alcohol dehydrogenase c6 ngudn
gbc tir ndm men (Sigma-Aldrich, A8656),
B-amylase ¢ ngudn gdc tirkhoai lang (Sigma-
Aldrich, A8781), va apoferritin c6 ngudn gbc
tir 1ach ngua (Sigma-Aldrich, A3630).

2.4. Théng tin vé s6 hiéu trinh tw ciia gene va
trinh tw acid amin sir dung dé gidi trinh tw gene

Thong tin vé DNA dugc ching toi
sit dung ldy tir ngan hang Gene “NCBI
GenBank database” (https://www.ncbi.
nlm.nih.gov/genbank/). ID cua BsGOR
dugc trinh bay trong bao cdo nay la
“KZD78503”. Thong tin vé protein dugc
chung t61 st dung trong nghién ctru dugc
ldy tir ngudn UniProt database (https:/
www.uniprot.org/uniprot/ AOA164TVMG6)
v&1 ma ky hi¢u tra ciru 12 “A0A164TVM6™.
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3. Két qua
3.1. Biéu hién gene

Cap moi duoc st dung da duogc chiing
t6i kiém tra dé tranh truong hop cac mdi bi
bét sai vi tri, tw bat voi nhau hodc thiét ké

khong phu hop véi nhiét do cuia qué trinh

PCR (hinh 1). Thong qua budc kiém tra,
chung ta co thé thay cip mdi Xudi va Nguoc
duoc chiing t6i thiét ké c6 chiéu dai phi hop
va nhiét do cling nhu sy twong thich véi gene
“dich” can duoc tach. Trinh ty clia enzyme
cat gigi han Ndel va Xhol dugc chén véo
ciing duoc thé hién rd trong hinh.
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Hinh 1: Trinh tu méi Xudi va moi Nguoe

Pé gidi trinh tu ctia gene mi hoa cho
enzyme BsSGOR dugc chiing t61 x4c nhan
thong qua giai trinh tu bang cd moi xudi
va moi nguoc, st dung cip mdi T7, két
quéa duoc thé hién rat rd rang trong Hinh
2. Toan bo gene ma hoa cho enzyme dugc

Graphic Summary Alignments Taxonomy

chung t61 tach va nhan lén thong qua hé
thong pET26b. Khong xuét hién bat ky dot
bién hay mat doan. Trinh tu cua gene dich
duoc gidi ma hoan toan 100 % va ty 1€ Gap
hay xuét hién dot bién thay thé cling nhu
mat doan 12 0 % (Hinh 2).

Sequences producing significant alignments

select all 100 sequences selected

Download ™ Select columns ¥ Show - [2]

GenBank  Graphics Distance tree of results MSA Viewer

Scientific Max Total Query E Per.

Deuiph Name Svre Som Gom oo | B | Accession
v v |y il
Bacillus subilis subsp. subliis str. 168 _complete genome Bacilussublili.. 1794 1794 93% 0.0 100.00% 4316079 gi1840169490/CP053102.1
Bacillus subtilis subsp_subtis str 168 ch complete genome Bacilussubtili 1794 1734 93% 00  10000% 4398844 gi1837880844/CP052842 1
Bacillus subtilis subsp. subiis str SMY chr e _complete genome Bacilussubtili 1794 1794 93% 00 10000% 4212427 gil1825308605/CP050532 1
Bacillus subils strain 2014-3557 _complete genome Bacilus sublilis 1794 1794 93% 00 100.00% 4240660 gi1799643101/CPO45672 1
Bacillus subtis strain SRCM102750 cf _complete genome Bacilussublilis 1794 1794 93% 0.0 100.00% 4098278 gi1799485302CP028215.1
Bacillus subtiis strain GOTS ch complete genome Bacilus subtiis 1794 1734 93% 00  10000% 4119135 gil1796086223/CP04T325 1
Bacillus subilis strain P9_B1 chr e complete genome Bacilus subtiis 1794 1794 93% 00  100.00% 4063463 gil1775244673/CP045811 1
Bacillus sublilis strain PB_B3 chromosome,_complete genome Bacllus sublilis 1794 1794 93% 00 100.00% 4215511 gi1775237401/CP045812 1
Bacillus sublils strain PB_B1 chromosome._complate genome Bacilussublilis 1794 1794 93% 00 100.00% 4215512 gi1775224065/CP045922 1
Bacillus subtiis strain MB8_B7 chr & complete genome Bacilus subtiis 1794 1734 93% 00  100.00% 4191568 gil1775162852/CP0458211

Hinh 2: Két qua Blast sau khi giai trinh tu gene
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Cac két qua khiang dinh, muc tiéu
tach va nhan ban gene ma hoa enzyme tur
bo gene cua Vi khuan Bacillus subtillis da
thanh cong.

3.2. Biéu hi¢n gene va tinh sach protein tdi
10 hop cua enzyme BsGOR

Qué trinh biéu hién gene dugc thuc
hién bang cach nudi cidy chung DE3 di
dugc cheén plasmid chira gene dich va nuodi
trong moi truong LB tai nhiét @6 25°C. Tai
nhiét d0 nay, protein dugc biéu hién mot
cach tir tir va On dinh dé c6 kha ning tinh
sach (Soluble). Vach dai dién cho protein tai
t6 hop duoc thé hién rd nam trong khoang
gifra vi tri cia vach chi thi1 33.2 kDa va 41.7
kDa ctia thang protein chuan. N6 ciing phu
hop véi thong tin tinh toan cia chiing toi vé
kich thudce phén tir cia protein 1a 36.5 kDa.
Thé tich nudi cay 1a 2 lit st dung phuong
phap nudi cdy di duge chiing t6i trinh bay
O trén. Protein sau khi dugc tinh sach dat
d6 tinh khiét cao, dugc thé hién thong qua
viéc so sanh lane 5 va 6 voi1 cac lane khac
ctia két qua dién di SDS-PAGE (hinh 3).
Protein sau d6 dugc mang di ly tdm lanh dé
dua vé ndng do 0.5 mM (ndng do cudi la
18.9 mg/ml) va duogc bao quan & -60°C dé
str dung cho cac nghién ctru tiép theo.

kDa M 1 2 3 4 5 6

.

Hinh 3. Tinh sach protein tai to hop
BsGOR.

Vé6i M: Chi thi protein. 1: trudc khi bd
sung IPTG. 2: sau 18 tiéng bo sung IPTG.
3: Dung dich ndi sau khi ly giai té bao. 4
dung dich thu nhén sau khi str dung séc ky
ai luc His-Trap FF column. §: dung dich thu
duoc sau khi st dung sac ky kich thudc hat
Superdex-200 column. 6: dung dich protein
dugc thu nhan va dem di bao quan.

3.3. Phén tich kich thudc sw dung sdc ky va
két qud phan tich ciia h¢ thong Sec-MALS

Pé co thé xach dinh duoc trang thai
cAu tric ctia BsGOR, chung t6i st dung hé¢
théng sic ky phan tich kich thudc. Dung
dich protein tai to hop sau khi dugc tinh sach
va pha lodng dat ndng d6 (5.0 mg/ml) duoc
cho chay qua cot phan tich Superdex-200,
thé tich cua protein khi qua cot “V” duge
ghi nhan va so sanh véi cac protein chuin
(Hinh 4A). Gia tri V_ thu duoc la 13.92 ml.
Tir két qua trén ta co thé tinh toan dugc,
trong lwong phan tr cla protein tai diém
cuc dai khi so sanh v&i protein chuan la
xap xi 70 kDa, tuong mg voi khoang gip
2 1an trong luong phén tir clia protein tai to
hop BsGOR dugc tinh toan (36.5 kDa) cho
ting don phén tir. Két qua phan tich tir Sec-
MALS dugc thé hién qua hinh 4B va bang
1 cho két qua, trong lwong phan tir ciia mau
14 75.51 kDa (£0.718 %), chinh x4c gap hai
lan trong lwong phén tir cia timg don phéan
ttr. Két qua ctia hai phwong phap trén chimg
minh duoc, protein tai to hop BsGOR ton
tai & dang “hai phan tu” (homodimer) trong
dung dich. Nhitng két qua trén khi so sanh
v6i cac két qua cia protein tai to hop trén
ngudi hGRHPR [13], ndm mdc [12], va cac
chung vi khuan [4] khéc 13 tuong tu.
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Hinh 4. Trong lwong phén tir clia protein tii to hop BsGOR bing sic ky phan
tich. (A) Gia tr1 V, va duong chuan protein cta phuong phap sic ky phan tich. (B) Két
qua phan tich SEC-MALS. Tam loai protein chuan khac nhau duoc str dung lam dudng
chuén, apoferritin ¢6 kich thudc phan tir 474 kDa (Elute volume ~ 20 mL) khong duoc
thé hién trén hinh. Chi tiét duoc mo ta & phan vat lidu va phuong phap nghién ctru. Gia tri

cua dinh peak V_1a 13.92 mL.

Mass Fraction (%) 100%
Mn (g/mol) 7.511x10* (£0.712%)
Mp (g/mol) 7.604x10* (£0.212%
Mw (g/mol) 7.551x10* (£0.718%)
Mz (g/mol) 7.592x10* (£1.616%)
Mw/Mn 1.005 (£1.011%)
Mz/Mn 1.011 (£1.766%)

Bang 1: Két qua phén tich Sec-MALS

4. Ban luan

Gene dich mad hoéa cho enzyme
c6 kha ndng phan giai Glyoxylate/
Hydroxypyruvate tir ching Vi khuan
Bacillus subtilis (BsGOR) dugc chiung to1
phan tach thanh cong thong qua két qua
cua gidi trinh ty gene. Gene BsGOR sau
d6 duoc chuyén vao trong véc to chuyén
gene pET26b va dugc biéu hién ciing nhu
tinh sach thanh cong thong qua cac két qua
ctia dién di SDS-PAGE va sic ky phan tich
khéi lugng. Sau qua trinh tinh sach, thu
nhan duoc protein tai t6 hop ciia enzyme
BsGOR c¢6 nong do 0.5 mM (18.9 mg/ml)

v6i @6 tinh sach cao va protein tai to hop
van on dinh ¢ nong do nay, khong bi bién
tinh ciing nhu thay d6i cdu tric khong gian
qua két qua phan tich Sec-MALS. Dang ton
tai ciia protein tai to hop trong dung dich 1a
dang da phan tir (homodimer) tuong tu so
v6i protein tai t6 hop dugc thu nhan tir cac
nguon khac. Piéu d6 chimg to dugc chung
t6i d3 biéu hién va tinh sach thanh cong
gene dich ma hoa cho enzyme c6 kha nang
phan giai Glyoxylate/Hydroxypyruvate
tr chung vi khuan Bacillus subtilis, két
qua cta nghién ctu ndy co thé duoc tiép
tuc phat trién va nghién ctiru mot cach chi
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tiét hon vé hoat tinh enzyme ciing nhu cau
truc va chirc nang hoat dong cua enzyme
BsGOR.

5. Két luan

Nhom nghién ctru da thanh cong biéu
hién dugc ezyme c6 kha ning chuyén hoa
GRHPR tir by gene ciia chung Vi khuan
Bacillus subtilis. Qué trinh tach gene,
chuyén gene va biéu hién gene dugc thuc
hién thanh cong va trinh bay thong qua céc
két qua chi tiét trong nghién ctru ciia ching
to1. Dap img dugc muc tiéu cua nghién ctru
da duoc dat ra.
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