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Tom tat

Nhu cau xir Ii rac thai nhya polyethylene terephthalate (PET) dang ngay cang trg nén
cap thiét va quan trong trong x& hoi hién dai. Hién nay, viéc xu li rac thai PET dua trén
phuong phéap phéan huy sinh hoc dugc xem 1a giai phap bén viing dé xir Ii rac thai nhya

PET bing céch sir dung enzyme ngudn gdc tir vi sinh vat dé xtc tac qua trinh thay phan
PET. Nghién ctru da biéu hién va tinh sach thanh c6ng enzyme PETase thong qua ki
thuat protein tai to hop. Diéu kién tbi uu dé biéu hién PETase duoc x4c dinh 1a cam tng
4 gio 30 phit & 30 °C véi ndng d6 IPTG 12 0,01 mM. PETase sau tinh sach thé hién kha

nang phan hay nhya PET hiéu qua véi hoat tinh dugc t6i wu hoa khi bd sung dong thoi
glycerol 10 % va DTT 1 mM. Két qua cia nghién ctu tao tién dé cho céc nghién ctu
tiép theo lién quan dén san xuat enzyme phan huy PET va cac nghién ctru lién quan dén
protein tai to hop dé tai ché rac thai nhya tai Viét Nam.
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1 Gi¢i thiéu

Pugc phét trién boi DuPont vao giita nhitng nim 1940,
Polyethylene terephthalate (PET) la loai nhua nhiét déo
duoc san xuét va str dung rong réi nho cac dac tinh cua
nhya. PET thu dwgc tir qua trinh trung hop axit
terephthalic (TPA) va ethylene glycol (EG) hoic thu
duoc tr quad trinh chuyén hoéa este cua
dimethylterephthalate (DMT) va EG. Thé giéi da san
XUt 367 trigu tan PET vao nam 2020 [1,2]. Tuy nhién,
muc do tai ché caa nhua PET rét thap. Di lidu tir Hoi
dong Hoa hoc Hoa Ki (American Chemistry Council)
va Higp hoi Quéc gia vé Tai nguyén Vat ligu PET
(National Association for PET Container Resources)
nam 2018 cho thiy, chi c6 29,1 % chai va lo PET duoc
tai ché, 16,3 % luong PET san xuat duoc thu hoi nang
lwong nho qua trinh dbt, con lai 27 triéu tan nhya phai
xt 1i bang cach chon lap hoic troi dat ra moi truong
nuéc [3,4]. Do tinh tro vé mat hoa hoc, chat thai PET
gay 0 nhidm moéi truong nghiém trong, mat khoang
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(400-1.000) nam dé PET phan huy trong méi truong tu
nhién. Mat khac, chat thai PET tich ty trong dai duong
v6i tde do song song voi tbe d6 san xuét, tao thanh mbi
de doa khung khiép dén mai truong va cac sinh vat
bién. Viéc tich lity nhya lién tuc 1am day 1én méi lo ngai
dang ké vé tac dong cua nhya d6i véi sic khoe con
nguoi va dong vat hoang da [5-8].

Tai ché nhya dya trén 3 phuong phap chinh 1a: nhiét
phéan, hoa hoc va sinh hoc. Trong d6, phuong phap phan
hity sinh hoc dugc xem 1a giai phap bén viing dé xtr li
réc thai nhua tir PET bang cach sir dung enzyme ngudn
gdc tir vi sinh vat dé xuc tac qua trinh thily phan PET &
nhiét do cao [9]. Trén thé gidi co rat nhiéu nghién cau
Vé viéc tai ché PET sir dung phuong phép sinh hoc da va
dang dugc cha y. Nam 2005, cutinase tir Fusarium
solani pisi di duoc sir dung dé li giai cac bé mit soi tong
hop nhu polyester, polyamide va acrylics [10]. Xa khuan
Thermobifida fusca dugc phan lap va dung enzyme
hydrolase chiét tir xa khuin nay dé phan hay mach
polymer trong PET [11]. Ki thuat chuyén gen ma héa
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cutinase tir Thermobifida cellulosilytica va T. fusca vao
ching Escherichia coli BL21-Gold da duot thuc hién
thanh cong [12]. Pang chu v, 1a viéc phan lap thanh cong
vi khuan ldeonella sakaiensis 201-F6 c6 kha ning tiét
PETase dé phan huy PET thanh terephthalate (TPA) va
ethylene glycol (EG) & nhiét do tir (20-40) °C. So véi cac
enzyme phan giai nhya trudce day, PETase co d6 dac hi¢u
va hiéu qua cao khi phan hay mang PET ma khéng yéu
cau diéu kién nhiét 6 khit khe nhu cac loai enzyme
khac. S& mat hang trim nam dé PET thodi hoa tu nhién,
nhung PETase c6 kha nang lam thoai héa PET chi trong
vai ngay. PETase phén hay PET thanh bis(2-
hydroxyethyl)  terephthalate  (BHET), mono(2-
hydroxyethyl) terephthalate (MHET) va TPA. Trong
diéu kién 30 °C voi pH = 7,0; enzyme hiéu qua hon (5,5-
120) 14n so véi cac chat twong dong phan huy PET [13].
Qua trinh thiy phan PET st dung protein tai t6 hop
PETase duoc ki vong s& cung cip mot giai phép bén
vitng va hiéu qua cho van dé xt i 6 nhiém rac thai nhya.
Tuy nhién, hién nay, tai Viét Nam van chua c6 dir liéu
vé c&c nghién ciru tai ché PET dura trén linh vuc sinh hoc
phan tir. Do do, nghién ctru nay duoc thuc hién nham
biéu hién va tinh sach enzyme PETase thong qua ki thuat
protein ti t6 hop. Két qua nghién cau s& 1 tién d& cho
céc nghién cru sau lién quan dén san xuat enzyme phan
hity PET va cac hudng nghién ciru lién quan dén protein
tai to hop (g dung tai ché rac thai nhua.

2 Vat li¢u va phuong phap nghién cuu

2.1 Vatliéu

Chuing vi khudn, méi truong

Chung vi khuan E. coli BL21(DE3) dugc luu trir tai
phong thi nghiém Sinh hoc phan tir tai Vién Ki thuat Cong
nghé cao Nguyén Tat Thanh (NTT). Chung vi khuan
duoc nudi cy trong méi truong Luria-Bertani (LB)
(Peptone: 10 g/L, NaCl: 5 g/L, cao chiét nim men: 5 g/L).
Plasmid mang gen m& hoa PETase

Vector tai t6 hop pET21b(+)-Is-PETase-W159H-
S238F chtra trinh tu md héa cho PETase cua |.
sakaiensis 201-F6 (Genbank GAP38373.1) véi dot
bién W159H va S238F, t6i uu hoa codon biéu hi¢n ¢ E.
coli K12 dugc cung cip bai mot kho luu trir plasmid
phi lgi nhuan Addgene.

Khang thé khang 6*His

Khéng thé don dong duoc cung cap tir Cong ty cong
nghé sinh hoc Proteintech, Singapore. Day 1a khang thé
nhan dién dac hiéu duéi polyhistidine (6*His) nho kha

ning gin tryuc tiép véi enzyme horseradish peroxidase
dé phat quang. Vi thé, khang thé c6 thé phét hién vi tri
protein muc tiéu trén mang lai ngay sau mot lan a khang
thé ma khong can dén budc u khang thé thi cap.

Thiét bj va dung cu

Thiét bi Western Blot - Novex™ Semi-Dry Blotter
duoc cung cap bai Cong ty Thermo Fisher Scientific,
Mi. Hé thong chup anh gel va hoé phét quang - G:BOX
Chemi XRQ duoc cung cap bai Cong ty Syngene, Anh.
Cot sac ki tinh sach PETase cd thanh phan 1a Ni-NTA
Agarose duoc cung cap boi Cong ty Qiagen, Pic.

2.2 Phuong phap

Bién ngp vector tai té hop (pET21b(+)-Is-PETase-
W159H-S238F) vao E. coli BL21 (DE3)

Té bao vi khuan E. coli BL21 (DE3) s& duoc hoat hoa
& 37 °C Véi toe d6 lac 150 vong/phut, nudi cay qua dém
trong 10 mL LB long. Tiép theo, 1 mL dich nudi ciy
qua dém duoc chuyén vao binh tam gi4c chtra 30 mL
LB da duoc tiét trung va lam 4m dén 37 °C trude do.
Dich vi khuan tiép tuc duoc nudi lic & 37 °C dén khi
gia tri ODgoo dat 0.4-0.5. Sau d6 chia dich khuan vao
cac Eppendorf (1 mL dich khuan/Eppendorf) va gitr
lanh trong d4 trong 10 phit. Thu té bao vi khuan bang
cach li tam ¢ toc d6 6000 vong/pht trong 8 phit &
4 °C. Phan dich ndi phia trén duogc loai bo, thém 400
pL CaCl; 0,1 M 1 lanh vao tirng Eppendorf. U té bao
trén da trong 20 phat va tiép tuc li tm voi diéu kién
nhu trén dé thu té bao. B6 sung 200 pL CaCl; 0,1 M
trong 15 % Glycerol.

Tiép theo, 2 pL plasmid tai to hop ndng do 5 ng/uL s&
dugc chuyén vao tube chira 100 pL té bao kha nap E.
coli BL21 (DE3). Sau d6 hdn hop dugc tron déu nhe
nhang khong vortex va dé yén trén da trong 30 phut.
Han hop té bao dugce dem di sdc nhiét & 42 °C trong 1
phat, sau d6 chuyén vao da lanh trong 5 phat. Thém
950 uL LB ¢ nhiét do phong vao hdn hop, dng dugc
dem di u tai 37 °C trong 60 phat véi toc do lic 250
vong/phdt, li tam 6000 vong/phut thu té bao. Cac té bao
bi séc nhiét s& duoc trai trén dia thach LB chia
ampicillin 1X. Ching vi khuan E. coli BL21 (DE3) st
dung hé théng biéu hién T7 RNA polymerase/T7
promoter dé phién ma gen muc tiéu nam sau ving T7
promoter trén vector chuyén gen pET [14]. Do do,
khém khuan lac bat ky moc sau khi i qua dém & 37 °C
dugc xac minh bién nap plasmid thanh cong bang
phuong phap PCR véi cap moi T7 dugc thiét ké dic
hiéu cho plasmid. Théng tin vé cap mdi T7 dugc trinh
bay trong Bang 1.
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Bang 1 Trinh tu cip mdi T7
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Tén Doan gen Trinh tw mai (5'-3") Chx'eu dai san
muc tiéu pham dw kién
Moi xudi T7 terminator — GCTAGTTATTGCTCAGCGG 1053 b
Mainguoc | T7 promoter TAATACGACTCACTATAGGG P

PCR khuan lac kiém tra sau khi bien ngp

Sir dung que cay vo triing lay */s khém khuan lac don tir dia LB da chudn bj va thyuc hign phan iing PCR khuan lac
Vi cip moi dac higu dé kieém tra sy c6 mit cua plasmid pET21b(+)-1s-PETase-W159H-S238F trong té bao E. coli
BL21 (DE3) sau khi bién nap. Thanh phan phan tng va chu trinh nhiét duoc trinh bay trong Bang 2. Kiém tra san

pham PCR bang ki thuat dién di trén gel Agarose.
Bang 2 Thanh phan va chu trinh nhiét PCR khuén lac

Chu trinh nhiét PCR colony
Thanh phan Thé tich (uL) Cac bll-’f\)'C Nhiét d (°C) Tho’_lAglan So\chu
thuc hién (giay) trinh
Dung dich dém 5X Bién tinh ban
MyTaq Reaction 10 dau = 30 1
Khuan lac 1/s khém khuan lac | Bién tinh DNA 95 45
Moi (20 pM) 1 Gan moi 53 20
MyTaq HS DNA L 35
Polymerase Kéo dai 72 60
Nuéc (ddH,0) vira du 50

Khdo sat diéu kién biéu hign PETase

Khom khuin lac duoc xac dinh mang vector
PET21b(+)-I1s-PETase-W159H-S238F duoc chuyén
vao 4ng nghiém chara 10 mL LB b sung ampicillin 1X
va nudi lic 150 vong/phit & 37 °C qua dém. Tiép tuc
chuyén 1 mL dich nuéi cy vao cac dng nghiém chira
10 mL LB + ampicillin 1X va nudi lic dén khi ODgoo =
0,5. Tién hanh bd sung chat cam &ng isopropyl R-D-1-
thiogalactopyranoside (IPTG) voi cac gia tri nong do
cudi khac nhau: (0,01; 0,05; 0,1 va 0,2) mM; cam Ging
& 2 mde diéu kién nhiét do lan luot 1a (25 va 30) °C;
ddng thoi thay d6i cac méc thoi gia cam tng 1an lugt 14
1; 2; 3; 4; 4,30 va 5 gio. Két qua tdi wu biéu hién
PETase dugc danh gia dua vao do dam nhat cua cac
band protein thu duoc sau khi lai héa Western Blot. P
dam nhat ctia bang protein & cac thi nghiém lai hoa
Western Blot duoc so sanh bang phan mém Image J.
Tiép theo, hdn hop dung dich dugc dem li tim 6000
vong/phut trong 30 phut & 4 °C dé thu té bao. Cac té
bao s€ dugc dem trit dong tai —80 °C trong dung dich
NPI-10 (NPI-10 gdm 50 mM NaH,PO4, 300 mM NaCl
va 10 mM Imidazole; ti 1& t& bao/NPI: 1 g/10 mL).
Nuoi tang sinh té bao E. coli BL21 (DE3) mang vector
PET21b(+)-1s-PETase-W159H-S238F trong binh tam
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giac chra 1 L LB Véi quy trinh twong tu, bo sung chat
cam ung IPTG vai két qua nhiét do, ndng do va thoi
gian téi vu da khao sat.

Tinh sach PETase

Té bao E. coli dugc phé v bang song siéu am véi tan
sb 20 Hz (thiét 1ap mic dinh) va bién d6 20 %, bat 10
gidy roi tat 10 gidy, kich thudc dau tip 12 6 mm, trong
téng thoi gian (bat) tir (20-30) phat tay thé tich dung
dich. Hon hop dung dich sau d6 duoc chuyén sang dng
Eppendorf 2 mL va li tm 17.000 vong trong 15-30
phat. Loai bo phan can, dich ndi s& duoc cho qua cot
sac ki chira 2 mL Ni-NTA Agarose (Qiagen, Germany)
dé tinh sach protein giai phong tir té bao. Can bang cot
sac ki v6i dung dich dém NPI-10. Tiép tuc bd sung dich
lysate (dung dich chira protein giai phong tir té bao),
cho dich chay qua cot tur tu, thoi gian chay cham sé
quyét dinh ti 1& protein bam lai cot (diéu chinh toc do
chay cuia cot bang cach gan dau kim tiém vao phan dudi
cot va diéu chinh sao cho toc do dong chay la 4-5
gidy/giot). Dich ra khoi cot duoc thu vao dng li tam
nhya va danh dau |a phan dich khong bam cot. Rira cot
Vv6i 2,5 1an thé tich cot bang dung dich dém NPI-10 dé
loai bo céc thanh phan khéng bam dinh dugc trén cot
(ki hiéu 1a W). O giai doan nay, chi con lai protein myc
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tidu gan dudi 6* His bam dinh 1én c6t. Thu protein dich
bang 5 lan thé tich cot véi dung dich NPI-250 (dung
dich ra khoi cot duoc chira bang eppendorf 1,5 mL, mdi
eppendorf chi thu 500 pL dung dich va dugc danh diu
lan Iuot 1a E1, E2.... cho dén hét). Cudi cuing, cot dugc
lam sach bang 10 Ian thé tich cot vai dung dich NPI-
500, lam sach lan nita véi con 20% va bao quan trong
con 20%.

Kiém tra protein tinh sach

Pinh lwong PETase tinh sach duoc thuc hién bang
phuong phap Bradford, két qua dugc trinh bay Ia trung
binh cong cua ba lan lap lai va d6 Iéch chuan, phan tich
théng ké bang kiém dinh One-way ANOVA (kiém dinh
duge xem 1a ¢ y nghia thong ké khi P<0.05). Binh
tinh PETase tinh sach duoc kiém tra bang phuong phap
dién di Sodium Dodecyl Sulfate Polyacrylamide gel
Electrophoresis (SDS-PAGE) va phuong phap lai
mién dich Western Blot véi khang thé khang 6*His
(Proteintech, Singapore) [15-17].

Ung v6i mdi phan doan, viée xac dinh nong dé protein
bang 1 phuong phap nao do6 (chang han Bradfort) luon
can 13p lai it nhét 3 1an trén mdi phan doan d6, nhu vay
két qua ndng do protein cua phan doan d6 co tinh lip
lai thi gié tri cung cap sau cuing la gié tri trung binh cua
cac lan lap lai do, tir 6 suy ra do léch chuan.

Danh gia so bg hoat tinh phan huy PET cua PETase
sau tinh sach

PETase phan huy PET thanh TPA va EG & nhiét do tur
(20-40) °C. C4c nghién ctru true day cho thdy PETase
van hoat dong tét & nhiét do phong [9, 13]. Do do,
nhom nghién ctru st dung nhiét @6 phong trong toan bo
thi nghiém khao sat hoat tinh PETase dé t6i gian may
mac sir dung dong thoi ching minh tinh kha thi khi st
dung PETase phan hay PET trong thuc té.

Chuan bi cac miéng nhya duong kinh 5 mm tir chai
nudc giai khat PET thuong mai (PepsiCo., Viét Nam).
Sau do, 0 cac miéng nhya nay lan lugt vao hdn hop
enzyme va dung dich dém khac nhau (DTT, glycerol
10% , hdn hop DTT va glycerol 10% ) véi day tang dan
céc ndng do PETase sau tinh sach & tirng méc thoi gian
khéc nhau. H3n hop duoc 1 tai nhiét d6 phong, va két
qua phan huay trén bé mat cac miéng nhya duoc quan
sat dudi kinh hién vi (d6 phong dai 10X) sau cac moc
thoi gian lan luot 12 (24, 48, 72 va 96) gio; 1 tuan va 1
thang. Dung dich dém c6 thé dugc thay sau mdi lan
quan sat miéng nhua dudi kinh hién vi hoac sau 7 ngay
str dung tuy vao muc dich thi nghiém. Hoat tinh phéan

huy PET cua PETase dugc danh gia dua trén mat do
cac vét nut xuat hién theo thoi gian.

3 Két qua va thao luan

Bién nap vector tai t6 hop

Chiing vi khuan E. Coli BL21 (DE3) la ching duoc sir
dung nhiéu nhat d¢ biéu hién protein nho vao kha ning
phét trién nhanh trong mdi truong nudi cay don gian, ré
tién. Trong BL21 (DE3), su biéu hién cua gen ma hda
protein dich nam trén plasmid pET dugc diéu khién boi
T7 RNA polymerase [18]. Do d6, sau khi bién nap
plasmid pET21b(+)-Is-PETase-W159H-S238F vao té
bao vi khuan E. coli BL21 (DE3), sy hién dién cua
plasmid duoc kiém tra bang phuong phap PCR colony
véi cap moi T7. Két qua dién di san pham PCR cho thay
sw hién dién cia doan trinh tw muc tiéu chira gene
PETase véi kich thuéc mong muén (1053 bp) trong té
bao vi khuan E. coli BL21 (DE3) sau bién nap (Hinh 1).

BL21 L NTC bp

1000
800
600

400

200

Hinh 1 Két qua dién di san pham PCR colony sau bién
nap vei cap moi T7. BL21: chung E. coli BL21(DE3) sau
bien nap, L: thang DNA chuan 100 bp, NTC: chung E.
coli BL21(DE3) khdng bién nap plasmid
Piéu kién téi wu biéu hién PETase
Mtc d6 biéu hién cia PETase tai cac gi tri nong do
IPTG va nhiét o duoc danh gia bang phuong phap
Western Blot. Két qua Western Blot cho thay xuat hién
vach tin hiéu tuong ung voi kich thudc cua protein
PETase trén li thuyét (29 kDa). Xét vé diéu kién téi uu,
protein PETase biéu hién & 30 °C véi ndng d6 cam ng
IPTG twong (ng 12 0,01 mM cho vach dam nhat, theo
sau | vach protein biéu hién & 25 °C véi nong do IPTG
0,1 mM. O cac nong do va nhiét do con lai, luong
protein PETase tao ra thap thé hién thong qua céc vach
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protein m& hon trén mang lai (dir liéu phan tich bing  IPTG 0,01 mM la diéu kién téi wu dé biéu hién PETase
phan mém ImageJ). Do do6, nhiét d6 30 °C va nong @ (Hinh 2).

Nhigtde | 259C || 30 °C |
Noéng do

PTG (mvy 0! 005 01 02 L 00l 005 01 02 kDa
A.

PETase >

B.
72
55
42
34
N e — — _—
Cudng dé
dam (%)* 325 878 2102 100 2273 963 1121 1049

Hinh 2 Khéo sat nhiét do va ndng do cam tng IPTG tdi wu biéu hién PETase cua chung E. coli BL21 (DE3) bing
phuong phap dién di SDS-PAGE (A) va phuong phap lai Western Blot (B). L: thang color prestained protein standard
broad range. *Dir li¢u dwoc phan tich bang phan mém Imagel
Thoi gian cam ung IPTG t6i wu biéu hién PETase ciing dugc ddnh gid bang phuong phap Western Blot. Két qua
Western Blot cho thay thoi gian cam tmg cang tang thi lugng protein PETase thu dugc cang nhiéu, tuy nhién sau
méc 4 gio 30 phit cam mg thi lwong protein PETase thu duoc giam xudng. Két qua phan tich tir phan mém Imagel
cho thay, protein PETase dugc cam ung IPTG trong 4 gio 30 pht cho vach dam nhat, theo sau 1a méc 5 gio cam
ng. Tai cac mdc thoi gian tir (1-4) gio cam tng IPTG, lugng PETase tao ra thap hon (Hinh 3). Nhu vay, chdng

t6i chon mdc thoi gian 4 gio 30 phdt Ia thoi gian cam ung IPTG t6i wru biéu hién protein PETase.

Piéu kién cam vmg: IPTG 0,01 mM & 30 °C

Thei gian

cAm umg (gid) 1 2 3 -+ 4:30 s L NTC kDa
Al

72
55
43

34

PETase

26
B.
T 72
- ss
— a3
- 26
Cudmg do 100 135 301 324 438 365

dam (%0)*
Hinh 3 Khao sét thoi gian cam ung IPTG t6i wu biéu hién PETase cua chiing E. coli BL21 (DES3) bang phuong phap dién
di SDS-PAGE (A) va phuong phéap lai Western blot (B). L: thang color prestained protein standard broad range, NTC:
chung E. coli BL21(DE3) khdng bién nap plasmid. *Dit liéu dugc phan tich bang phan mém Imagel

M: Dai hoc Nguyén Tat Thanh
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Biéu hi¢n va tinh sach PETase

Két qua dién di SDS-PAGE sau khi tinh sach PETase
st dung cot Ni-NTA cho thay vach san pham protein
tinh sach (phan doan E4-E15) thu duoc & diéu kién biéu
hién t6i uu co kich thudc 14 29 kDa, tuong (g véi kich
thugc trén |i thuyét. Bong thoi, protein tai to hop
PETase ciing c6 trong phan dich khong bam cot, phan
khong tan va phan dich ni sau li tim cua dich pha té
bao E. coli BL21 (DE3). Nguoc lai, vach san pham nay
dudng nhu khong xuét hién trong E1, E2, E3 va mau

.

dbi chitng &m 1a chung E. coli BL21 (DE3) khong bién
nap plasmid muc tiéu. PETase tinh sach xuét hién cha
yéu tir phan doan E5-E16, cac phan doan E1-E8 con
chtra nhiéu protein khéc, tir phan doan E10-E15 protein
PETase thu dugc véi nong d6 cao va sach hon. Trong
tat ca cac phan doan, ndng do PETase tinh sach cao
nhat & phan doan E11 va thap nhit ¢ phan doan E4.
Diéu nay ching minh protein tai t6 hop PETase da
duoc tinh sach (Hinh 4).

| NPIL10

NPI-250 ‘

IS S L W1 W2 W3 El E2 E3 E4 ES
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Hinh 4. Két qua SDS-PAGE céc phan doan tinh sach PETase bang sic ky ai luc Ni-NTA. U (Unbound): phan dich khéng
bam cot, 1S (Insoluble): phan khong tan, S (Soluble): dich néi sau li tim, L: thang color prestained protein standard broad
range, W1-3: phan doan rira cot voi NPI-10 (W1: 1 mL dich ddu, W2: 1 mL dich tiép theo, W3: 1 mL dich cudi cung);
E1-16: phan doan rira giai véi NP1-250 (m&i phan doan chi thu 500 pL); NTC: chang E. coli BL21(DE3) khdng bién nap
plasmid.

Két qua Western Blot cho thdy cac bang protein kich thudc 29 kDa xuat hién trong phan dich khéng bam cot, phan
khéng tan, dich noi sau li tam, W1-2 va E4-E16. Trong cac phan doan thu protein bang NP1-250, phan doan tir E4-
E16 lan luot hién thi sy c6 mit cua protein PETase véi E4 1a phan doan chua it nhat va E11 1a phan doan chaa
nhiéu nhat PETase muyc tiéu. Nhu vay, chung t6i da tinh sach thanh cong protein tai to hop PETase (Hinh 5).
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Hinh 5 Két qua Western Blot cac phan doan tinh sach PETase bang sic ky ai luc Ni-NTA
L: thang color prestained protein standard broad range, U (Unbound): phan dich khéng bam cét, Is (Insoluble): phan
khong tan, S (Soluble): dich néi sau li tim, W1-3: phan doan rira cot vai NP1-10 (W1: 1 mL dich dau, W2: 1 mL dich tiép
theo, W3: 1 mL dich cudi cing); E1-16: phan doan thdi giai véi NPI-250 (mdi phan doan chi thu 500 pL), NTC: Chang
E. coli BL21(DE3) khdng bién nap plasmid.
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Protein tong sé trong cac phan doan tinh sach dugc dinh lugng bang phuong phap Bradford. Két qua duoc trinh
bay la trung binh cong cua ba 1an I3p lai va d6 léch chuan. Phan doan tir E9 dén E13 thu dwoc ddy ndng do protein
cao (4,8-7,2) mg/mL). Trong tit ca cac phan doan sau tinh sach, phan doan E11 ¢ ndng do protein tong cao nhét
(7,2 mg/mL) theo sau 1a phan doan E10 (6,6 mg/mL) va phan doan E12 (6 2 mg/mL) phan doan c6 nong do
protein thip nhit 1a phan doan E1 (1,6 mg/mL) Tuy nhién, ndng do6 protein téng s trong mdi phan doan sau tinh
sach khéc biét nhau khong c6 y nghia thong ké (P > 0,05) (Hinh 6).
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Hinh 6 Két qua dinh lugng protein tong s trong mdi phan doan sau tinh sach bang phuong phap Bradford.
Nong do protein tong s dwoc trinh bay trung binh cong cua ba lan do 1ap lai va d6 léch chuan.

Ddnh gia so bg hogt tinh phan huy PET cua PETase
sau tinh sach

Céc nghién ctu gan day sir dung kinh hién vi dién tir
dé quan sét sy thay doi cua bé mat miéng nhua (cat tir
chai nudc khoang thuong mai) sau khi dugc 0 Vi
enzyme PETase ghi nhan su xuat hién cua céc 16 hdm
va vét nat trén bé mat miéng nhya trong khoang thoi
gian tir 72 gio dén 5 tuan theo ddi [19-21]. Nghién ciru
nay duoc thyc hién véi muc tiéu chinh nham danh gia
so bo hoat tinh phan hiy nhua PET cua enzyme PETase
tai to hop, do d6 chung toi lya chon phuong phép quan
sat miéng nhua dudi kinh hién vi sau cac méc thoi gian
theo dai nham tiét kiém chi phi nghién ctu.

Thong thuong, viéc biéu hién & mac do cao cua nhiéu
protein tai t6 hop trong chung E. coli tao ra cac protein
thé viii va nang suét tai t6 hop tuong déi thip. Thé vui
dugc hinh thanh khi c6 sy mét can bang giira qua trinh
tdng hop va hoa tan protein, ching 1a dang protein bj
két cum lai do cac lién két lién phan tur (cha yéu la lién
két disulfide va cac bé mit ki nudc trong chudi
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polypeptide ctia phan tir protein). Do bi bién ddi vé mat
cau trdc, thé vai thuong chira cac protein khong c6 hoat
tinh sinh hoc. Bé khic phuc diéu nay, protein bi bién
déi cau trdc trong thé vii can duogc tai gap cuon thong
qua Viéc tai tao cau ndi disulfide tai cac vi tri can thiét
trong phan ta protein [22, 23]. Hién nay, DTT
(Dithiothreitol) dugc str dung rong rdi dé ngan chan sy
hinh thanh lién két disulfide trong protein chua
cysteine. Nho vay, DTT giup git protein chira cysteine
& trang thai hoat dong. Mat khac, nhiéu nghién ciu
trude day da chitng minh glycerol va cac dong dung
mdi da chirc khac thay ddi tinh chat dong hoc va nhiét
dong luc hoc cua protein. Cau tric phan tir glycerol
gom 3 géc —OH va lién két hydro giira cAc phan tir nay
tao nén tinh nhot dic trung cua glycerol. B6 sung
glycerol lam tang d6 nhét cua dung dich, lam giam
chuyén dong giita c4c phan tur tir d6 ting cuong sy 6n
dinh cua protein. Glycerol ciing 1a chat hoat dong bé
mit gitp tang tinh chat wa nudc cua PETase va ting
kha nang tiép xuc cua protein véi mang PET [24-27].
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V6i mong mudn téi wru hoa hiéu qua cia protein tai to
hop PETase, dich PETase sau tinh sach (ndng d6 4,5
mg/mL) duoc bd sung lan luot glycerol 10 %, DTT 1
mM va hdn hop 2 chat nay dé tiép tuc danh gia hoat
tinh phan huay PET trong 96 gio quan sat.

Két qua khao sat hoat tinh phan huy PET cua PETase
sau 28 ngay u miéng nhwa duong kinh 5 mm tai nhiét
d6 phong véi enzyme PETase di tinh sach véi nong do
4,5 mg/mL (thay enzyme sau méi 7 ngay) khong ghi

Ngay 0 Ngay 7

NPI-10

PETase

Ngay 14

nhan su thay ddi rd rét trén bé mat miéng nhua khi quan
sat bang mét thuong. Tuy nhién, khi quan sat dudi kinh
hién vi, sy phan hay sinh hoc cua PETase trén bé mat
miéng nhua dugc thé hién bang cac vét nat I6n dan theo
thoi gian, trai nguoc véi miéng nhua duoc ngam trong
NPI-10 thi khong xuat hién cac vét nut trong ca 28 ngay
quan sat. Két qua nay ciing cho thidy PETase nong do
4,5 mg/mL da thé hién dugc hoat tinh phan hay nhya
(Hinh 7).
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Hinh 7 Két qua theo d&i hoat tinh PETase tinh sach nong d6 4,5 mg/mL trong 28 ngay (d6 phong dai 10X)

Két qua danh gia so bo hoat tinh phan hay PET voi
nong do ting dan PETase trong 28 ngay cho thay céc
vét niit to, rd va xuat hién tang dan ti 1é thuan véi nong
d6 PETase va thoi gian tiép xtc enzyme. O tuan dau
tién (ngay 7), PETase ndng do 4 mg/mL gay vai vét nut
nho nhung PETase nong d6 7 mg/mL tao ra nhiing vét
nirt to va rd trén bé mat miéng nhua khi quan sat dudi
kinh hién vi. O tuan thir hai (ngay 14), PETase nong do
4 mg/mL tao ra cac vét nit nho, dong déu; PETase
nong do 5-7 mg/mL tao céc vét nit dai va rd rang hon
trén khap bé mat miéng nhwa. So véi két qua tuan thir
3 (ngay 21), cac vét nirt tiép tuc to dan va xuét hién day
dic hon trén bé mit cac miéng nhya duoc G voi PETase
nong do 4-5 mg/mL tai tuan theo ddi thir 4 (ngay 28).
Tuy nhién, chdng toi khdng nhan thiy su thay doi o rét
trén bé mat miéng nhya duoc t véi PETase nong do (6-

7) mg/mL khi so sanh giira tuan thir 3 (ngay 21) va tuan
thtr 4 (ngay 28) (Hinh 8).

Khi danh gia hoat tinh ph&n hay PET cua PETase trong
96 gid, miéng nhwra duoc u trong PETase don thudn bt
dau xuét hién cac vét nat li ti trén bé mit sau 96 gio quan
sat. Miéng nhya u trong hdn hop PETase va glycerol
10% lai khong xuat hién cac vét nat khi so sanh voi
miéng nhwa duoc U trong PETase. Nguoc lai, miéng
nhya dwoc t v6i hdn hop PETase va DTT 1 mM bit dau
Xuét hién cac vét nut nho trén bé mat chi sau 72 gio va
céc vét nit nay to va nhiéu dan Ién khi u dén méc thoi
gian 96 gio. Miéng nhya u trong hdn hop PETase,
glycerol 10 % va DTT 1 mM xuét hién nhiéu vét nut trén
bé mat nhat, cac vét nat nho bét dau xuét hién chi sau 48
gio theo ddi va dén 96 h u thi cac vét nit tré nén to va
day dac trén bé mat miéng nhya (Hinh 8).
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Hinh 8 Két qua theo dai hoat tinh PETase tinh sach véi ndng do ting dan trong 28 ngay (d6 phong dai 10X)

Theo thuyét Kramers, khi ting d6 nhét dung dich, luc
ma sat cua protein giam; diéu ndy s& dan dén giam
chuyén dong va trc ché xdc tac cua cac enzyme van
dong trong dung dich. Tinh chit nhét caa glycerol gidp
tang cudng su on dinh cua protein nhung ciing vo hinh
chung lam bt hoat hoat dong cua protein. Do do,
miéng nhua u trong PETase va glycerol 10 % di khong
Xuit hién cac vét nit an mon nhwa theo thoi gian. Mat
khéc, cau tric protein tai té hop PETase gém 2 cau ndi
disulfide hinh thanh tir 4 phan ta cysteine (C176-C212,
C242-C262). Viéc bo sung DTT 1 mM vao PETase
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gitip ngin chin su tao thanh cac lién két disulfide noi
phan tir va céc lién phan tir hinh thanh giita céc gbc
cysteine cua protein [28]. N6i cach khac, DTT 1 mM
gitp tang cuong hoat dong cua PETase. Diéu nay dugc
ching minh qua hinh anh cac vét nat hién dién sau 72
gio 1 v6i hdn hop DTT 1 mM va PETase. Mirc d tdi
uu hoa hoat dong cua PETase dugc thé hién ro nhat khi
bd sung dong thai glycerol 10 % va DTT 1 mM véi cac
vét niit nho bat dau hinh thanh sau 48 gid i, nhanh hon
rd rét khi so sanh véi méc 72 gio xuét hién vét nut cua
hén hop PETase va DTT 1 mM (Hinh 9).
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Hon
hop PETase
enzyme

0gis

24 g

48 gy

72 gid

PETase +

Glycerol 10% +
DTT 1 mM

Hinh 9 Két qué theo d6i hoat tinh han hop enzyme PETase tr6ng 96 gio (d6 phong dai 10X)

4 Két luan

Trong nghién ctru ndy, enzyme PETase tai to hop da
duoc biéu hién thanh cong trong E. Coli théng qua
vector tai td hop pET21b(+)-Is-PETase-W159H-
S238F. Khao sat so bo ban dau da cho thdy dugc kha
nang phan huy nhya PET cta enzyme sau khi dugc tinh
sach. Két qua cung cip co so tién dé cho cac nghién

ctru chuyén sau tiép theo dé xac dinh didu kién phan
huy nhya PET t6i wu, tir d6 hudng dén céc nghién ctu
¢6 tinh ting dung trong viéc hd trg xi Ii rac thai nhuya.
Loi cdm on

Nghién ctru nay dugc tai trg boi Truong Pai hoc
Nguyén Tat Thanh, mi sé dé tai: 2022.01.125/HD-
KHCN.
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Expression, purification and preliminary evaluation of PET degradation activity of PETase

Trang Minh Pham Nguyen, Diem Hong Tran, Hau Thi Tran, Huong Thi Thu Phung
NTT Hi-Tech Institute, Nguyen Tat Thanh University
pnmtrang@ntt.edu.vn

Abstract The urgent and growing importance of recycling polyethylene terephthalate (PET) plastic waste in
modern society cannot be overstated. To address this issue sustainably, biodegradable methods for PET plastic
recycling have gained considerable attention. These methods involve utilizing enzymes derived from
microorganisms to catalyze PET hydrolysis. In this study, we successfully employed recombinant protein
techniques to express and purify PETase enzyme. The optimal conditions for PETase expression were determined
to be a 4-hour and 30-minute induction at 30 °C using IPTG concentration of 0.01 mM. Upon purification, the
PETase enzyme exhibited efficient degradation of PET film, displaying optimized activity when supplemented
with 10 % glycerol and 1 mM DTT. These findings lay the groundwork for future research endeavors pertaining to
the production of PET cleavage enzymes and the exploration of recombinant proteins for plastic waste recycling
in Vietnam.

Keywords: PETase, recombinant protein, PET, expression, purification.
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