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TAO DONG GEN MA HOA CHITINASE 42 kDa CUA TRICHODERMA
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Tém tit. Chitinase 1a enzyme xtc tac thuy phan chitin bing cach phan cét lién két 1,4-N-acetyl-p-
glucosaminide. Chitinase duoc ting dung rong rai trong nhiéu linh vuc khéc nhau, dic biét trong kiém
soat dich bénh, giam thiéu 6 nhiém, nghién ctru sinh hoc co ban va ting dung. Ngubn thu nhan chitinase
cht yéu la tir vi sinh vét, dién hinh tir cac chung ndm Trichoderma. Gen ma hoa chitinase 42 kDa (chi42)
cua Trichoderma asperellum SH16 sau khi tao dong vao vector pUC19 dugc ghép noi thanh cong vao
vector pQE30 d€ bi€u hién ¢ E. coli M15. Chitinase la enzyme ngoai bao. C4u triic bac 2 ctia chitinase bao
g6m 15 chudi xodn a va 13 phién B véi cdu tric khong gian tuong dong cao véi enzyme thity phan chitin
0 T. harzianum. Chitinase c6 kha nang chiu nhiét d6 cao hon 65 °C va hoat tinh xtic tac mang tinh acid.
Két qua nghién cttu la co sd cho cac nghién cttu bi€u hién va san xudt enzyme tai t6 hop.
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Abstract. Chitinase is an enzyme that catalyzes the hydrolytic reaction of chitin by cleaving 1,4-N-acetyl-
B-glucosaminide linkages. Chitinase has been widely used in various fields, especially pest control,
pollution reduction, and basic and applied biology. Chitinase from microorganisms is an essential
source, typically from Trichoderma. After removing intron sequences, the gene encoding chitinase 42 kDa
(chi42) from Trichoderma asperellum SH16 was synthesized and cloned into the pUC19 vector. The gene
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chi42 digested by BamHI and Sacl was successfully cloned into the pQE30 vector, which was expressed
in E. coli. The primary in silico analysis of the protein structure shows that chitinase is an extracellular
protein. The secondary structure analysis reveals that chitinase has 15 a helices and 13 3 sheets, while

the dimension structure of chitinase is highly homological with the chitin hydrolytic enzyme from T.
harzianum. The chitinase from T. asperellum is resistant to temperatures higher than 65 °C and exhibits
acidic catalysis activity. Our results would provide basic information for heterologous expression and

scale-up production of chitinase 42 kDa.

Keywords: Chitinase 42 kDa, cloning, characteristic, Trichoderma asperellum

1  Datvan dé

Chitinase hay con goi la poly beta-1,4-poly-N-
acetyl glucosamidinase (EC 3.2.1.14) la enzyme thudc
nhém thay phan (hydrolase), xtc tac thuy phan
chitin thanh cac don phan N-acetyl glucosamine,
chitobiose hay chitotriose bang cach phan cat lién
két 1,4-N-acetyl-pB-glucosaminide ctia chitin [1].
Chitin la mot trong nhiing polysaccharide pho bién
trong tw nhién [2] va la polysaccharide duoc tao
thanh nho lién két p-1,4 cua cac don phan N-
acetylglucosamine(2-acetamido-2-deoxy-D-glucose)

(3].

Chitinase dugc tong hop tir rat nhiéu nguén
sinh vat khac nhau trong tw nhién. Trong d9, vi
sinh vat la nguén cung cap chitinase nhiéu hon so
voi dong vat va thuc vat [4]. Chitinase dwoc chia
thanh hai ho: chitinase 18 va chitinase 19 dwa trén
sy twong ddng vé trinh ty amino acid. Ho chitinase
18 cat lién két B-14-glycoside cta khéng chi
GIcNAc-GIeNAc ma con GleNAc-GIcN, con ho
chitinase 19 phan cat lién két GlcNAc-GlcNAc va
GIcNAc-GIcN [5, 6].

Nam Trichoderma la tac nhan kiém soat sinh
hoc hiéu qua nho kha nang khang lai cac loai vi
nam gay hai cay trong bang nhiéu co ché khac
nhau. Co ché ti€t enzyme ngoai bao cua
Trichoderma, dac biét la chitinase, dong vai tro quan
trong trong viéc lam tan vach té€ bao cua cac loai
ndm khac [7]. Trong s6 cac gen ma hoa chitinase
ctua ndm Trichoderma, gen chi42 ma hoa chitinase 42
kDa cta Trichoderma asperellum thudéc nhém
endochitinase, la nhém enzyme duoc quan tam va

nghién ctru chi tiét hon ca vi tinh da dang, sw xuat
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hién thuong xuyén khi nudi cam tng véi co chat
chtta chitin va kha nang ting dung trong kiém soat

sinh hoc trong hé enzyme thiy phan chitin [8-10].

Trong nghién cttu nay, gen chi42 tit chung
ndm T. asperellum SH16 duoc tong hop va tao dong
vao vector pQE30 d€ biéu hién 6 E. coli. Déc tinh
chitinase dwoc dy doan b.:;mg cach stt dung cong cu
tin sinh. Két qua nghién cttu nay la co s6 quan
trong cho cac nghién cttu sau hon vé biéu hién tai
t6 hop di chung va nghién cttu cac dic tinh cua

enzyme tinh ché cho cac ing dung khac nhau.

2 Déi tugng va phuong phap

2.1 Daitugng

Gen chi42 ma hoda chitinase tr nidm
T. asperellum SH16 (GenBank: HM191683.1) sau khi
loai bod cac doan intron duoc tong hop ¢ cong ty
TNHH MTV Hoéa Sinh Phu Sa, Viét Nam (PHUSA
Biochem, Viét Nam); sau dé duwoc gén vao vector
tao dong pUC19 (Takara Bio Inc.) va bién nap vao
t& bao E. coli Top10.

Vector biéu hién pQE30 (Qiagen, Dtc) [11]
va chung vi khuan E. coli M15 do phong thi nghiém
Vién Nghién cttu hoat chat Sinh hoc, Truong Dai
hoc Khoa hoc, Bai hoc Hué cung cap.

2.2 Phwong phap

Ghép néi gen chid2 vao vector biéu hién

Gen chi42 caa T. asperellum SH16 sau khi
tong hop duoc ghép ndi vao vector pUC19. Té€ bao
E. coli TOP10 kha bién duoc san xuat theo phuong
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phép stt dung CaCl: [12]. Vector pUC19 mang gen
chi42 (pUC/chi42) duoc bién nap vao E. coli TOP10
bang phuong phap sdc nhiét [13]. T& bao E. coli
TOP10 mang vector pUC/chi42 sau khi bién nap
dwoc chon loc trén moi treong Luria-Bertani (LB)
ran c6 bd sung 50 pg/mL ampicillin (Amp) trong 16
gio ¢ 37 °C. Plasmid tai td hgp duoc tach chiét va
kiém tra bang phwong phap ly giai kiém [14] hogc
béng GeneJET Plasmid Miniprep Kit (Thermo
Fisher Scientific, M¥). Trinh tt DNA chinh xac cua
gen chi42 dugc xac nhan bang phuong phap giai
trinh tw cai tién BigDye® Terminator v.3.1 ctia cong
ty First BASE, Malaysia, véi hai mo6i M13-F: 5'-
TGTAAAACGACGGCCAGT- 3 va MI13-R: 5'-
CAGGAAACAGCTATGAC-3. Trinh tu DNA
dugc phan tich bang phan mém CLC sequence
8 (https://clc-sequence-viewer.software.informer.
com/8.0/). Gen chi42 va vector pQE30 Ian luot duoc
cat bang enzyme han ché BamHI va Sacl (Thermo
Fisher Scientific, My). Tinh ché san phdm DNA
bang GeneJET Gel Extraction Kit (Thermo Fisher
Scientific, My). Gen chi42 duoc gan vao vector
pQE30 bang T4 Ligase (Promega, M§) va hdn hop
duoc tron déu va u 6 16 °C qua dém. Dung dich
phan tng gan pQE30/chi42 dugc bién nap vao t&
bao E. coli TOP10 kha bién. Thé bién nap dwoc chon
loc trén madi truong LB ran ¢ bd sung 50 pg/mL
Amp trong 16 gio 6 37 °C. Sau d6, ki€ém tra sy co
mdt cta doan chen trong vector tai t6 hop
pQE30/chi42 bang phan tng cat véi cip enzyme
BamHI va Sacl. Gen ma hoda chitinase sau khi tao
dong thanh cong duwoc bién nap vao tébao kha bién
E. coli M15 dé€ biéu hién protein tai t6 hop. Thé bién
nap duoc chon loc trén moi treong LB rin c6 bo
sung 50 pg/mL kanamycin (Km) va 50 ug/mL
Amp. Khuan lac E. coli M15 mang plasmid
PQE30/chi42 trén dia nudi cay duwoc kiém tra bang
ly giai kiém [13]. Plasmid
pQE30/chi42 duogc cat kiém tra bang hai enzyme
BamHI va Sacl.

phuwong phap
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Phan tich khad ning glycosyl héa kiéu N
cta chitinase

Cac vi tri amino acid tham gia qua trinh
glycosyl hoa ¢ giai doan hoan thién sau dich ma
duwoc xac dinh theo nhue mé ta ctia Gavel va cs. [14].
Phan tich kha ndng glycosyl hoéa kiéu N(N-
glycosylation) ctia chitinase bang phan meém
NetNGlyc (http://www.cbs.dtu.dk/
services/NetNGlyc/).

1.0 Server

Du doan c4u tric khong gian va vi tri gan co chat
cta chitinase

C4u trac khodng gian va vi tri gan co chat ctia
chitinase 42 kDa duoc du doan bang phan mém
Phyre? (http://www.sbg.bio.ic.ac.uk/phyre2) [15].
Két qua dy doan vé hinh anh, cac lién két va cau
tric khong gian ba chiéu duwgc moé phong theo co
s0 dit liéu Protein (Scop) hodc Ngan hang di liéu
Protein (PDB).

Du doan kha nang chiu nhiét ctuia chitinase

Kha nang chiu nhiét ctia chitinase 42 kDa
duogc dy dodn bang phan mém Tm Predictor cta
Bioinformatics  Institute - TBI
(http://140.114.98.13/tm/). Kha nang chiu nhiét ctia

enzyme duoc du doan dua trén nguyén tic twong

Taiwan

dong véi cac so liéu cua 150.000 protein chju nhiét
khac nhau trong ngan hang NCBI ¢ ba mttc: trén
65 °C, 55-65 °C va dudi 55 °C [16].

Dy doan moi truwong hoat dong xuc tac
cta chitinase

Kha nidng xtc tac kiém/acid cta chitinase
dugc du doan bang phan mém AcalPred
(http://lin.uestcedu.cn/server/AcalPred). Phan mém
nay dua trén cac thong tin theo thit tu to hop nhiéu
chi s6 khac nhau ctua cac protein da nghién ctu
thuc nghiém bao goém: thanh phéan cac amino acid,
chi s6 GO (Gene ontology), nhém cac amino acid
duoc bao ton, gid tri cua dién tich... Cac chi s6 nay
sé la co s& d€ thiét ké vector SVM (Support Vector
Machine) lam chi s tham chiéu véi mau phan tich
[17, 18].
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3 K&t qua va thao luan

3.1 Tong hop va tao dong gen chi42 vao vector
biéu hién trong E. coli

Gen chi42 ma hda chitinase tir nam
T. asperellum SH16 duogc tong hop sau khi loai bo
cac doan intron, ghép néi vao vector tao dong
pUC19 (Hinh 1) va bién nap vao t€ bao E. coli
TOP10.

Thé bién nap E. coli
pUC19/chi42 va vector pQE30 lan lwot dwoc nudi

cay tang sinh trong mdi treong LB 16ng c6 bo sung

mang vector

50 pug/mL Amp dé€ tach chiét plasmid. Két qua giai
trinh tw gen chi42 cho thdy su twong dong 100% so
véi trinh ty nucleotide ma s& HM191683.1 trén
GenBank.

Plasmid pUC19/chi42 va pQE30 dwogc tach
chiét va dién di trén gel agarose 0,8%. Plasmid
pUC19/chi42 va pQE30 thu duoc lan luot c6 chiéu
dai 4018 bp va 3461 bp (Hinh 2).

(3951) Zral Aatll (3953)
(3835) SspL :

(3630) XmnI

~ AleT (535}

- mrfeI {503)

N" - SexAl* (841)
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(3111) BSPFI_
(3092) Bsal- —

(3031) AhdI ——

- BsaBI (902)
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Hinh 1. Vector pUC19 mang gen chi42 (mau d6); AmpR:
gen khang ampicillin (mau xanh luc); ori: vung khéi
dau sao chép (mau vang); lacZ: gen ma hda -

galactosidase; cac vi tri nhan dién enzyme cit han ch&
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Hinh 2. Hinh anh dién di plasmid pUC19/chi42 va
PQE30; M: kich thude thang DNA 1 kb chuén (Thermo
Fisher Scientific, My); 1: plasmid pQE30; 2: plasmid
pUC19/chi42

Plasmid pUC19/chi42 va pQE30 lan lwot
dugc cat mé vong dong thoi bang hai enzyme han
ché BamHI va Sacl. San pham cit sau d6 duoc dién
di kiém tra trén gel agarose 1% (Hinh 3). Két qua
cho thdy phan ting cat mé vong xay ra, xudt hién 2
bang DNA, trong d6 bang trén o6 vi tri khoang 2686
bp phtt hop véi kich thudce ciia vector pUC19, bang
dwéi co6 kich thudc khoang 1221 bp twong duong
v6i kich thwdc gen chi42. Phan tng cit vector
PQE30 cho két qua bang ¢ vi tri khoang 3400 bp
pht hop véi kich thudc cua vector pQE30.

» il

4000

——~3400
3000 ~2686
~1221

1000

Hinh 3. Hinh anh dién di gel agarose 1% san phadm
cat cac plasmid pUC19/chi42 va pQE30 bang BamHI va
SacI M: kich thudc thang DNA 1 kb chuén (Thermo
Fisher Scientific, My); 1: gen chi42 + vector pUC19;
2: vector pQE30
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Do tinh khiét ctia doan gen chi42 va vector
PQE30 dwoc dién di kiém tra trén gel agarose 1%
(Hinh 4). Gen chi42 va vector pQE30 sau khi tinh
sach duoc ndi bang enzyme T4 ligase (Thermo
Fisher Scientific, My) tao thanh vector tai t6 hop
PQE30/chi42 va bién nap vao t€ bao E. coli TOP10.

Két qua kiém tra cho thay c6 sw xudt hién cac bang

M 1

bp bp

6000

~ 3400
3000

1000

6 kich thweéc phtt hop véi vector pQE30 (3400 bp)
va gen chi42 (1221 bp) (Hinh 5). Két qua nay cho
thdy doan gen chi42 da duoc tao dong thanh cong
vao vector pQE30 trong E. coli TOP10. Plasmid
PQE30/chi42 sau d6 duwgc bién nap vao t€ bao kha
bién E. coli M15 d€ biéu hién protein tai to hop
(Hinh anh khong trinh bay).

op M 2
6000
3000

~1221
1000

Hinh 4. Hinh anh dién di vector pQE30 (A) va doan gen chi42 ( B) thu hoi tir gel tinh sach san pham cit han ch& bang
BamHI va Sacl; M: kich thudc thang phén tt 1 kb chuén (Thermo Fisher Scientific, My);
1: Vector pQE30, 2: doan gen chi4?2.

bp bp
6000—
~ 3400
3000—
~1221
1000—

Hinh 5. Hinh anh dién di san phdm ctia phan tng ct
han ch& pQE30/chi42 tlt cac thé bién nap bang BamHI va
Sacl; M:  kich thuéc thang DNA 1 kb chuan (Thermo
Fisher Scientific, My); 1 - 2: plasmid tach tir cac thé bién
nap pQE30/chi42
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3.2 Kha ning glycosyl hoa kiéu N

Qua trinh glycosyl hoa (glycosylation) la
qué trinh gan céc carbohydrate vao protein c6 thé
cung ltc véi qua trinh dich ma hodc sau dich ma.
Cac protein  tiét ra ngoai bao thuwong duoc
glycosyl hda. Méi twong quan gitta dédc diém chiic
ndng va cdu trac cua protein ¢ vai tro rat quan
trong; do d6, viéc xac dinh cdu trac glycan va vi
tri glycosyl hoa trong phéan tir protein la rat can
thiét d6i vdi cac nha nghién ctru va cac nha duoc
hoc nham chéng minh san phdm biéu hién c6 trai
qua cac cai bién nay hay khong. Trong d6, kha
nang glycosyl hoa kiéu N la pho bién nhét va xay
ra khi cac oligosacharide lién két v6i nito cia nhom
amide trong Asn-X-Ser/Thr, trong d6 X la bat ky
amino acid (aa) nao trit proline [14]. Gen chi42 ma
héa enzyme c6 chiéu dai 405 aa. Phan tich trinh tu
chitinase 42 kDa dy dodn c6 2 vi tri aa c6 kha ndng
xay ra N-glycosylation la vi tri 239 va 244 (Hinh 6).
Chitinase c6 kha nang duoc glycosyl hoa kiéu N
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trudc khi gap hoan toan va tiét ra moi truong. De
dam bao ciu trtc va hoat dong cua chitinase tai to
hop, t&€ bao vat chu E. coli can dwgc thiét ké qua
trinh glycosyl hoéa kiéu N d€ san xudt céc
trimannosyl chitobiose glycans sinh vat nhan
chuén va chuyén cac phan tir glycans nay dén céc
goc asparagine ddc biét & protein dich [19].

3.3 Du doan cdu tric khong gian va vi tri gin
co chat

Két qua stt dung phan mém phéan tich cau

HetHGlyc 1.8:

truc protein twong dong va nhan dién cac vung
chtic ndng cho thay chitinase 42 kDa c6 cau truc
tuong tuw voi chitinase 6 T. harzianum véi d6 tin cay
100%. Dua trén cdu tric khong gian ctia chitinase
cua T. harzianum (ma s6 PDB: c6epbA), cdu truc bac
hai va m6 hinh cdu tric khong gian cua chitinase
42 kDa da duoc du doan va trinh bay ¢ Hinh 7. Cau
trac bac hai ctia chitinase 42 kDa ¢6 15 vi tri gap
cudn xoan a va 13 vj tri gap cudn phién g (Hinh
7A). Cau tric phién B duoc trinh bay bang hinh
mii tén dang lat méng; cau trac cudon xo4n a duoc

trinh bay béng hinh lat mong dang cudn (Hinh 7B).

predicted MH-glycosylation =sites in Sequence

Threshold
- Fotential
m
- 14
c
Ll
+
o
= @75 A
c
o
L
— B.5
=]
in
o
o
=
F' B.25 A
=
B T T T T T T T T
5] 58 168 158 caa 258 288 358 488

Seguence position

Hinh 6. Dy doan hai vi tri aa 239 va 244 c6 kha nang xay ra N-glycosylation

VIYSFMNFQAD

FMKDWGFDGI DV DWEY

YKVLPK VQYDSV

Secondary structure RAARN

Disorder
(e T T me—

? Disordered ( 11%)
A= Alpha helix ( 329)

Confidence Key
gh(o) BIZNRNNNNR Beta strand ( 19%)

Low (0)

Hinh 7. C4u trtic bac 2 (A) va mo6 hinh cau tric khong gian 3 chiéu (B) ctia chitinase 42 kDa ti T. asperellum
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34 Du doan kha nang chiu nhiét

Két qua du doan kha nang chiu nhiét cta
chitinase 42 kDa bang phan mém Tm Predictor cho
thdy chitinase c6 kha nang chiu nhiét dé cao hon
65 °C. So sanh v4i mot s6 chitinase tir cac ching
nam soi khac nhu Penicillium sp. LYG 0704 [21],
Aspergillus carneus hoat dong tdi wu ¢ 40 °C [21] va
Penicillium aculeatum & 50 °C [22]. Hau hét cac
enzyme sé€ bi giam hodc mat hoat tinh khi nhiét d¢
phan ting tang cao trir cac enzyme chiu nhiét. Do
dé, cac nha nghién ctru dac biét quan tam dén cac
loai enzyme cé kha nang chiu nhiét cao vi cac
enzyme nay thuong c6 t6c dd phan ting nhanh va
kha nang bi bién tinh thap ¢ nhiét d6 cao. Nhu vay,
v6i kha nang hoat dong 6 nhiét do cao, chitinase 42
kDa thich hgp d€ thuy phan cac san phdm chitin
trong diéu kién can gia nhiét véi tdc dd phan tng
16n, dédcbiét dung phan hay cac chat thai trong linh
viee ché bién thuy san ciing nhu tng dung trong
ngan can sit xam nhap gay bénh ctia nhém vi sinh
vat chiu nhiét. Dong thoi, két qua nay la co so dé
Iwa chon mttc nhiét do thich hop nhim kiém tra

hoat tinh enzyme.

3.5 Du doan méi treong xtc tac

Dua vao phan mém du doén kha nang chiu
duoc moi treong xac tac kiém/acid cua AcalPred,
ching t6i nhan thdy chitinase c6 kha nang chiu
acid. Chi s6 xuc tac mang tinh acid lén dén 0,9977;
trong khi d6, chi s6 kiém chi la 0,0023. Két qua nay
twong dong véi nghién ctru ciia Nguyén Thi Ha khi
tac gia nhan thay hoat tinh cua chitinase duwoc phan
lap tte chang Aspergillus protuberus giam manh khi
moi trrong phan ting mang tinh kiém [22]. Twong
tu v6i nghién cttu ctia Sherief va cs., chitinase cta

nam hoat déng t6i wu trong moi truong acid [23].

4 Kétluan
Chuing t6i da tao dong thanh cong gen chi42

ma hoda chitinase vao vector biéu hién pQE30 ¢ E.

coli. Két qua phan tich déc tinh protein in silico cho

DOI: 10.26459 /hueunijns.v130i1C.6275

thdy chitinase 42 kDa ctia T. asperellum SH16 duoc
du doan c6 kha nang xay ra N-glycosyl hoéa tai vi
tri aa 239 va aa 244; cdu truc va chiic nang cta
enzyme tuong tu vdi chitinase caa T. harzianum.
Enzyme cua T. asperellum cé kha nang hoat dong
tot @ moi treong acid va chiunhiét d6 caohon 65
°C.

Thong tin tai trg

Nghién cttu nay duwgc Pai hoc Hué tai tro
qua dé tai khoa hoc va cong nghé ma s6 DHH2019-
03-119; NCS. Phung Thi Bich Hoa duoc tai tro boi
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