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MO DAU

1. TINH CAP THIET CUA PE TAI

Pectinase 14 enzyme phan giai ciac co chat pectin, phan tach
polygalacturonic acid thanh monoglacturonic acid bang cach mo céc lién két
glycosid va pha v lién két ester gitta cac nhém carboxyl va methyl [35].
Pectinase ton tai ty nhién & nhiéu loai thuc vat, tuy nhién viéc san xuét céng
nghiép enzyme nay thuong duoc thuc hién bang hé théng vi sinh vat. Pectinase
la mot loai enzyme vi sinh vat c¢6 gia thanh cao véi nhiéu tng dung tiém ning
trong cac nganh céng nghiép thuc pham va dau moé. Theo Research (2021), gia
tri ugc tinh doanh thu cua tat ca céc loai enzyme cong nghiép dat 1 ty USD My
vao nam 1995; 1,4 ty vao nam 2012; 6,4 ty vao nam 2021 va 8,7 ty vao nam
2026. Trong d6 thi trudng pectinase toan cau gia ting mot cach nhanh chong tir
27,6 triéu USD nam 2013 1én 30,0 triéu USD vao nam 2016; 35,5 triéu USD vao
nam 2021; khoang 18,3 ty USD vao nam 2022 va udc tinh s€ tang khoang 26,6
ty USD vao nam 2030, véi toc dd CAGR khoang 11,1% tir nam 2023 dén 2030
[39]. Pay 1a nhém enzyme dugc wng dung rong réi sau amylase va protease
[17].

Pectinase vi sinh vat 1a enzyme hang dau cua linh vuc cdng nghiép.
Chung dang duoc st dung rong rdi cho cac ung dung cdng nghiép khac nhau
nhu cong nghiép ché bién thuc pham, Ién men cotton, tach roi cac soi thuc vat,
xt 1y nuéc thai, chiét xuat dau thuc vat, 18n men tra va ca phé, 1én men thirc an
gia sUc, tay trang bot gidy va tai ché gidy vun, dét may va xi Iy chat thai ndng
nghiép va céng nghiép duoc pham [37, 64], [127]... Trong linh vuc ché bién trai
cdy, pectinase duogc sir dung nham muc dich gia tang hiéu suat thu hdi dich qua,
cai thién chat luong va co tac dung lam trong dich qua [33, 162]. Nhitng nim
gan ddy, pectinase con duoc st dung dé nang cao kha ning boc vo tiéu [10]; rat
ngan thoi gian hoai muc cua vo ca phé trong qua trinh u; xir Iy 16p nhot bam trén
hat ca phé [19, 25]. Cac ung dung cua pectinase da tang 1én theo thoi gian va dat
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25% thi trudng enzyme trén toan thé gisi [35], [71]. Mot dic diém ndi bat cua
pectinase 1a cac enzyme nay duogc dung khdng gisi han trong thuc pham vi
khong anh huéng dén siic khoe con ngudi, than thién véi méi trudng va mang
lai hiéu qua kinh té cho nhiéu nganh céng nghiép [6]. Chinh vi vay ma pectinase
dong mot vai trd rat quan trong trong cac nganh cong nghiép, dic biét 1a cong
nghiép ché bién thuc pham.

Trong tu nhién, pectinase dugc san xuat tir nhiéu ngudn khac nhau nhu
nam, nAm mac, vi khuan va thyc vat. .., nhung ngudn pectinase céng nghiép pho
bién nhat la tir nAm mébc. Nam mdc thuoc chi Aspergillus thuong duoc sir dung
dé san xuat enzyme, vi enzyme duoc tao ra hau hét 1a enzyme ngoai bao va c6
hoat tinh enzyme cao [131]. Trén thuc té, viéc san xuat pectinase tai t6 hop tir
mot sé chung nAm mdc thudc chi Aspergillus, dic biét 1a loai A. niger (duoc
FDA cong nhan 1a GRAS) da duogc ghi nhan [31], [9], [77], [92], [93]. Tuy
nhién gia thanh cac ché pham pectinase con kha cao do chi phi san xuat
cao, diéu nay s& han ché kha nang tng dung cua pectinase. Mac du A. niger 1a
mét vi sinh vat an toan va chang nay khong tao ra doc t nam hoac khang sinh
trong cac diéu kién dé san xuat enzyme, nhung hoat dong cua enzyme tu nhién
khéng du cao cho cac tng dung cong nghiép va rat kho dé tinh sach. Trong khi
d6 cac chung vi sinh vat dung dé san xuat pectinase c6 thé duoc thao tac vé mat
di truyén dé cai thién ching va ting ning suét [49].

Do d6, dé tao nguyén liéu di truyén san xuat cac pectinase tai té6 hop
nguoi ta ddy manh nghién cau tao dong va biéu hién gen pectinase trong cac té
bao chu khac nhau [113]. Trong d6 Pichia pastoris 1a vat cha biéu hién phé bién
va hiéu qua duoc st dung ca trong nghién ciru co ban va céng nghiép. Biéu hién
tai to6 hop co thé chon loc chung loai pectinase va dinh hudng sinh tong hop
pectinase ngoai bao, c6 ning suat cao, dé tinh sach va c6 tiém nang phat trién
thanh san pham thuong mai. Gan day, trén thé gigi nhiéu béo céo cho thay viéc
tao dong c6 hiéu qua bang cach st dung nim méc thuoc chi Aspergillus va da
biéu hién thanh cong gen pectinase nhu: Liu va cs (2014) di tao dong gen endo-
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galacturonase A (pgaA) tir chung A. niger JL-15 va biéu hién & P. pastoris
GS115 [113]. Tuong tu, Zhou va cs (2015), Abdulrachman va cs (2017),
Carrasco va cs (2019) da tao dong gen endo-polygalacturonase va biéu hién
thanh cdng vao P. pastoris [32], [47], [185].

Tuy nhién, ¢ Viét Nam hién van chua c6 cdng b nao nghién cau vé tao
dong va biéu hién gen pectinase. Viéc nghién ciu pectinase chi mai dung lai ¢
phan 1ap, tuyén chon cac chung vi sinh vat san xuat pectinase va danh gia, ning
cao cac diéu kién sinh tong hop pectinase tir nguon rau ca qua, phé phu pham
ndng san &ng dung trong céng nghiép ché bién.

Nhu vay, cai thién chung 12 mot cdng cu quan trong trong viéc phat trién
cac quy trinh thwong mai cho qué trinh I8n men vi sinh vat dé san xuat enzyme
tbc d6 cao. Bén canh viéc sang loc cac chang nAim méc san sinh pectinase, cac
nghién ctu biéu hién pectinase tai té hop trong cac vat cha khac nhau hién chua
duoc quan tdm nghién ctiu nhiéu. Xuat phat tir nhiing ly do trén ching t6i chon
dé tai “Nghién citu sang lec va biéu hién pectinase tir ndm méc trong Pichia
pastoris.” Pay 1a nghién ctru dau tién ¢ Viét Nam vé biéu hién gen ma hoa
pectinase ¢4 nguon goc tir nam maoc trong nAm men P. pastoris.

2. MUC TIEU NGHIEN CcUU
2.1. Muc tiéu chung

Tao duoc nguon pectinase tai to hop tir nAm méc ¢6 tiém nang tng dung
trong cong nghé ché bién thuc pham.
2.2. Muc tiéu cu thé

1. Phan lap va tuyén chon dugc chung nAm méc thuoc chi Aspergillus c6
kha nang sinh tong hop pectinase cao.

2. Phan lap, tao dong va biéu hién duoc gen ma hda pectinase tir chung
niam méc duoc tuyén chon trong P. pastoris X33.

3. Panh gia dugc kha niang ung dung ché pham pectinase tai té hop trong
linh vuc ché bién thuc pham (Lam trong nudc ép tao va ting hiéu suat boc vo

tiéu).



3. NOI DUNG NGHIEN CUU

1. Phan lap va tuyén chon chung nam méc sinh téng hop pectinase cao.

2. Tao dong gen pectinase vao hé théng vector biéu hién P. pastoris X33.

3. Thir nghiém ché pham pectinase tai té hop trong ché bién nuéc trai cay
va kha nang boc vo tiéu.

4. PHAM VI NGHIEN CcUU
4.1. Theoi gian nghién ciu

Tir thang 12 nam 2016 dén thang 11 nam 2023.
4.2. Pia diém nghién ciu

- Phong thi nghiém Sinh hoc ng dung, B6 mon Sinh hoc tng dung, Khoa
Sinh hoc, Trudng Pai hoc Khoa hoc, Pai hoc Hué.

- Vién Cong nghé sinh hoc, Dai hoc Hué.

5. NHUNG PONG GOP MOI CUA LUAN AN

1. Tao dong thanh cbng va xac dinh trinh tu gen AspPecA, AspPecB va
AspPecC mé&@ hoba pectinase tir Aspergillus niger M13 dugc dang ky trén
Genbank véi ma s6 twong tung MT502411, MT502412 va MT502413;

2. Lan dau tién biéu hién thanh céng gen AspPecA ma hoa cho pectinase
trong P. pastoris X33. rAspPecA tinh sach dugc nghién ciru va xac dinh mot sé
tinh chat;

3. rAspPecA c6 kha nang lam trong nudc ép tao va lam tang kha nang boc

v tiéu vai hiéu suit cao hon 90%.



Chwong 1. TONG QUAN TAI LIEU

1.1. GIOI THIEU CHUNG VE PECTIN
1.1.1. Khai niém pectin

Pectin 1a2 mot hop chat tu nhién c6 nhiéu trong mang té bao cua cac loai
thuc vat bac cao, phan b chu yéu & cac bo phan nhu: qua, cu, than. Trong mang
té bao pectin c6 mat ¢ phién gitta (voi ham lwong cao nhat) va & vach té bao so
cap. “Pectin” 1a mot thuat ngir dé chi mot nhoém cac chat sau:

- Protopectin: La pectin & trang thai ty nhién (trong véch té bao thuc vat
va phién giira), mac d6 methyl hoa rat cao, khdng hoa tan. Protopectin ¢ nhiéu
trong qua xanh [87]. Protopectin la dang nguyén chat cua cac chat pectic va khi
qué trinh thay phan bi han ché sé tao ra pectin, pectinic va pectic acid ciing nhu
cac dan xuat khéc [121].

- Pectinic acid: C6 muac d6 methyl hoa trung binh, tan, tén tai & dang mudi
|a pectinate [87]. Pectinic acid 1a san pham cua qué trinh thay phan pectin, né
cha yéu 1a acid polygalacturonic. Muéi cua pectic acid dugc goi la pectate [121].

- Pectin: Muc d6 methyl hoa trung binh, tan, ban chat la chat keo, c6 kha
ning tao gel, tao nhii, tao dic va 6n dinh [87]. Pon vi chinh cua pectin 1a
galacturonic acid duoc ester hoa & nhom carboxylic cia n6 véi methanol va ty 1€
methoxyl hda cua du lwong galacturonic acid dao dong trong khoang tir 60%
dén 90% [116].

- Pectic acid: Mtc do methyl hoa rat thap, tan, ton tai ¢ dang mudi la
pectate [87]. Pectinic acid 1a chat trung gian vé ham lugng methyl ester gitta
pectic acid va pectin (0 <ty ¢ methoxyl hda < 60 %) [28, 87].

1.1.2. Ngudn géc pectin

Pectin 1a mot polysaccharide ciu trac dugc tim thiy trong thanh té bao so
cap va phién giita ctia thuc vat. Cau trac chu yéu cua pectin 13 homopolymer,
dugc tao thanh tir poly-a-(1,4)-galacturonic acid dugc methyl héa mot phan
[179].



Trong thuc vat, pectin ton tai dudi hai dang: dang protopectin khdng tan,
tdn tai chu yéu ¢ thanh té bao dudi dang két hop véi araban (polysaccharide ¢
thanh té bao), dang hoa tan cua pectin ton tai chu yéu ¢ nguyén sinh chat. Cac
dang pectin khac nhau trong nguyén liéu qua thudng thay d6i va phu thudc
nhiéu vao tinh chat hoa Iy caa mé qua. Pectin giir vai trd quan trong trong qué
trinh chin cua qua. Pectin nhu mot loai keo gan chit cac té bao thyc vat véi nhau
vi thé nguoi ta thudng goi ching 1a chat cement trong ciu trdc té bao thuc vat.
Khi qua con xanh, cement la protopectin, do protopectin chiém ti 1é kha cao va
khong hoa tan trong nudc nén gidp qua cé do cang. Khi qua chin dan, dudi tac
dung protopectinase, protopectin s& chuyén sang pectin hoa tan va araban, 1am
giam su lién két gitra cac té bao, qua tré nén mém hon. Qua trinh nay ciing xay
ra dudi tac dung cua acid va nhiét do 60-85°C. Trong khi bao quan qua cling

nhan thay su giam dan luong protopectin va ting dan pectin hoa tan [28, 148].

Bang 1.1. Ham luong pectin trong mat s6 loai trai cay [102].

TT Loai trai cay Trang thai Ham luwgng pectin (%)
1 Chudi Tuoi 0,7-1,2
2 bao Tuoi 0,1-0,9
3 Déau tay Tuoi 0,6-0,7
4 Chanh Tuoi 0,63
5 bau Ha Lan Tuoi 0,9-14
6 Ca rét Kho 6,9-18,6
7 Bot cam Kho 14-28
8 Vo bo Khé 3,4-5,2
9 Khoai tay Kho 1,8-3,3
10 Ca chua Kho 2,4-4,6
11  BOt cu cai duong Kho 10-30
12 Tao Tuoi 0,6-1,6




Ham luong pectin c6 thé thay doi tuy theo loai thuc vat. Pectin c6 nhiéu
nhat trong bot ca cai dudng, ca rot, bo, ca chua va cac loai trai cay c6 mai nhu
cam, chanh va chudi (Bang 1.1). Theo loai trai cay, lugng acid galacturonic c6
thé thay d6i. Thanh phan acid galacturonic 1a 25,2% ddi voi ba tao trong khi d6
14 26% d6i véi vo cam quyt [156].

Péi véi viec san xuat nudc qua, sy ¢ mat cia pectin 1a diéu khdng mong
mudn va khong cé loi. Do n6 co tinh chat keo nén 1am cho dich qua c6 do nhét
cao, Vi thé s& lam can tré cac qua trinh nhu ép, loc, trich ly dich chiét tir qua.
Ngoai ra, pectin con 1am giam d6 bén keo cua nuéc qua [148].

1.1.3. Cau tao phan tir pectin

Pectin 13 polysaccharide di 1ap thé, mach thang, cha yéu 1a mot mach
chinh gdm cac gbc a-D-1,4-galacturonic acid (CgH1o0-) lién két véi nhau bang
lien két a-1,4-O-glycoside con goi la acid polygalacturonic hay pectic acid
(Hinh 1.1) [126]. Trong d6, mot sé gbc acid c6 chia nhém thé methoxyl (-
OCHs). Chiéu dai caa chudi polygalacturonic acid c6 thé bién doi tir vai don vi

toi hang tram don vi galacturonic acid [28].

o Carbaxyl group
o g

—OH
g 0,
0 Ester group
HO \ \
OH C ——OCH,
P O,
Glycoside bond /
HO
OH
HO

Hinh 1.1. C4u tao phan tir pectin va cac nhom chire [133]



Trong thuc té khdng phai tit ca cac nhém -COOH ¢ Cg cua dudng
galactose ciing bi methyl hda (tao ester methylic), ma d6i khi mot sé6 nhom -
COOH bj decarboxyl héa (khit CO,), mot sé nhdm thay thé -H bang kim loai,
cling ¢ lac git nguyén dang -COO. Protopectine 1a hop chét giita pectine va
araban, galactose hay tinh bot [28].

Phan tir lugng cua cac loai pectin tach tir cac ngudn qua khac nhau thay
d6i trong gidi han rong tly theo s phan tir galacturonic acid va thuong thay doi
trong pham vi tir 10-100 kDa. Trong cac hop chat dang saccharide so vé chiéu
dai phan tir thi pectin cao hon tinh bot nhung thap hon cellulose. Vi du, tir
ngudn 18, man thu dugc pectin c6 khéi lwong phan tir tir 25-35 kDa, trong khi do
pectin lay tir cam lai c6 khoi lugng dat tgi 50 kDa [28].

Hop chat pectin duoc dic trung boi 2 chi s6 quan trong 1a chi s6 methoxyl
“MI” biéu hién cho phan tram khéi lwong nhém methoxyl -OCH; ¢6 trong phan
tr pectin va chi s6 ester hoa “DE” thé hién mtc d6 ester hda cua cac phan tu
galactoronic acid trong phan ta pectin [17, 80].

Dua trén muc d methoxyl hoa va ester hoa, trong thuong mai chia pectin
thanh 2 loai: Pectin c6 do methoxyl hoa cao va pectin c6 dd methoxyl héa thap.
Pectin methoxyl hda cao (High Methoxyl Pectin-HMP): c6 DE > 50% hay MI >
7%. Chét nay c6 thé 1am ting d6 nhét cho san pham. Mudn tao gel can phai c6
diéu kién pH=3,1-3,4 va ndng do duong trén 60%. Pectin methoxyl hoa thap
(Low Methoxyl Pectin-LMP): ¢6 DE < 50% hay MI < 7%, duoc san xuat bang
cach giam nhom methoxyl trong phan ti pectin. Pectin methoxyl thap cé thé tao
gel trong méi truong khong c6 duong. Ching thuong duoc dung lam mang bao
boc cac san pham [144].

1.1.4. Tinh chat cia pectin

Céc pectin déu 1a nhiing chat keo wa nuéc nén ¢ kha ning hydrate hoa
cao nho su gan cac phan tir nuéc vao nhom hydroxyl caa chudi polymethyl
galacturonic. Ngoai ra, trong phéan tir pectin ¢6 mang dién tich am nén chung cé
kha ning day Ian nhau, c6 kha ning lam gidn mach va lam ting do nhét cua
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dung dich. Khi lam giam d¢ tich dién va hydrate hda sé lam cho sgi pectin xich
lai gan nhau va twong tac véi nhau tao nén mot mang ludi ba chiéu ran chira pha
long ¢ bén trong [144].

Pectin thuoc nhom cac chat lam dong tu. Pectin dugc xem la mot trong
nhitng phu gia thuc phdm an toan va dugc chap nhan nhiéu nhat va diéu nay
dugc chang minh bdi ham lugng ADI (aceptable daily intake) cho phép la
“khong xac dinh” duoc ban hanh boi céc to6 chuc JECFA (Joint Food Experts
Committee), SCF (Scientific Committee for Food) & Lién minh chau Au, va
FDA (Food and Drung Administration) caa My [17, 28].

Pectin c6 ma hiéu qudc té 1a E440. Pectin tinh ché c6 dang chat bot trang
mau xam nhat, 1a mot chat keo hat nudc, rat dé tan trong nudc, khong tan trong
ethanol. Bac tinh quan trong cua pectin la khi cé mat cua acid va duong no co
kha ning tao gel. Vi vay, no duoc tng dung pho bién trong cong nghiép san xuat
banh keo. Dung dich pectin c6 do nhét cao. Do d6, néu mudn thu dich ép trai
cdy co6 ham luwong pectin cao s& gap bat lgi. Vi vy, nguoi ta thuong dung
pectinase dé thay phan pectin, giam d¢ nhét. Vi du, nuée ca chua chia 90-92%
nuéc nhung vi ham lugng pectin cao nén san pham co dang sét. Nudc dia ¢ it
pectin nén dé ép, dé loc trong qua trinh san xuat. BSi voi pectin tan dudi tac
dung cua pectinase s& bién thanh pectinic acid (thuong dudi dang mudi Ca®* va
Mg va cac chat don gian khac nhu rwou methylic, acetic acid, arabinose,
galactose [17, 28].

1.2. SO LUQC VE PECTINASE
1.2.1. Khai niém

Pectinase la enzyme xUc t&c su thay phan cac polymer pectin. Dudi tac
dung cua pectinase, pectin bi thuy phan tao thanh cac san pham nhu galacturonic
acid, galactose, arabinose, methanol... Pay 1a nhom enzyme dugc Gng dung
rong rai sau amylase va protease [17].

Pectinase khong chi dugc tim thiy ¢ thuc vét bac cao ma con duoc tim
thay & nhiéu vi sinh vat. Pectinase khong chi ton tai mot loai ma c6 nhiéu loai
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enzyme khéc nhau, xtc tac cho cac kiéu phan tng khac nhau va c6 tinh dic hiéu
cao & vi sinh vat. Trong khi d6 ngudi ta tim thiy enzyme nay & thuc vat bac cao
thuong chi la pectinesterase [28].

Pectinase duoc st dung nhiéu trong céng nghiép ché bién trai cay nham
muc dich gia tang hiéu suat thu hoi dich qua, cai thién chat lwong dich qua va co
tac dung lam trong dich qua [33, 162].

1.2.2. Phén loai pectinase

Dua trén hoat dong cia pectinase trén co chat, cAc enzyme pectinase c6
thé dugc phan thanh ba nhom: protopectinase, pectin esterase va depolymerase
(hydrolase va transeliminase) [64, 133, 137] (Hinh 1.2).

Pectinase
Profopesiinase Depolymerizing enzyme Pectin esterase
l |
Hydrolyzing enzyme Cleaving enzyme
I l
| (8
Polygalacturonase || Polymethylgalacturonase Polymethylgalacturonate lyase

Polygakacturonate lyase

Hinh 1.2. So d6 phan loai pectinase [160].
1.2.2.1. Pectin esterase

Pectin esterase (PE) hay con goi la pectin methyl esterase (PME) (c6 ma
sb 12 EC.3.1.1.11), c6 khéi luong phan ta khoang 30-50 kDa. Pectin esterase 1a
nhoém enzyme x(c tac thay phan lién két ester giita nhdm methoxyl va nhom
carboxylic cua galacturonic acid trong phan ti pectin hoac pectinic acid, giai
phéng methanol va pectic acid (Hinh 1.3). Khi toan b cic nhém methoxyl déu

bi tach khoi co chat thi san pham tao thanh 1a methanol va polygalacturonic
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acid. Sy thuy phan chi xay ra & lién két ester lién k& véi nhém -COOH tu do
[87, 121].

o
CO,CH,
HO o
HO
Q PME CO,CH,
CO,CH, HO
HO o) 6
HO 9
] ke

R,
Hinh 1.3. Hoat dong cua enzyme pectin methylesterase trén chudi polygalacturonic
acid [71].
1.2.2.2. Protopectinase

Protopectinase la mot loai pectinase cO tac dung phan huy protopectin
khong hoa tan c6 trong trai cay chura chin va tao thanh cac pectin hoa tan c6 muac
d6 polymer hoa cao. Vi viy, protopectinase dugc coi la enzyme dau tién can
thiét cho qua trinh phan hay pectin. Protopectinase con dwgc goi 1a
pectinosinase [78, 137, 168].

Hoat tinh cta protopectinase duoc xac dinh bang cach wdc tinh lwong chat
lién quan dén pectin dugc giai phong tir protopectin thong qua phwong phap
carbazole-sulfuric acid. Chung dugc chia thanh hai nhom: Loai A: Phan tng véi
vung polygalacturonic acid cta protopectin va loai B: Phan ung véi chudi
polysacharide c6 mat & gitta chudi polygalacturonic acid va cac thanh phan cua
thanh té bao [150].
1.2.2.3. Depolymerase

Céac enzyme thaiy phan lién két glycoside (hydrolase)

Polymethyl galacturonase (PMG) cd tén goi hé théng 1a poly a-1,4-
galacturonic methylesteglucanohydrolase (mé sé la EC.3.2.1.11). PMG xuc tac
thay phan lién két a-1,4-glucoside dic hiéu véi pectin & mac do ester hoa cao.

Tay theo vi tri lién két glucoside bj chiing cit dut & dau mach hay gitra mach ma
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cac enzyme nay dugc chia thanh 2 nhdm la endo-PMG va exo-PMG. Endo-
PMG xUc tac su thay phan cac lién két a-1,4-glucoside giita mach cua cac phan
tr polygalacturonic acid duwoc ester hdéa ¢ mac d6 cao. Hoat tinh cia enzyme
nay bi giam khi c6 mit cua pectin esterase trong méi truong. Endo-PMG rat phd

bién trong vi sinh vat, dac biét 1a & nim mébc A. niger, Botrylis cinerea, A.

awamori.
Pectinesterase
COCH COCH COCH COCH COCH
II H
H ()H H OH l"l OH 1 OH { OH
Exo-polygalacturonase Endo-polygalacturonase

Hinh 1.4. Hoat dong cua polygalacturonase trén chudi polygalacturonic acid [102].

Con exo-PMG xuc tac su thuy phan céc lién két a-1,4-glucoside ¢ dau
mach dé tach dan ting goc galacturonic acid ra khoi phan tir pectin hay pectinic
acid, bat dau tir dau khéng khir. Exo-PMG ¢6 ai luc vai gbc galacturonic acid da
methyl hoa, nghia 1a phéan cét céc lién két o-1,4-glucoside & dau mach nam giita
2 gbc galacturonic acid c6 nhom -COOCHs.

Polygalacturonase (PG) c6 ma sé EC.3.2.1.15 la cac enzyme x(c tac su
thuy phan lién két 1,4 glucoside trong phan tir pectin, cac enzyme nay ciing
duoc chia thanh 2 nhom theo vi tri lién két glycoside bi ching cat dut: endo-
polygalacturonase (endo-PG) va exo-polygalacturonase (exo-PG). Endo-PG xuc
tac su thay phan cac lién két o-1,4-glycoside & gitra mach, con exo-PG xuc tac
su thay phan cac lién két a-1,4-glycoside & dau mach cuaa phan tir pectic acid
hoac pectinic acid (Hinh 1.4). Enzyme nay c6 ai luc vai cac lién két glycoside &
dau mach, gan nhom carboxy! tu do [178].

Enzyme cdt (Lyase)

Cac lyase (con dugc goi 12 transeliminase) c6 ma s6 EC. 4.2.2.10. thuong

phan tach cac lién két glycoside & carbon thir 4, sau do6 loai bé mot nguyén tir
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hydrogen khoi carbon thtr 5 dan dén san pham khong bdo hoa. Trén co sd cac co
chat dugc tic dong, lyase dwoc phan loai thanh hai loai chinh, tac Ia
polygalacturonate lyase (PGL) va polymethylgalacturonate lyase (PMGL).
Polymethylgalacturonate lyase bao gom hai loai: endo-PMGL x(c tac phan cat
ngiu nhién lién  két a-1,4-glycoside cua pectin  va tao ra
methyloligogalacturonate khdng bao hoa, con exo-PMGL phan giai pectin bang
cach phan tach loai bo chuyén hoa nhung theo timg budc va tao ra methyl
monogalacturonate khdng bao hoa [64].

Tuong tu cac polygalacturonate lyase ciing dugc chia thanh hai loai,
endo-PGL xUc tac phan cat ngau nhién lién két a-1,4-glycoside cua pectic acid,
trong khi d6 exo-PGL xUc tac phan cat lan luot lién két a-1,4-glycoside cua
pectic acid tir dau khdng khu [137].

1.2.3. Nguon nguyén liéu dé thu nhan pectinase

Pectinase dugc san xuét tir nhiéu nguén khac nhau nhu thuc vat, vi khuan,
nim men va nam méc. Nhiéu vi sinh vat st dung san Xuat pectinase nhu
Saccharomyces, Bacillus, Erwinia, Aspergillus, Penicillium, Rhizopus va
Fusarium... Trong d6, nAm mébc dugc wu tién dé san xuat enzyme do ning suat
cao va kha nang thich nghi v6i nhiing thay doi nhé trong méi trudng nhu nhiét
d6, pH va ap suat [92]. Cac loai nAm méc duge Co quan Quan ly Thuc pham va
Duoc pham My (USFDA) str dung trong ca qua trinh 1&n men chim va ran dé
san xuat enzyme [40].

- Tur thuc vat: Pectinase ¢6 nhiéu trong 14, than cu va qua thuc vat nhu cu
khoai tay, cu ca rét, trong qua cafe, qua tao, vo cam, vo budi... Tuy nhién, &
thuc vat chi thay sy hién dién cua pectin esterase, enzyme nay thudng ton tai
dudi nhiéu hinh thicc khac nhau, nam trong phan vo té bao. Pectin esterase &
thue vat noi chung c6 hoat do tdi vu trong khoang pH hoi kiém.

- TWr vi sinh vat: Nhiéu vi sinh vat trong dét, trong nudc c6 kha nang phan
giai pectin. Chiing c6 ¥ nghia quan trong khéng nhiing dbi voi vong tuan hoan
carbon trong tu nhién ma con d6i voi mot sé nganh san xuat cong nghiép. Vi
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sinh vat phan giai pectin hau nhu c6 mit & cac dai dién nAm mdc, nam men, vi
khuan. Mot sd lodi ndim men ciing c6 kha ning sinh pectinase cao nhu
Saccharomyces ellipsoideus, S. fragilis, S. ludwigii... Mot s6 lodi vi khuan c6
kha niang sinh tdng hop pectinase nhu: Bacillus polymyxa, B. felseneus,
Clostridium roseum...

- Nhiéu loai nam mdc c6 thé san xuat pectinase. Trong d6 A. niger 1a dugc
st dung nhiéu nhat. Ngoai ra, ngudi ta con sir dung cac loai nam méc khéc A.
oryase, A. awamori, A. terreus, A. saito, A. japonicus, Fusarium oxysporum,
Trichoderma reesei, Penicillium citrimin. Cac loai nam méc khac nhau thuong
sinh tdng hop cac loai enzyme khac nhau. Vi du, A. niger chi yéu téng hop
pectin esterase, P. citrimin tao ra chi yéu la polygalacturonase. Pectinase c6 thé
thu nhan tir nAam mdc bang phuong phap nudi cdy bé mit hoic nudi ciy chim
suc khi. Tuy nhién, di nudi ciy trén méi trudng long hay dic, ngoai cac thanh
phan dinh dudng chi yéu nhu C, N, P thi chat cam tng pectin 1a mot thanh phan
khong thé thiéu trong moi truong dé nam mébc tong hop pectinase [19, 130,
165].
1.2.4. Ung dung ciia pectinase

Trong linh vuc ung dung, pectinase dugc chia lam 2 nhom chinh:
Pectinase acid va pectinase kiém. Pectinase acid chu yéu thu nhan tir nam méc,
duoc dung trong li trich va ché bién céc loai nudc ép trai ciy, rugu vang va tao
ra cac san pham don bao. Pectinase kiém dugc li trich cha yéu tir vi khuan duoc
ding trong ché bién céc loai cay c6 soi, trong céng nghiép gidy va bot gidy, xir
Iy nuéc thai, 18n men tra, ca phé [72]. Cac (ng dung cta pectinase duoc tom tat
& Hinh 1.5.
1.2.4.1. Ung dung trong cong nghé sdn xudt cac ché pham tir trai cay

Trong cdng nghiép nudc ép trai cdy va rugu vang. Pectinase duoc bd sung
nham 1am tang hiéu suat li trich nudc ép va lam trong nudc ép trai cay. Trong
cbng nghiép nudc ép trai cay, ngudi ta thuong tao ra hai loai nudce ép 1a nudc ép
trong va nudc ép duc. Phuong phap tao nudc ép trong thuong ding dé tao nudc
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ép téo, 18, nho, dau... Phuong phép tao nude ép duc duoc dung dé san xuét nudc
ép céc loai cay c6 mUi nhu cam, chanh, buéi va nudc ép xo0ai, mo, 6i, du du,
thom, chuébi... [72].

Nudc ép trai cdy co chura polysaccharide (pectin, cellulose, hemicellulose,
lignin va tinh bot), protein, tanin va kim loai ¢6 mau duc ty nhién. Ham luong
pectin khac nhau trong trai cdy tuoi (tao 0,5-1,6; chudi 0,7-1,2; 6i 0,7-1,5; nho
0,2-1; dtra 0,3-0,6; dau tay 0,6-0,7) dan dén chat keo hinh thanh va tao ra cac
van dé trong qua trinh ché bién nudc ép trai cay trong. Trong nganh cong nghiép
thuc pham, muc dich chinh cua quy trinh lam trong 1a loai bé céac thanh phan
gy ra do duc, do nhét va van duc trong nudc trai cdy méi san xuat. Giam do
duc bang qua trinh khir pectin bang enzyme ciing 1a mot lya chon tiém nang dé
san xuat nudc ép trai cay [87, 106]. Nhin chung, céc loai pectinase khac nhau
(Vi du: pectinase, pectin esterase, polygalacturonase va pectin lyase) duocC su
dung dé phan hiy céc chat pectic. Trong s do, polygalacturonase khir polymer
hda chudi polygalacturonic acid, pectin lyase khtr polymer héa pectin ester hoa
cao va pectin esterase thuy phan nhdm methoxyl cia chudi pectin. Két qua Ia
lam giam do nhét, thuan loi cho qué trinh phan tach thong qua li tdm hoac loc.
Nhu vy, nude ép dugc chuan bi thong qua qué trinh ndy, c6 do trong cao hon
véi huong vi va mau sac dam dac hon [88, 109]. Nudc ép trai cay ho cam quyt
la mot trong nhitng san pham thyc pham thuong mai pho bién va céc pectinase
duoc st dung dé loai bo van duc va on dinh nudc ép [44]. Ung dung caa pectin
esterase ¢ diéu kién ty nhién cua nudc ép trai cay ¢ mii (pH 3,8) gilp két tu
cac hat van duc tir nu6c ép trong vong vai phat [51]. Ung dung cua pectinase
trong ché bién nudc ép trai cay ciing thuc day qua trinh giai phong cac hop chat
phenol khoi vo trai cdy [151, 155]. Phuong phap xur 1y nay lam tang ham luong
phenol 1én dén 15%, diéu nay cho thiy kha ning chdng oxy héa phong phi cua
d6 udng trai cay [143]. Cac thanh phan phenol nay dong mét vai trd quan trong
trong viéc chdng oxy hoa va thuc hién cac bién phap bao vé chong lai bénh tim
mach va ung thu [120].
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Hinh 1.5. Cac ung dung khac nhau cua pectinase [145, 157, 164]
1.2.4.2. Ung dung trong nganh cdng nghiép bng sei

Trong nganh céng nghiép bong soi, viéc st dung enzyme cé tac dong rat
Ién dén cdng nghiép dét ca vé chit luong san pham va bao vé méi truong.

Trudc khi soi dugc mac vao khung dé dét thanh vai nd sé& dugc bdi mot
l6p tac nhan lam tron dé chong xo xudc trong qué trinh dét. Tac nhan thuong
duoc sir dung la tinh bot bai vi nd ¢6 kha ning tao ra l6p mang mong rat tot ma
lai c6 gia thanh ré. Tuy nhién, viéc loai bo nhiing thanh phan khong phai la
cellulose dé nhuoém vai 12 viéc bat budc phai lam. Trude khi tim ra amylase, con
duong duy nhat dé loai bo cac chat nay 1a st dung dung dich Na,CO; ndng. X
ly hda hoc khéng cé hiéu qua cao trong viéc loai bo tinh bot va mot sé soi vai bi
mét di tinh x4p tu nhién. Viéc sir dung pectinase két hop véi amylase, cellulase
hay cac enzyme nhom hemicellulase khac sé loai bo cac tdc nhan trén mot cach
hiéu qua va lam giam dang ké viéc st dung hoa hoc trong cong nghiép dét. Két
qua 1a 1am giam luong nudc thai ra méi truong, giam cong lao dong va ting chat

lugng san pham [78, 98, 175]. Kalantzi va cs (2010) cho rang su két hop giira
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lipase va pectinase gilp giam dang ké thoi gian xur Iy dé tay ria sinh hoc va tao
ra vai bdng véi chat luong cao hon va hiéu suat nhuém tét hon [81].
1.2.4.3. Ung dung trong 1én men tra va ca phé

Pectinase dong vai tro quan trong trong Ién men tra va ca phé. Hat ca phé
c6 16p vo bao quanh cac céu tric bén trong caa no, 16p vo cang cua hat ca phé
nay duoc goi 1a chat nhay (17% khdi lwong) bao gdm 84% d6 am voi 8,9%
protein; 4% duong; 2,8% pectin va 0,9% tro. Chat nhay ciing c6 dic tinh nhot va
sén sét, khdng thoai mai dé pha ca phé co thé uéng duoc. Trong qua trinh nay,
pectinase kiém duoc st dung dé loai bo 16p chat nhay khoi hat ca phé truéc khi
str dung hat ca phé [141]. Ca phé duoc Ién men bang vi khuan phan giai pectin
dé loai bo 16p chat nhay khoi hat va cai thién dic tinh 1én men va tao bot [157].
Murthy va cs (2011) cho rang, tng dung cua pectinase 1am suy giam 16p vo
nhay bén ngoai cua hat ca phé va cai thién chat lugng ca phé. Mot nghién cau
trudc day da cho thay pectinase tir A. niger CFR phan huy 54-71% I6p chat nhay
trong vong 1 dén 2 gid 1én men va toan b qua trinh da hoan thanh trong vong
3,5 gio [128]. Enzyme thuong mai thuong dugc phun vao hat véi lidu luong 2-
10 g/tan ¢ nhiét d6 15-20°C. Khi dwoc xt Iy véi pectinase, giai doan Ién men
cta qua trinh ché bién ca phé duoc thac day va giam tir 40-80 gio xudng con
khoang 20 gid. Do viéc xur Iy ca phé véi enzyme thwong mai dat va khéng kinh
té nén nguoi ta ding 16p vo nhay cua ca phé thai ra dé nudi vi khuan sinh
pectinase. Canh truong sau khi 1én men duoc loc va phun vao hat ca phé dé tiét
kiém quy trinh [128, 135].

Trong qua trinh 18n men tra, bot tra hoa tan c6 vai tro rat Ion dé 1am tra
uéng. Loai bot tra hoa tan nay c6 ham luong pectin rat Ion vi duoc lam tur 14.
Viéc pha tra bang céch sir dung loai bot nay s& dan dén sy hinh thanh bot trén tra
do ndng do pectin cao. Pectinase nhu polygalacturonase dwgc sir dung trong qué
trinh ché bién tra nham phé huy dic tinh tao bot cua bot tra hoa tan bang céach
pha huy pectin, 1am ting chat luong tra, 1am thay d6i mau sac va co gia tri cao
trén thi truong [71, 141]. Xu ly bang enzyme day nhanh qué trinh 1én men ché &
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pham vi pH hoat déng tir 2,5-6,0 v6i dd pH tdi wu nam trong khoang tir 3,0-4,0
va nhiét do hoat dong tir 15-50°C. Nong d6 cua cac enzyme phai duoc kiém soét
can than dé tranh 1am hong 14 tra [157] vi qua trinh I8n men qua muc s& lam
giam do bong va chat luong cua l4 tra, giam mau sic, huong vi, mui thom va
lam tang téc d6 hu hong cua Ia tra.
1.2.4.4. Ung dung trong qua trinh li trich ddu thgc vt

Trude day, dau hat cai (Canola), phdi dira, hat hoa huéng duong, hat co,
qua oliu dugc san xuat theo kiéu truyén thong, li trich bang cach str dung dung
moi hitu co. Dung méi thudng dugc sir dung la hexan, mot chat c6 kha ning gay
ung thu. Ngay nay, hau hét cac nganh cong nghiép ché bién dau déu sir dung
pectinase trong qua trinh chiét xuat dé pha huy cac dic tinh nhii hoa cua pectin
va thuc day qua trinh hoa long cua cac thanh phan thanh té bao, cudi cung thu
duoc khdi luong san pham tét hon. Hon nita, cac loai dau dugc chiét xuat thong
qua cac qué trinh enzyme duoc kich hoat dé duy tri nong d6 cao cua cac hop
chat nhu polyphenol, protein can thiét, chat chong oxy hda, hop chat c6 hoat
tinh sinh hoc wa chat béo va vitamin E vai viéc cai thién tinh 6n dinh khi bao
quan [111, 129, 147].
1.2.4.5. Ung dung trong chin nuoi

Pectinase duoc ung dung trong san xuat thirc an chan nudi, vi pectinase
thuy phan céc chét xo sinh hoc, khdng phan huy va lam thay doi vi ngon cua
thire an, gidp cai thién chat luong thirc dn bang cach giam do nhét va ting kha
nang hap thy cac chat dinh dudng. Hon nita, viéc xur Iy bang enzyme lam giam
ham luong chat xo trong thirc dn va tang cuong giai phong cac chat dinh dudng
bi mic ket duéi cac chat xo khong thé phan hiy. Ché do an it chat xo ciling 1am
giam luong phéan, diéu nay c6 loi vé mat sinh thai. Viéc st dung nhiéu loai
enzyme nhu xylanase, pectinase va cellulase trong qué trinh chuan bi khau phan
an cho gia suc nhai lai gidp cai thién chat luong thirc an mot cach kinh té. Viéc
bd sung ndy lam ting kha ning tiéu héa chét hitu co bang cach thay d6i qua
trinh tiéu hoa chat xo trong da co va ting kha ning hap thu nang luong khau
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phan. Tat ca nhitng yéu t& nay cudi cung gidp cai thién khdi luong vat nudi
[151].
1.2.4.6. Ung dung i Iy nwéc thdi co chira pectin

Dé xir Iy nuoc thai tir cdc nganh cong nghiép ché bién trai cay c6 mdi,
nhiéu quy trinh khac nhau da duoc nghién ciru, bao gom: Khir nuwdc vé mat vat
ly, twdi phun, dong tu hda hoc, xir Iy bun hoat tinh tryc tiép va thuy phan hoa
hoc. Cé4c quy trinh ndy c6 hiéu qua thap do tinh khang hda chat caa cac chat
pectic, chi phi xtr ly cao, thoi gian xt ly dai va sy phuc tap caa quy trinh [159].
Cac nganh cong nghiép ché bién thuc pham rau qua thai ra nudc thai dudi dang
san pham phu. Nhitng cht thai nay cd chat pectic vi trong tu nhién, nhitng loai
rau d6 rat giau chat pectic. Tién xu Iy cac loai nudc thai nay bang enzyme phan
giai pectin tao diéu kién thuan loi cho viéc loai bo vat liéu gidu pectin va lam
cho né thich hop dé phan hay bang cach xu ly ban hoat tinh [141], [157].
Pectinase 1a enzyme duoc st dung dé loai b pectin khoi nudc thai truge khi xir
ly. Viéc sir dung cac sinh vat phan giai pectin trong qué trinh xa ly bang bun
hoat tinh 12 mot qua trinh ¢6 loi cho méi truong, tiét kiém chi phi va tiét kiem
thoi gian [151].
1.2.4.8. Ung dung trong cong nghigép gidy va bét giay

Viéc sir dung cac hop chét tay trang cd chira chlorine (CIY) trong nganh
cdng nghiép gidy va bot gidy tao ra cac san pham phu CI hitu co doc hai, gay
dot bién va tich liy sinh hoc. Pay 1a ngudn goc cua su gian doan dang ké trong
hé sinh thai. Viéc sir dung pectinase trong trudng hop nay 1a dé tranh doc tinh
cua c4c hop chat co chaa CI trong hé sinh thai [149, 151]. Pectinase dugc Sir
dung trong qua trinh san xuat gidy dé khtr polymer cua acid galacturonic, lam
giam nhu cau cation cua dung dich pectin [99, 133]. Trong nganh céng nghiép
gidy va bot gidy, viéc tao thanh tim 1a mot qué trinh quan trong bi anh huong
boi sy hién dién caa pectin trong bot giay 1am suy yéu kha ning tach nudc do
nhu cau cation cao cua ching, gay ra mau vang cua gidy [107, 151]. Van dé nay
c6 thé duoc giai quyét bang cach st dung pectinase bat dau qua trinh khu
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polymer cua pectin, va do d6 1am giam nhu cau cation cua pectin so vdi tay
trang peroxide [172].

Pectinase kiém tir Streptomyces sp. da duoc sir dung trong qué trinh tay
tring sinh hoc bot gidy. Viéc tng dung enzyme phan giai pectin trong san xuét
gidy 1am giam thiéu viéc str dung polymer cation. Phuong phap xir Iy nay da cai
thién d6 bén cua bot gidy so véi phuong phap nau soda-tro thong thuong [102].
1.2.4.9. Ung dung trong céng nghigép thzec pham

Pectinase la mot trong nhitng enzyme dau tién duoc str dung pho bién, dic
biét trong nganh céng nghiép thuc pham. Theo udce tinh, trén toan thé gisi, ty 1é
g dung cua pectinase chiém khoang 3% [50]. Nam 2020, Tran Ngoc Hing da
cong bd kha nang cam ng sinh pectinase ¢ Bacillus Ba 79 dem lai hiéu qua kha
cao, hoat do enzyme dat 2,33 Ul/g sau 4 ngay nudi cay trén moi truong c6 chia
60% dich nhét ca phé, 16% bap xay va 24% ba dau nanh. O ty 18 bo sung 7,5
UI/L, thoi gian xu Iy 180 phut, ché pham pectinase c6 kha ning lam ting do
trong cua ruou vang 41,8% [11].

1.3. TONG QUAN VE NAM MOC THUQC CHI Aspergillus
1.3.1. Vi tri phan loai

Chi Aspergillus do Michelli mé ta 1an dau vao nam 1768. Nam 1901,
Wehmer da cho ra doi mot chuyén luan phan loai chi nAm bat toan nay. Raper
va Fennell (1965) chi ding mdt tén Aspergillus cho tit ca cac loai tao thanh bao
ttr trAn. Phan loai khoa hoc ctia Aspergillus:

Gioi: Fungi (Nam)

Nganh: Ascomycota

Lop: Eurotiomycetes (Ascomycetes)

Bo: Eurotiales (Plectascales)

Ho: Trichocomaceae (Aspergillaceae)

Chi: Aspergillus

Loai: Aspergillus sp.
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1.3.2. Pic diém chung
1.3.2.1. Hinh dgng, kich thuwéc, cdu tao ciia ndm maéc

N4m méc (hay con goi 12 nAm soi) 1a tat ca cac nam khong phai nAm men
va khong sinh mii nAm (qua thé co kich thude 16n) nhw ndm rom, ndm gd... Mot
s6 it nam ¢ thé don bao c6 hinh trimg, da s6 ¢ hinh soi (filamentous fungi-nam
soi), soi c6 ngin vach hay khong c6 ngin vach. Soi nam thuong 12 mot éng hinh
tru dai co kich thudc 16n nho khac nhau tiy loai. Puong kinh caa sgi ndm
thuong tir 3-5 pm, ¢6 khi ¢én 10 pm, tham chi dén 1 mm. Chiéu dai caa soi nAm
c6 thé téi vai chuc centimet. Cac sgi ndm phat trién chiéu dai theo kiéu tang
trudng & ngon. C&c soi ndm c6 thé phan nhanh va cac nhanh c6 thé lai phan
nhanh lién tiép tao thanh hé soi nAm (mycelium) khi sinh xu xi c6 bong hay
dang bot. Trén moi truong dac va trén mot sb co chat trong tu nhién, bao tir
nam, t& bao ndm hoic mot doan soi NAm cd thé phét trién thanh mot hé soi ndm
c6 hinh dang nhat dinh goi 1a khuan lac. Mot hé soi nam khi phét trién thuong
hinh thanh 2 bo phan 1a khuan ty dinh dudng va khuan ty khi sinh. Trong céac
diéu kién song khéac nhau, hé soi nam cé thé bién hoa theo nhiéu cach dé thich
nghi nhu: ré gia, hach nam, thé dém, soi 4p, soi hut. ..

Nam méc khdng cé sic td quang hop nén khdng cd kha ning quang hop
dé tong hop nén chat hiru co. Vi vay, chiing song nho kha nang hap thu cac loai
thire dn hitu co c6 san qua bé mit khuan ty, d6 1a cac co thé hoai sinh hoic ky
sinh [7].
1.3.2.2. Sinh sdn cia ném méc

N4am mdc c6 thé sinh san theo nhiéu hinh thtrc khac nhau:

- Sinh san dinh dudng: Bﬁng hach nim hodc béng khuan ty. Tir mét doan
khuan ty riéng 1é c6 thé phat trién thanh mot khuan ty thé. Mot s6 nAm mdc ¢
thé hinh thanh bao tir mang day hay con goi 13 bao tir 4o, khi gip diéu kién thuan
loi bao tir 40 s& ndy mam va phat trién thanh khuan ty méi.

- Sinh san vo tinh: Bing cach hinh thanh bao tir tran hay bao tir kin. Hinh
dang bao tir ¢o thé 1a hinh cau, hinh 6van, ¢6 nhiéu mau sic khac nhau tuy theo
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tung loai.

- Sinh san hitu tinh: Tuong ty nhu thuc vat bac cao, sinh san hiru tinh cua ndm
mdc bao gdm cac qua trinh: chét giao, nhan giao va phan bao giam nhiém. Co quan
sinh san hitu tinh & nAm mdc vé nguyén tic ciing 13 cac tai giao tir dé tao nén giao tir
[7].
1.3.2.3. Sw phan bé ciia ném maéc

NAm mdc phan bd rong rai trong khong khi, nudc, rac, bun..., dac biét co
nhiéu & trong dat. Py 1a nhom vi sinh vat c6 cau tao dang khuan ty. Mau sic
ctia nam médc dugc xac dinh boi cac bao tir do né sinh ra nhu mau xanh, tréng,
vang, den, nau... Ching phat trién rat nhanh trén nhiéu ngudn co chat hiru co
khi gap khi hdu nong am, gy hu hong luong thuc va thyc pham. Trén nhiéu vt
liéu vo co do dinh bui ban (nhu cac thau kinh & éng nhom, kinh hién vi, may
anh...) nAm mdc van c6 thé phat trién, sinh acid va lam mo cac vat liéu nay.
Ngoai ra, co rat nhiéu nAm méc ky sinh trén co thé nguoi va dong vat, thuc vat
gy ra cac bénh nim kha nguy hiém, nhiéu loai sinh ra doc td gy ung thu va
nhiéu bénh tat khac (nhu hic lao, nAm vay rong, nam ké chan, nim phdi, nam
toc...). Mat khac, nAm mdc tham gia tich cuc vao cac vong tuan hoan vat chat
trong tu nhién. Ching c6 kha ning phan giai manh mé cac hop chat hiru co phirc
tap nhu pectin, chitin, cellulose, protein, lipid... [58].

Pectinase thu nhan tir nAm mdc c6 thé bing phuong phap nudi cay bé mit
hoac nudi cay chim hiéu khi hoac ki khi. Du nudi cdy trén moéi trudng nao thi
viéc dam bao céc thanh phan dinh dudng cing véi nhitng diéu kién nudi cay
thich hop 1a can thiét dé nAm méc sinh téng hop enzyme vai hoat do cao.

1.3.2. Nam méc thudc chi Aspergillus sinh téng hep pectinase

Hé soi nam gém cac soi c6 vach ngan phan cach, khong mau, mau nhat
hoac mot sé trudng hop tré nén nau hay mau sam khac & ving nhat dinh cua
khuan lac. Ndm méc sinh san vé tinh bang bao ta tran (conidia), hinh thai co
quan sinh bao tir tran 1a mot dic diém chu yéu, dic trung dung trong phén loai
chi nam nay [7].
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Chi Aspergillus phan biét véi cac chi khéac trong 16p ndm bat toan nho
ching c6 hé bao tir dinh phét sinh tir thé binh. Bao tir dinh phat trién tir thanh té
bao rat day bén trong hé soi nim 1a té bao chan. Co quan sinh bao tir tran phat
trién tir mot té bao dac biét goi 12 té bao chan (foot-cell) c6 dudng kinh 16n hon,
mang day hon cac té bao 1an can cua soi nAm. Tir té bao chan phat trién thanh
gia bao tir tran (condiosphore hay stipe). Gia bao tir tran c6 thé c6 vach ngan, bé
mat nhin hoic khdng nhin, trong sudt hodc c6 mau, dai hay ngin tdy thuoc vao
loai. Phan ngon cua gia bao tir phinh rong tao thanh bong dinh gia (versicle).
Bong dinh gia c6 thé c6 nhiéu hinh thai khac nhau, ddy 1a mot dac diém dic
trung dé phan loai Aspergillus véi cac loai ndm khéc [7].

Bong dinh gia c6 thé c6 hinh cau, hinh ban cau, hinh chay, hinh qua bau,
hinh ban chan. Tir bong dinh gi4 sinh ra cac té bao sinh bao tir tran goi la thé
binh (phialide). Néu céc thé binh sinh ra truc tiép tir bong dinh gia duoc goi la
dang don tang (uniseriate). Néu cac thé binh dugc sinh ra qua mot 16p té bao goc
Xuat phat tir bong dinh gia (16p cudng thé binh, metulae) dugc goi la dang ludng
tang (biseriate). Phialide hoac metulae moc trén bong dinh gia ciing 1a dic diém
dic trung dé phan biét Aspergillus véi céc chi co quan hé gan giii. Tir thé binh
sinh ra cac bao tu tran (conidia). Bao tir tran khong c6 vach ngin, khac nhau vé
hinh dang, kich thuéc, mau sac. .. & cac loai khac nhau [7].

O mot sé loai Aspergillus khac nguoi ta da tim thay hinh thuc sinh san
hitu tinh cua chung, cac loai nay duoc Xép vao Cac chi cia nam tGi nhu

Emercella, Eurtium, Neosartorya va mot sé chi khéc [7].

1.3.3. Céc yéu t6 anh huéng dén sinh trwéng va phat trién ciia nim moc
sinh pectinase
1.3.1. Nhiét d

Ciing nhu cac vi sinh vat khac, hoat dong séng ciia ndm mdc phu thudc nhiéu
vao nhiét d. Theo cac nghién ctu cho thay, kha ning sinh pectinase phu thudc rat
I6n dén nhiét ¢ nudi cay. Hau hét cac vi sinh vat phan giai pectin déu thuoc nhom
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wa 4m, nhiét d6 thich hop cho sinh trudng cua vi sinh vat phan giai pectin & trong
khoang 20-40°C. Tuy nhién, mdi loai vi sinh vat lai c6 ngudng nhiét do thich hop
riéng. Nhiét d6 qua cao hay qué thap déu anh huéng dén su sinh trudng, phat trién
ctia ndm mdc ciing nhu kha ning sinh téng hop pectinase, dong thoi con 1am giam
hoat tinh cua enzyme. Nhi¢t do thich hop nhét cho sinh trudng, phat trién va lén
men ctia nAm moc 1a 30-40°C [17].
1.3.2. pH méi trudong

pH méi trudng cé v nghia quyét dinh téi sinh trudng va phat trién cia
nhiéu vi sinh vat. Cac ion H* v OH" 14 hai loai ion hoat dong lon nhat trong tat
ca cac ion, nhitng bién dbi du nho vé nong do cua chiing ciing anh huéng manh
mé& dén sinh truong va phat trién cua vi sinh vat. Vi vay, viéc xac dinh pH moi
truong ban dau va duy tri pH thich hop trong thoi gian sinh trudng phat trién cta
vi sinh vat 14 rat quan trong va can thiét.

Nhin chung, ndm mdc thudng sinh truéng phat trién & ving acid yéu.
Nam mdc c6 thé phat trién tét & mdi truong acid (pH=6,0) nhung pH tdi vu 13
5,0-6,5 mot s6 loai phat trién t6t & pH<3,0 va mot sb it phat trién & pH>9,0. Tuy
nhién, ndm modc cling c6 kha ning séng & nhitng ving pH rong hon, trong
khoang pH 2,0-10 va di v6i mbi loai ndm méc thi c6 mot gia tri pH thich tng
riéng. Piéu nay con phu thudc vao tinh chat ciia ting loai dat ma nAim méc phan
bd. Dbi véi loai dat cat co pH vao khoang 6,0-7,0 thi nam mdc cling c6 kha nang
thich ing véi diéu kién pH nay [7].

Theo Lé Thi Thao va cs (2018), ching nim méc Aspergillus sp. C2.2 sinh
truong, phat trién va sinh tong hop pectinase manh nhét & pH 5,0 [24].

So sanh véi nhiéu két qua nghién ciru ciia nhiéu tac gia cho thay, pH moi
truong nudi cdy anh huong dén kha ning sinh tong hop pectinase va tich liy
sinh khdi cta cac chung ndm mdc. Vi viy, trong qua trinh nudi cdy can duy tri

pH thich hop dé thu dugc pectinase c6 hoat tinh manh.
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1.3.3. Thanh phin méi truwong
1.3.3.1. Nguon carbon

Ngudn carbon 14 thanh phan déng vai tro dic biét trong su phat trién cta
ndm mdc. D6i véi qua trinh sinh tdng hop pectinase, ngudn carbon gidu pectin
c6 do methoxyl hoa cao va don phan tir nhu pectic acid, D-galacturonate va 1 s6
ngudn carbon khac thuong duogc sir dung. Cac thanh phan nay khéng chi dong
vai trd don thuan 12 ngudn carbon cho su phét trién ciia nAm moc ma con 1a co
chat cam tmg, xuc tac cho qua trinh sinh tong hop pectinase [17, 169].

Mojsov (2010) da khao sat anh hudng ctia ngudn carbon t6i kha nang sinh
tong hop pectinase cua chung A. niger MK 15 nhan thay ching nAm mdc duoc
nudi trong moi trudng cd glucose va fructose khong tong hop duogc pectinase,
nguoc lai hoat d6 pectinase cao khi bd sung pectin tir tao vao mdi trudng nudi
cdy [123]. Trong khi d6, nghién ctru Kaur va cs (2014) cho thay hoat do
pectinase ciia chiing nam mdc Aspergillus sp. FSF7 gay hu hong hoa qua manh
nhat khi ngudn carbon nudi ciy la saccharose va yéu nhat 1a tinh bot [89]. Lé
Thi Thao va cs (2018) da nudi cay ching nam mdc Aspergillus sp. C2.2 trén moi
truong Czapek dich thé v6i pH t6i uu 14 5,0 thoi gian nudi cdy 72 gio va ngudn
nitrogen dugc chon 1a NaNO; véi cic ngudn carbon khac nhau nhu pectin,
glucose, maltose, fructose, lactose, saccharose... Két qua nghién ctru cho thay
khi st dung ngudn carbon 13 pectin, kha ning tong hop pectinase ctia ching
Aspergillus sp. C2.2 manh nhat [24].
1.3.3.2. Nguon nitrogen

Nitrogen tham gia vao qua trinh tao protein, nucleic acid va nhirng chét co
dic tinh sinh hoc khac cua té bao nAm mdc. Mbi truong co du luong carbon va
nitrogen can thiét s& tich lily luong ning luong 16n nhat. Ngoai ra, do amino
acid 1a nhiting cdu tir hop thanh phén tr enzyme, amino acid c6 anh hudng t6t
dén qua trinh sinh tong hop enzyme [17].

Qua cac két qua nghién ctru cho thay, cac ngudn nitrogen khi bd sung vao
moi truong nudi cay co anh hudng khac nhau dén sinh truéng, phét trién va kha
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ning phan giai pectin cta cac chung ndim médc. Mojsov (2010) khao sat anh
huong caa ngudn nitrogen dén hoat do pectinase cua chang A. niger MK15 thay
rang ngudn nitrogen toi wu dé sinh tong hop pectinase 1a (NH,),HPO, [124].
Kaur va cs (2014) di cong bd hoat d6 pectinase cua chung nim méc Aspergillus
sp. FSF7 cao nhat khi nudi trong mdi trudng ¢6 bd sung ngudn nitrogen 1a urea
va NaNO; nhung hoat do pectinase thap nhat véi ngudn nitrogen nudi cay 1a cao
nam men [89].

Nghién ctru cia Lé Thi Thao va cs (2018) cho thdy ching nim moc
Aspergillus sp. C2.2 sinh truéng, phat trién tt trén moi trudng Czapek 1ong voi
cac ngué)n nitrogen khac nhau nhu NH4NO3, NH4CI, NaNOg3, peptone, tryptone,
cao nam men. Tuy nhién, hoat do pectinase ctia chung nay twong d6i thp trong
moi trudng co6 ngudn nitrogen 1a NH,NO; va tryptone. Nguoc lai, cao ndim men
va NaNOj; Ia hai ngudn nitrogen t6i wu cho su sinh tong hop pectinase cta
chang nim méc nay [24].
1.3.3.3. Nguon co chit

Pic diém chung cia moi trudng nudi cdy ndm modc sinh tong hop
pectianse 1a su c6 mit cua chat cam tng [17]. Theo Lé Thi Thao va cs (2018),
khi bo sung pectin vao méi trudng nudi cdy nam mdc Aspergillus sp. C2.2 voi ty
1€ 3% hoat d6 pectinase dat cuc dai vai 0,8887 U/mL/phut [24].
1.3.3.4. Nguon khodng dinh dwong

Céc nguyén to da vi luong c¢6 anh huong dén su sinh truong va tong hop
pectinase ctia nAm mdc. P can dé tong hop céc thanh phan quan trong cua té bao,
nhiéu coenzyme va anh hudng truc tiép dén sy sinh san ctia nAm mébc. Mg co
anh huong dén do bén nhiét clia enzyme. S c6 mat trong cac amino acid quan
trong nhu methionine, cysteine, c6 vai tro tich cuc trong viéc kich thich sinh
tong hop enzyme. Ngoai ra, Mn, Co... ciing anh huéng dén su sinh tong hop
pectinase [17]. L& Thi Thao va cs (2018) nhan thay céc ion kim loai Mn** Mg**
va Fe?* c6 tac dung hoat hoa pectinase, trong khi d6 Ca?*, K* va Zn?* uc ché
enzyme nay [24].
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1.3.4. Thoi gian nudi ciy

Thoi gian 1én men anh hudng déng ké dén kha ning sinh tong hop pectinase
va hoat tinh ctia enzyme. NAm méc can thoi gian dé phat trién va sinh tong hop
pectinase. Néu thoi gian 1én men qué dai méi trudng dinh dudng sé giam dan do do
nam moc phat trién yéu va hoat tinh enzyme sé& bi giam. Qua trinh sinh tong hop
pectinase cua nam moc dat cuc dai thuong két thic khi nAm mdc bét dau san sinh
bao tir [17].

Theo Tran Thi Thanh Thuan va Nguyén Puc Luong (2009), thoi gian
nudi cay thich hop cho A. niger thé hién hoat tinh pectinase cao nhat l1a 48 gio
trén moi trudng ban ran [25]. Nghién ciu cta Lé Thi Thao va cs (2018) cho
thay, chung Aspergillus sp. C2.2 c6 kha nang sinh tong hop pectinase manh nhat
khi duoc nudi cdy & méi truong Czapek dich thé trong 72 gio [24].

So sanh véi két qua nghién ciru ciia nhiéu tac gia cho thay, thoi gian nudi
cay anh hudng 16n dén kha ning tiét enzyme va tich lity sinh khéi cta cac chung
nam mdc. Tuy ching nAm mdc ma thoi gian t6i thich va kha ning tiét enzyme s&
khac nhau. Bén canh dé, thoi gian cling 1am anh hudng dén do bén ciia enzyme,
lam thay d6i kha ning phan huy pectin clia pectinase. Chinh vi vay, dé thu duoc
enzyme c6 hoat tinh va sinh khéi 16n thi can cha ¥ theo ddi yéu t6 thoi gian
trong sudt qua trinh nudi cay.

1.4. HE THONG BIEU HIEN P. pastoris
1.4.1. Hé thong biéu hién P. pastoris

Theo hé thong phan loai, P. pastoris thudc gigi Nam, nganh Ascomycota,
nganh phu Saccharomycotina, 16p Saccharomycetes, B6 Saccharomycetales, ho
Saccharomycetaceae, chi Pichia, loai P. pastoris.

P. pastoris séng ¢ 30-32°C, pH 3-7, bién dudng methanol, glucose,
sorbitol, glycerol... va can nhiéu oxygen trong qua trinh bién dudng cac ngudn
carbon. Theo Kielkopf va cs (2021) cac P. pastoris dugc bao cao la mot trong
nhitng hé thdng hitu ich va linh hoat nhat cho biéu hién protein di chung, do d6
chung d tré thanh mot trong nhitng nAm men nghién ctu rong rdi nhat. He
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théng biéu hién nay c6 kha ning cam ang manh mé caa promoter (pAOX1), kha
nang tiét protein ngoai bao nén dé& tinh sach, mac d6 biéu hién cao, cac b gen
cua P. pastoris thao tac don gian. Vi la vi sinh vat don bao, do d6 viéc sur dung
cac ky thuat thao tdc & mirc do té bao d& dang véi kha ning phat trién nhanh
chong trén cac moi truong ngheéo dinh dudng. Tuong tu nhu cac sinh vat nhan
chuan khéc, P. pastoris c6 kha nang xir 1y protein sau khi dugc dich ma bao gom
gap cudn cau tric protein, xu ly phan giai protein, hinh thanh lién két disulfide
va glycosyl héa. NAm men P. pastoris ¢6 kha niang chuyén hoa methanol nhu
ngudn carbon duy nhét cia nd. Cac promoter manh cho alcohol oxidase, AOX1,
dugc quy dinh chit ché va gay ra boi methanol va no duoc st dung cho sy biéu
hién cua gen quan tdm. Theo do6, biéu hién caa protein ngoai bao c6 thé duoc
gay ra bang cach thém methanol vao mdi trudng ting truong [96].

N4m men P. pastoris 1a hé thdng biéu hién dugc st dung pho bién dé san
Xuat cac loai protein tai t6 hop voi nhiéu wu diém hon so véi Saccharomyces
cervisiae nhu: c6 mot promotor hiéu qua cao va duge diéu hoa chat ch& bai gen
cam tng methanol ma hoéa alcohol oxidase-enzyme dau tién cia con duong sir
dung methanol. Khi khdng c6 methanol, gen AOX1 bi két thic hoat dong hoan
toan. Ngoai ra, promotor AOX1 phan tng rét nhanh véi su bd sung methanol cua
moi truong nén cd thé noi, promotor AOX1 la mot nhéan té quan trong cho viéc
diéu khién phién ma cua gen nhan dong va viéc san xuit luong Ion protein tai to
hop. Hon nita, ¢6 thé chon dugc thoi diém gay cam ung gen nhan dong dé san
Xuat toi da protein tai to hop trong qua trinh 18n men quy mé 16n [181].

Hé théng biéu hién P. pastoris khéng tong hop ethanol nén c6 thé c6 duoc
mat d6 té bao cao va tiét duoc lwong 16n protein. Bén canh d6, P. pastoris thong
thuong tiét rat it loai protein vi vay s& don gian héa duoc viéc tinh sach cac
protein tai to hop da tiét. Kha ning sinh truéng nhanh dé dat duoc mat do té bao
cao va méi trudng nudi cdy khéng yéu cau phai chaa protein; d& dang mé rong
quy mé tir nudi cdy quy mé nho dén nudi cdy Ién men va san luong sinh khoi
cao trong cac may Ién men (Ién t6i 400 g/L). Do d6 viéc san xuat mot loat cac
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protein tai to hop c6 thé xay ra trong P. pastoris 13 vuot troi so véi bat ky loai
nam men khac [181].

Ngoai ra, P. pastoris con c6 méot s6 wu diém khac nhu c6 hé théng bién
d6i hau dich ma; san pham thu duoc c6 dang gap cudn co hoat tinh; loai
methionine diu mach 1am ting do bén protein va lam giam tinh khang nguyén.
Ddi véi viéc san xuat protein chira bénh, nhiéu trong sé dé yéu cau sira d6i hau
dich ma. V& kinh té, khi str dung P. pastoris thi chi phi 1am sach thap hon so véi
cac protein cua cac chung pho bién hoac vector ung dung thuong mai khac. Co
nhiéu 1y do dé P. pastoris tré thanh mot hé théng biéu hién duoc sir dung rong
rai. Su cam tng manh mé& cua promotor AOX1 c6 thé duogc sir dung dé san xuat
protein. Cac bai tiét protein trong P. pastoris thuan lgi cho viéc lam sach cua
protein tai té hop. Mac d6 biéu hién cuaa protein trong P. pastoris thu duoc trong
10 phan &ng sinh hoc ¢6 thé ting 1én gap 10-12 lan, kha niang thuc hién céc sua
d6i sau dich ma nhu hinh thanh lién két disulfide va glycosyl hda. Nam men P.
pastoris 1&2 mot protein biéu hién duoc thiét lap dé tao ra cac enzyme cong
nghiép, thuc pham va san xuét thic an... Vi tat ca nhitng ly do trén, hé théng
biéu hién cua P. pastoris duoc chon cho viéc san xuat nhiéu protein nhan chuan
86, 96].

Hé thong biéu hién cua P. pastoris c6 nhitng nhuoc diém nhu: Chat cam
rng methanol d& chay né. Protein ngoai lai dugc tiét ra ngoai dé bi phan giai boi
cac protease. Thoi gian biéu hién dai ¢ thé 1am mot sb protein tai to hop két tu
do tinh ky nudc cao hay cac twong tac phan tir [96].

1.4.2. Hé théng biéu hién tai té hep twong dong sir dung P. pastoris
1.4.2.1. H¢ théng vector biéu hign

C6 rat nhiéu vector biéu hién P. pastoris duoc thiét ké. Vé co ban mot
vector biéu hién cua P. pastoris bao géom: Mot trinh ty promotor, thuong la
AOX1 (alcohol oxidase 1) promotor diéu khién gen, cac trinh tu két thic phién
ma ¢ ngudn gdc tir AOX1 cua P. pastoris, mot ving khai dau sao chép, mot gen
danh dau chon loc trong E. coli va mot gen danh dau chon loc trong ndm men.
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Viéc gan thém mat trinh ty tin hiéu hoic tir gen phosphatase PHO1 cua P.
pastoris hay tir mot nAim men khéc tao diéu kién cho viéc tiét mot protein tai to
hop. Hau hét cac vector P. pastoris dugc thiét ké 1a cac plasmid cai nhap nhiam
6n dinh cac plasmid trong qua trinh sinh truéng [97, 103]. Vector bao gom céc
thanh phan chinh sau: Promoter AOX1 diéu khién quéa trinh biéu hién gen, trinh
tu dan tin hiéu peptide a-factor, trinh tu nhan biét cac enzyme cit han ché cho
tao dong gen, thu thé c-myc phan tich biéu hién va dudi 6xHis tinh sach protein
tai to6 hop, gen ma hoa khang sinh zeocin, khai diém sao chép Ori (Hinh 1.6)
[176].

5 .A0X1

ZEQCIN

pUC ori
Hinh 1.6. Hé thdng vector biéu hién pPICZa A, B, C cho P. pastoris (Invitrogen, M¥)
[176].

1.4.2.2. CAC yéu té anh hwéng dén qua trinh biéu hién cia P. pastoris

Nhiét d¢

Nhiét do c6 anh huong quan trong dén su biéu hién cua P. pastoris. D3 co
nhiéu nghién ctiu cho rang, van dé Ion nhat vé sy tiét protein ngoai lai cua té bao
la su gip nép cua protein va kha ning tiét protein cua té bao vao mdi trudng
nudi cdy 12 nhd vao su ly giai té bao ting 1én, gy ra sy suy giam, phan giai
protein va van dé quan trong trong qua trinh nudi cay la nhiét d6 [41, 75]. Khi
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nhiét do nudi cay giam thi téc do san xuét protein tai t6 hop giam, mang lugi noi
chat thuc su da dugc giam stress nhe, bao tén kha ning gap cta mang ludi noi
chat va tang cuong kha ning sdng cua té bao [65].

P. pastoris ¢6 nhiét do tang trudng toi wu trong khoang 30°C, nhiét do giai
doan cam tng nho nhat da duoc ching minh 1a 15°C dé tang cuong biéu hién
protein ngoai bao ma khong anh huéng dang ké dén tang truong té bao. Nhiét do
thap ciling c6 thé cai thién ning suat vi giam hoat dong cua protease. Khi giam
nhiét do pha cam ng cua P. pastoris tir 30°C xudng con 23°C, viéc san xuat
mot loai protein tai to hop ting gap ba lan. Két qua nay c6 thé dugc giai thich do
& nhiét do thap tinh 6n dinh san pham ting, kha niang ton tai té bao ciing ting
nhung kha nang phan giai cia protease bi giam. Nghién ctu cua Jahic va cs
(2003) ciing cho két qua twong tw, & nhiét do thap, san luong cua mot loai
protein ting 100% trong phan tng tong hop tai t6 hop do hoat déng protease
giam. Viéc giam & nhiét do thap hon 1a do hoat dong protease giam va khong
san xuat protease [75].

Nhiét d6 nudi cay la yéu té quan trong anh huong 16n dén sinh truong va
sinh tong hop enzyme. Mdi vi sinh vat déu c6 nhiét d6 toi wu cho sy phat trién
cua ching. Tc d6 tang truong tdi wu cua P. pastoris 12 30°C (Pichia expression
kit-Invitrogen). Theo nhiéu nghién ctu, P. pastoris ¢ thé dugc nhan giong &
nhiét do thap khoang 15°C, & nhiét 6 nay lugng protease noi bao s& giam va
lam ting lugng protein ngoai bao. Mot sé nghién ctru khac ciing di cho thay
biéu hién & nhiét d6 thap cd thé lam ting ham luong protein tai to hop, mac di
thoi gian 1én men dai hon & nhiét 6 30°C [73].

pH

P. pastoris c6 kha ning sinh trudng trong diéu kién pH khac nhau, tir 3,0-
7,0. Néu gi4 tri pH bén ngoai pham vi ndy, s& anh huéng dén tang trudng té bao,
c6 thé anh hudng dén ca su 6n dinh protein va hoat tinh protease ngoai bao,
ngoai ra con c6 thé gay ra su két tua cia mudi. Bidu nay cd thé giai thich do
protease nhay cam voi méi truong acid. P pH trong méi trudng nudi cay co thé
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anh huong dén ca hoat dong protease va su 6n dinh caa protein biéu hién, do d6
n6 phai duoc gidm sat va duy tri trong mot pham vi tdi wu.

Dua trén két qua nghién cau, hoat dong pH téi wu nhat cho cac protein tai
t6 hop dao dong trong khoang 5,5-8,0 dé giam thiéu hoat dong protease trong
khi duy tri su 6n dinh protein, gia tri pH cao hon lam giam kha ning di dong va
c6 thé 1am giam su 6n dinh san pham tai t6 hop hoat dong. Protease va acid
aspartic tiét ra boi P. pastoris duoc Kich hoat tai gia tri pH thap, c6 thé giai thich
su anh huong cua pH dén hoat dong phan giai protein [56].

Nong do oxygen hoa tan

Oxygen la chat dinh dudng can thiét trong qué trinh biéu hién cua P.
pastoris. Trong giai doan cam ng can giam thiéu lwong oxygen, vi n6 anh
hudng xau dén san lugng protein ngoai bao. Cac bao cdo khéc lai cho riang, mot
sb protein tai to hop duoc san xuat véi san lugng cao hon trong méi trudng han
ché oxygen. Wang va cs (2018) da phat trién mot md hinh du béo cia ning suat
protein tai t6 hop dya vao nhiét d6, 46 pH trong méi truong nudi cay. Cac diéu
kién toi uu cho viéc nudi cay P. pastoris du doan boi md hinh nay 1a ¢ pH 5,64
va nhiét do Ia 20,24°C [174].

Baumann va cs (2010) cho rang khi &p dung cac diéu kién thiéu oxygen
dén viéc nudi lién tuc cua chung P. pastoris da ting 2,5 1an toc do san xuat
protein tai to6 hop. Duya trén nhitng két qua ndy, nhiéu mé hinh duoc thiét ké
kiém soat glucose bang cach duy tri nong do ethanol vao khoang 1,0% (v/v), két
qua tang 230% vé kha nang sinh tong hop protein tai té hop [41].

Mat d¢ té bao

Mat d6 té bao trudc luc cam tng ciing anh huong dén viéc tao ra san
pham protein ngoai lai. Pay Ia tdc nhan anh huong manh mé dén sy ton tai va
tbc do ting truong cua té bao trong quan thé. O mat do thap, té bao phat trién
nhanh, sir dung hiéu qua moi trudng ting kha ning sinh tong hop protein. O mat
d6 cao, mat do té bao dat ngudng bdo hoa trong thoi gian ngan va nhanh chéng
di vao chu trinh apotosis. Vi vay, trong cac cong bé trudc ddy, cac tac gia da s
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dung cac mat do té bao dau vao khac nhau dao dong gia tri ODggonm trong
khoang 0,5-5,0. Nhiéu cong trinh d chimg minh giai doan sinh truong cua té
bao ma tai d6 protein dwgc cam ung biéu hién c6 anh huang 16n dén su tong hop
va kha ning hoat dong cua protein, vi vay mat do té bao can duoc tdi vu trude
khi b6 sung chat cam ang [56, 90].

Nong dé chat cam &ng

Mt trong cac yéu té quyét dinh su biéu hién thanh cdng protein tai to hop
trong P. pastoris la nong d6 chat cam ¢ng methanol, bai vi viéc biéu hién cac
gen ngoai lai trong P. pastoris duoc diéu khién hiéu qua va chit ché bai
promotor AOX1. Methanol dugc dua vao méi trudng nudi cdy s& bi oxy hda tao
thanh hydrogenperoxid (H,O,) va formaldehyde nho AOX (trong té bao P.
pastoris). Tuy nhién, trong qué trinh biéu hién, phai gitt micc d6 methanol trong
mot pham vi twong ddi hep. Methanol du thira c6 thé gy doc cho té bao va lam
giam manh hoat dong promotor AOX, c6 thé dan dén chét té bao [95].

Methanol 13 yéu t6 cam tng quan trong trong viéc biéu hién protein téi to
hop bang ching P. pastoris. Su biéu hién protein lién quan dén hoat dong cua
gen AOX1 va AOX2. Su biéu hién cua gen AOX1 duogc diéu hoa chit ché va
dugc cam tng boi methanol & muc rat cao, thudng > 30% tong luong protein
hoa tan trong té bao nudi ciy trén methanol. Trong khi AOX2 tuong dong
khoang 97% vai AOX1, thi téc do tang truang trén methanol chdm hon nhiéu so
véi AOX1. Néu cam wng methanol ¢ nong do qua thap sé can tré qua trinh phién
m4, 1am giam luong protein ngoai lai tao ra. Cam wng methanol ¢ néng do cao
cling c6 thé gay doc té bao, tc ché sy sinh trudng cua nam men [69].

Theo huéng dan cua nha san xuat (Pichia expression Kit, Invitrogen),
methanol 100% duoc bo sung sau mdi 24 gio dé cam Gng su biéu hién protein
ngoai lai trong P. pastoris ndng d6 cudi clng 1a 1%. Trong qué trinh nudi cay
lic methanol bi bay hoi kha nhanh. Vi vy, nong d6 chat cam tng da duoc bd
sung dén ndéng do cudi cung khac nhau dé xac dinh anh huéng cua né dén kha
nang biéu hién cua pectinase. Ngoai ra, su ¢ mat cua methanol 1a can thiét cho
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mirc d6 phién ma cao. Thira methanol sé lam hiéu qua phién ma AOX1 va hoat
tinh trao d6i chat cua té bao kém, dic biét khi té bao ¢ moéi truong c6 néng do
methanol cao trong thoi gian dai. Nong d6 methanol trong pha cam ung anh
huong truc tiép dén su san xuét protein va sinh trueéng cua té bao [63].

Toc dd lac

Téc @6 lac co vai trd quan trong trong qua trinh sinh truéng va phat trién
dbi véi cac chung ndm men. Téc do lic gop phan phan b déu mat do té bao va
cung cap du lugng oxygen cho té bao sir dung. Do d6, toc do lac anh huong rat
l6n dén kha nang sinh tong hop pectinase cua ching nam men P. pastoris tai to
hop. Nhiéu nghién ctu cho thiy, toc d6 lac 1a co s& duy nhat dé cung cap
oxygen hoa tan cho qué trinh séng ciia nAm men trong méi truong dich the, anh
huong dén kha niang tong hop protein va anh huong truc tiép dén qua trinh tiét
enzyme ngoai bao [41].

Phuong thirc chuan tién hanh san xuat protein ngoai lai trong P. pastoris
co ban dua trén chién luoc bd sung co chat ddy du trong cac pha sinh truong,
pha st dung oxygen cuc I6n, qué trinh nay lién quan chat ché dén toc do lac.
Téc do lac cang cao thi quéa trinh st dung oxygen cang 16n, thac day qua trinh

sinh truéng va cam ing [63].

1.5. TINH HINH NGHIEN CUU SANG LQC VA BIEU HIEN GEN
PECTINASE
1.5.1. Thé giéi

Pectinase dugc nghién cau tir 1au trén thé gidi véi nhiéu khia canh nhur:
thu nhan, khao sét, tao dong va biéu hién gen. Nhiéu tac gia di nghién cau
pectinase cua nAm mdc nhu: Blandino (2001) tir Rhizopus stolonifer [43], Silva
(2002) tu Penicillium viridicatum [162], Guevara (1997) tu Fusarium
oxysporum [68], Olsson va cs (2003) nghién ctru Trichoderma reesei [132] hay
Teixeira va cs (2000) véi A. japonicas [170]... Tuy nhién, déi tuong duoc
nghién ctu nhiéu nhat van 1a A. niger [58, 77, 115].
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Pectinase lan dau tién dugc phat hién bai nha khoa hoc Enrico Fremi trén
d6i tuong 1a ci ca rot vao nam 1840. Sau d6, enzyme nay dugc nghién ctu trén
cac dbi twong khac nhu ca chua, dai mach [27].

Priya va Sashi (2014) di sang loc cac vi sinh vat c6 kha ning sinh tong
hop pectinase tir nhitng co chat gidu pectin va tuyén chon duoc cac ching co
hoat tinh pectinase manh dua vao vong thiy phan pectin trén cac dia thach chura
pectin tach tir vo cam quyt 1 ngudn carbon duy nhat. Dua trén két qua thu duoc
cho thay, cac chung nam maoc thugc Penicillium spp. va Aspergillus spp. ¢ trién
Vong cao trong san xuat pectinase tir vi sinh vat [142]. Kaur va cs (2014) ciing
da tién hanh phan 1ap cac chung nam mdc c6 kha ning sinh pectinase cao tir tréi
cay hong va da tuyén chon dugc bay ching nim méc ¢6 hoat tinh pectinase cao,
trong d6 5 ching dugc xac dinh thuoc Aspergillus sp., mot chang thudc
Fusarium sp. v mot chung thudéc Trichoderma sp. Cac ching ndm méc nay
duogc sang loc dé san xuat pectinase [89]. Okonji va cs (2019) da phan 1ap ching
Aspergillus fumigatus, hoat tinh pectinase toi da dat duoc 1a 3,52 U/ml sau 144
gio [131].

Kamalambigeswari va cs (2018) da sang loc ba chung A. niger khac nhau
F-3, F-4, F-P véi chung F4 tao ra ving thuy phan pectin téi da 13 9 mm [83].
Madika va cs (2020) di phan 1ap va tuyén chon duoc bay chung A. niger tir mau
dat va da san xuat pectinase bang cach sir dung pectin tir cam quyt 1am co chat
trong diéu kién 1én men chim. Chiang A. niger RD3 tao ra viing thuy phan pectin
cao nhat (53+1,10 mm) trong khi ching RD5 tao ra ving thiy phan thap nhat
(35+3,10 mm). Trong diéu kién 1én men chim, chang A. niger SP5 thé hién hoat
do pectinase cao nhat 14 2,92 U/mL trong khi d6 ching RD4 chi dat 1,29 U/mL.
A. niger c6 thé d& dang dugc phan Iap tir nhiéu loai dat khac nhau véi tan suat
cao nhat 1a trong dat tir chudng nudi ciru va béi rac. Tat ca cac chung A. niger da
ching minh tiém ning san xuat pectinase [115]. ElI-Ghomary va cs (2021) da
phan lap dugc 10 chung Aspergillus cé kha nang thuy phan pectin. Trong d6 co6
bén chang (F4, F5, F9 va F10) tao vong thuy phan pectin cao lan luot 14 3,62;
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3,70; 3,91 va 4,75 cm. Chang F9 dugc dinh danh 13 A. flavus va dugc chon dé
san Xuat pectinase. Piéu dién toi wu dé san xuat pectinase 14 pH 7,0 (32,64
U/ml), nhiét ¢6 25°C (39,09 U/mL), thoi gian nudi cdy 5 ngay (38,11 U/mL),
maltosse (30,79 U/mL), peptone (39,25 U/mL) va FeSO, (37,41 U/mL) trong
moi trudng san xuat [57].

Garg va cs (2016) dd nghién ctu vé vai tro va tiém niang wng dung cua
pectinase trong cac nganh cdng nghiép san xuat nhu cong nghiép thuc pham,
cong nghiép san xuat rugu vang, cdng nghiép giay, san xuat thic an chin nudi,
khai thac dau thyc vat... nham tiét kiém nhién liéu, ting hiéu suat san xuit va
gop phan bao vé méi truong [64]. Famotemi va cs (2015) dd nghién ctu qua
trinh san xuat pectinase tir cac chung A. niger str dung ba ngo 1am co chat bang
quéa trinh 1én men & trang thai ran [59]. Azzaz va cs (2013) da tién hanh tdi vu
hod san xuat pectinase va (ng dung trong phan huy xo chudi. Pectinase da san
xuat thanh cong tir A. niger trong céac diéu kién toi wu: St dung bot cu cai duong
lam co chat véi ham luong 16%, dich chiét cao nim men 0,33 g/L, pH moi
truong 7,0 voi thoi gian nudi cay 1a 48 gio. Soi chudi tudc, sdy kho va dugc xu
ly bang pectinase tho thu tir A. niger dé dang tach xo [38].

Céac chung vi sinh vat tu nhién thuong tao ra lugng pectinase khong du
cao cho cac ung dung céng nghiép. Do d6, dé tao nguyén liéu di truyén san xuat
c4c pectinase tai t6 hop nguoi ta diy manh nghién ciu tao dong va biéu hién gen
cua pectinase trong cac té bao chi khac nhau. Trén thé giéi da cé nhiéu cong
trinh nghién ctu vé tao dong va biéu hién gen pectinase & cac té bao chu.
Parenicova va cs (2000) da phan 1ap hai gen pgaA va pgaB; day la hai gen ma
hoa endopolygalacturonase (PGs, EC 3.2.1.15) A va B tur thu vién gen cuaa A.
niger N400. Vung ma hoa protein 1.167 bp cua gen pgaA bi gian doan bdi mot
intron, trong khi vung mé& hoa 1.234 bp cua gen pgaB chua hai intron. Céac
protein tuwong ung, PGA va PGB, bao gém 370 va 362 amino acid tuong ng;
gen pgaD tuir A. niger N400 ciing dugc phén lap co kich thudc 1.716 bp [136].
Singh (2012) da phan lap gen m& hoa mot pectinase tir dir liéu metagenome
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trong dat c6 khung doc mé 1.311 bp, ma hoéa chudi protein cé khdi lugng phan
tor 47,9 kDa [163]. Yuan va cs (2019) da tao dong gen pectate lyase (pppel9a) tur
Paenibacillus polymyxa KF-1 c6 kich thugc 1350 bp, ma hda chudi protein gom
449 amino acid va khéi luong phan tir 45,3 kDa [180]. Twong tw, Zhou va cs
(2017), Guan va cs (2020), Haile (2022), Liu va cs (2024) biéu hién pectate
lyase tir Bacillus sp. & E. coli, cho thiy hoat dong t6i da ¢ d6 pH téi wu 10,5; 8,0
va 8,5 nhiét do t6i wu 1an luot 12 70°C, 50°C, 35°C va 50°C [67], [70], [114],
[184].

Gan day nhiéu b&o céo cho thiy tao dong va biéu hién gen pectinase c6
hiéu qua trong P. pastoris nhu: Liu va cs (2014) da tach duoc gen endo-
galacturonase A (pgaA) tu chuang A. niger JL-15 c¢6 khung doc m¢ 1.113
nucleotide ma hda cho mot peptide gdm 370 amino acid va biéu hién thanh cong
vao P. pastoris GS115 dudi sy Kiém soat caa chat kich thich AOX1. Sau khi
cam tng bang methanol trong 96 gio hoat tinh cia enzyme tai to hop rePgaA
dat 2.091,0+14,3 U/mg, khéi luong phan tir cua rePgaA dat 40 kDa. Nhiét
do va pH tdi uu cua rePgaA lan luot la 50°C va 5,0 [113]. Chen va cs
(2014) da tao dong gen ACM61449 tir Caldicellulosiruptor bescii va biéu hién
trong E. coli. Nhiét do va pH ti wu cta protein lan luot 12 72°C va 5,2 [49].

Xu va cs da khuéch dai gen ma hoa gen pectin lyase PNL-ZJ5A tir A.
niger ZJ5 ¢ trinh tu nucleotitde 13 1.428 bp va ma hda protein gém 475 amino
acid. Gen PNL-ZJ5A di duogc biéu hién thanh cong o P. pastoris. PNL-ZJ5A tinh
khiét thé hién hoat dong tbi vu & 43°C va pH 5,0. Két qua SDS-PAGE cho thay
khéi lwong phan tir caa PNL-ZJ5A dat 54 kDa lén hon so véi khéi lwgng phan
tar Iy thuyét (47 kDa). PNL-ZJ5A c6 hiéu qua trong viéc lam trong nudc tao.
PNL-ZJ5A d3 tang san lugng nudc ép trai cdy mot cach dang ké. Hon nita, PNL-
ZJ5A 1am giam do nhét cua nudc téo téi 38,8% va ting do truyén qua 1én 86,3%
[177]. Gen endo-polygalacturonase (endo-PgaA) tur A. niger SC323 da duoc tao
dong va biéu hién thanh cdng & Saccharomyces cerevisiae EBY100. Gen endo-
PgaA c6 chiéu dai bao gom 1.113 bp va ma hda protein géom 370 amino acid.
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Sau khi cam ¢ng bang galactose trong 48 gid, hoat d6 cua end-PgaA tai to hop
trong dich ndi nudi cay co thé dat tgi 1.448,48 U/mg. Pectinase tai to hop duogc
tinh ché bang két tta ammonium sulfate 85%. Khéi lwong phan tir cua end-PgaA
la khoang 45,0 kDa, cao hon gi4 tri tinh toan (~38,8 kDa). Pd pH va nhiét do téi
rru cua enzyme tai to hop da tinh ché lan luot 13 5,0 va 50°C [185].

Nam 2017, Abdulrachman va cs da biéu hién thanh cong gen endo-
polygalacturonase (endoPG) tu A. aculeatus trong P. pastoris KM71. Gen
endoPG (1.029 bp) thé hién hoat tinh dic hiéu 1a 1.892,08 U/mg ddi vai pectin
cam quyt trong diéu Kién t6i wu & 50°C, @6 pH 5,0 VSi Ve Va Ky lan luot 12
65.451,35 pmol/phut/mL va 15,14 mg/mL. Hoat d6 tdi da 2.408,70+26,50
U/mL. Enzyme téi to hop da duoc chitng minh 1a thich hop dé tng dung lam tac
nhan tay ria sinh hoc, khéi lugng phan tir caa protein duoc tiét ra phi hop Véi
khéi lwgng phan tir Iy thuyét 1a 38,7 kDa [32]. Zhang va cs (2018) d3 tao dong
va biéu hién thanh cong gen pectin methylesterase (PME-ZJ5A), tir A. niger ZJ5
trong P. pastoris. Gen PME-ZJ5 c¢6 kich thudc 1088 bp ma hda mot chudi
polypeptide gom 327 amino acid. PME-ZJ5A di duoc biéu hién thanh cong o P.
pastoris, hoat tinh PME cao nhat (71,11 U/mL) sau khi cam tng véi methanol
trong 20 gid & 30°C. PME-ZJ5A tinh khiét c6 khéi luong phan tir khoang 37
kDa, cao hon khéi lugng phan tir Iy thuyét (34,8 kDa). PME-ZJ5A tai t6 hop
tinh khiét hoat dong t6i wvu & pH 3,8 nhiét d6 45°C va tang do truyén qua cua
nuéc ép dta 1én 60,8% [182]. Carrasco va cs (2019) di biéu hién gen chiu lanh
polygalacturonase tir Tetracladium sp. trong P. pastoris. Gen tai t6 hop
polygalacturonase 1a TPG1 gom 5 exon va ma hoa protein géom 368 gdc amino
acid. Trinh ty tong hop cua TPG1 duogc chén vao vecto pPinka-HC va duoc biéu
hién trong P. pastoris PichiaPink. Protein ngoai bao dugc lay tir moi truong nubi
ciy va duoc phan tich bang SDS-PAGE két qua bang protein khoang 38 kDa
[47]. Karaoglan va Erden-Karaoglan (2020) da nghién ctru anh huong cua viéc
t6i wu hoa codon va lya chon chat kich thich dén qué trinh san xuat endo-

polygalacturonase tai to hop & P. pastoris. Trong pham vi nghién ctu, cac gen
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pectinase tu nhién va duoc t6i wu hoa bang codon da duoc chuyén sang chung P.
pastoris X33 va duogc biéu hién dudi sy diéu hoa cua chét kich thich AOX1 cam
tng bang methanol va ADH, cam tng bing ethanol. Két qua su két hop giira
promer va codon thé hién mac san xuét cao nhit duoc xac dinh 1a ADH, va
pectinase duoc toi wu hoa cho codon mang lai hoat tinh enzyme la 42,33 U/mL.
Dong san xuat tot nhat dugc nubi cay trong méi trudng 400 mL trong binh lac
2 L va enzyme duoc tinh ché bang phuong phap His-tag. Diéu kién téi wu cua
enzyme tinh khiét 12 50°C va pH 5,0. Hang sé6 Michelis-Menten (K,) va van téc
t6i da (Vmax) CUia pectinase tai to hop da xac dinh lan luot 13 6,9 mg/mL va 67,57
umol/mg/phut [85].

Famotemi va cs (2021) da tinh sach va xac dinh dac tinh cia pectinase tur
chung A. niger F7-02. buong kinh vong phan giai pectin dat 25 mm va hoat tinh
riéng 1a 2.028,57 U/mL. Nhiét d6 va pH tbi wu cua hoat dong pectinase lan luot
la 65°C va 4,0. Pectinase 6n dinh & pH 3,0-6,0. Pectinase dic biét cho thay hoat
tinh cao khi c6 mat Mn®* va Ca®*. Khéi lwong phan tir cia pectinase la 40 kDa
[60]. Jalil va lbrahim (2021) d tinh sach va xac dinh dic diém cua pectinase tir
A. niger LFP-1 cho thay trong luong phan tir cua enzyme tinh khiét dugc xac
dinh théng qua SDS-PAGE. Két qua cho thdy enzyme tho di dugc tinh ché téi
75,89 lan véi hoat tinh riéng 1a 61,54 U/mg va hiéu suét thu duoc 1a 0,01%.
Khéi lwong phan tir cua pectinase tinh khiét 1a 48 kDa. pH va nhiét d6 t6i uu 1an
luot 14 3,5 va 50°C. Enzyme 6n dinh & khoang pH 3,5 dén 4,5 va nhiét do tuong
dbi cao (40°C-50°C) trong 100 phut [76]. Liu va cs (2022) tao dong gen pectin
lyase PNLZJ5B tir A. niger ZJ5 va biéu hién thanh céng ¢ P. pastoris. PNLZJ5B
tai to hop thé hién hoat tinh cao ddi vai pectin cam quyt (150 U/mL). Théng qua
viéc tdi uu hoa codon, hiéu suat biéu hién caa PNLZJ5B ¢ P. pastoris di ting
lén gap 3-5 lan (532,150 U/mL). PNLZJ5B hoat d¢ong tdi wu va do 6n dinh tét &
58°C va pH 4,5. Hoat tinh PNLZJ5B duoc cai thién khi tang mirc do este hoa
methyl cta pectin. So vdi pectin lyase thuong mai, PNLZJ5B thu dugc luong

nudc ép cao hon [112].
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1.5.2. Vigt Nam

O Viét Nam, da c6 nhiéu cong trinh nghién ctu vé ndm méc phan giai
pectin chu yéu tap trung vao viéc thu nhan, khao sat dic tinh, cé dinh va ung
dung pectinase.

Nam 2005, Lé Thi Thanh Huong va Nguyén Thuy Chau da tién hanh
phan 1ap va tuyén chon nim méc A. niger tir 80 mau vo chanh, buai, thanh long
va vo thit qua ca phé thu thap tai Ha Noi, Hai Hung, Nam Ha, Son La va Lam
Pong. Két qua da phan 1ap dugc 50 ching A. niger, trong d6 tuyén chon duoc
mot chang thudc loai A. niger c¢6 kha ning sinh pectinase cao nhat, dat 333
U/mL, ki hiéu la C8.7/10 [12]. Tran Thanh Trlc (2013) di phan 1ap va tuyén
chon mot s6 dong A. niger sinh pectin methylesterase ¢ hoat tinh cao tir cac
loai vo qua giau pectin & dong bang séng Ctru Long, thu dugc 60 chung nam
méc, tuyén chon dugc 14 chang cho hoat tinh pectinase manh, trong d6 c6 2
chung c6 hoat tinh manh 1a Ry va Sy, [27]. Vii Kim Dung (2015) da phan 1ap
duoc 37 chung naim méc va tuyén chon duoc ching A. niger CNTP 5037, tao
dugc chung dot bién A. niger UV06-12-23 bang tia tir ngoai ¢6 kha nang sinh
tong hop endo-polygalacturonase cao (60,82 U/g) cho muc tiéu san xuat pectic
oligosaccharide [5]. Tran Qudc Dung va cs (2015) da phan 1ap va sang loc mot
sb chung A. niger sinh pectinase tir vo cu, qua ¢ thanh phé Hué. Trong 50 ching
A. niger phan Iap tir cAc mau vo xoai, thanh long, ca rdt, chudi, tao da thu dugc
hai chang 1a X5 va X9 c6 kha ning sinh tong hop pectinase dat trén 10 U/mL
sau 3 ngay nudi cay [6]. Tran Ngoc Hung va cs (2016) di sang loc duoc 9 ching
A. niger, trong d6 ching B2 sinh tong hop pectinase tét nhat trén mai truong
chtra 12% bot cui buoi, luong nudc bd sung vao mdi trudng 40%, thoi gian
thich hop dé thu nhan enzyme 1a 5 ngay, hoat d6 pectinase dat 4,82 U/g [9].

Pham Thi Ngoc Lan va cs (2017) da phéan 1ap dugc 77 chiing nam méc c6
kha ning phan gidi pectin tir 14 mau vé qua khac nhau. Ttr d6 nhom tac gia da
tuyén chon dugc 2 ching naim méc M4 va M75 c6 kha niang phan giai pectin
manh. Chang nAim méc Penicillium citrinum M4 ¢6 vong phan giai pectin dat

40



27,67 mm, hoat d6 chung 1a 12,99 U/mL. Chung nam méc A. oryzae M75 c6
vong phén giai la 30,33 mm, hoat d6 chung 8,69 U/mL [15]. Lé Thi Thao va cs
(2018) da phan 1ap va tuyén chon chiang nam méc c6 kha ning sinh tong hop
pectinase tir c&c ngudn vat liéu giau pectin. Tir vo cua cac loai qua budi, cam,
chanh, quyt bi méc ty nhién di phéan 1ap va tuyén chon duoc ching Aspergillus
sp. C2.2 [24]. Ngd Thi Bao Chau va cs (2020) da tién hanh phan lap tir cac mau
vo tréi cay hong duoc 118 ching nim méc cd kha ning phan giai pectin va
tuyén chon duoc ching Aspergillus niger MP55 va ching Aspergillus tamarii
MP104 cé hoat tinh pectinase manh [3].

Hién nay, pectinase dang dwoc wng dung kha rong réi trong ché bién thuc
pham. Nguyén Nhat Minh Phuong va cs (2011) da nghién ciu tac dong
pectinase dén kha ning trich 1i dich qua. Két qua nghién cau cho thay, nhiét do
t6i uu cho hoat dong cua pectinase 1a 40-50°C, dong thoi pH ciing anh huéng rat
rd dén luong dich qua thu héi sau thity phan bai enzyme, véi gia tri pH toi wu 1a
4,5 [21]. Phan Thi Huong va Nguyén Thi Thu Sang (2017) da tién hanh nghién
ctru ang dung pectinase trong san xuat nudc mo dong chai. Vi nghién cau nay,
pectinase hoat dong manh nhat & nhiét do 50°C va pH 4,5 [13]. Mai Thi Thay
Nga va Nguyén Thi Thu Sang (2017) ciing da nghién cau tng dung pectinase
trong san xuat nudc binh bat dong chai. Trong qué trinh thi nghiém cho thay
nhiét do toi wu cho hoat dong cua pectinase 14 50-55°C véi pH 1a 4,5 [18].

Tran Ngoc Hung (2017) da nghién cttu nang cao hiéu qua boc vé tiéu den
(Piper nigrum L.). Két qua nghién ctu cho thay c6 su giai phong cellulase va
pectinase ndi sinh tur vo tiéu khi ngam tiéu véi nudce trong khoang 24 gio. Trong
truong hop khong bo sung pectinase, hiéu qua boc vo tiéu dat cao nhat khi bo
sung nudce Voi ty & tieu/nudc 1a 1/1, sau 48 gid ngdm ¢ nhiét do 35°C, hiéu suat
boc vo tiéu dat 92,20%. Trén quy mo thir nghiém véi khéi luong 5 kg, tiéu duoc
ngam nudc 24 gio, bo sung pectinase véi hoat do 4 U/ 50 g tiéu, & & nhiét do
40°C trong thoi gian 4 gio, hiéu suat boc vo tiéu dat 93,20%. Ham lugng
piperine trong san pham tiéu so thar nghiém dat 6,58%, cao hon so vdi mot s6
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san pham pho bién trén thi truong hién nay [10].

P4 Thi Hién va Huynh Phan Phuong Trang (2019) di st dung enzyme
pectinase hoat tinh 194 U/mL tir A. niger dé tao ché pham dang bot bing
phuong phap sdy phun. Nghién ciru cua tac gia da xac dinh dugc ndng do chat
tro say 10% maltodextrin, nhiét ¢ say 130°C, téc do nhap liéu 288 mL/h dé tao
ché pham enzyme pectinase dang bot. Ngoai ra, nghién ctru da xac dinh mot sé
dic tinh cua ché pham enzyme thu duoc: thong sé dong hoc K, 1a 28,4 mg/mL;
nhiét 46 40°C; pH 5,0; chit hoat hda Cu®"; chat ic ché Ag* anh huéng dén hoat
dong cua ché pham enzyme [8]. Pham Vian Thao va cs (2020) di tién hanh
nghién ctu sir dung ché pham nim men va pectinase dé xt 1y ca phé nham bao
quan nguyén liéu, han ché hu hong chat lugng va ton that sau thu hoach. Két qua
cho thay, viéc sir dung nam men két hop vai pectinase xt 1y quéa ca phé sau thu
hoach budc dau co hiéu qua rd rét trong viéc han ché giam chat luong khi bao
quan nguyén lidu, gitp bao quan ca phé trong thoi gian 8 ngay tét hon so véi doi
chung [23]. Phan Thi Kiéu Linh (2020) di tién hanh danh gia hiéu qua cua
pectinase dén qué trinh thu hoi dich nho-dau tam. Nghién ciu ché bién ruou
vang tir su két hop giita nho Ninh Thuan va dau tam Da Lat (ty 1& 8:2) véi ham
luong pectinase 0,1% cho hiéu suat dich thu hoi dich qua ting, cai thién mau
sic, do trong, do nhét cta san pham dang ké [16]. Giang Kién Qudc va cs
(2021) di st dung két hop pectinase va cellulase nham nang cao hiéu suat trich
ly caffeine tir bot ca phé rang xay. Két qua cho thay kha niang ang dung ché
pham enzyme va hén hop enzyme trong li trich caffeine tir bot ca phé rang xay
c6 kha nang wng dung thuc té. Tur dich li trich caffeine nay, cd thé tiép tuc xur ly
lam tinh sach caffeine bo sung vao nudc giai khac hay ché bién cac loai thuc
pham khac [22].

Luu Minh Chéu va cs (2021) di tién hanh nghién ciu bé sung pectinase
vao dich qua mang cau xiém dé tao rwou vang mang cau xiém. Dich qua méng
cau xiém duogc bo sung pectinase véi nong do 0,3% trong 1 gid va ching nim
men FBY009 c6 kha niang 1én men t6t nhat v6i ham luong ethanol 1a 12,71%
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(v/V) va dugc danh gia cam quan tot [4]. Poan Thi Kiéu Tién va cs (2022) da
nghién ctru hiéu qua lam trong ctia pectinase va sy 6n dinh chét luong ruou vang
méing cau xiém theo thoi gian ton trit. Két qua pectinase duoc sir dung véi ty 16
0,05% w/v c¢6 kha ning 1am trong rugu mang cau xiém va cho két qua danh gia
cam quan vé do trong va mau sac, mui, vi tot; do truyén quang & budc song 450
nm 1a 24,89%. Két qua cling cho thdy ruou duoc bao quan & nhiét do (2-4°C)
dugc ua chudng hon bao quan ¢ nhiét do phong (28-30°C) vé d6 trong, mau sac,

mui va vi sau 6 thang bao quan [26].
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. VAT LIEU VA HOA CHAT
2.1.1. Vat liéu

Cac chung nam méc thudc chi Aspergillus c6 kha ning sinh pectinase dugc
phan 1ap tir mot sé mau vo ci, qua gidu pectin nhu cam, chanh, budi, quyt,
chubi, xoai, tdo, khoai tay, ca rdt, thanh long... Mau duoc thu ¢ cac cho thudc
thanh phd Hué: Cho Bén Ngu, cho An Cuu, cho Cong, chg Phude Vinh...

Thoi diém thu nhan mau dugc tién hanh vao cac khoang thoi gian khac

nhau trong nam (Bang 3.1).

Mau vé cu, qua giau pectin sau khi thu vé dé 1én méc tu nhién cho vao tui
trir mau va dong thi lai. Cac mau sau khi thu duoc bao quan & 4°C cho dén khi

nudi ciy phan lap.

Chung Escherichia coli TOP10 dugc sir dung dé khuéch dai plasmid.
pPICZaA, Pichia pastoris X33 duoc mua tur Invitrogen (CA, USA). Plasmid

pPICZaA va chung P. pastoris X33 dugc sir dung 1am vat chu biéu hién protein.

Céc vector sir dung trong nghién ctu: Vector pGEM®-T Easy (Promega,
M$) sir dung trong phan ng tao dong dé phan tich trinh ty; Vector pUC19
(Thermo scientific, M) sir dung trong tao dong chua gen ma hoa pectinase tong
hop nhan tao; Vector pPICZaA (Thermo Fisher, Invitrogen) st dung dé biéu
hién gen trong chung P. pastoris X33.

Cac kit st dung trong nghién cuau: GoTaq® Green Master Mix 2x
(Promega, My); Kit GeneJET Gel Extraction KO691 (Thermo scientific, M¥);
Kit GeneJET Plasmid Miniprep (K0502, Thermo scientific, My).

Thang DNA GeneRuler 1 kb, cac enzyme gigi han EcoRI (#£ER0271), Xbal
(#ER0681) da dugc mua tir Thermo Fisher Scientific.
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2.1.2. Héa chat
2.1.2.1. Hoa chat

Mot sé hoa chat sir dung trong nghién cau: K,HPO,; MgSO,4.7H,0;
NaNOg: KCI; FeSO,.7H,0 (Xilong Chemical, Trung Quéc); pectin; peptone;
yeast extract; meat extract (HIMEDIA, An D9); agar (Hai Long, Viét Nam);
Tryptone, 3,5-dinitrosalicylic (DNS), glucose, phenol, chloroform, isopropanol
(Merck, buc); CTAB (ABT- Viét Nam); Bacto agar, EDTA, IPTG, X-gal (Bio-
Rad, M¥); bovine serum albumin (Nacalai, Nhat Ban); zeocine, imidazole,
GeneJET Plasmid Miniprep, GeneJET Gel Extraction (Thermo scientific, My);
RedSafe™ Nucleic Acid Staining Solution 20000x (iNtRON Biotechnology,
Han Québc); GoTaq® Green Master Mix 2x (Promega, My).
2.1.2.2. Dung dich va @ém

Cac dung dich va dém pH khac nhau gdom: dém Phosphate-Citrate
(NaH,PQO,4 0,2M va acid citric 0,1 M) véi cac mac pH 4,0-6,0; dém Phosphate
(NaH,PO, 0,2 M va Na,HPO, 0,2 M) véi cac mac pH 6,0-8,0; dém CTAB (100
mM Tris-HCI, pH 8; 1,4 M NaCl; 20 mM EDTA; 2% CTAB; 0,2% B-
mercaptoethanol); dém sodium citrate (pH 2,0-4,0), dém sodium acetate (pH
4,0-6,0), dém potassium phosphate (pH 6,0-8,0), dém Tris-HCI (pH 8,0-9,0).
2.1.3. Mi trwong nudi cay

Bang 2.1. Thanh phan méi truong LB

Thanh phan M&éi truong LB
LB léng LB rin
NaCl 10 ¢
Yeast extract 59
Trypton 10g
Bacto agar 0g 159
Nudéc cat 1L
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Bang 2.2. Thanh phan méi trudng phan 1ap Czapek - Pectin

Thanh phan

Moi trwong Czapek - Pectin

Léng Ran
K,HPO, 0,29
MgSO,.7H,0 01g
NaNO; 2,09
KCI 059
FeS0,4.7H,0 0,1g
Pectin 509
Agar 0g 209
Nuac cat 1L
Bang 2.3. Thanh phan méi truong YD
Thanh phan M&éi truong YD
YD léng YD ran
Yeast extract 5¢
Pepton 10 ¢
Bacto agar 0g 159
Nudc cat 1L
Bang 2.4. Thanh phan mdi truong YPD
Thanh phan M&éi truong YDP
YPD long YPD rin YPDS YPM
Yeast extract 109
Pepton 209
Nuéc cat 1L
Dextrose 209
Bacto agar Og 209
Sorbitol 1M
Methanol 2%
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2.1.4. Thiét bi thi nghiém

STT Tén thiét bi Hing san xuat

1 Kinh hién vi quang hoc Nikon Eclipse 551, Nikon, Nhat Ban

2 May quang pho U-2910 Hitachi, Nhat Ban

spectrophotometer

3 Tu am Sanyo, Nhat Ban

4 May vortex IKA, Thuy Dién

5 May li tam Eppendorf, Buc

6 Cot Histrap Bio-Rad, My

7 May luan nhiét Veriti® 96-well Thermal Cycler,
AB Applied Biosystems, My

7 H¢ dién di ngang Bio-Rad, My

8 H¢ dién di dung Bio-Rad, My

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Phan lap va tuyén chon cac ching nam moéc c6 kha ning sinh

pectinase
2.2.1.1. Phap ldp va dém sé lwong té bao

Cac chang nAm méc c6 kha ning sinh trudng trén méi truong chira pectin
duoc phan 1ap dya theo phuong phap Koch [14]. Lay 10 g mau (phan bi hong do
nam mdc) cat thanh manh 1-1,5 mm, sau d6 nghién nho, cho vao binh tam giac
chira 90 mL nuéce vo tring duoc do pha lodng 10™. Lic miu trén may vortex dé
dich tan déu. Hat 1 mL dich mau nay dwa sang 6ng nghiém chira 9 mL nu6c vo
tring lic déu duoc do pha lodng 10 Tiép tuc pha lodng cho dén d6 pha lodng
can thiét. Sau d6 hat 100 pL & cac do pha lodng da chon nho vao mdi dia Petri
chira moi truong Czapek-pectin ran da duoc khir tring. Dung que gat thuy tinh
v tring trai déu giot dich 18n mit thach. Bao goi, u trong ti 4m ¢ nhiét d6 30°C

trong thoi gian 3-4 ngay. Sé luong té bao nam mdc duoc xac dinh bang phuong
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phap dém gian tiép thdng qua khuan lac moc trén moéi trudng thach dia [14].

S6 lugng té bao ndm mébc (CFU) trong 1 g mau = (sé khuan lac trung
binh/hop Petrixdo pha lodng)/ Thé tich mau cay [14].

2.2.1.2. So tuyén cac chiang nam méc c6 kha néng sinh pectinase
So tuyén truc tiép bang phwong phap cay cham

Tién hanh cay truc tiép bao tor ndm mdc tir ng giéng thuan khiét vao dia
moi truong Czapek-pectin ran, mdi dia cdy 1 chim. Dit cac dia da cdy vao ti 4m
& nhiét do 30°C. Sau 4 ngay nhudém mau bang thudc thir Lugol, d6 thudc nhuom
Lugol Ién bé mat moi truong thach dia. Nhuém mau 1-2 phut roi loai bo phan
thudc nhudém con lai trong dia thach. Kha nang phan giai pectin dugc xac dinh
dua vao hiéu s6 ciia duong kinh vong phan giai pectin véi duong kinh khuan lac
ctia nAm méc [14].

So' tuyén gian tiép bang phuong phap khuéch tin trén méi truong thach

Nudi cay lac cac ching nAim méc trong méi truong Czapek-pectin long
(v6i lugng bao tir cdy vao mdi binh thi nghiém 1a 5 mL/50 mL mdi trudng,
ODg10nm=0,5), téc do lac 120 vong/phlt & nhiét d6 30°C trong 4 ngay. Sau d6
tién hanh loc dich nudi cdy bang may hat chan khdng thu enzyme ngoai bao.
Phan sinh khéi nAim mdc dugc say kho tuyét ddi dé danh gid kha niang sinh
truong, phat trién. Phan dich enzyme duoc st dung dé xac dinh hoat tinh
pectinase [14].

Chuan bi méi truong thach-co chat: Thach (2%) va pectin (0,3%) duoc
phan phéi vao cac binh tam giac, khir tring ¢ nhiét d6 121°C trong 20 phut, d6
thach dia v6i mdi dia (duong kinh 9 cm) 80 mL méi trudng. Dung khoan dé tao
giéng sau khi thach dong. Nho 0,6 mL dich enzyme ngoai bao vao giéng, day
nap hop va dua vao u lanh 4°C trong 8 gio, rdi chuyén vao ti am 30°C. Sau 48
gio U, ldy cac dia thach ra nhuém mau bang thudc thir Lugol. Xac dinh hoat tinh

pectinase bang cach do dudng kinh vong thiy phan pectin [14].
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2.2.1.3. Xdac dinh hoat d¢ pectinase

Hoat do pectinase duoc xac dinh bang cach do luong duong khir dugc
giai phong tir hoat dong cua pectinase trén co chit pectin bang thudc thir acid
3,5-dinitrosalicylic (DNS). Dich enzyme dugc chuin bi nhu so tuyén gian tiép.
Lay 3 mL hon hop phan tng bao gom 0,8 mL dung dich pectin va 0,2 mL dich
enzyme dugc pha loang thich hop trong 2 mL dung dich sodium acetate 0,1 M;
pH 5. Hon hop phan tmg duge 0 & 40°C trong 10 phut. Sau d6 thém vao 1 mL
NaOH va 1 mL DNS, ding phan tmg bang cach dun sdi trong 10 phit va so mau
& bude song 540 nm. Tinh lugng duong khir gidi phong béi sy thiy phan cua
enzyme. Mot don vi hoat do (U) ciia enzyme duge dinh nghia 1a lugng enzyme
can thiét dé giai phong 1 pmol cia cdc nhom khir trong mot phat voi

galacturonic acid 1a tiéu chuan trong cac diéu kién thi nghiém [119, 125].

Puong chuan glucose: Cho 0,5 ml dung dich glucose chuan vao céc 6ng
nghiém sach va kho, thém vao 0,5 ml DNS, dun cach thuy trong vong 3 phut,
lam lanh & nhiét do phong, thém vao mdi éng 5ml nude cat va do mat do quang
& birc song 540nm véi dng dbi ching 1a nude cat. Vé dudng chuan glucose dudi
dang hoi qui tuyén tinh bang phan mém Origin 7.5 véi tryc tung la mat do

quang, truc hoanh 1a nong d6 glucose.

0.25

OD540nm
o
-
ol

0.1
y = 0.0836x + 0.1204
2 =
0.05 R2 =0.998
0
0 0.2 0.4 0.6 0.8 1 1.2

Glucose 0.1%

Hinh 2.1. B4 thi duong chuan glucose
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2.2.2. Xac dinh ham lwgng protein

Nong d6 protein trong mau duoc tinh todn dua trén mot duong chuan véi
dung dich protein chuan di biét trugc néng do. Dung dich protein chuan la
bovine serum albumin (Nacalai, Nhat Ban) dugc, pha lodng dén cac noéng do
1,25; 1; 0,75; 0,5; 0,25 pg/mL. Sau khi cho dung dich protein vao dung dich
thudc thir (20 pL dich enzyme chuan/1 mL thubc thir Bradford 1X), mau s& xuét
hién sau 2 phat va bén t6i 1 gio. Tién hanh do mat d6 quang hdn hop dung dich
bang may quang pho ké & buéc song 595 nm [45].

2.2.3. Xac dinh mdt s6 dic diém hinh thai va dinh danh loai
2.2.3.1. Quan sat khudn lac

Nam mbc duge nudi cay trén moi truong Czapek-pectin ran ¢ nhiét do
30°C; sau 72 gio léy ra quan sat kich thudc, mau sdc, hinh dang, do day, mép

khuan lac, su tao sic to cta khuan lac [14].
2.2.3.2. Quan sat hinh thai té bao

St dung phuong phap lam tiéu ban phién kinh, hinh thai khuan ti, cudng

sinh bao tir va bao tr nAm mdc duoc quan sat trén kinh hién vi quang hoc [14].
2.2.3.3. Pinh danh loai bang kyj thudt sinh hec phan ti

Chung nim phan 14p c6 vong phan giai va hoat d6 cao nhat dugc ding

lam nguyén liéu dé phan 1ap cac gen ma hoa cho pectinase.

DNA téng s6 caa chiung nim méc duoc tach chiét bang phuwong phap cua
Sambrook va cs (2001) [152]. Soi ndm duogc nudi trong méi truong PDB trong 4
ngay ¢ 30°C. Thu sinh khdi nAm bang cach ly tam dich nudi cay & 4°C trong 10
phlt véi the d6 6.000 vong/phut. Sau d6 rira lai bang nudc cat vo trung dé loai
bo hoan toan méi trudng nudi cdy va tai huyén phi trong 400 uL dém CTAB
(100 mM Tris-HCI, pH 8; 1,4 M NaCl; 20 mM EDTA; 2% CTAB; 0,2% f-
mercaptoethanol).

Soi nam dugc nghién trong dém CTAB véi sy hd tro cua cac hat thay
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tinh. Dich chiét té bao chira DNA tong sé duoc thu hdi bang ly tm lanh 4°C
trong 5 pht véi toc d6 12.000 vong/phut. Dich chiét thu dugc bd sung thém hdn
hop phenol: chloroform: isopropanol (ty 18 25:24:1) vai ty ¢ thé tich 1:1, tron
déu bang vortex va phan tach bang ly tdm lanh 4°C trong 10 phit véi téc do
12.000 vong/phat. Hat chuyén pha trén sang ng Eppendorft 1,5 mL mai va
DNA tong sé duogc két taa voi ciing mot thé tich methanol tinh khiét, sau d6 ria
két taa bang ethanol 70% 2 1an va hoa tan trong 50 pL nudc cat v trung. DNA
tong s6 duoc kiém tra bang dién di trén gel agarose 0,8% bo sung thudc nhuom
RedSafe™ Nucleic Acid Staining Solution 20000x (iNtRON Biotechnology,
Han Qudc) bang dong dién mot chiéu & 80V trong 50 phit. Gel duoc quan sat
dudi dén tir ngoai (UV transilluminator, Wealtec). Xac dinh nong d6 DNA tong
s6 bang phuong phap quang phd ké.

DNA téng sé dugc sir dung 1am khudén mau dé khuéch dai trinh tu ITS.
San pham PCR duogc giai trinh ty truc tiép theo phuong phap st dung cac
dideoxynucleotide cua Sanger bang may giai trinh tu gen tu dong ABI 3130XL
tai Cong ty Nam Khoa, Thanh phé Ho chi Minh. Két qua giai trinh tu duoc so
sanh vai cac trinh tu tham chiéu ITS cua cac loai thugc chi Aspergillus trén
GenBank.

2.2.4. Nghién cru cac diéu kién nudi cay cho sinh tong hop pectinase
2.2.4.1. Anh hwéng cia thei gian nubi cdy

Nudi cay cac ching nam mbc di dugc tuyén chon trong méi trudng
Czapek-pectin long. Sau cac khoang thoi gian 48, 72, 96, 120, 144 gio, thu dich
loc va xac dinh hoat tinh pectinase bang phuong phap khuéch tan trén thach.
Xac dinh hoat d6 bang phuong phap DNS. Sinh khéi dugc siy kho dén khoi
luong khong ddi. Xac dinh thoi gian nudi cdy thich hop dé nim méc tao sinh

khéi, hoat tinh enzyme cao nhét [14].
2.2.4.2. Anh hwong cia pH moi truong

Xéc dinh gié tri pH thich hop dé ndm mdc tao sinh khdi va hoat tinh enzyme cao
51



nhat. Nudi cdy cac ching ndm méc di duoc tuyén chon trong méi truong
Czapek-pectin 16ng sau thoi gian thich hop, cac dém pH khac nhau dugc chuan
bi co gia tri tr pH 4,0-8,0 gdm dém Citrate-Phosphate (pH 4,0-6,0), dém
Phosphate (pH 6,0-8,0). Tién hanh tuong tu, thu dich loc, xac dinh hoat tinh
pectinase bang phuong phap khuéch tan trén thach. Xac dinh hoat do bang
phuong phap DNS. Sinh khéi thu dugc dem siy kho dén khéi lwong khong doi.
Sau khi x4c dinh gia tri pH tdi wu cho su sinh truéng cua nadm mdc, tién hanh
nudi cdy ndm méc & cac gia tri pH 1an can gid tri toi wu dé tim ra pH thich hop

nhat cho sy sinh trudng phat trién [14].
2.2.4.3. Anh hwéng ciia nguon carbon

Str dung mdi truong Czapek-pectin long bod sung cac ngudn carbon khac
nhau nhu glucose, fructose, lactose, maltose, ri dudng, tinh bot, CMC dé nghién
ctu anh hudng caa ngudn carbon I8n san xuit enzyme. Nudi cdy nim méc &
thoi gian va pH thich hop. Thu dich loc, xac dinh hoat tinh pectinase bang
phuong phap khuéch tan trén thach. Sinh khéi dugc siy kho dén khdi lugng
khong d6i, dong thoi xac dinh hoat tinh cta pectinase dé tim ra nguon carbon toi
uu [14].
2.2.4.4. Anh hwéng ciia nguén nitrogen

Chuan bi méi truong Czapek-pectin long nhung bd sung cac nguon
nitrogen khac nhau nhu gelatine, cao ndm men, urea, cao thit, NH,NOs, peptone
dé nghién ctu anh huéng caa ngudn nitrogen 1én san xuat enzyme. Nudi cay
nam méc trong diéu kién thoi gian, pH va ngudn carbon thich hop. Sau dé tién
hanh twong tu, thu dich loc, xac dinh hoat tinh pectinase bang phuong phap
khuéch tan trén thach. Sinh khéi dugc siy kho dén khoi lwong khong doi, dong

thdi x4c dinh hoat tinh ctia pectinase dé tim nguén nitrogen thich hop [14].
2.2.5. Tao dong gen ma hda pectinase

2.2.5.1. Phan Idp gen méa hoa pectinase
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Trinh tu mdi AspPecA-F, AspPecA-R, AspPecB-F, AspPecB-R,
AspPecC-F, AspPecC-R (Bang 2.5) duoc dung dé phan lap day du cac gen ma
hoa pectinase tir chiung A. niger M13 (AspPecA, AspPecB va AspPecC) tir ngudn
nguyén lieu DNA téng sb6. Cac mdi dugc thiét ké dua trén gen
endogalacturonase cua A. niger (ma s6 KM244045, Y18806 va X64356). Trinh
tu moi xudi AspPecA-F, AspPecB-F va AspPecC-F duoc thiét ké vai vi tri
nucleotide khai dau b6 sung véi cac nucleotide khéi dau trén cac gen twong (ng.
Trong khi cac trinh ty moi nguoc AspPecA-R, AspPecB-R va AspPecC-R duoc
thiét ké sao cho bat cap theo nguyén tac bo sung véi cac vi tri & cudi cac gen
tuong tng (Hinh 2.2).

Bang 2.5. Trinh tu nucleotide cac moi dung dé khuéch dai cac gen AspPecA, AspPecB
va AspPecC

Tén moi Trinh tw nucleotide Kich thuéc
san pham (bp)

AspPecA-F 5’- ATGCATTTCCTCCAGAACGC -3’

AspPecA-R 5’- TTAATCGCTGCAGGAAGCGC -3’ 1231
AspPecB-F 5’-ATGAAGCGCAGCGCGCTCCT-3 1798
AspPecB-R 5’-TTAAGGGCATCCCGAAGAGG-3’
AspPecC-F 5’-ATGGTCCGTCAGCTTATC-3 1338
AspPecC-R 5’-CTACAAATCGCAGCTAATCC-3’
CAspPecA-F  5’-GAATTCCTGCTCCTCTTGAGAAG-3’ 1040

CAspPecA-R  5’-TCTAGATAATCGCTGCAGGAAGC-3’

V" tri k "t thdc (ATT)

MTTi xudbi
—— '

4—
M nog }

Votrikh €i CW(ATG)

Hinh 2.2. So d6 thiét ké moi khuéch dai toan b trinh tu cac gen AspPecA, AspPecB
va AspPecC.
Cac gen mid hoa pectinase duoc phan lap bang phan tng PCR. Thanh
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phan phan tng PCR bao gdm: 60 ng DNA téng sb, 6 pL GoTaq® Green Master
Mix 2x (Promega, M¥); 1 uL mdi xudi (10 pmol/uL); 1 pL mdi nguoc (10
pmol/uL) va nudc cat vo trung dé dat tong thé tich 1 12 pL.

Quaé trinh khuéch dai cac gen AspPecA, AspPecB va AspPecC dugc thuc
hién bang may luan nhiét (Veriti® 96-well Thermal Cycler, AB Applied
Biosystems, M) véi chu trinh nhiét: Bién tinh 95°C trong 5 phat; 30 chu ki
nhiét voi méi chu ki 1a 95°C trong 1 phut, 55°C trong 1 phat va 72°C trong 1
phat 30 gidy; cudi cung la 72°C trong 10 phit. San pham PCR dugc kiém tra
bang dién di trén gel agarose 1%, dién ap 80 V trong 30 phit.

2.2.5.2. Gdn san pham PCR vao vector tgo dong

San pham PCR duoc tao dong trong vector pGEM®-T Easy (Promega,
M¥) theo hudng dan caa nha san xuét, thanh phan phan tng gan bao gom: 50 ng
vector pGEM®-T Easy, 5 puL dém, 3 don vi T4 DNA ligase, 60 ng san pham
PCR, sau d6 bo sung nudc vo trang dé dat thé tich cudi cung 10 pL, phan tng

dugc u 25°C trong 1 gio, sau d6 4 qua dém & 4°C.
2.2.5.3. Bién nap vao E. coli TOP10 va chen loc thé bién nap

Vector pGEM®-T Easy mang doan chén duoc bién nap vao té bao E. coli
TOP10 bang phuong phap soc nhiét ¢ 42°C trong 45 gidy [153]. Thé bién nap
dugc nubi cdy trén dia Petri chira moi truong LB rian c¢6 bd sung 50 pg/mL

ampicillin va tac nhan chon loc IPTG + X-gal.

Kiém tra sy c6 mat caa doan gen trong vector tai t6 hop pPGEM®T-Easy
bang phuong phap PCR truc tiép tir khuan lac xanh-tring véi cip moi dac hiéu
nhu trinh bay & Bang 2.5. Khuéch dai PCR duoc tién hanh véi chu trinh nhiét
giong vai chay PCR dé khuéch dai gen. Dién di dé kiém tra két qua va chon ra té
bao E. coli mang vector tai to hop. Céc té bao E. coli mang vector tai to hop sau
d6 duoc nhan sinh khéi dé tach DNA plasmid sir dung kit GeneJET Plasmid
Miniprep (K0502, Thermo scientific, My). Cat cac plasmid tai t6 hop bang

EcoRI dé x&c minh lai qua trinh tao dong.
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2.2.5.4. Gidi ma va phan tich trinh te cac gen pectinase

Cac plasmid tai t6 hop c6 chira gen pectinase dugc phan tich trinh tu
nucleotide véi cap mdi T7 promoter: 5’-TAATACGACTCACTATAGGG-3’ va
SP6Long: S’ATTTAGGTGACACTATAGAATAC -3’ tai Cong ty FirstBASE
(Malaysia). Trinh tu gen mé héa pectinase dugc phan tich va so sanh véi gen

pectinase trén co s& dir liéu GenBank (https://www.ncbhi.nim.nih.gov/).

Phén tich dic tinh ctua cac gen pectinase sir dung cac phan mém mién phi
caa Trung tdm Phan tich trinh tu sinh hoc, Pai hoc Ky thuat Pan Mach
(http://www.cbs.dtu.dk/index.shtml).

2.2.5.5. Dw dodn dic diém va chire néing ciia pectinase

Pic diém va chirc niang cua pectinase phan Iap tir cac chung Aspergillus
duoc du doan bing cac cbng cu tin sinh hoc, bao gom protein domain
(http://smart.embl-heidelberg.de/) [108]. Md hinh c4u tric khdng gian cua
pectinase duoc du doan bang cong cu Phyre?
(http://www.sbg.bio.ic.ac.uk/phyre2) [91]. C4u tric xoin xuyén mang duoc du
doan nho TMHMM Server v. 2.0 (https://services.healthtech.dtu.dk/
service.php? TMHMM-2.0) [101]. Phan tich kha ning glycosyl hoa kiéu N (N-
glycosylation) cta enzyme bang c¢6ng cu NetNGlyc 1.0 Server
(https://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0) [66].

Pic diém hoa-ly cua pectinase dugc du doan nhu diém ding dién bang
cong cu IPC 2.0 (http://www.ipc2-isoelectric-point.org/) [100], kha nang chiu
nhiét dugc du doan bang cdng cu Tm Predictor (http://140.114.98.13/tm/). Mi
truong xUc tac (acid/base) ciua enzyme duoc du doan bang cong cu AcalPred
(http://lin-group.cn/server/AcalPred) [110].

2.2.6. Biéu hién gen AspPecA trong P. pastoris X33
2.2.6.1. Tago dong trong vector biéu hién pPICZaA

Can cu trén két qua phan tich dic diém cac gen ma hda pectinase thu
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dugc, ching tdi lya chon gen AspPecA cho céc thi nghiém tiép theo. Trén co so
trinh tu nucleotide hoan chinh cua gen AspPecA da duoc giai ma thanh cong,
trinh tu nucleotide ma hda cAspPecA da duoc Céng ty TNHH MTV Sinh hoa
Phi Sa, Viét Nam téng hop. Trinh tu tong hop da loai bo cac doan intron khong
mé& hdéa amino acid, trinh tu tin hiéu peptid peptide (dugc xac dinh thdng qua
cong cu SignalP-5.0 (https://services.healthtech.dtu.dk/services/SignalP-5.0/))
va bd ba két thic, ddng thai céc trinh ty enzyme cit han ché EcoRI va Xbal
duoc thém vao. Cac enzyme cat han ché duoc thiét ké thong qua xéac dinh ban
d6 cit han ché cua gen AspPecA bang cong cu NEBcutter 3.0
(https://nc3.neb.com/NEBcutter/). Trinh ty nucleotide sau tong hop duoc giai
trinh tu nucleotide dé xac dinh chinh xac chat lugng san pham sau tong hop.
Trinh tu cAspPecA sau khi tong hop, khong 16i duoc gan véi vector pUC19
(Thermo  scientific, My). Vector pUC19 mang gen cAspPecA
(pPUC19/cAspPecA) duoc bién nap vao E. coli TOP10 bang phuong phap soc
nhiét. Té bao E. coli TOP10 mang vector pUC19/cAspPecA sau khi bién nap
duogc chon loc trén moi truong LB ran c6 bo sung 25 pg/mL zeocine trong 16
gio & 37°C. Plasmid tai to hop duoc tach chiét va kiém tra bang kit GeneJET
Gel Extraction (K0691, Thermo scientific, My). Gen cAspPecA va vector
PPICZaA lan luot dugc cit bang enzyme han ché EcoRl va Xbal. Gen
cAspPecA duoc gan vao vector pPICZoA biang T4 DNA ligase, hdn hop duoc
tron va i qua dém & 16°C. Thanh phan phan tng gan bao gom: 4 pL vector
PPICZaA (100 ng), 4 pL gen pectinase (40 ng), 1 uL dém gan (10X) va 1 uL T4
DNA ligase (2,5 U). H3n hop phan tng gén dugc ¢ qua dém & 16°C.

Dung dich phan tng gan pPICZaA/cAspPecA duoc bién nap vao té bao
kha bién E. coli TOP10 bang phuong phap sc¢ nhiét. Thé bién nap duoc chon
loc trén méi truong LB ran ¢d bo sung 25 pg/mL zeocine va u qua dém & 37°C.
Khuan lac don dugc chuyén sang nudi ¢ dng nghiém chira 5 mL méi truong LB
long ¢6 25 pg/mL zeocine & 37°C, lac 200 vong/phut trong 12 gio. Sau do, thu
sinh khéi dich nudi cay, tach chiét plasmid tai té hop pPICZoA tir té bao E. coli
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TOP10 bang kit GeneJET Plasmid Miniprep (K0502, Thermo scientific, M) va
kiém tra su c6 mat cia doan chén mang vector tai té hop pPICZaA/cAspPecA
bang phan tng PCR v&i mdi cAspPecA-F/cAspPecA-R (bang 2.5). Ciap moi
cAspPecA-F/cAspPecA-R dugc thiét ké nham khuéch dai trinh ty day da caa gen
cAspPecA sau tong hop.

2.2.6.2. Bién nap vao P. pastoris X33

Plamid tai t6 hop pPICZaA/cAspPecA sau khi tao dong thanh cong duoc
bién nap vao té bao P. pastoris X33 dé biéu hién protein tai t6 hop theo phuong
phéap dién bién nap sau khi dugc xur ly bang Pmel dé tao mach thang. Thanh
phan phan @ng bién nap gom 80 pL té bao P. pastoris X33 va 10 pL dung dich
plasmid tai t6 hop pPICZaA/cAspPecA duoc cho vao cuvette 0,2 cm va dat trén
da 4°C trong 5 pht. Cho cuvette vao budng “Shock Pod” ctia may dién bién nap
va thyuc hién véi xung dién 1,5 kV trong 5 phat. Cuvette dugc lay ra khoi budng,
bo sung ngay 1 mL sorbitol 1 M lanh rdi chuyén hdn hop trong cuvette sang
tube 15 mL, & & 30°C trong 1 gid. Sau d6, dung dich bién nap duoc cy 1én dia
Petri chira moi truong YPDS (1% dich chiét nam men, 2% peptone, 2% D-

glucose, 1 M sorbitol), b6 sung 100 pg/mL zeocine va nudi & 30°C trong 24 gid.

Kiém tra sy hién dién cua gen trong cac khuan lac don P. pastoris X33 tai
t6 hop: nudi sinh khdi cac khuan lac don trong méi truong YPD va tién hanh
tach chiét DNA tong sb cua P. pastoris X33 téi to hop, sau do6 kiém tra sy hién
dién cua c4c gen pectinase biang phan tng PCR st dung cap moi AOX1
(AOXIF: 5’-GACTGGTTCCAATTGACAAGC-37; AOX1-R: 5’-
GCAAATGGCATTCT GACATCC-3") va mdi gen cAspPecA tir khudn mau
DNA tong sb nay.
2.2.6.3. Biéu hi¢n gen ma hoa pectinase

Cam ung biéu hién pectinase dugc thuc hién theo hudng dan cua nha san

Xuat d6i véi chang P. pastoris X33 thuong mai. Sau khi xac dinh dugc ching

mang gen, 10 khuan lac don P. pastoris X33 tai to hop trén moéi truong YPDS
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c6 zeocine duoc chon dé cay vao éng nghiém chtra 5 mL moi trudng YPD ¢6 bd
sung 100 pg/L zeocine va nudi trong 24 gio ¢ 30°C, toc @6 lic 250 vong/phut.
Sinh khéi té bao duogc thu bang cach ly tdm 1.500 vong trong 5 phat ¢ nhiét do
phong, loai bo dich ndi va bd sung 100 mL méi trudng YP ¢d bd sung 1%
glycerol. Sinh khéi duoc tiép tuc nudi trong 24 gid & 30°C, toc do lac 250
vong/phat. Sinh khéi té bao dugc thu bang cach ly tim 1.500 vong trong 5 phat
& nhiét do phong, bo dich ndi va tai huyén phi bang méi truong YP. Dya trén
lugng sinh khéi thu duoc, moi trurong nudi Céy dugc bd sung sao cho dam bao
mat do ban dau 14 ODggonm=1, toNg thé tich nudi cay la 20 mL. Methanol duoc
bd sung tai thoi diém ODgoonm=1 Va duy tri ndng do 1% trong 3 ngay nudi cay dé

cam ng sinh pectinase tir té ndo nAm men P. pastoris X33.

2.2.7. Khao sét c4c yéu td anh huong dén sw biéu hién pectinase tai to hop
Dong té bao P. pastoris X33 biéu hién pectinase ngoai bao dugc chon loc

dé toi wu hoa tong hop enzyme ngoai bao bang cach khao sat mot s6 yéu toé nhu

thoi gian cam tng, nong do chat cam @ng, mat do té bao, nhiét do nubi cay va

tdc do lac.
2.2.7.1. Thei gian nudi cay

Té bao nam men P. pastoris X33 tai t6 hop duoc nudi cay dé cam tng
sinh enzyme trén méi truong YP ¢6 b6 sung methanol tai thoi diém ODggonm=1
va duy tri ndng d6 methanol 1% trong 6 ngdy. Thu mau nudi cay tai c4c thoi
diém 24, 48, 72, 96, 120 va 144 gio dé xac dinh hoat do pectinase ngoai bao.
Cac thi nghiém danh gia sy biéu hién cua pectinase dugc thiét ké dya trén két
qua khao sat thoi gian cam ng.
2.2.7.2. Néng dé chdt cam ing

Pé xac dinh ndong d6 methanol ¢6 anh hudng nhu thé nao dén sy cam tng
biéu hién protein pectinase tai to hop, chung bién nap t6i uu duoc nudi cay trong
moi trudng YP ¢d bd sung methanol trong 144 gio. Cac binh nudi khao sat dugc
b sung methanol véi cac ndng d6 0,5; 1; 1,5; 2; 2,5 va 3% sau mdi 24 gid nudi.
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Dich nudi cay biéu hién dugc thu dé xac dinh hoat do enzyme [30].
2.2.7.3. Mdt dé té bao

Sau khi xac dinh thoi gian va nong d6 methanol thich hop, diéu kién toi
ru duoc lya chon tiép tuc khao sat mat do té bao ban dau. Mat do té bao tai thoi
diém cam tng duoc lwa chon véi gid tri ODgoonm 12 0,5; 1; 1,5 va 2. Sau qud trinh
cam ung, dich nudi cay dugc thu nhan dé xéac dinh hoat 6 enzyme sau mdi 24
gio [79].
2.2.7.4. Téc dé lic

Tur két qua khao sat cac diéu kién nudi cay va cam tng thich hop (nhiét
d6 nudi cay, thoi gian nudi cdy va nong ¢6 methanol), anh huong cua tée do lac
duoc khao sat véi gia tri 150 vong/phat, 180 vong/phut, 210 vong/phut, 240
vong/phat. Té bao P. pastoris X33 tai t6 hop dugc nudi cdy va cam ang san xuat
enzyme nhu md ta ¢ trén. Dich nuéi biéu hién dugc thu dé xac dinh hoat do

enzyme sau moi 24 gio [41].
2.2.8. Tinh sach enzyme tai té hop

Pectinase tai t6 hop sau khi cam tng dugc thu bang cach ly tam 13.000
vong/phat trong 15 phat tai 4°C, sau d6 dugc tinh sach trén cot HisTrap FF (GE
Healthcare, M¥). Trudc khi sir dung, cot HisTrap FF duoc rira va can bang bang
hdn hop: 5 phan doan (CV) nudc va 1 phan doan CuSO, 0,1 M. Péi véi budc
tinh sach, chay 5 phan doan bang dém binding buffer (sodium phosphate 20
mM; NaCl 0,5 M; 5 mM imidazole; pH 7.4). Sau d6, hdn hop protein ngoai bao
va biding buffer 10x (ty I¢ 9:1) dugc dua vao cot vai luu luong 3 mL/phat. Cot
duoc ria lai bang binding buffer, protein khéng bam I&n cot bi raa troi. Cudi
cuing, protein tai té hop tinh sach bam trén cot duoc thu hdi bang elution buffer
(dém sodium phophate 20 mM; NaCl 0,5 M; imidazole 0,5 M; pH 7,4). Tién
hanh thu timg phan doan, mdi phan doan 1 mL. Enzyme thu hdi duogc st dung
dé dién di SDS-PAGE va dugc tham tich bang mang cellophane (mang bén

tham) véi nuée cat qua dém (24 gio & 4 °C) nham loai bo hét mudi.
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2.2.9. Xac dinh trong lwgng phan tir caa pectinase

Trong luong phan tir cua pectinase sau tinh sach dwgc xac dinh bang
SDS-PAGE. 20 pL pectinase tai to hop dugc tron déu vai 10 pL loading dye 2x.
Hon hop duoc dua vao gel dién di SDS-PAGE voi stacking gel 5% (w/v) va
separating gel 8% (w/v) véi dién truong 100 V trong 30 phat (stacking gel) va
50 V trong 180 phat (seperating gel). Gel sau dién di dwgc nhuém bing
Coomassie Brilliant Blue va duoc rira bang dém destaining buffer cho dén khi
loai b hét mau [105].

Pbi voi zymogram, gel sau khi dién di dugc ngdm trong Triton X-100
2,5% (w/v) trong 30 phat, ria trong dung dich dém photphat (pH 7,4) trong 30
phut, ngap pectin 2% va gitr & 37°C trong 180 phut. Sau do, gel dugc nhuom
bang dung dich Lugol 0,05% (w/v) trong 10 phit va rira bang nude cho dén khi
nhin thiy cac bang [161].

2.2.10. Khao sat mét so yéu té anh hwéng dén hoat do pectinase tai to hop
2.2.10.1. Nhigt dg phdn iing

Dé xac dinh d6 on dinh nhiét ctia enzyme tai té hop, dich enzyme duoc u
& cac nhiét do khac nhau tir 30-70°C trong vong 150 phdt, pH 6, phan dich u
duoc thu thap trong khoang thoi gian 30 phit/lan va duoc bd sung co chat dé do
hoat tinh con lai thdng qua phan tng DNS da dugc mo ta phia trén. Do do hap

thu quang ¢ budc séng 540 nm, so véi dbi chieng [32].
2.2.10.2. pH

Pé danh gia do on dinh cua pectinase, thi nghiém dugc b tri nhu sau:
enzyme duocC 0 V4i cac dém co pH thay ddi tir 4,0-8,0 gdm dém sodium acetate
véi pH tu 4,0-6,0; dém potassium phosphate vai pH tir 6,0-8,0 trong thoi gian
150 phit & nhiét d6 40°C, phan dich @ duoc thu thap trong khoang thai gian 30
phlt/lan va duoc bd sung co chat dé do hoat tinh con lai thdng qua phan ung
DNS da dugc mo ta phia trén [32].
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2.2.10.3. lon kim loai

Hon hop phan @ng bao gém dich enzyme, co chat pectin, dém pH thich
hop dugc u véi mudi cua cac kim loai: Cu®, Ca**, Mg**, Co**, Zn**, Fe?*, Mn?*
& noéng d6 1 mM véi pH va nhiét ¢ da duoc xac dinh ¢ trén trong 1 gio. Hoat
tinh enzyme duoc do bang quang phé ké ¢ budc song 540 nm, so véi ddi ching
[32].

2.2.10.4. Gia tri K, va Vax

Hang s6 Michaelis (Ky,) va van toc phan tng cuc dai Ve Cia pectinase
tai t6 hop dugc xac dinh thdng qua phan ung giita pectinase va co chat pectin
véi ndng @6 bién thién ¢ cac gia tri 1 pmol, 2 umol, 4 pmol, 6 pmol, 8 umol, 10
umol va 50 pmol. Hén hop phan (ing gom pectinase tinh sach va pectin ¢ céc
nong do khac nhau duogc U trong dém sodium acetate 100 mM, pH va nhiét do
t6i vu trong 60 phit. San pham cuaa phan tng duge xac dinh bang do quang pho
¢ budc song 540 nm. Gia tri Km va Vmax dugc xac dinh theo phuong trinh
Lineweaver — Burk [118] duoc thiét lap duéi dang: = —— — —— hay
y= ax + b theo d6 xac dinh duoc cac thdng s6 dong hoc ciia enzyme véi co chat:
Vina= — Va K= —. Trong d6 V 1a sé micromole san pham phan ng giita pectin
va pectinase duoc tao thanh trong 1 phdt, [S] 1a nong do pectin (don vi do
mM/mL).

2.2.11. Thir nghiém @&ng dung pectinase tai t6 hop
2.2.11.1. Ung dung pectinase tai t hep trong ché bién nuéc ép trai cay

Sau khi thu nhan pectinase tai to hop tir P. pastoris, tién hanh khao sét
kha nang 1am trong dich nudc ép tao & cac ndng do 600; 1.200; 1.800; 2.400 va
3.000 U/L. Mau déi chieng khéng xu Iy bang pectinase tai té hop. Do truyén qua
ctia nudc ép tao duoc xac dinh ¢ budc séng 450 nm. Hiéu suat lam trong nudc
ép tao duoc xac dinh bang phan trim do truyén qua sau thoi gian t 4 gio. Phan
tram d6 truyén qua duoc tinh bang céng thuc:
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Do truyén qua=—2—— p Tt TT[266].
M

Trong d6: ODqy: OD cua dich qua da xu ly enzyme

ODpc: OD cua mau dbi chung (khéng xir Iy enzyme)
2.2.11.2. Thar nghiém khd ndng béc tich vé tiéu cia pectinase tai té hop

Can 50 g tiéu den sau khi dugc loai bo hét tap chat, hat non, hat 1ép. Cho
tiéu vao binh tam giac 250 mL chaa 100 mL nuéc cat (pH 7) da khi tring va bo
sung pectinase ¢ cac néng do 600, 1.200, 1.800, 2.400 va 3.000 U/L, qué trinh
thuc hién trong ta cay nham han ché nhiém vi sinh vat. H3n hop nay dugc boc
kin, ghi nhén, trir & nhiét d6 37°C. Sau 5 ngay tién hanh xat vo, qua trinh xat vo
duogc thuc hién bang cach dung tay cha xat tiéu quanh ra 40 vong va loai bo vo
bang nude. Tiéu duoc Vvt ra dé rao, xac dinh ty & bdc tach, tir d6 tinh duoc hiéu

suat bac tach. Mai thi nghiém lap lai 3 1an. Cong thic tinh hiéu suat boc tach:
H (%) = Khéi luong tiéu so/ khéi Tuong (tiéu so + tiu con dinh va) [9], [10].

Xac dinh ham luong piperine bang phuong phap do quang phd theo TCVN
9683:2013 (ISO 5564:1982) [2]. Tiéu di boc vo dem sdy & 45°C trong 8 gid dat do
am 13% sau d6 dugc nghién min dé xac dinh ham lugng piperine cé trong tiéu.
L4y 10 g tiéu tring dem nghién min rdi can chinh xac 0,05 g. Cho mau di can
vao binh cau 100 mL, bd sung 50 mL ethanol, tién hanh dun trong téi 3 gio. Dé
ngudi va loc dung dich vao binh dinh mac 100 mL, ri:a sach binh chiét va gidy
loc lan luot bang 10 mL ethanol va loc nudc rira vao binh dinh muc sau d6 dinh
murc dén vach. Hat 5 mL dung dich di loc cho vao binh dinh mirc 50 mL va b
sung ethanol dén vach. Tiép tuc hat 5 mL cho vao binh dinh mtc 25 mL va
thém ethanol dén vach.

Po d6 hap thu (A) cua dung dich nay & budc song 343 nm bang may do
quang pho, ding ethanol 1am d6i ching

Ham luong piperine duoc tinh bang phan tram khéi lugng chat khd theo

cong thtc:
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- — — — —1[2

Trong do:

m 1a khéi luong phan ti mau tht (g)

H 1a ¢6 4am ctia mau thtr duoc xac dinh theo phuwong phap quy dinh trong
TCVN 7040 (ISO 939), tinh bang phan tram khéi luong (%)

A 1a @6 hap thu cua dung dich thir cudi cling

6 P 1a d6 hap thu cua dung dich piperine 1% trong cuvette c6 chiéu dai

duong quang 1 cm ¢ budc song 343 nm, trong truong hop nay la 1.238.
2.3. XU LY SO LIEU

S6 liéu thi nghiém 1a trung binh cdng cia it nhat 3 lan lip lai. Két qua
nghién ctru dugce phan tich ANOVA (Duncan’s test) v6i p<0,05 bang chuong
trinh SPSS 20.0.

Cac phan mém su dung trong luan an: Trinh tu tin hiéu peptid peptide
(duoc xac dinh théng qua coéng cu SignalP-5.0); Cac enzyme cét han ché duoc
thiét ké thong qua xac dinh ban do cat han ché caa gen AspPecA bang cong cu
NEBcutter 3.0; Dy doan dic diém va chac ning cua pectinase bang cac phan
mém SMART; M hinh cau tric khéng gian cia pectinase duoc du doan bang
cdng cu Phyre?; CAu tric xoin xuyén mang duoc dy doan nhd TMHMM Server
v. 2.0; Phan tich kha ning glycosyl hoa kiéu N (N-glycosylation) cua enzyme
bang cong cu NetNGlyc 1.0 Server; Pic diém hoa-ly cua pectinase duoc du
doan nhu diém dang dién bang cong cu IPC 2.0; kha ning chju nhiét duoc du
doan bang céng cu Tm Predictor. Méi truong xdc tac (acid/base) cua enzyme

duoc dy doan bang cong cu AcalPred.
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Chuwong 3. KET QUA VA BAN LUAN

3.1. PHAN LAP VA TUYEN CHON CHUNG NAM MOC SINH TONG
HQP PECTINASE

3.1.1. Phan lap va xac dinh sb lweng té bao nam moc c6 kha niing phan giai

pectin

T cdc mau vo trai cdy hu hong khac nhau, ching t6i di phan lap duoc
113 ching ndm moc c6 hoat tinh phan giai pectin trén mdi trudng thach dia
Czapek chita ngudn carbon 1a pectin. S6 lwong nam méc phan giai pectin co
trong cac mau phan 1ap duoc thé hién & Bang 3.1 va Hinh 3.1.

Két qua & Bang 3.1 cho thdy, s6 luong nAm méc c6 kha niang phan giai
pectin trong céac loai vo trai cay phan 1ap twong d6i thip va voi mat do phan bd
khong giéng nhau. Véi 20 mau phan lap, s luong ndm méc c6 sy phan bd dao
dong trong khoang 6,3x10° CFU/g-35,1x10° CFU/g. S6 luong nim mdc cao
nhit thu dugc & Budi do Hué (MA19) c¢6 35,1x10° CFU/g mau. Sb luong ndm
modc thip nhit 1a & cam sanh (MA2) chi c6 6,3%10° CFU/g mau. Nhin chung, s6
luong ndm mébc & cac miu trai cdy c6 mii cao hon so véi cac mau chudi, xoai.
Trong nhém ciy c6 mui, cac mau cam sanh sd luong nAm mdc phan giai pectin
thap hon nhiéu so véi cdc mau cam, quyt khac. Nguyén nhan co thé 1a do céac
mAau thu nhan khong dong déu vé do chin, d6 hu hong va ciing c6 thé do ham
luong co chét pectin & cac mau khac nhau hay c6 sy tham gia cuia chat bao quan
& cac mau cam sanh sau thu hoach.

Tir 20 miu qua khac nhau chung toi da phéan 1ap duoc 113 ching ndm
mdc ¢6 hinh dang, mau sic khuan lac da dang. Cac chung nAm méc nay duoc
céy chuyén thuan khiét va bao quan trong 6ng thach nghiéng, ki hi¢u la M1, M2,
M3..., M113.
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Bang 3.1. S6 lugng nam mdc phan giai pectin trong cac mau phan lap

i o Ky higu Séching pH CFU/gmiu
Pot phanlap Loai mau (vé) . i , . 2
mau nam moc  mau (x10%)
Dot 1 Buoi da xanh MA1 M1-M5 6,7 18,1°
(1/6/2017) Cam sanh MA2 M6-M7 4,5 6,3'
Buoi da xanh MA3 M8-M13 6.4 20,2
Pot 2 Quyt dudng MA4  M14-M17 48 14,6'
(12/6/2017) Chudi ba Iun MAS M18-M20 5,8 71"
Dot 3 Buoi do MAG M21-M23 6,1 10,2
(14/6/2017) Cam sanh MA7 M24-M25 5,1 6,6
Dot 4 Budi da xanh MAS8 M26-M32 6,9 16,2"
(28/6/2017)  Budi nam roi MA9 M33-M39 5,1 17,49
Dot 5 Cam dong MA10  M40-M45 45 22,2°
(4/7/2017) Chudi tiéu MA1l  M46-M49 59 20,1'
Chanh MA12  M50-M53 4,1 16,6"
bot 6
T4o MA13  M54-M59 5,2 14,1'
(8/7/2017)
Xoai MA14  M60-M61 4,7 10,3
Thanh long MA15 M62-M65 5,1 18,19
Dot 7
' Khoai tay MA16  M66-M74 5.8 26,1°
(11/7/2017) ,
Ca rot MA17 M75-M81 6,5 24.3°
Budi thanh tra o
, MA18  M82-M92 6,1 30,3
bot 8 Hué
(2/8/2017) Buoido Hué  MA19  M93-M107 6,21 35,1°
Buoi do MA20 M108-M113 6,02 26,1°

Ghi cha: CFU: Colony Forming Unit; Cac chir cai khac nhau trén cung mgt cét chi su

sai khac trung binh mau ¢6 y nghia thong ké véi p <0,05 (Duncan’s test).
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Hinh 3.1. NAm mdc trén mdi truong thach Czapek-pectin (bar=1 cm).

3.1.2. So tuyén ching nam méc phan giai pectin va xac dinh hoat dd
enzyme

T cac chung da thuan khiét duoc, chung to1 tién hanh tuyén chon cac
ching nim méc c6 kha ning phan giai pectin dua trén kha ning sinh pectinase
cua chung.
3.1.2.1. So tuyén truc tiép

Sau khi phéan lap va cay chuyén thuan khiét, cac ching nAm mdc dugc cay
truc tiép trén moi truong thach dia véi ngudn co chét pectin. Sau 4 ngdy nudi

cdy ¢ 30°C. Kha ning phan giai pectin cta cac ching nim méc thé hién & Bang
3.2.
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Bang 3.2. Kha ning phan giai pectin cua cac chung ndm méc trén méi truong thach

Czapek-pectin

PKVPGP )
Kha nang phan giii pectin So ching Ty 1€ (%)
(mm)
Yéu <5 62 54,9
Trung binh >5va<l10 27 23,9
Manh >10va<15 14 12,3
R4t manh > 15 10 8,9

Hinh 3.2. Céac chung nim méc Aspergillus so tuyén tryc tiép ¢ hoat tinh pectinase
manh (bar=1 cm).

Tur két qua Bang 3.2 nhan thay, 100% cé4c ching nam mdc phéan 1ap duogc
déu co kha ning phan giai pectin nhung & cac mirc d6 khac nhau. Trong d6, cac

chung ndm méc c6 kha nang phan giai rit manh chiém ty 1¢ kha thap (8,9%). Khi
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nhudm voi thude thir Lugol, mot s6 ching cho ving phan giai rong hon duong
kinh khuéan lac, da sb chung ndm mdc con lai pham vi khuén lac dén dau sé thé
hién hoat tinh enzyme dén d6. Thong thuong cic ching nim méc cé kha ning
sinh trudng phat trién tao khuén ti manh trén bé mit thach dia nén chi thé hién
vung phan giai co chét tir tim dén mép khuén lac. Chinh vi vay, két qua nudi cay
tryc tiép trén moi truong Czapek véi ngudn carbon 1a pectin chi xac dinh so bd
cac chung c6 hoat tinh pectinase ma chua danh gid chinh xac kha nang sinh
pectinase cua chung. Trong nghién ctru ndy cho thay tat ca cac chung nam méc
phan 1ap déu c6 sy hién dién ctia hoat dong pectinase. Oumer va Abate (2018) sau
khi sang loc va thuan khiét cac ching ndm mébc duoc cdy chim diém trén moi
truong thach sang loc pectinase, két qua trong s6 95 chung phan 1ap c6 31,58%
cho thdy cac khuan lac déu thé hién ving phéan giai chimg to c6 su hién dién cua

hoat dong pectinase [134].

Tu két qua so tuyén chung t61 lya chon ra 11 chung: M1, M4, M§&, M10,
M13, M45, M46, M68, M95, M108 va M111 (Hinh 3.2) véi cac dic diém nhu
kich thudc vong phan giai co chat 16n, sinh trudng phat trién manh tao khuén lac

day dé sur dung cho tuyén chon gian tiép.
3.1.2.2. So tuyén gian tiép va xdc dinh hoat dé pectinase

Muodi mét ching nidm méc so tuyén da dugc xac dinh hoat tinh pectinase,
dé chon ra chung c6 kha ning phan giai pectin manh ching toi tién hanh nudi
cay lac cac chung nam méc trong moi trudng Czapek dich thé véi ngudn carbon
1a pectin (5 g/L). Xac dinh hoat tinh va hoat dd pectinase.

Tir két qua & Bang 3.3, chiing t6i nhdn thdy, sau qua trinh nuéi cay lic,
sinh khdi cac chung nadm mébc duogc lua chon kha cao, dat 3,4-8.6 mg/mL. Déng
thoi, duong kinh vong phén giai cling tuong dbi cao dat 19,0-32,7 mm, hoat tinh
cao nhit 1a ching M1 (32,7 mm ) va M45 (29,3 mm) duoc phén 1ap tir vo budi
da xanh va vo cam, két qua nghién ctru ctia chung t6i cao hon két qua mot sb

cong trinh nghién ctru cung linh vuc.
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Theo nghién ctru ctia Tran Thanh Trac (2013) véi 60 dong ndm mée phan
lap tir cac loai vo gidu pectin & dong bang song Ctu Long, tuyén chon bang
phuong phap do duong kinh vong phén giai pectin khuéch tan trén thach thu dugc
14 dong cho hoat tinh pectinase manh, v4i duong kinh vong phén giai trung binh
la 20 mm, trong d6 2 ching c6 hoat tinh manh 1a R; va Sy, vai duong kinh vong
phan giai lan luot 1a 25,58 mm va 24,33 mm, con 12 ching con lai vé1 duong

kinh vong phan giai trong khoang 20,00-23,67 mm [27].

Bang 3.3. Sinh khi, duong kinh vong phan giai pectin va hoat do pectinase cua céc

ching nam moc

Chiing nAm  Sinh khoi khd ~ Pwong kinh vong phan HO?t a9
méc (mg/mL) giai pectin (mm) pectinase
(U/mL)
M1 8,6 32,7 112,1°
M4 5,6° 28,7 24.8°
M8 4.4° 19,0' 34,3°
M10 5,4° 27,8° 10,9°
M13 4,2 28,5° 9,9
M45 6,0° 29,3 110,2°
M46 4,8° 283" 74"
M68 5,6 243" 98,5"
M95 4,8° 21,2" 8,4"
M108 4,0" 24,39 10,4"
M111 3,4° 26,2" 10,9°

Ghi chu: Cac chir cdi khac nhau trén cung mot cot chi su sai khac trung binh mau co y

nghia thong ké véi p <0,05 (Duncan’s test).
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Hinh 3.3. Vong phan giai pectin cta dich pectinase tach tir c&c chang ndm méc tuyén chon
(bar=1 cm).

Pham Thi Ngoc Lan va cs (2017) da cong bd két qua vé phan lap va tuyén
chon céc chiing nAm méc c6 kha ning phan giai pectin, duong kinh vong phan
giai cua 5 chung nim mdc dao déng tir 17,33-30,33 mm [15]. Famotemi va cs
(2023) da sang loc duoc hai chung Aspergillus niger c6 vong thuy phan cao nhat
la A2 (31+0.5 mm) va Al (27.0+0.5 mm) tir cAc mau vé cam va vé dua. Trong
nghién ctu nay cho thay hoat tinh cao nhit dugc quan sét thiy tir pectinase Vi
sinh vat duoc tao ra bang céch sir dung vé cam lam chét nén, sau d6 1a vo dua
trong khi ba ngd c6 hoat tinh thap nhat [61]. Nhitng nghién ctu cua Praveen va
cs (2014) da bao cao rang vo cam c6 chira mot luong 16n pectin. Pidu nay
thuong 1am cho vé cam tro thanh chat nén thich hop dé san xuét pectinase vi
sinh vat [104].

Trong cac nghién ciu gan day, cac tac gia di phan 1ap cac chang nim

méc phan giai pectin tir cAc mau dat cho thdy duong kinh vong phan giai thu
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dugc tuong ddi cao. Madika va cs (2020), di tuyén chon dugc 7 chung A. niger
tir c&c mau dat khac nhau déu c6 kha ning sinh pectinase, vong phan giai pectin
dao dong tur 35-53 mm [115]. Wagh va cs (2022) da phan lap dugc 20 chung
nam méc tir dat phé thai ndng nghiép va rau qua, trong d6 c6 4 chang co kha
nang phan giai pectin, chung F-1 c6 vong phan giai dat 15,3 mm [173]. Jalil va
cs (2023) chung A. niger LFP-1 da dugc sang loc, két qua duong kinh vong
phan giai dat 29,2+0,6 mm trén moi truong thach pectin [77].

Vé hoat do pectinase, mudi mot chang nam méc nghién ctu c6 hoat do
dat 7,4-112,1 U/mL cao hon mot sé cong trinh nghién ctu di duoc cong bo.
Theo nghién ciiu ciia Pramod va cs (2014) cho thay trong sé 102 chung A. niger
phan lap tir dat va trai cay hong, 28 chung cé kha ning sinh pectinase khi sir
dung vo qua ho cam quyt lam co chat trong quéa trinh 18n men & trang théi ban
ran va chung A. niger PSV23 c6 hoat do pectinase ti da chi dat (5,411 U/mL)
[140].

Theo Tran Quéc Dung va cs (2015), trong 50 chang thudc A. niger phan
lap tir c&c mau vo xo0ai, thanh long, ca rét, chudi, tao di thu duoc hai ching X5
va X9 c6 kha nang sinh tong hop pectinase trén 10,70 U/mL sau 3 ngay nudi cay
[6]. Tran Ngoc Hung va cs (2017) da phan 1ap dugc 9 chang Aspergillus tir cac
ngudn phé liéu giau pectin, trong dé chung A. niger B2 sinh tong hop pectinase
t6t nhat trén moi truong ban ran chira bot cui budi Véi ty 18 12%, luong nudc bd
sung vao moi trudng 40%, thoi gian nudi ciy thich hop 1a 5 ngay, hoat do
pectinase trong canh truong dat 4,82 U/g [10]. Pham Thi Ngoc Lan va cs (2017)
da cong bd két qua phan 1ap va tuyén chon cac chung nim méc c¢6 kha nang
phan giai pectin va hoat 46 chung dat 4,7-12,99 U/mL, hoat d¢ riéng dat 24,5-
205,50 U/mg [15]. Madika va cs (2020) d3 tuyén chon duoc 7 chung A. niger
trong d6 chung A. niger SP5 c6 hoat do pectinase cao nhat 1a 2,92 U/ml va
chang A. niger RD4 c6 hoat d6 pectinase thap nhat 1a 1,29 U/mL [115]. Abd-ElI-
Aal va cs (2022) di phan 1ap dugc 10 chung ndm mdc tir dat thai ndng nghiép,
véi hoat do pectinase cia 10 ching dao dong tir 1,36 U/mL dén 21,20 U/mL

71



[29]. Wagh va cs (2022) di phén 1ap chung A. niger thé hién hoat d6 pectinase
t6i da (36,39+0,01 U/mL) khi c6 mat vo cam va chung A. niger PJO2 c6 kha
ning san Xuat exo-pectinase cao nhat (26,8+0,005 U/mL). Téi uu héa ching A.
niger trong thoi gian 72 gid cho hoat tinh pectinase t6i da (99,21 U/mL) [173].
Jalil va cs (2023) nhan thay hoat d6 pectinase ctua chung A. niger LFP-1 d3 duoc
sang loc chi dat 0,42 U/mL [77].

O Bang 3.3 va Hinh 3.3 cho thdy, bon ching ndm méc M1, M13, M45 va
M68 c6 duong kinh vong phan giai cao, hoat do pectinase cua cac ching M1,
M45 va M68 cao hon cac chiing phan 1ap dugc. Dua vao mau sic khuan lac cac
chung M1, M45 va M68 khuén lac déu c6 mau sic tir trang dén vang. Trong khi
chung M 13 duong kinh vong phan giai cao dat 28,5 mm, tuy nhién khi xac dinh
hoat d6 thi rat thap nhung mau sac khuan lac c6 mau den. Dya theo céc két qua
nghién ciu cua cac tac gia hau hét cac chang nim méc c6 kha nang sinh
pectinase manh phan 16n thuoc chang A. niger nhu Abdullah va cs (2018) da
phan Iap va tuyén chon duogc chang A. niger IBT-7 cho ham lwgng pectinase cao
nhat (5,5 U/mL) [31]. Khalit va cs (2020) da tuyén chon dugc chang A. niger tir
vé cam c6 kha nang sinh pectinase cao [93]. Madika va cs (2020) di tuyén chon
7 chang A. niger (2,92 U/mL) [115], Wagh va cs (2022) da phan 1ap chung A.
niger thé hién hoat do pectinase ti da (36,39 + 0,01 U/ml) [173], Jalil va cs
(2023) cho thdy hoat do pectinase cua chung A. niger LFP-1 dat 0,42 U/mL
[77]... T d6, ching t6i Iya chon bon chung nay dé tién hanh cac thi nghiém tiép
theo.

3.1.3. Mot s6 dic diém sinh hec cia cac chiing nam méc

3.1.3.1. M0 td dai thé

Nudi cdy cac chung ndm mdc M1, M13, M45 va M68 trén thach dia
pectin trong ta 4m & 30°C. Sau 4 ngay, cac chung ndm mdc c6 dic diém hinh
thai khuan lac thé hién ¢ Hinh 3.4.

Chung M1: Khuan lac moc dang tron, mau sic thay di trong qué trinh
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sinh truéng va phat trién, tir traing dén vang dam. Hé sgi nAm moc day, toi, trén

bé mit khong co giot tiét va khdng tiét sic td ra moi truong.

Chung M13: Khuan lac moc dang tron, mau sic khong thay ddi trong qua
trinh sinh truéng va phét trién, c6 mau den, xung quanh cé vién trang. Hé soi
nim moc day, min, trén bé mit khong co giot tiét va khong tiét sic to ra moi
truong.

Chung M45: Khuan lac moc dang tron, phét trién theo kiéu phéng xa
manh, hé soi nam toi, khong chit, mau sic thay doi trong qua trinh sinh truéng
va phat trién, khuan lac tron, tir tring dén vang nhat hoi nga mau xanh non. Hé
soi Ndm moc day, toi, trén bé mat khdng co giot tiét va khong tiét sic té ra moi
truong. Chung M68: Khuan lac tron, mau sic thay doi trong qué trinh sinh
truong va phat trién, tir trang dén vang. Hé soi nam moc thua, trén bé mat xuét
hién nhung giot tiét cing va khong tiét sac t6 ra moi truong.
3.1.3.2. M0 td vi thé

Sau khi nudi cdy ndm mdc trén tiéu ban 14 kinh, sau 2 ngay tién hanh quan
sat su tao thanh khuan ti, cuéng sinh bao tir, bao tu... béng kinh hién vi ¢ d6

phong dai x40 thé hién & Hinh 3.4.

Chang M1: Khuan ty phan hoa thanh vach ngan, phan nhanh manh, thé

binh thir cap, phan phinh dinh cudng toa tron, bao tir tran hinh cau.

Chang M13: Khuan ty phan hoa thanh vach ngan, phan nhanh, cudng sinh
bao tir co dang thang, ngan, phan phinh dinh cudng toéa tron. Thé binh cé hinh
chai, xép truc tiép trén bé mat bong dinh gia. Bao tur tran xép thanh chudi, co
hinh cau.

Chung M45: Khuan ty phan héa thanh vach ngan, phan nhanh, cudng sinh
bao tir c6 dang tia, phan phinh dinh cudng toa tron. Thé binh ¢6 hinh chai, xép
truc tiép trén bé mit bong dinh gi4. Bao tir tran xép thanh chudi, c6 hinh cau.

Chung M68: Khuan ty phan héa thanh vach ngin, phan nhanh. Thé binh

c6 hinh chai, bao tir tran xép thanh chudi, ¢ hinh cau.
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Hinh thai khuxn Itc Hinh ['nh hiw vi

M1

M45

M68

Hinh 3.4. Bic diém hinh thai va hién vi cua cac chung ndm méc (bar=1 cm).
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3.1.4. Pinh danh cac chiing nAm méc

Céc chung nim méc M1, M13, M45 va M68 duoc gui dinh danh ¢ Phong
thi nghiém Sinh hoc phan tir, Cong ty Nam Khoa, Thanh phé H6 Chi Minh.

76— OLTI1719.1 Aspergillus neoniger strain CBS 1156356
100 MT883446.1 Aspergillus tubingensis isolate isol1
75 OLT11732.1 Aspergillus eucalypticola CBS 122712
OL772679.1 Aspergillus aureoterreus strain CBS 503.65
83 oy IX290020.1 dspergilus terreusisolte TNO!
99— OL711861.1 Aspergillus hortae strain [BT 26384

OL711842.1 Aspergillus sepultus strain CBS 257,85

Aspergillus oryzae M1
: NWO01884680.1 Aspergillus oryzae contig SC206
m BA00SS.1 Aspergillus oryzae RIBA)

60 — NR 135395.1 Aspergillus oryzae NRRL 447
A

88 OL711719.1 Aspergillus neoniger strain CBS 115656 58

100 MT883446.1 Aspergillus tubingensis isolate isol | 100

7 OLT711732.1 Aspergillus eucalypticola strain CBS 122712 46
08 OL772679.1 Aspergillus aureoterreus strain CBS 503.65
JX290029.1 Aspergillus terreus isolate TNO1 18
99 OL711861.1 Aspergillus hortae strain IBT 26384 %
OL711842.1 Aspergillus sepultus strain CBS 257.85

100/
7l Aspergillus oryzae M45
69 NCO036441.1 Aspergillus oryzae RIB40
C

83

93L ]

NR135395.1 Aspergillus oryzae NRRL 447
BA000055.1 Aspergillus oryzae RIB40

Aspergillus niger M13

MG675233.1 Aspergillus niger isolate SMP2
KY864240.1 Aspergillus niger

KY354579.1 Aspergillus niger

KY354580.1 Aspergillus niger

MZ229976.1 Aspergillus niger isolate PK

MT430878.1 Aspergillus niger isolate QMS6

OL711732.1 Aspergillus eucalypticola strain CBS 122712

OL711719.1 Aspergillus neoniger strain CBS 115656

OL711842.1 Aspergillus sepuitus strain CBS 257,85

100 OL772679.1 Aspergillus aureoterreus strain CBS 503.65

9 L‘j JX290029.1 Aspergillus terreus isolate TNO1
99 OL711861.1 Aspergillus hortae strain IBT 26384

OLT711732.1 Aspergillus eucalypticola CBS 122712
OLT11719.1 Aspergillus neoniger strain CBS 115656
MT883446.1 Aspergillus tubingensis isolate isol1
OL772679.1 Aspergillus aureoterreus strain CBS 503,65
1X290029.1 Aspergillus terreus isolate TNOI
OLT711861.1 Aspergillus hortae strain IBT 26384
OLT711842.1 Aspergillus sepultus strain CBS 257.85

NRI11041.1 Aspergillus flavus ATCC 16883
9] Aspergillus flavus M68
61 HQ340108.1 Aspergillus flavus MUM:10.220
D

Hinh 3.5. Cay pha hé cua cac chung ndm méc phan lap dugc dua trén trinh t ITS.
Két qua giai trinh ty cho thy ving ITS cta chiung M1 ¢6 kich thudc 892
bp, trong dong 99% Vi trinh tu gen vung ITS loai Aspergillus oryzae RIB40 contig
SC206, ma sb truy cap NW_001884680.1. Ching M1 dugc xép vao chi
Aspergillus, loai Aspergillus oryzae (Hinh 3.5A)
Vung ITS cua ching M13 ¢ tong s nucleotide 13 873 bp, twong dong
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100% véi trinh tw gen vung ITS loai Aspergillus niger SMP2, ma s truy cap
MG675233.1. Ching M13 duoc xép vao chi Aspergillus, loai Aspergillus niger
(Hinh 3.5B).

Vung ITS cta chung M45 c6 tong s nucleotide dugc giai trinh tir 13 868
bp, twong ddng 100% Vvéi trinh tu gen ving ITS loai Aspergillus oryzae RIB40
DNA, chromosome 7, ma sd truy cap NC036441.1. Chung M45 dugc xép vao chi
Aspergillus, loai Aspergillus oryzae (Hinh 3.5C)

Vung ITS cta chung M68 c6 tong sé nucleotide duoc giai trinh tu 13 828
bp, twong dong 100% voi trinh tu gen ving ITS loai Aspergillus flavus, ma so truy
cap HQ340.181.1. Chung M68 duoc xép vao chi Aspergillus, loai Aspergillus flavus
(Hinh 3.5D)

Tur két qua dinh danh cac chung nam mdc trén, vi ching M68 1a Aspergillus
flavus day 1a loai tiét ra doc td gay doc nén ching tdi loai bo chung nay va chi giir lai
ba chung A. oryzae M1, A. niger M13 va A. oryzae M45 cho c4c nghién ctu tiép

theo.

3.1.5. Anh hwéng ciia mot sé diéu kién nudi cay dén sinh tong hop pectinase

ciia cac chiing nam méc Aspergillus
3.1.5.1. Anh hwéng cia théi gian nubi cdy

Pé tham do anh hudng cia thoi gian nudi cdy dén hoat tinh pectinase
chung t6i tién hanh nudi cy cac chung ndim mdc da dugc tuyén chon trong moi
truong Czapek-pectin dich thé. Sau nhiing khoang thoi gian nhét dinh (24 gio)
thu dich loc, sinh khéi va dich enzyme dé xic dinh hoat tinh va hoat do
pectinase. Két qua dugc thé hién trong Hinh 3.6, 3.7 va 3.8 cho thay chung A.
oryzae M1 va A. oryzae M45 tai thoi diém 24 gio nudi ciy chua tich lity sinh
khéi, so tuyén gian tiép chua xuat hién duong kinh vong phan giai ciing nhu
hoat d6 pectinase. Trong khi d6 chung A. niger M13 da thé hién kha ning thuy
phan pectin va bat dau tich Iy sinh khéi. Do vay, chiing toi khong xac dinh sinh
khdi kho, duong kinh vong phan giai, hoat d6 pectinase tai thoi diém 24 gid dbi
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véi hai chang A. oryzae M1 va A. oryzae M45.

Qua khao sat anh huong cua thoi gian nudi cay dén hoat tinh pectinase
cua bn chung nam méc cho thiy, chung A. oryzae M1 cho hoat tinh pectinase
va tich liy sinh khdi cuc dai tai thoi diém 72 gio nudi ciy (duong kinh vong
phan giai 36,3 mm, sinh khdi kho dat 9,2 mg/mL), hoat d6 126,0 U/mL. Sau 72
gid nudi cdy thi hoat tinh pectinase ciing nhu sinh khéi bt dau giam dan. Chung
A. niger M13 thé hién kha nang thily phan pectin va tich Iily sinh khéi cuc dai
tai thoi diém 48 gio nudi cay (duong kinh vong phan giai dat 32,3 mm, sinh
khéi kho dat 7,8 mg/mL), hoat d6 pectinase 1a 35,6 U/mL. Tai thoi diém 72 gio
nudi cay thi hoat do pectinase ciing nhu sinh khdi nAm méc bat dau giam manh.
Chung A. oryzae M45 co6 hoat tinh va hoat d0 pectinase dat cuc dai tai 120 gio
nudi cay (duong kinh vong phan giai 30,8 mm; sinh khéi kho dat 6,6 mg/mL;
hoat @6 115,1 U/mL).

Hoat tinh toi wu cua pectinase co thé thay doi tly thudc vao chung nam
phan lap, phuong phap 1én men, thanh phan sinh trudong, moi trudong, nong do
ngudn dinh dudng va md hinh san xuét pectinase [77]. Castilho va cs (2000) da
bao cao rang polygalacturonase cao nhat hoic hoat tinh pectinase tir A. niger thu
duogc sau 22 gio cua thoi gian [én men [48].

Trong khi d6, Patil va Dayanand (2006) di quan sét thay sy gia ting dan
dan trong viéc san xuit pectinase bai A. niger sau 72 gid 1én men va 1én dén 96
gio trong diéu kién 1én men ran [138]. Darah va cs (2013) da cong bd qué trinh
san xuat pectinase caa A.niger & vo budai Citrus grandis (L.) Osbeck lam co chat
trong hé thdng 18n men rin dat duoc hoat tinh pectinase téi da vao ngay thu 6
cua thoi gian nudi cay [52].

Kaur va cs (2014) di khang dinh hoat d6 pectinase cua céc chung nim
gay thbi hong hoa qua ting dan theo thoi gian trong méi trudng nudi cy va dat
cuc dai tai thoi diém 96 gio [89]. Famotemi va cs (2015) d3 nudi cdy cac ching
niam mdc trén méi truong xop thi hoat do pectinase sau 5 ngay nudi ciy moi dat
gia tri 1on nhat, sau d6 s& giam dan [59]. Khatri va cs (2015) cho ring san luong

77



pectinase ti wu cua A. niger MCAS?2 dat dugc sau 48 gio 1én men chim [94].
Tuong ty, Sudeep va cs (2020) nhan thay hoat tinh pectinase cao nhat thu duoc
& Aspergillus spp. 1a 48 gio nudi ciy va sau 48 gid nudi ciy su tich lily enzyme
giam dan [167]. Nguy&n nhan cta su suy giam nay c6 thé 1a su can kiét cac chat
dinh dudng thiét yéu hoic tich liiy qua mirc cac chat chuyén hoa doc hai trong

moi truong sinh truong [154].
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Hinh 3.6. Sinh khdi khd cua cac ching nim méc Aspergillus tuyén chon sau cac khoang
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Hinh 3.7. Buong kinh vong phan giai pectin cua cac chung ndm mdc Aspergillus
tuyén chon sau cac khoang thoi gian nudi cay.
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Hinh 3.8. Hoat do pectinase cua cic chung nim mdc Aspergillus tuyén chon sau cac
khoang thoi gian nubi cay.

Theo Lé Thi Thao va cs (2018), hoat do pectinase ctaa chung Aspergillus
sp. C2.2 tang dan theo thoi gian va dat cuc dai sau 72 gio nudi cay, sau thoi gian
nay hoat do pectinase ciing giam dan [24]. Theo két qua nghién ctu cua Jalil va
cs (2023), hoat dd pectinase tang theo thoi gian va dat dugc san luong enzyme
t6i da vao ngay thir 6 cua giai doan nudi ciy véi hoat 4o enzyme 0,88+0,09
U/mL. Viéc san xuat pectinase 6n dinh cho dén ngay tht 10 va sau d6 giam dan
[77].

So sanh véi két qua nghién ctru cta nhiéu tac gia cho thdy, thoi gian nudi
cay anh huéng 1én dén kha niang sinh enzyme va tich lily sinh khdi cua cac
chung ndm méc. Tuy ching ndm mdc ma thoi gian t6i thich va kha ning sinh
enzyme s& khac nhau. Bén canh d6, thoi gian ciing lam anh hudng dén d6 bén
clia enzyme, lam thay d6i kha nang phan huy pectin ctia pectinase. Chinh vi vay,
dé thu duoc dich enzyme c6 hoat tinh va sinh khdi 16n thi can cht y theo ddi yéu

to thot gian trong sudt qué trinh nuodi cay.
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3.1.5.2. Anh hwong ciia pH méi truwong

Két qua & muc 3.1.5.1. cho thiy thoi gian tdi wu ctiia ching A. oryzae M1
sau 72 gio, chung A. niger M13 1a 48 gio va 120 gio vdi chiung A. oryzae M45.
Tiép tuc nudi cdy cac ching ndm mdbc di dugc tuyén chon trong méi trudng

Czapek-pectin dich thé tai cac gia tri pH tir 4,0-7,0 véi cac khoang thoi gian

trén.
©12
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Hinh 3.9. Sinh khoi kho cua cac ching nam méc Aspergillus tuyén chon & cac gia tri
pH.

Qua két ¢ Hinh 3.9, 3.10 va Hinh 3.11 cho thdy, cac chung ndm mdc A.
oryzae M1, A. niger M13 va A. oryzae M45 déu c6 kha ning phan giai pectin
trong moi truong c6 pH khoang 6,0-7,0, trong d6 pH 6,5 1a thich hop nhét cho
hoat dong phan giai pectin. Chung A. oryzae M1 c6 gié tri pH méi truong tbi uu
1a 6,5 (dudong kinh vong phan giai pectin 37,3 mm; sinh khéi kho 9,4 mg/mL;
hoat do 128,50 U/mL). Chung A. niger M13 co gia tri pH mdi trudng toi uu 1a
6,5 (dudng kinh vong phén giai pectin 33,7 mm; sinh khéi kho 8,2 mg/mL; hoat
d6 38,4 U/mL). Chung A. oryzae M45 ciing c6 gia tri pH mdi truong toi wu la
6,5 (duong kinh vong phéan giai 32,8 mm; sinh khéi khé 7,3 mg/mL; hoat d6
117,121 U/mL).
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Hinh 3.11. Hoat d6 pectinase cua cac chung nam méc Aspergillus tuyén chon & cc gia tri
pH.
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O méi truong pH 4,0 ca ba ching ndm mébc déu khong cé kha ning sinh
pectinase hodc kha ning sinh pectinase rat yéu. Nguyén nhan cé thé 1a do & diéu
kién nay, moi truong acid manh da han ché sinh trudng phat trién, sy sinh téng
hop enzyme cua cac chung ndim mdc. Diéu ndy cho thay rang diéu kién acid nhe
pht hop dé san xuit pectinase. Két qua nghién ctru cia chung t6i phtt hop véi

mot s0 cong trinh nghién ctru cung linh vuc da cong bo.

Theo Jalil va Ibrahim (2021), d6 pH ctia méi trudng nudi cay dong vai tro
quan trong trong viéc diéu hoa va thuc ddy qua trinh tong hop enzyme clia nam
[76]. Nghién ctru hién tai cho thay do pH t6i wu cho hoat tinh pectinase cao nhat
ctia ca ba ching trong diéu kién qua trinh 1én men chim dugc quan sat thay & pH
6,5. O pH tbi uu, tc d6 phan tmg xtc tac clia enzyme s& dat toi da. Khi gia tri
pH cao hon hodc thap hon pH tdi wu thi hoat dong ctia enzyme sé& giam. Do pH
cia moi trudng nudi cdy ndm bi anh huong bai su hinh thanh va tiéu thy acid
hitu co, giai phong cac ion hydro va sy hap thy ngudn nito [62]. Két qua nay
tuong tu v6i Debing va cs (2005) dd bao cdo rang pH 6,5 trong mdi trudng nudi
cdy 1a toi uu cho viéc san xuat pectinase boi ching A. niger A2.26 [53]. Theo
Kaur va cs (2014), hoat d6 pectinase ciia cac chiing nAam méc phan lap tir vo hoa
qua tang dan khi ting pH méi truong tir 5,0-7,0 dat cuc dai tai pH 7,0 va giam

dan néu pH méi truong ting cao [89].

Trong khi d6, hoat dong t6i wu cua A. niger LFP-1 dugc tim thay ¢ pH 4,5
[77] va cua Aspergillus spp. dugc tim thdy & d6 pH 5,8 [167]. Famotemi va cs
(2015) cho thay pH mdi truong tdi uu ctia cac chiung nam maoc 1a pH 5,0 va giam
dan khi pH moi truong ting [59]. Sharma va Rishishwar (2015) cho rang qua
trinh san xuat pectinase cua A. niger tdi wu trong moi truong nudi cay co do pH
ban dau la 4,5 [158]. Theo L& Thi Thao va cs (2018), hoat d6 pectinase cua
chung C2.2 tang tir pH moi trueong 3,0-4,0 va dat cuc dai tai pH 5,0. Khi tang
pH moi truong thi hoat do pecinase cling giam dang ké, dac biét tai cac gia tri
pH 8,0 va pH 9,0 hoat d¢ pectinase bi giam manh [24]. Két qua nghién ciu cua
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Ametefe va cs (2021) cho thay hoat do pectinase cua chung Aspergillus niger
tang tur pH 3,0-5,0 va dat cuc dai tai pH 5,0 (hoat d6 pectinase 0,50 mg/mL), khi
tang gia tri pH 7,0 va pH 8,0 hoat do pectinase giam [34]. Theo Jalil va cs
(2023), Aspergillus niger LFP-1 san xuit pectinase cao nhat trong qua trinh I&n
men chim duoc quan sat thay ¢ d6 pH 4,5 véi gia tri hoat do dat 0,90+0,04
U/mL. Tuy nhién, sinh khdi cia nim cao nhit dat duoc & pH 4,0 la
2,56+0,09 g/L [77].

So sanh véi cac két qua nghién ctru cua nhiéu tac gia cho thay, pH moi
truong nudi cdy anh huong dén kha ning sinh tong hop pectinase va tich liy
sinh khdi cta cac chung ndm mdc. Vi vdy, trong qua trinh nudi cdy can duy tri
pH thich hop dé thu duoc pectinase c6 hoat tinh manh.
3.1.5.3. Anh hwéng ciia nguon carbon

Bb sung cac nguén carbon khac nhau: glucose, lactose, maltose, fructose,
tinh bét, CMC va ri duong. Nudi cdy ¢ diéu kién pH 6,5 cho ca 3 chung A.
oryzae M1; A. niger M13 va A. oryzae M45; sau cac khoang thoi gian nhu ¢
muc 3.5.1.2.

Két qua nghién ctru & Hinh 3.12, 3.13 va 3.14 cho thay, véi mdi ngudn
carbon c6 anh huong khac nhau dén kha ning tich liy sinh khéi va hoat do
pectinase ctia cic chung nim modc. Kich thudc vong phan giai pectin cao & cac
moi trudng c6 ngudn carbon 13 tinh bot va maltose. O ching ndm méc A. oryzae
M1, duong kinh vong phan giai pectin cao nhat & méi trudng cd ngudn bd sung
carbon 1a maltose (40,7 mm) va thip nhat & moi trudng cd ngudn carbon la
fructose (21,5 mm). Kha nang tich lity sinh khdi cta ching A. oryzae M1 trong
mdi trudng Czapek-pectin véi cac ngudn carbon khac nhau ciing rat khac nhau.
Sinh khéi kho thdp & méi trudng c6 ngudn carbon nhu CMC (5,5 mg/mL). Sinh

khéi kho dat cuc dai & moi truong nudi ciy str dung tinh bot (14,6 mg/mL).
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Hinh 3.12. Anh huéng ngudn carbon dén kha ning tich liiy sinh khéi cua cac chung
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Hinh 3.13. Buong kinh vong phan giai pectin cua ching nim méc Aspergillus tuyén
chon & cac nguon carbon khac nhau.

Tuong tu & chung A. niger M13, duong kinh vong phan giai pectin cao
nhat & modi trudng maltose (34,8 mm) va thip nhit & moi truong fructose (18,2

mm). Kha ning tich liy sinh khdi trong méi trudng véi cac ngudn carbon khéc
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nhau ciing rat khac nhau. Sinh khéi kho thap ¢ méi truong co ngudn carbon 13
CMC (1,5 mg/mL), cao nhit & mdi trudng maltose (8,9 mg/mL). Trong khi do
d6i v6i chung ndim méc A. oryzae M45, ngudn carbon t6i wu 1a tinh bot véi
duong kinh vong phan giai pectin 12 36,5 mm va sinh khdi kho 1a 11,6 mg/mL.

Viéc cung cip bod sung ngudn carbon lam ting dang ké sy phat trién cua
nam va san xuit chat chuyén hoa thi cip. Trong nghién ctru ndy, maltose va tinh
bot 12 ngudn carbon tot nhat dé ting san luong pectinase dbi véi ba ching A.
oryzae M1, A. niger M13 va A. oryzae M45.

Theo nghién ctru ciia Kaur va cs (2014), hoat d§ pectinase cua 7 ching
nam mdc phan lap tir vo hoa qua thudc Aspergillus sp. va Fusarium sp. cao nhét
khi nuéi cay trong moi trudng saccharose va thap nhét trong méi trudng tinh bot
[89]. Theo Lé Thi Thao va cs (2018), kha ning tong hop pectinase manh nhat
ctia chung C2.2 13 trong moi trudng c6 ngudn carbon 13 pectin [24].

Theo nghién ctu cia Begum va Munjam (2021), hoat tinh Exo-PG cao
nhat (0,690 U/mL) thu duoc trong mdi trudng chira saccharose vao ngay thir 12,
sau d6 la glucose (0,610 U/mL) va fructose (0,520 U/mL), hoat tinh endo-PL
cao nhat duoc ghi nhan trong méi truong chua saccharose (58,0 RVU) va
maltose (57,0 RVU) [42].

|
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Hinh 3.14. Vong phan giai pectin cua dich pectinase tach tir cac chiang nam méc

Aspergillus tuyén chon vai ngudn carbon nudi cay tbi wu (bar=1 cm).
3.1.5.4. Anh hwéng ciia nguén nitrogen

Ngoai ngudn carbon, nitrogen con dong vai trd quan trong trong viéc san

85



xudt enzyme va sy phat trién cia ndm. Bo sung cac ngudn nitrogen khac nhau:
gelatine, urea, cao thit, cao nim men, peptone va NH4NO3. Qua két qua & Hinh
3.15, 3.16 va 3.17 cho thay, cac ngudn nitrogen khi bd sung vao moéi trudng
nudi cdy c6 anh huéng khac nhau dén sinh trudng, phat trién va kha ning phan

giai pectin cua cac ching nam moc.

Dbi v6i chung A. oryzae M1, trong méi trudng nudi cdy bd sung gelatine
kha nang tich liiy sinh khdi cao nhat dat 9,5 mg/mL, hoat tinh pectinase dat cuc
dai voi nguon NH4NOj; (42,7 mm). Ngudn peptone khi bo sung vao mdi truong
nudi cdy, kha ning sinh truong phat trién ciing nhu phan giai pectin thap voéi
sinh khéi kho chi dat 6,3 mg/mL va duong kinh vong phan giai pectin chi dat
28,2 mm.

Péi voi ching A. niger M13, méi trudng cao ndm men cé sy tich liy sinh
khéi cao nhat, dat 9,6 mg/mL va duong kinh vong phan giai pectin dat 37,3 mm.
Nguon gelatine khong thich hop cho sinh trudong phat trién va phan giai pectin
v6i sinh khdi kho chi dat 6,8 mg/mL va dudng kinh vong phan giai pectin chi
25,2 mm.
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Hinh 3.15. Anh huéng cua ngudn nitrogen dén kha ning tich lily sinh khdi cua céc

chang nim méc Aspergillus tuyén chon.
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Hinh 3.16. Anh huong ciia nguon nitrogen dén hoat tinh pectinase cua cac ching nam
méc Aspergillus tuyén chon.

O chung A. oryzae M45, méi truong nudi cdy co bo sung ngudn gelatine
nam mdc ¢6 kha ning sinh trudong, phat trién tot thé hién qua sinh khdi kho dat
12,2 mg/mL. Pong thoi ciing sinh hoat tinh pectinase manh, véi duong kinh
vong phan giai pectin dat 41,8 mm. Kha ning sinh truéng phat trién yéu & moi
truong bo sung ngudn nitrogen 1a urea, sinh khdi kho chi dat 4,0 mg/mL va

duong kinh vong phan giai pectin 25,7 mm.

Hinh 3.17. Vong phan giai pectin cta pectinase tach tir cac chang niam méc
Aspergillus tuyén chon vai ngudn nitrogen nudi cy tbi wu (bar = 1 cm).
Theo nghién ctu cua Azzaz va cs (2013), ngudn nitrogen ti wu cho sinh

tredng, phat trién va sinh tong hop pectinase cua A. niger 1a cao naim men [38].
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Trong nghién cau cua Kaur va cs (2014), hoat do pectinase cua cac chung nim
méc cao nhat khi nudi ciy trong méi trudng cd bd sung ngudn urea va NaNO;,
nhung lai thip nhat v&i ngudn nitrogen 1a cao nAm men [89]. B4i véi nghién ctu
cua L& Thi Thao va cs (2018), ngudn nitrogen téi wu ciia chang C2.2 1a cao ndm
men va NaNO;, hoat d6 pectinase twong d6i thap khi nudi cay ¢ moéi truong co
bé sung tryptone va NH,NO; [24]. Abdullah va cs (2018) da bao céo riang chiét
Xuat nim men cho san lugng pectinase téi da [31]. Theo nghién ctu cua Begum
va Munjam (2021), ngudn nitrogen tdi wu cho sy sinh truéng 1a sodium nitrate,
hoat d6 exo-PG va endo-PG cua A. niger 1a 0,613 U/mL [42]. Trong khi do, Jalil
va cong su (2023) dd quan sat thay rang ngudn nitrogen tét nhat dé ting cudng
san xuat pectinase la amonium nitrate. Két qua cua chung toi cling cho thay rang
C4C ngudn nito nhu peptone, urea da tc ché san xuat pectinase. Két qua nay
tuong tu v6i bdo cdo cua Jalil va cs (2023) cho thay peptone va urea tic ché san
Xuat pectinase [77]. Nhu vdy, tiy theo ngudn nitrogen ciing nhu loai nAm mdc

ma kha nang sinh truong, phat trién va sinh tong hop pectinase khac nhau.

Sau khi t6i wu hoa ba chung A. oryzae M1, A. niger M13 va A. oryzae
M45. Ching t61 lua chon chung c¢6 hoat d pectinase cao nhét cho nghién ctu
tao dong va biéu hién gen pectinase d6 1a ching A. oryzae M1 va A. oryzae
M45, tuy nhién ca hai chung nay déu phan 1ap gen khong thanh cong. Do vay,

chung t6i di lwa chon chung A. niger M13 cho céac nghién ctu tiép theo.

3.2. TAO DONG GEN PECTINASE VAO HE THONG VECTOR BIEU
HIEN P. pastoris

3.2.1. Tach chiét DNA téng sé
Nhan sinh khdi A. niger M13 trong méi trudng PDB, sinh khéi soi ndm
dugc thu nhan va ria sach méi trudng nudi cdy bang nudc cat kh trung trudc
khi tién hanh tach chiét DNA tong s6. Két qua tach chiét DNA tong sé duogc thé
hién ¢ Hinh 3.18. DNA thu duoc khéng bi dut gy, sach, khong 1an RNA. Nhu
vy, phuong phap tach chiét DNA tong sb st dung dém CTAB la hoan toan phu
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hop véi chung A. niger M13. DNA thu duge dam bao chat luong dé 1am khuén

mau cho cé&c phan ttng PCR phén lap cic gen pectinase.

M 1 2

10 kb

Hinh 3.18. DNA tong sb cta chung A. niger M13. M: GeneRuler 1 kb DNA Ladder
(Thermo Scientific); 1, 2: DNA tong s6 tach chiét bang dém CTAB.

3.2.2. Phéan lap gen

Hinh 3.19 cho thdy ba san pham PCR tuong tng véi ba cip moi
AspPecA-F/AspPecA-R, AspPecB-F/AspPecB-R va AspPecC-F/AspPecC-R.
Cac san pham lan luot c6 kich thudc khoang 1.200 bp (AspPecA), 1.700 bp
(AspPecB) va 1.300 bp (AspPecC). Cac bang DNA rd, ¢am, khong xuat hién san
pham phu, diéu nay ching té cac cip mdi st dung 1a dac hiéu va di xac dinh
duoc su hién dién cuaa ba gen khac nhau ma hda cho pectinase & A. niger M13.
So sanh vai kich thudc cac gen duoc dung dé thiét ké moi, ching tdi nhan thay
ba gen AspPecA, AspPecB va AspPecC khuéch dai tir hé gen cua A. niger M13
dai hon trinh tw CDS cula cac gen dung dé thiét ké moi. Diéu nay hoan toan hop
ly vi cac gen cua chung A. niger dung dé khuéch dai déu dugc phan lap tur

mRNA, do do6 da loai bo cac doan intron trong qué trinh phién ma.
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Hinh 3.19. Pién di ¢ san pham PCR céc gen pectinase trén gel agarose 0,8%. M:
GeneRuler 1 kb DNA Ladder (Thermo Scientific); 1, 2, 3: San pham PCR gen
AspPecA, AspPecC, AspPecB.

3.2.3. Tao dong cac gen ma hoa pectinase trong vector pGEM®T-Easy

San pham PCR tuong @ng véi ba gen AspPecA, AspPecC, AspPecB dugc
gan vao vector tao dong pGEM®T-Easy va bién nap vao E. coli Top10. Thé bién
nap E. coli mang vector tai t6 hop pGEM®T-AspPecA, pGEM®T-AspPecB,
PGEM®T-AspPecC dugc kiém tra bang phuong phap PCR tryc tiép khuan lac va
cit bang cac enzyme han ché. Két qua PCR dugc hién thi & Hinh 3.20.

MJi gen ching téi tién hanh chon ngau nhién hai khuan lac tai t6 hop, tur
hinh anh thu duoc cho thiy da bién nap thanh cong vector pGEM®-T Easy-
AspPecA, vector pGEM®-T Easy-AspPecB va vector pGEM®-T Easy-AspPecC.
San pham PCR khuan lac c6 kich thudc tuong @ng véi san pham khuéch dai tir

DNA tong sb. San pham PCR dic hiéu, khdng xuat hién bang phu.
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Hinh 3.20. Dién di d san phdm PCR khuén lac chita pGEM®-T Easy-pectinase. M:
GeneRuler 1 kb DNA Ladder (Thermo Scientific); 1, 2: San pham PCR khuéch dai tur
khuin lac mang pGEM®-T Easy-AspPecA; 3, 4: San phdm PCR khuéch dai tir khuén
lac mang pGEM®-T Easy-AspPecC; 5, 6: San pham PCR khuéch dai tir khuén lac
mang pGEM®-T Easy-AspPecB.

Sau d6 chon ngau nhién ba khuan lac cua ba gen dé tach chiét plasmid
DNA va kiém tra sy hién dién cua cac gen AspPecA, AspPecB va AspPecC nam
trong vector pGEM®-T Easy tai té hop thong qua trinh tu nhan biét caa enzyme
EcoRlI. Cac két qua duoc hién thi trong Hinh 3.21.

kb M 1 2 3 4 5 6 kb

6,0—

3,0—

2,0— —1 ’7

1,5— — 1 ’3
—1,2

1,0—

Hinh 3.21. Pién di d6 san pham phan ng cat bang EcoRI. M: PreciGene 1 kb DNA
Ladder (BioPioneer). 1: Plasmid pGEM®-T Easy-AspPecA; 2: San pham phan &ng ct
EcoRI di voi pGEM®-T Easy-AspPecA; 3: Plasmid pGEM®-T Easy-AspPecC; 4: San
phdm phan &ng cit EcoRI dbi vsi pGEM®-T Easy-AspPecC; 5: plasmid pGEM®-T
Easy-AspPecB; 6: San phiam phan ung cit EcoRI ddi véi pGEM®-T Easy-AspPecB.
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Két qua dién di Hinh 3.21 cho thay, plasmid pGEM®-T Easy-AspPecA c6
kich thudc khoang 4 kb (con xuét hién thém bang phu 3 kb), plasmid pGEM®-T
Easy-AspPecC c6 kich thudc 4,5 kb; plasmid pGEM®-T Easy-AspPecB c6 kich
thude 5 kb (cling xuat hién bang phu co kich thudc 3,5 kb). Su xuat hién cac
bang phu khi dién di kiém tra cac plasmid tai to hop c6 thé do plasmid thuc té
t6n tai & nhiéu dang khac nhau 1am cho téc d6 di chuyén trong cling mét ban gel
cling khac nhau, tir d6 s& xuit hién cac bang c6 kich thuéc khong bang nhau
(Tweedie va Stowell, 2005). Bén canh d6, khi xir ly véi enzyme han ché EcoRl,
PGEM®-T Easy-AspPecA bi cit tao thanh hai bang c6 kich thuéc khéc nhau
(bang c6 kich thudc 3 kb 12 pGEM®-T Easy mach thing, biang thir 2 c6 kich
thudc 1,2 kb chinh 12 AspPecA, con bing 4,2 kb c6 thé 1a plasmid duogc cat chua
hoan toan); pGEM®-T Easy-AspPecC bi cit hoan toan tao thanh 2 bing
(PGEM®-T Easy mach thang 3 kb va gen pectinase 1,3 kb); va pGEM®-T Easy-
AspPecB cat chura hoan toan ciing tao ra 2 san pham (bang c6 kich thudc 3 kb 13
PGEM®-T Easy mach thing, bang thi 2 chinh 13 pectinase AspPecB cd kich
thugc 1,7 kb, con bang khoang 4,7 kb c6 thé 1a plasmid duoc cit chua hoan
toan). Nhu vay, khi xur Iy véi EcoRI duoc thiét ké sin & hai dau cia ving tao
dong trén pGEM®-T Easy, ching t6i khing dinh di tao dong cac gen ma hoa
cho pectinase thanh cong trong pGEM®-T Easy.

3.2.4. Giai trinh tw gen mé hoéa pectinase

Plasmid mang vector tai to hop cua ting gen AspPecA, AspPecB va
AspPecC duogc gui giai trinh tu nucleotide tai Coéng ty First BASE (Malaysia).
Két qua giai trinh tu cho thay gen AspPecA, AspPecB va AspPecC c6 kich thuéc
lan Tuot 1a 1.237 bp, 1.728 bp va 1.338 bp va da duoc ding ky trén GenBank voi
cac mi s tuong tng MT502411, MT502412 va MT502413. AspPecA ma hoa
cho mot chudi polypeptide véi chiéu dai 362 amino acid, AspPecB va AspPecC
ma hoa chudi polypeptide vai chiéu dai lan luot 495 va 384 amino acid (Hinh
3.22). Phan tich bing phan mém du doan trinh ty tin hiéu peptide SignalP-4.0
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cho thdy AspPecA, AspPecB va AspPecC chira trinh tu ma hoa tin hiéu peptide

véi chiéu dai 1an luot 12 18, 16 va 19 amino acid [139].

Sy xuat hién chudi tin hiéu peptide chang to day 1a cac enzyme ngoai bao.
Bussink va c¢s (1992) da chang minh sy hién dién cta bay gen endo-
polygalacturonase (pga) khac nhau trong A. niger N400, trong d6 ba gen pgal,
pgall va pgaC da dugc xac dinh [46]. Bac tinh hda sinh phéan tir cta endo-
polygalacturonase E tur A. niger N400 da duoc nghién ciu. Toan bd gen endo-
polygalacturonase bao géom 1.293 bp bi gian doan béi ba intron ngan (kich
thudc lan luot 1a 50, 50 va 59 bp). Parenicova va cs (2000) da phan 1ap hai gen
pgaA va pgaB; day la hai gen ma hda endopolygalacturonase (PGs, EC 3.2.1.15)
A va B tur thu vién gen caa A. niger N400. Vung mé hoa protein 1.167 bp cua
gen pgaA bi gian doan bdi mot intron, trong khi vang ma hoa 1.234 bp cua gen
pgaB chira hai intron. Cac protein tuong tng, PGA va PGB, bao gém 370 va
362 amino acid tuong tng; gen pgaD tu A. niger N400 ciing duoc phén lap co
kich thudc 1.716 bp [136].

Singh (2012) da phan 1ap gen m&@ hdéa mot pectinase tur dir liéu
metagenome trong dat co6 khung doc ma 1.311 bp ma hoa chudi protein 47,9
kDa [163]. Liu va cs (2014) da tach duoc gen endo-galacturonase A (pgaA) tur
A. niger JL-15 ¢6 khung doc mé 1.113 nucleotide m& hoa cho mét peptide gom
370 amino acid [113]. Xu va cs (2015) da khuéch dai gen ma hoa pectinase
PNL-ZJ5A tr A. niger ZJ5 c6 trinh tu nucleotide la 1428 bp va mé& hoa protein
gom 475 amino acid [177]. Nam 2015, Zhou va cs d3 tao dong gen endo-
polygalacturonase (endo-pgaA) tir trinh ty cDNA cua A. niger SC323 va biéu
hién thanh cdng ¢ Saccharomyces cerevisiae EBY100. Gen endo-pgaA c6 chiéu
dai 1.113 bp va ma hoa protein gém 370 amino acid vai khéi luong phan tir 1a
~38,8 kDa [185].

Zhang va cs (2018) da tao dong va biéu hién thanh cdng gen pectin
methylesterase (PME-ZJ5A), tir A. niger ZJ5 trong P. pastoris. Gen PME-ZJ5 cé
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trinh ty nucleotide 1088 bp ma hoa mot chudi polypeptid géom 327 amino acid
[182].

Trinh ty amino acid suy dién cua cac gen AspPecA, AspPecB va AspPecC
duogc so sanh lan luot vai cac gen caa cac chung A. niger ZJ5A (AQT01640), A.
tubingensis CBS 134.48 (0JI88021) va A. luchuensis CBS 106.47 (0JZ80574)
tir dir liéu GenBank bang cong cu Clustal Omega. Két qua cho thay, ty Ié tuong
ddng giira cac gen AspPecA, AspPecB va AspPecC véi cac chang trén lan luot 13
100%; 99,60% va 99,74%. Nhu vay, cac gen AspPecA, AspPecB va AspPecC
phan Iap tir A. niger M13 c¢6 sy tuong dong cao vé kich thudc va trinh tu dbi voi

cac gen tuong tu di dugc cong bo.

Nam 2018, Kamalambigeswari va cs da nghién ctu va tim thay gen
polygalacturonase (pgal) tir A. niger c6 d6 twong dong véi 99% véi cac chung

A. niger phan lap khéac [82].

Cho dén nay, chi c6 mot s6 gen ma hoa pectinase tir A. niger duoc mo ta.
Tinh dic hiéu co chat va tinh chét sinh héa caa enzyme van chua duoc 1am rd.
Ngoai ra, viéc sir dung enzyme dé phan huy pectin van chua dugc kham pha. Vi
vay, trong nghién ctru nay, chung t6i da chon gen mé hda cho pectinase tur A.

niger M 13 dé nhan ban, biéu hién va mé ta dic tinh.
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AspPecB  INAPASSTIDLSGLQTGAAVIFAGETTFGDTYDSDFDPIVISGTDVTITGEECHVINGNGEAYWDGEGSNGGQDKPDHFI 256
0JIB8021 INAPASSTIDLSGLOTGAAVIFAGETTFGDTYDSDFDPIVISGTDVIITGEEGHVINGNGEAYWDGEGSNGGODKPDHEI 257
AspPecR  IEVPAGETLDLTGLKKGTTVIFEGETTFGYKEW-KGPLISMSGTDITVKQASGAKINCDGARWWDGKGSNGGKTKPKFFQ 129
AQT01640 IEVPAGETLDLTGLEKGTTVIFEGETTFGYKEW-KGPLISMSGTDITVKQASGAKINCDGARWWDGKGSNGGKTKPKFFQ 129
AspPecC  VAVPSGTTLDLTDLNDGTHVIFQGETTFGYEEW-TGPLVSVSGTDITVEGESGAVLNGDGSRWWDGEGGNGGKTKPKFEFY 149
0JZ80574 VAVPSGTTLDLTDLNDGTHVIFQGETTFGYEEW-TGPLVSVSGTDITVEGESGAVLNGDGSRWWDGEGGNGGKTKPKFFY 149
ke kedkke ke ks okkk Kk kkkk s ek kk ks Lk ek ek skkkek kkks Kk k
AspPecB  VVKDMYNSKIENLNILNYPVHCFEIEDTEYLTITGLILNNTAGDAANSKSDGDPATHNTDGFDIKQSDELTLSNTWVHNQ 336
0JI88021 VVKDMYNSKIENLNILNYPVHCFEIEDTEYLTITGLILNNTAGDAANSKSDGDPAARHNTDGEDIKQSDELTLSNTWVHNQ 337

AspPecA  -AHKLDESSITGLKIYNTPVQGESILA-DHLTITDVTIDNSAGTS-—------- KCHNTDAFDIGQSTYITIDGATVYNQ 198
AQT01640 -AHKLDESSITGLKIYNTPVQGFSILA-DHLTITDVTIDNSAGTS--------- KGHNTDAFDIGQSTYITIDGATVYNQ 198
AspPecC  -AHDLTSSTIKSIYVENSPVQVESIDGSTDLTMTDITVDNTDGDT===---- DDLARNTDGFDIGESTYITITGAEIYNQ 221
0JZ80574 -AHDLTSSTIKSIYVENSPVQVESIDGSTDLIMTDITVDNTDGDT------- DDLAANTDGFDIGESTYITITGREIYNQ 221

P T Rk D oiR oo R R
AspPecB  DDCVAVTSGSSIVVDNLYCYGGHGLSTGSTGGKSNNTVNGVTFSNSQVINSENGCRIKSNADTTGEVYNVRYENTITLSGT 416
0J188021 DDCVAVTSGSSIVVDNLYCYGGHGLSIGSTIGGKSNNTVNGVTFSNSQVINSENGCRIKSNADTTGEVYNVRYENITLSGT 417
AspPech  DDCLAINSGEHITFTNGYCDGGHGLSIGSIGGRSDNTVNDVTISNSKVLNSQNGVRIKTIYGKTGTVENVKFEDITLSDI 278
AQT01640 DDCLAINSGEHITFTNGYCDGGHGLSIGSTIGGRSDNTVNDVTISNSKVINSQNGVRIKTIYGKTGTVENVKFEDITLSDT 278
AspPecC DDCVATNSGENIYFSASVCSGGHGLSIGSVGGRDDNTVENVTEY DVNVLKSQQATRIKTI YGDTGSVSEVTYHETAFSDA 301
0J780574 DDCVAINSGENIYFSASVCSGGHGLSIGSVGGRDDNTVENVTEYDVNVLKSQQATRIKTIYGDTGSVSEVTYHETAFSDA 301
***:*:‘**‘ * . * *********:**:‘:***:‘**: . :*::*::‘ ***: . *k K :* :-:*::*-
AspPecB  TDYGIDVQQDYENGGATGDPTNGVKIENISFVNVKGTMS--DGKDYYILCGDGSCSNEVETDVDITGGSDD-SCNYESSG 493
0JI88021 TDYGIDVQQDYENGGATGDPTNGVKIENISFVNVEGTMS--DGKDYYILCGDGSCSNEVETDVDITGGSDD-SCNYPSSG 494
AspPecRh  SKYGIVVEQDYENGSPTGTPTNGVKVEDITFKKVTGSVK-SSGTDIYILCGSGSCSNWIWSGVDVIGGKKSSKCKNVPSG 357
AQT01640 SKYGIVVEQDYENGSPTGTPTNGVKVEDITFKKVTGSVK-SSGTDIYILCGSGSCSNWIWSGVDVTIGGKKSSKCKNVPSG 357
AspPecC  TDYGIIIEQNYDDTS--KTPTTGVPITDEFVLENIIGTCEDDDCTEVYIACGDGSCSDWIWTGVSVIGGKVSDDCLNVPSG 379
0JZ80574 TDYGITIEQNYDDTS--KTPTTGVPITDFVLENIIGTCEDDDCTEVYTACGDGSCSDWTWTGVSVTGGKVSDDCLNVESG 379

R L Rk kkwowronorn o kro o0 kR kR ke ek ke ok
AspPecB  CP--- 495
0J188021 CP--- 496
AspPecA  ASCSD 362
BQTO1640 ASCSD 362
AspPecC  ISCDL 384
0JZ80574 ISCDL 384

Hinh 3.22. So sanh trinh tu amino acid suy dién ctia ba gen AspPecA, AspPecB va
AspPecC bing céng cu Clustal Omega. (https://www.ebi.ac.uk/Tools/msa/clustalo/).
DAu cham thé hién cac vi tri tuong dong thap, dau hai chdm thé hién do twong dong

cao va diu sao thé hién do tuong dong tuyét ddi
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3.2.5. Dw doan céu truc khdng gian cia enzyme pectinase tai té hop

Két qua du doan cho thay ba enzyme pectinase ti t6 hop c6 cau tric va chiic
ning kha twong tir nhau. PecA c6 cdu triic trong ddng 70% véi polygalacturonase
cta Colletotrichum lupini (mi s PDB: 2iq7, mi s6 Phyre: c2iq7D ) vé6i do bao phu
93% va d tin cdy 100%. Cau trac bac hai ctia pecA c6 hai vi tri gip cudn xodn o
(chiém 7%) va 28 vi tri gap cudn phién B (51%). Cau triic phién B duoc trinh bay
bang hinh miii tén dang 4t mong; cau triic cudn xodn a duoc trinh bay bang hinh l4t
mong dang cudn. Ngoai ra, trong céu triic enzyme con c6 cac doan rdi (Disordered)
chiém 7%. PecB c¢6 cdu trac tuong doéng 60% voi endopolygalacturonase cla
Fusarium verticillioides (ma s6 PDB: 1hg8, ma s Phyre: d1hg8a ) v6i do bao phi
69% va do6 tin cay 100%. CAu trac bac hai cua pecB cO mot vi tri gap cudn X04n o
(chiém 2%) va 30 vi tri gap cudn phién B (39%) va cac doan rdi chiém 18%. PecC c6
cau triic tuong déng 71% véi polygalacturonase ciia Aspergillus aculeatus (ma sb
PDB: lia5, mi s6 Phyre: dlia5a ) vdi @6 bao phti 93% va do tin cay 100%. CAu tric
bac hai ctia pecC cO mot vi tri gdp cudn X0&n o (chiém 4%) va 28 vi tri gdp cudn
phién B (54%), cac doan 16i chiém 4% (Hinh 3.23).

Ving bao ton (conserved domain) dugce du doan bang chuong trinh SMART
cho thdy ca ba enzyme déu c6 mot domain chinh (Glyco hydro 28) tir vi tri amino
acid 43-360 (pecA), 169-495 (pecB) va 63-382 (pecC), diéu niy cho thay ba enzyme
ndy c6 chirc ning gidng nhau. Ho enzyme glycoside hydrolase 28 bao gdm cac
enzyme thé hién hoat tinh polygalacturonase (pectinase) thity phan ngau nhién cac
lién két 1,4-alpha-D-galactosiduronic trong phan tir pectate va cac galacturonan khac
[148].

Két qua phan tich dya trén trinh ty amino acid cho thay enzyme pecA c6
khéi lugng phan tir 1a 37,954 kDa, diém ding dién (pI) 13 5,59. Két qua du doan
kha nang chiu nhiét cua pecA bang cong cu Tm Predictor cho thiy enzyme c6 kha
nang chiu nhiét do tir 55-65°C (Tm index=0,2028). Dua vao cong cu du doan kha
ning chiu duoc moi truong xuc tac kiém/acid ciia AcalPred cho thiy pecA c6 kha

ning chiu acid véi chi s6 xtc tac 1én t6i 0,9646. PecB c¢6 khéi lwong phén tir 1a
96



50,948 kDa, pl=4,00, chiu nhiét hon 65°C (Tm=1,3322), c¢6 kha nang chiu acid voi
chi s6 xuc tac 1én t&i 0,9964. PecC c6 khdi lugng phan tir 1a 40,438 kDa, pI=3,74,
chiju nhiét hon 65°C (Tm=1,3264), c6 kha ning chiu acid véi chi sb xdc tac 1a
0,9911 (Bang 3.4).

Bang 3.4. Du doan ciu triac khong gian va dic diém ly hda ciia cac enzyme pectinase tai to

hop

Pic diém pecA pecB pecC

Chudi polypeptide (amino 362 495 384

acid)

Khéi lugng phan tir (kDa) 37,954 50,948 40,438

Piém dang dién (pl) 5,59 4,00 3,74

Tm 55°C~65°C >65°C >65°C

Acid/base acid acid acid

Domain Glyco _hydro 28 Glyco _hydro 28 Glyco _hydro 28
(43-360) (169-495) (63-382)

a helix 2 1 1

B strain 28 30 28

Vi tri N-glycosylation 2(291va334)  4(295,371,410 1(261)

va 444)

Két qua du doan cu tric xuyén mang cho thiy gan nhu toan bd enzyme tai to
hop dugc tiét ra moi truong ngoai bao va khong c6 phan enzyme ndm bén trong té

bao (Hinh 3.24). Sy khac nhau vé kha ning tiét giita ba enzyme 1a khong déng ké.
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Hinh 3.23. Dy doan cau tric khdng gian cia cac pectinase tai té hop bang cong cu
Phyre®. A: Céu trtc khong gian cua pecA; B: CAu tric khdng gian cua pecB va C: Ciu

trac khong gian cua pecC.
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Phan tich trinh tu amino acid cia cac enzyme pectinase tai té hop bing
cong cu NetNGlyc 1.0 Server nhan thiy cé su khac nhau vé vi tri amino acid c6
kha nang xay ra N-glycosylation gitra cac enzyme. PecA c6 hai vi tri N-
glycosylation (291 va 334), pecB c6 bon vi tri (295, 371, 410 va 444) trong khi
pecC chi c6 mot vi tri (261) (Hinh 3.25).
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Hinh 3.25. Vj tri N-glycosylation du doan ctia enzyme pectinase tai té hop bang céng

cu NetNGlyc 1.0 Server. A: pecA; B: pecB va C: pecC.
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Nhu vay, ca ba enzyme pectinase déu duoe dy doan 1a hoat dong ngoai bao,
c6 kha nang chiu nhiét cao, hoat dong trong mdi truong acid va cé churc nang giéng

nhau.
3.2.6. Tao dong gen cAspPecA vao vector biéu hién pPICZaA

Tur két qua giai trinh ty nucleotide gen AspPecA, AspPecB, AspPecC va
du doan cau trlc, chirc ning cua cac gen, gen AspPecA (MT502411) da duoc
lya chon 1am gen muc tiéu cho nghién ctru biéu hién tai té hop trong P. Pastoris
X33. Gen AspPecA dugc lya chon vi ca ba enzyme déu 6 cau tric va chirc nang
twong déng nhau, trong d6 enzyme pecA c6 khéi lugng phan tir nho nhat, diém
dang dién gan trung tinh, thuan tién nhat cho viéc tao dong va xac dinh hoat tinh
trong ba gen thu dugc. Gen cAspPecA mé hoa pectinase tir A. niger M13 duoc
tong hop sau khi loai bo cac doan intron khéng ma héa amino acid va tin hiéu
peptide nham st dung tin hiéu peptide c6 san trén vector biéu hién & thi nghiém
biéu hién vé sau (Hinh 3.26).

Tin hiéu peptide > Vi tri khoi dau tdng hop nucleotide
ATGCATTTCCTCCAGAACGCTTTCGTGGCCGCCACTATGGGCGCTGCGCTG(closfeloafoaprerYey
CGCTCCTGCACTTTCACCTCCGCCTCTGCTGCCAAGTCTGGCAAGTCCTCTTGCACCACCATCA(Q
ATCGAGGTCCCCGCCGGTGAGACTCTTGACTTGACTGGCCTCAAGAAGGGTACTACCGTCATCT
ACCACCTTCGGCTACAAGGAATGGAAGGGTCCCCTGATCTCCATGTCCGGTACCGACATCACCG
TCCGGTGCCAAAATRBTGCGACGGTGCTCGCTGGTGGGACGGCAAGGGTAGCAACGGTGGCAA
AAGTTCTTCCAGGCTCACAAGCTCGACGAGTCCAGCATCACCGGCCTGAAGATCTACAACACCC(
TTCAGCATTCTGGCTGACCACCTGACCATCACCGACGTGACCATCGACAACTCCGCCGGTACGA(
IAACACCGATGCCTTTGACATTGGTCAGAGTACCTACATCACCGBIGRECACCGTCTACAACCAGGA
TGCCTGGCCATCAACTCGGGTGAGCACATCACTTTCACCAACGGTTACTGTGACGGTGGCCACG
GGTTCCATTGGTGGCCGCAGCGACAACACCGTCAACGACGTGACCATCTCCAACTCCAAGGTG(C
IAACGGTGTCCGTATCAAGACCATCTACGGCAAGACCGGCACTGTTGAGAACGTCAAGTTCGAGG
TCOGACATCAGCAAGTACGGTATCGTCGTTGAGCAGGACTACGAGAACGGCAGCCCCACCGGCA
GGTGTCAAGGTTGAGGACATCACTTTCAAGAAGGTCACCGGCAGCGTCAAGAGCTCTGGTACTG
CTGTGCGGTTCCGGCAGCTGCTCGAACTGGACCTGGAGCGGTGTTGATGTGACTGGCGGCAAG
TGCAAGAACGTCCCCTCGGGCGCTTCCTGRERYA

Vi tri két thdc tong hop nucleotide
Hinh 3.26. Trinh tu nucleotide tong hop nhan tao caa gen cAspPecA dugc xéac dinh tir

vi tri nucleotide ma héa trinh tu peptide khéng bao gém tin hiéu peptide va dugc lam

ndi bat bang cac chir cai mau trang trén nén den.

Nham thuan loi trong tao dong vao vector biéu hién, trinh tu nucleotide

ciia cAspPecA duoc gin thém cac trinh ty nhan biét cua enzyme cét han ché.
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Cac enzyme cit han ché duoc thiét ké sao cho khong cét bat ky trinh tu nao
trong doan nucleotide dugc tong hop va cé trén phan vi tri tao dong trong vector
biéu hién pPICZaA. Dua trén ban dd cac enzyme cat han ché da dugc phat hién
bang céng cu NEBcutter 3.0 (Hinh 3.27), hai enzyme cit han ché 1a EcoRI va
Xbal da duoc lua chon.

317 aa
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Hinh 3.27. Vi tri nhan biét caa cac enzyme cit han ché c6 trong trinh tu cAspPecA.

Trinh tu cAspPecA téng hop nhan tao hoan chinh cé chiéu dai 1.040 bp
(Hinh 3.28) duoc tao dong vao vector pUC19 va bién nap vao E. coli TOP 10.
Thé bién nap E.coli mang vector pUC19/cAspPecA duoc nudi cay trén moi
truong LB long ¢ 25 pg/mL zeocine ¢ 37°C dé tach chiét plasmid. Plasmid
pUC19/cAspPecA dugc phan tach str dung 2 enzyme cat han ché EcoRI va Xbal
va dién di trén gel agarose 0,8%.

GAATTGCTCCTCTTGAGAAGCGCTCCTGCACTTTCACCTUCBEILTGCCAAGTCTGGCAAGTCCTCTTGC
ACCACCATCACCCTCGACAACATCGAGGTCCCCGCCGGTGAGACTCTTGACTTGACTGGCCTCAAGAAGGGTA
ACCGTCATCTTCGAGGGTGAAACCACCTTCGGCTACAAGGAATGGAAGGGTCCCCTGATCTCCATGTCCGGTA
GACATCACCGTCAAGCAGGCCTCCGGTGCCAAAATCAACTGCGACGGTGCTCGCTGGTGGGACGGCAAGGGT
AACGGTGGCAAGACCAAGCCCAAGTTCTTCCAGGCTCACAAGCTCGACGAGTCCAGCATCACCGGCCTGAAG/
TACAACACCCCTGTCCAGGGCTTCAGCATTCTGGCTGACCACCTGACCATCACCGACGTGACCATCGACAACT!
GCCGGTACGAGCAAGGGCCACAACACCGATGCCTTTGACATTGGTCAGAGTACCTACATCACCATCGACGGTC
ACCGTCTACAACCAGGATGATTGCCTGEXHOTCGGGTGAGCACATCACTTTCACCAACGGTTACTGTGAC
GGTGGCCACGGTCTCTCCATTGGTTCCATTGGTGGCCGCAGCGACAACACCGTCAACGACGTGACCATCTCC!
TCCAAGGTGCTCAACTCCCAGAACGGTGTCCGTATCAAGACCATCTACGGCAAGACCGGCACTGTTGAGAACG
AAGTTCGAGGACATCACCCTGTCCGACATCAGCAAGTACGGTATCGTCGTTGAGGNGBACTGARCAGC
CCCACCGGCACGCCCACCAACGGTGTCAAGGTTGAGGACATCACTTTCAAGAAGGTCACCGGCAGCGTCAAG,
TCTGGTACTGACATCTACATCCTGTGCGGTTCCGGCAGCTGCTCGAACTGGACCTGGAGCGGTGTTGATGTGA
GGCGGCAAGAAGAGCAGCAAGTCGBRAEILECCCTCGGGCGCTTCCTGCAGCGATASA

Hinh 3.28. Trinh ty nucleotide tong hop nhan tao cua cAspPecA.
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Hinh 3.29. San pham phan @ng cat bang EcoRI va Xbal. M: GeneRuler 1 kb Plus
DNA Ladder (Thermo Scientific), 1: San pham phan ung cat pUC19/cAspPecA.

Két qua dién di & Hinh 3.29 cho thay plasmid tai to hop duoc cat hoan
toan tao thanh doan DNA c6 kich thudc twong tng khoang 2,7 kb va 1,1 kb.
Chiéu dai cac doan DNA nay tuong ung véi kich thudc cua vector pUC19 va
gen cAspPecA. Boan DNA c¢o6 kich thudc twong tng véi gen cAspPecA dugc
tinh sach va gan véi vector pPICZaA da duoc mé vong bang enzyme tuong tng
EcoRI va Xbal, sir dung enzyme gan ligase. Hon hop gan duoc bién nap vao E.
coli Top10 bang phuong phéap séc nhiét va chon loc trén méi truedng chon loc ¢6
b sung zeocin véi nong do 25 pg/mL dong thoi kiém tra bang phan ang PCR
véi moi cAspPecA-F/cAspPecA-R.

Cac khuan lac kiém tra ngiu nhién déu xuit hién bang cé kich thudc
khoang 1,1 kb; dang bang kich thudc gen cAspPecA. Khuan lac 3 va 4 c6 nong
d6 DNA cao cho thdy day 1a 2 khuan lac c¢6 mang vector tai to hop
pPICZaA/cAspPecA (Hinh 3.30). Két qua nay chang to, vector tai to hop
pPICZaA/cAspPecA di bién nap thanh cong vao té bao vat cha E. coli Top10.
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Hinh 3.30. Khuéch dai PCR gen cAspPecA tir khuan lac tai to hop. M: GeneRuler 1 kb
Plus DNA Ladder (Thermo Scientific). 1, 2, 3, 4, 5: Nam khuan lac dwoc lya chon

ngau nhién.
kb

4,0
2,0

Hinh 3.31. Plasmid tai t6 hop pPICZoA/cAspPecA. M: GeneRuler 1 kb Plus DNA
Ladder (Thermo Scientific). 1: Plasmid téi to hop.

Plasmid tai t6 hop pPICZaA/cAspPecA sau tinh sach duoc quan séat thong
qua dién di agarose 1% thu dugc c6 kich thuéc khoang 4 kb véi nong do khoang
400 pg/uL duoc sur dung 1am nguyén liéu bién nap vao P. pastoris X33 (Hinh
3.31).

3.2.7. Bién nap vao P. pastoris X33

Sau khi gin thanh cong gen cAspPecA vao pPICZaA, vector tai to hop
pPICZaA/cAspPecA duoc bién nap vao vat chu biéu hién P. pastoris X33 bing
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phuong phéap dién bién nap, truée d6 da duoc xir Iy tao mach thang bing Pmel.
Khuan lac P. pastoris X33 téi to hop duoc sang loc nho khang sinh zeocine 100

ng/mL trén moi trudng ran YPDS.

Cac khuan lac moc trén méi truong YPDS dugc nhan sinh khéi va tach
chiét DNA téng s dé kiém tra sy hién dién cia gen cAspPecA nam trong
genome cua té bao vat chu. Két qua tach chiét DNA tong sb cua P. pastoris X33
tai to hop thé hién & Hinh 3.32 cho thiy nong do va chét luong dam bao st dung dé
lam nguyén liéu cho qué trinh kiém tra sy hién dién ciia cAspPecA trong genome

cua P. pastoris X33.

Hinh 3.32. DNA tong s P. pastoris X33 mang vector téi t6 hop pPICZaA/cAspPecA.
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific), 1-2: DNA tong so.

Sy dung hop cua vector tai to hop pPICZaA/cAspPecA vao genome cua
nam men P. pastoris X33 duogc kiém tra théng qua phan ung PCR v&i cap moi
AOX1-F/AOX1-R. Két qua dién di & Hinh 3.33 cho thiy sy xuit hién cua 2
bang co kich thudc 1,5 kb va 1,0 kb. Trong do, bang 1,5 kb tuwong ung véi Kich
thuéc cua gen cAspPecA 1a 1.040 bp cong véi trinh ty AOX1 nim trong
pPICZaA (khoang 400 bp), bang con lai ¢o6 kich thudc khoang 1,0 kb dting voi
kich thudc cua gen cAspPecA da tong hop. Nhu vay, ¢ thé két luan da chén

thanh cong doan gen cAspPecA vao genome cua nam men P. pastoris X33.
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Hinh 3.33. San pham PCR gen cAspPecA sir dung cap moi AOX1. M: HypperLadder
1 kb DNA (Bioline, M¥). 1: San pham PCR cip mdi cAspPecA véi PUC19/cAspPecA,
2: San pham PCR cip moi cAspPecA véi pPICZaA/cAspPecA, 3: San pham PCR cip
mdi cAspPecA véi genome cua P. pastoris X33 tai t6 hop, 4: San pham PCR ciap moi
AOX1 véi genome cua P. pastoris X33 tai t6 hop, 5: San pham PCR cap moi AOX1
véi genome cua P. pastoris X33, 6: San phim PCR cip mdoi AOX1 voi
pPICZaA/cAspPecA, 7: San pham PCR cap moi AOX1 véi pPICZaA.

3.2.8. Kiém tra sw biéu hién gen

Muac d6 biéu hién cua thé bién nap P. pastoris X33 mang
PPICZaA/cAspPecA dugc danh gia thong qua nudi cdy trén méi trudng YP bd
sung methanol 1am chat cam tng. Dich enzyme ngoai bao dugc khuéch tan trén
dia thach c6 b6 sung co chat pectin, két qua tir Hinh 3.34 cho thay khuan lac s6
3 va 4 xuiat hién vong phan giai pectin manh hon so véi céc chung con lai. Boi
chung am khong xuat hién vong phan giai vi chung P. pastoris X33 khéng sir
dung pectin nén khéng tao dugc vong phén giai, trong khi d6 ching P. pastoris
X33 tai t6 hop mang gen cAspPecA nén chung nay tao dugc vong phan giai trén
dia thach chira pectin. Vi vay, dong tai to hop s6 3 va s6 4 da dugc bién nap
thanh céng gen cAspPecA vao té bao P. pastoris X33 va cd kha ning tiét
pectinase ngoai bao. V&i kha nang sinh tong hop pectinase cao, dong P. pastoris
X33 56 3 dugc chon 1am vat liéu cho céc khao sét tiép theo.

Phuong phap DNS duogc sir dung nham xéac dinh hoat d6 cua rAspPecA
Véi co chat pectin. Hoat d6 pectinase téi to hop duoc thé hién & Hinh 3.35 cho

thay khuan lac sé 3 (7,98+0,17 U/mL) va 4 (5,33+0,05 U/mL) c6 hoat do vuot
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tréi hon so vai cac ching khac, két qua nay twong dong véi két qua dinh tinh &
Hinh 3.34.
Do d6 khuan lac s6 3 duogc lya chon cho c4c nghién ctru danh gia vé muc

d6 biéu hién, dic diém enzyme va tng dung.

Hinh 3.34. VVong phan giai pectin tir cac chung P. pastoris X33 mang gen cAspPecA.

Hoat d¢ enzyme (U/mL)
[ [¥¥] = h [ | oo O

ok
l

=
|
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Khuﬁnlac

Hinh 3.35. Hoat do pectinase tai t6 hop tir cac chung P. pastoris X33 mang gen
CAspPecA.
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3.2.9. Nghién ciiu cac diéu kién biéu hién caa rAspPecA

Dong té bao P. pasoris X33 sb 3 biéu hién enzyme ngoai bao duoc chon
loc dé tdi wu hoa san xuat enzyme ngoai bao bang cach khao sat mot s yéu td
nhu thoi gian cam wng, nong do chat cam ¢ng, mat do té bao, nhiét do nudi cay

va tée do lAc.

3.2.9.1. Anh hwéng ciia mdt dé té bao

Mat do té bao anh huaong khdng nho dén kha ning sinh enzyme cua vi
sinh vat. Méi twong quan giita mat d6 va hoat d6 enzyme gop phan nang cao
hiéu suat thu hoi enzyme vaéi thoi gian ngan nhat, ngoai ra day tro thanh tiéu
chuan vé chat lwong giéng bd sung cho qué trinh 18n men theo mé khi ung dung
& quy mo cbng nghiép. Anh huong ctia mat do té bao dén kha ning tiét enzyme
tai to hop duoc tién hanh khao sat & cac ODgoonm trong khoang 0,5-2.,0. Do diéu
kién phong thi nghiém, nén ¢ tiéu chi nay chung t6i danh gia & nhiét do 32-
34°C.
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Hinh 3.36. Hoat 6 ciia rAspPecA theo mat d¢ té bao.

Hinh 3.36 cho thay & tat ca cac mat do nudi cay hoat o déu tang dan tur
ngay nudi cay thir nhat va dat cuc dai vao ngay nudi cay thir tu. O ODggonm=0,5
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(2,472+0,1034 U/mML) VA ODgoonn=1,0 (2,218+0,1907 U/mL) hoat do enzyme
tich luy va tang dan déu trong hai ngay tiép theo, trong khi & ODggonm=1,5 Va 2
hoat @6 enzyme chi dat 1,902+0,1849 U/mL va 2,123+0,1728 U/mL. Tuy nhién,
véi nghiém thic ODggonm=2,0 hoat d6 c¢6 xu hudng tang manh vao ngay thir hai
dat 4,206+0,6390 U/mL. Bén ngay tha nam, hoat 46 dong loat giam & tat ca cac
gid tri ODgoonm Chi cON 35-55%, thap hon so véi ngdy nudi ciy tha nhat.
ODggonm=2,0 12 mat do c6 hoat d6 enzyme ting nhanh nhat. Diéu nay c6 thé do
tai C4c gia tri ODgoonm thap hon, t& bao nAm men can nhiéu thoi gian dé ting sinh
dan dén qua trinh sinh tong hop protein trong cac khoang thoi gian nay dién ra
cham. Dén ngay tht tu o tit ca céc gia tri ODggonm déu tich liy luong enzyme
l6n nhét, chiing to rAspPecA da duoc san sinh lién tuc va tich luy déu theo thoi
gian, gop phan cang ¢ sy thanh céng caa quéa trinh tao dong va biéu hién gen

cAspPecA trong té bao vat chu P. pastoris X33.
3.2.9.2. Anh hwéng cia thoi gian cdm #ing

Té bao ndm men tai t6 hop mang gen cAspPecA dugc nudi trong moi
truong YP bo sung 1% methanol 1am chat cam ang, duy tri trong sau ngay nudi
cay (p<0,05). Két qua & Hinh 3.37 cho thay kha ning tiét enzyme ngoai bao tir
ngay nudi ciy thtr nhat dat 3,013+0,118 U/mL, ting dan theo thoi gian va cuc
dai vao ngay thu tu dat 5,021+0,171 U/mL. Dén ngay tha nam, hoat do enzyme
giam manh tuong dwong vai ngay thir nhét chi con 3,016+0,259 U/mL va giam
dan cho dén khi két thic qua trinh nudi cdy. Hoat d6 enzyme giam vao ngay thi
nam, cO thé tai thoi diém nay, té bao nAm men da dat dén trang thai can bang
trong diéu kién nudi cy, do d6 ham luong enzyme tich luy khdng con nhiéu.
Pén ngay thir sau, hoat d6 cua rAspPecA giam manh ching to rAspPecA kém

bén tai thoi gian duoc bé tri thi nghiém.
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Hinh 3.37. Hoat d6 cua rAspPecA theo thoi gian cam ung.
3.2.9.3. Anh hwéng ciia néng dp chat cam g

Kha ning sinh enzyme ngoai bao chiu anh huang rat nhiéu boi nong do
chat cam ung. Két qua ¢ Hinh 3.38 cho thay khi ting nong do chat cam ung
methanol tir 0,5-2,5% kha ning tich lily enzyme c6 xu hudng tang dan theo thoi
gian, dat cuc dai vao ngay thir ba (¢ nong do 2: 4,161+0,6523 U/mL va 2,5%:
3,977+0,6519 U/mL) va ngay tha 4 (& néng d6 0,5: 4,631+0,4 U/mL; 1,0
5,295+0,247 U/mL va 1,5%: 4,658+0,317 U/mL), sau d6 giam manh vao ngay
thar 5 va tiép tuc giam vao ngay nudi cay cudi ciing. O ngay nudi cay cudi clng,
tai c4c ndng do 0,5; 1,0 va 1,5% hoat do con lai dao dong tir 40-60%, cac nong
d6 con lai (hoat do tir 50-60% & cac nong do 2,0; 2,5). Tuy nhién, ¢ nong do
methanol 3% c6 sy khac biét rd rét, dat hoat d6 ngay nudi cay dau tién
(2,699+0,097 U/mL), bat dau giam dan tir ngay tha 2 dén ngay tht 4 con lai
(0,968+0,317 U/mL); sau do dot ngot tang vao ngay thur 5: 2,888+0,288 U/mL
(Hinh 3.41). Nguyén nhan din dén su giam dot ngot hoat do pectinase khi cam
trng methanol 3% co thé xuat phét tir Iy do tai nong d6 nay methanol da gy doc
cho té bao nam men, 1am cham sy ting trudng va lam giam nang suét sinh khoi
cua P. pastoris. Nhu vay, két qua cho thay sau khi cam ung bang methanol trong
110



96 gio hoat do rAspPecA dat cuc dai.

Két qua nghién ctu caa ching toi phd hop vé thoi gian cam ang véi mot
sb nghién cau vé pectinase tai rd hop. Gen tai té hop rePgaA trong P. pastoris
sau khi cam ung bang methanol trong 96 gio hoat d6 cua gen rePgaA dat cuc
dai 2.091,0+14,3 U/mg [113]. Cam ¢ng bang methanol dan dén biéu hién
manh m& gen EndoPG trong dich ndi nudi cay véi d6 ddng nhat cao (> 90%).
Su biéu hién enzyme cao nhét thu dugc sau 48 gio cam tng bang methanol véi
hoat tinh polygalacturonase tdi da trong mai trudng nudi cay lac 1a 503+3 U/mL
va hoat tinh dac hiéu la 1.892 U/mg [32].
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Hinh 3.38. Hoat d6 ctia rAspPecA theo ndng do chat cam tng.

Gen endo-PgaA trong P. pastoris sau khi cam ¢ng bang galactose trong
48 gio, hoat do cua endo-PgaA tai té hop trong dich ndi nudi cy cé thé dat toi
1.448,48 U/mg [185]. Gen PME-ZJ5A da biéu hién thanh céng & P. pastoris,
hoat 46 PME cao nhat (71,11 U/ml) duoc phéat hién sau khi cam ng Véi
methanol trong 20 gio ¢ 30°C [182].

Mic di, methanol dong vai trd nhu mot ngudn carbon phuc vu cho qua
trinh sinh tong hop enzyme cua P. pastoris nhung viéc b6 sung ching véi mot

nong do cao hon ngudng gidi han sinh thai s& dan dén viéc tao ra cac san pham
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phy, cac déng phan khac cua enzyme muc tiéu. Do dé, kiém soat nong do
methanol anh huong chat ché dén kha ning biéu hién protein tai té hop trong vat
cha P. pastoris. Methanol c6 mdi lién hé truc tiép dén promotor AOX, noi diéu
khién su biéu hién cua gen ngoai lai. Viéc ting hay giam nong do chat cam tng
nay chinh 14 chia khoa then chét dé khai thac c6 hiéu qua protein tai to hop
mong mudn.
3.2.9.4. Anh hwéng cia toc dé lic

Két qua trinh bay & Hinh 3.39 cho thay téc do lic khac nhau mang lai
hiéu suat tong hop rAspPecA khac nhau.

O tc do lac 150 vong/phdt, hoat do enzyme nhanh chong dat cao nhat sau
24 gio nudi ciy, sau dé tich luy hoat d6 enzyme giam dan theo thoi gian (ngay
tha nhat: 4,589+0,325 U/mL; ngay thir séu: 1,813+0,111 U/mL). Téc do lac 180
vong/phit, hoat tinh pectinase ting dan tir ngay thtr nhat (2,218+0,191 U/mL)
dén ngay thu tu (3,710+0,156 U/mL), sau ngay tht tu thi hoat tinh enzyme giam
dan va 0,788+0,271 U/mL vao ngay tha 6. Khi nudi lic véi toe do 210
vong/phit, hoat 6 enzyme dat cao nhat vao ngay tht hai (3,441+0,160 U/mL),
sau d6 giam dan theo thoi gian. Di voi toe do lac 240 vong/phdt, tir ngay thi
nhat d¢én ngay thi tu hoat do pectinase khdng qua khac biét, ting tir 2,308+0,176
U/mL 1én 3,538+0,105 U/mL. Pén ngay thr nim, hoat do ting manh lén
5,341+0,138 U/mL va giam dan vé 4,363+0,185 U/mL tai ngay thu sau. Pay

cling 1a nghiém thuc ¢ hoat d6 giam cham nhat sau khi tich liy cyc dai.
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Hinh 3.39. Hoat d6 cua rAspPecA theo toc d6 lic.

3.2.10. Khdi lwong phan tir cia rAspPecA

Pectinase duoc biéu hién bang hé thong vector pPICZaA, Vi vay protein
tao ra sé dugc dung hop vai trinh tu His-tag, cac dudi poly-His nay co ai luc
manh vé&i ion Cu® trén cot sic ky ai luc. Poly-His gidp protein tai té hop két
bam vao cot sic ky, trong khi cac protein khong co dudi poly-His hoic chi c6
mot vai histidine bi rira tréi boi ndng do imidazole thap c6 trong dém rira. Sau
khi thu protein ngoai bao bang cach ly tam 13.000 vong/ pht trong 15 phut tai
4°C, protein tong sé chira pectinase dugc dua 1én cot HisTrap TM FF da duoc
chuan bi truée d6. Sau khi ria cot dé loai bo cac protein tao lién két khong dac
hiéu véi cot sic ky, pectinase duge day ra khoi cot bang dung dich dém day
chtra imidazol. Thu cic phan doan day ra khoi cot va kiém tra hoat tinh
pectinase cua timg phan doan. Cac phan doan cd hoat tinh pectinase cao nhat
dugc chon dé kiém tra bang dién di trén gel polyacrylamide va kiém tra hoat
tinh.
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Hinh 3.40. Pién di SDS-PAGE pectinase tai t6 hop thu hdi timg phan doan. M:
PageRuler™ Prestained Protein (Thermo Scientific), 1-6: rAspPecA theo tirng phén
doan.

Két qua dién di SDS-PAGE rAspPecA theo timg phan doan ¢ Hinh 3.40

cho thiy cac bang thay phan c6 khdi luong phan tir khoang 42 kDa, ddng thoi
két qua phan tich Zymogram ciing thu nhan duoc bang thuy phan khoang 42
kDa (Hinh 3.41). Céc két qua nay da khang dinh sy hién dién cua rAspPecA tao
ra boi A. niger M13 trong P. pastoris X33.

kDa M 1 M 1

-—

A
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4() w—

A

Hinh 3.41. bién di SDS-PAGE va Zymogram cua rAspPecA. M: PageRuler™
Prestained Protein (Thermo Scientific), 1: rAspPecA sinh tong hop tir P. pastoris X33,
A. Nhuom bang Coomassie Brilliant Blue, B. Nhuém bang Lugol 0,05%.
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Hau hét cac san pham pectinase thuong mai dwgc sir dung trong cong
nghiép thuc pham déu c6 ngudn gdc tir A. niger. Viéc tinh sach protein muc tiéu
tir dich ndi caa A. niger 1a rat phac tap va kho khan. Biéu hién di loai 1a mot
cdng cu quan trong dé san xuit cac enzyme cdng nghiép, ching han nhu
cellulase, xylanase, lipase, pectinase, protease va cac loai enzyme khac [113].

Su biéu hién di loai cua cac enzyme téng hop phan giai pectin bao gém
polygalacturonase, pectate lyase va pectin esterase tir nhiéu loai nam
Ascomycetes va Basidiomycetes khac nhau trong nam men da duoc céng b
[113, 185]. P. pastoris la mét trong nhitng vat chu biéu hién rat tot va duoc yéu
thich cho ca nghién ctru co ban va tng dung trong cong nghiép. Hé théng P.
pastoris két hop mot s wu diém cua hé thong biéu hién & sinh vat nhan so, nhan
chuan va nim men c6 thé d& dang phat trién dén mat do té bao cao bang céach s
dung méi truong tbi thiéu xac dinh va c6 thé dan dén cac bién ddi hau dich ma ¢
sinh vat nhan chuan [32]. Endo-polygalacturonase téi to hop tir A. niger, Bispora
sp., Phytophthora parasitica va Penicillium sp. biéu hién trong P. pastoris da
duogc céng bd vai cac dic tinh hoa sinh khac nhau [113].

Két qua nghién ciu caa ching t6i phu hop vai mot sé két qua nghién cau
vé pectinase tai to hop di cong bd, phan Ion pectinase tai to hop c6 khdi lwong
phan tir 25-70 kDa [161].

Gen endo-galacturonase A (pgaA) tur A. niger JL-15 da duoc tao dong va
biéu hién trong P. pastoris GS115 duéi sy kiém soét cua chat kich thich AOX1.
Sau khi cam ung bang methanol trong 96 gio, hoat tinh caa end-galacturonase A
(rePgaA) tai té hop trong dich néi nudi cay la 2091,0 U/mg. Phan tich SDS-
PAGE cho thay khdi luong phan ti cua rePgaA la ~40,0 kDa [113]. Gen pectin
lyase PNL-ZJ5A tir A. niger ZJ5 da duoc biéu hién thanh cong o P. pastoris
GS115. Tinh ché va phan tich SDS-PAGE cua PNL-ZJ5A cho thay hoat tinh cua
enzyme thu hoi duoc 4,1% va khéi luong phan tir PNL-ZJ5A ~54 kDa, cao hon
khéi lwong ly thuyét (~47 kDa) [177]. Gen md hda pectinase 1a endo-
polygalacturonase (endo-PgaA) tir A. niger SC323 di duogc tao dong va biéu

115



hién trong Saccharomyces cerevisiae EBY100. Gen endo-PgaA cé chiéu dai day
du bao gdm 1.113 bp, ma héa protein dai 370 amino acid. Pectinase tai to hop
duoc tinh ché bang két tata ammonium sulfate 85%. Enzyme tinh khiét (hoat tinh
dic hiéu 1.448,48 U/mg) cho thay hoat tinh enzyme thu héi dugc 42,62%. SDS-
PAGE cho thay khéi luong phan tir cua end-PgaA 1a khoang 45,0 kDa, cao hon
gia tri tinh toan (~38,8 kDa) [185].

Mot gen ma hoa pectinase la endo-polygalacturonase (endoPG) tu A.
aculeatus, duoc tao dong va biéu hién trong P. pastoris KM71. Gen endoPG
(1029 bp) c6 khéi lugng phan tir hoan chinh 1a 38,7 kDa phtl hop véi khéi lugng
phan ta ly thuyét [32].

Gen pectin methylesterase la PME-ZJ5A dugc phén lap tor Aspergillus
niger ZJ5, di duoc tao dong va biéu hién trong P. pastoris. Gen PME-ZJ5 ¢
trinh ty nucleotit 1088 bp ma héa mot chudi polypeptid gom 327 amino acid.
PME-ZJ5A tinh khiét c6 khéi lwong phéan tir khoang 37 kDa, cao hon khi
lwong phan tir tinh toan caa nd (34,8 kDa). Sy thay doi quan sat dugc vé khoi
luong phén tar du kién caa PME-ZJ5A cho rang n6 di trai qua qué trinh N-
glycosyl hoa stra d6i hau dich ma trong qua trinh biéu hién di ching caa né & P.
pastoris [182].

Nam 2021, Zhong va cs da tao dong gen pectin methylesterase (PxPME) tr
vi khuan Paenibacillus xylanexedens SZ 29 va da biéu hién thanh céng ¢ E. coli.
Gen PxPME méa hda mot chudi polypeptid dai 1.005 bp véi 334 amino acid.
PXPME tai t6 hop duoc biéu hién trong E. coli BL21 dudi dang protein duoc
gan histidine hoa tan. Sau khi tinh ché bang sic ky &i luc Ni**, hoat tinh riéng
cua PXPME 1a 39,38 U/mg so véi pectin cam quyt. PXPME tinh khiét cho thay
mot bang trén SDS-PAGE c6 khéi lwong phan tir khoang 45 kDa, 16n hon mét
chut so véi khdi lugng phan tir duoc tinh toan theo ly thuyét (36,8 kDa) [183].

Famotemi va cs (2021) da tinh sach va xac dinh dac tinh caa pectinase tir

chang A. niger F7-02. Nhiét do va pH tbi wu cho hoat dong cua pectinase lan
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luot 12 65°C va 4,0. Pectinase 6n dinh & pH 3,0-6,0. Pectinase dic biét cho thay
hoat tinh cao khi ¢ mat Mn* va Ca?*. Khéi lugng phan tu cua pectinase 1a 40
kDa [60].

Mot gen ma hoa pectinase khac 1 exo-pelA, di duoc nhan ban va biéu hién
trong E. coli BL21. Gen exo-pelA bao gém 1.236 bp, ma hoa protein gom 425
amino acid, khdi luong phan tir cua pectinase tinh khiét 1a ~50 kDa (cao hon so
véi khdi luong phan tir dy doan ~48,7 kDa) [54].

T6m lai, gen cAspPecA duoc biéu hién trong P. pastoris cd nguon goc tir A.
niger M13 c6 khéi luong phéan tir nam trong khoang 25-70 kDa, twong tu nhu

cac cong trinh di cong b,
3.2.11. Panh gia tinh chat ly hda caa rAspPecA
3.2.11.1. Nhigt dé t6i wu va dé bén nhiét dp ciia rAspPecA

Do 6n dinh nhiét cua enzyme c6 lién quan dén hiéu qua st dung enzyme
trong quy md cong nghiép. Pic tinh 6n dinh nhiét cua pectinase tai té hop san
Xuat boi P. pastoris X33 duoc thé hién & Hinh 3.42. Trong nghién ciu nay,
nhiét d6 c6 méi quan hé mat thiét dén sy bién thién cua enzyme tai to hop trong
sudt 150 phat khao séat. Khi nhiét d6 ting, hoat tinh cua pectinase tai to hop c6
xu huéng giam dan theo thoi gian. Trong 30 phat dau tién ¢ mac nhiét tir 30-
50°C, hoat tinh cua pectinase duy tri trong khoang 87-94% va enzyme tiép tuc
hoat dong 6n dinh trong 30 phut tiép theo trudc khi hoat tinh giam manh trong
giai doan tir 90-150 phut. Pectinase tai to hop kém bén vai nhiét do trén 50°C,
murc d6 hoat dong cua enzyme duoc ghi nhan tai thoi diém 30 phat ¢ 60°C va
70°C lan luot 12: 77% va 58% va co su bién dong dang ké & 70°C sau 60 pht,
khi hoat tinh chi con lai 35%. Khoang thai gian tiép theo chiing kién sy thay doi
dang chu ¥ vé muac do hoat dong cua enzyme véi ting mac nhiét thir nghiém,
40°C van la diéu kién duy tri do 6n dinh cua enzyme tai to hop tét nhat
(13.622+0.082 U/mL), hoat tinh ctia enzyme dugc ghi nhan giam 6% (giai doan
60-90 phat) va 9-12 % (giai doan 90-150 phut). Trong khi d6, hai muc nhiét do
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30°C va 50°C c6 su bién dong twong dbi gidng nhau; & giai doan 60-90 phut,
enzyme cua ca hai diéu kién nay déu giam dot ngot, hoat do con lai dugc ghi
nhan khoang 60-66% so v&i ban dau, qué trinh ndy tiép tuc dién ra cho dén khi
hoat @6 enzyme chi con lai 46% va 34% vao Iic 150 phdat. Su suy giam hoat tinh
manh mé& nhat dugc quan sét sau thoi diém 90 phdt, cu thé hon, enzyme duoc o
trong nhiét do 60°C chi con lai 33% gia tri hoat @6 (120 phut) va hoat tinh
enzyme mat hoan toan Ic 150 pht théng qua phan ung duong khir véi su tham
gia cua thudc thir DNS. Ngoai ra, hoat do pectinase tai to hop cua nghiém thic
70°C da giam 3 lan vao lac 90 phut, trude khi khong con duoc ghi nhan gia tri
hoat d6 nao tai thoi diém 120 phat. Nhu vay, mac nhiét 40°C 1a nhiét do tdi wu
va ciing 1a diéu kién 1y tuong dam bao cho sy on dinh hoat dong cua pectinase

tai t6 hop duoc san xuat bai P. pastoris X33,
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Hinh 3.42. Nhiét do toi uvu va d6 bén nhiét do cua rAspPecA.

Hoat tinh enzyme téi wu & 40°C twong ddi phu hop véi hoat dong tdi wu
cua polygalacturonase, hoat dong téi vu & 40°C. Nhiing phét hién tuong tu cling
dugc bao cdo véi gen PNL-ZJ5A da duoc biéu hién thanh cong & P. pastoris.
PNL-ZJ5A thé hién hoat dong tbi uu & 43°C va hoat dong trong khoang nhiét do
25-50°C, véi kha ning chiu nhiét nhu vay PNL-ZJ5A thich hop dé 1am trong

nudc ép trai cay [177]. Nhiét do tdi wu cta enzyme tai t6 hop endo-PgaA 1a
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50°C. D6 6n dinh nhiét cua endo-PgaA téi to hop duoc do bang cach t enzyme &
35-70°C trong cac khoang thoi gian khac nhau, sau d6 hoat tinh con lai dugc do
& 40°C va 46 pH 5,0. Endo-PgaA téi té hop giir lai hon 50% hoat tinh cua nd
sau khi u trong 60 phat, nhung mit hoat dong sau khi o & 70°C trong 2 gio
[185]. Hoat tinh cua rePgaA trong P. pastoris tang 1én khi nhiét do tang, dat toi
da & 50°C va sau d6 giam nhanh theo nhiét do, diéu nay cho thay rePgaA 1a mot
enzyme wa nhiét trung binh. rePgaA khong chiu duoc nhiét d¢6 va mat hoat tinh
& nhiét do trén 50°C. Nhiét d¢ toi wu ctia PGA va rePGA lan luot 13 45 va 60°C
[113].

Nhom tac gia Anand va cs (2017) da khao sat hoat tinh pectinase tir A.
niger trong khoang nhiét do tir 10-100°C. Két qua cho thay hoat tinh enzyme &
50°C dat cao nhat [36]. Theo Dogan va Tari (2008) [55], Thakur va cs (2010)
[171] nhiét @6 tdi wu cho mdt s chang nam sinh pectinase 1a 40-60°C. Gen
endoPG biéu hién trong P. pastoris hoat dong 6n dinh & nhiét d6 tir 40 -70°C va
t61 wu & 50°C. Hoat d6 enzyme con lai hon 60% & nhiét d6 40 °C trong 180 phut.
Tuy nhién enzyme nhanh chéng giam hoat do khi ting nhiét do Ién tir 60-70°C.
O 70°C hoat tinh con lai cia EndoPG khoang 70% [32].

Pectinase tir ching Aspergillus niger F702 thé hién hoat dong téi vu & nhiét
d6 65°C [60], con gen PNLZJ5B tai t6 hop thé hién hoat dong on dinh tét ¢ nhiét
d6 58°C [112]. Pa sb enzyme bi mit hoat tinh ¢ nhiét d6 trén 70°C. Phan 16n
enzyme hoat ¢ong manh nhat & nhiét do 40-50°C.

Nhiét do phan ¢ng anh huéng manh mé dén hoat tinh x(c tac cua enzyme,
mdi enzyme c6 mot khoang nhiét do phan ung thich hop. Trong giéi han nhiét
d6 chua lam bién tinh enzyme, hoat tinh enzyme ting khi nhiét do tang. Tuy
nhién, khi nhiét do tang qua gidi han thi hoat tinh cua enzyme lai giam. Nguyén
nhan c6 thé do khi nhiét do ting cao da lam dut gdy mot sé lién két yéu trong
phan tir protein enzyme, lam thay d6i cau tric ciia phan tir nay, dac biét 1a cau

trdc trung tdm hoat dong cua enzyme, tir d6 anh huong téi hoat tinh xdc tac cua
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enzyme. Su giam hoat dong & nhiét do thap c6 thé 1a do khéng du ning luong
[74, 146].
3.2.11.2. pH téi wu va dp bén pH ciia rAspPecA

Do pH cia moi truong 1én men dong mot vai trd quan trong trong qua
trinh san xuit enzyme. M&i enzyme hoat dong manh & mot khoang pH nhat
dinh. pH anh huong rat rd rét dén phan tng enzyme vi anh huong dén mac do
ion hoa co chit va do bén caa enzyme. Bé xac dinh anh hudng ctua pH dén d6 6n
dinh cua pectinase tai té6 hop, chiing t6i tién hanh khao séat dich enzyme ngoai
bao trong cac diéu kién pH khac nhau. Két qua khao sat anh huéng caa pH dén
d6 6n dinh cua enzyme pectinase tai to hop duoc thé hién & Hinh 3.43. Muc do
anh huong cua pH dén hoat tinh enzyme thé hién ngay trong 1 gio dau tién thuc
hién thi nghiém, pH 8,0 14 nghiém thirc ¢ hoat d6 enzyme giam manh nhat, chi
con lai 45%; pH 4,0 va pH 7,0 duy tri hoat d6 enzyme & mac ngang nhau lan
luot 12 55% va 64%; tiép dén la pH 5,0 dat 72%, trong khi tai pH 6,0 duy tri
hoat tinh khoang 89% so vé&i ban dau (14.8577+1.041 U/mL). Nhin chung, trong
ba gio tiép theo, tat ca cac nghiém thic déu 1am giam hoat tinh cua pecinase tai
t6 hop, pH 8,0 1am mat hoat tinh caa enzyme nhanh nhat khi chi con lai 4% hoat
tinh vao ldc ba gio, pH 6,0 van 1a diéu kién gitr lai hoat tinh enzyme tai to hop
t6t nhat dat > 50% hoat tinh, d6 bén cua enzyme u trong pH 4,0 va pH 7,0 tai
thoi diém nay dao dong tir 12-16%. Sau 5 gio thuc hién khao sat, ching to
pectinase tai to hop tir A. niger M13 c6 thé duy tri hoat tinh > 50% trong mot gid
& ca diéu kién acid va kiém, wu diém nay gop phan mé rong kha nang tng dung
pectinase tai to hop trong viéc xt 1y da dang cac loai thuc pham c6 thanh phan

vé chira pectin trong thoi gian ngan.
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Hinh 3.43. pH tbi wu va d6 bén pH cua rAspPecA.

Cac két qua nghién ctiu cia céc tac gia khac vé dac diém pectinase tai to
hop ghi nhan hau hét & pH dao dong tir 4,0 dén 6,5. Gen endo-galacturonase A
(pgaA) duoc biéu hién trong P. pastoris GS115 thé hién hoat dong cao ¢ pH tir
4,0-6,0 va toi wu & pH 5,0. RePgaA rat 6n dinh & pH 5,0-9,0. Hon 80% hoat tinh
duoc gitr lai sau khi xt Iy enzyme bing cach u trudc trong khoang pH tir 5,0-9,0
trong mot gio & 25°C [113]. Gen endo-polygalacturonase (endo-pgaA) biéu hién
trong P. pastoris thé hién hoat dong ¢ céc gia tri pH khac nhau. D6 pH tdi vu
cua end-pgaA tai to hop la & pH 5,0; end-pgaA 6n dinh tét trong pham vi pH
3,0-6,0 trong céac thoi gian khac nhau va hoat @6 enzyme con lai hon 65%, khi
pH tang tir 7,0-9,0 thi hoat tinh con lai caa enzyme tai té hop giam con dudi
20% [185]. Gen pectin lyase PNL-ZJ5A biéu hién trong P. pastoris thé hién hoat
dong t6i wvu pH 5,0 va 6n dinh trong khoang pH 3,0-7,0. Hon 70% hoat tinh
enzyme duoc gitr lai sau khi i enzyme trong pham vi pH 3,0-6,0 trong mét gio ¢
37°C. Nhiing dic tinh ndy mang lai nhitng loi thé khac biét trong qué trinh xir ly
nudc ép trai ciy co tinh acid nhu nude tdo (pH 3,9). PNL-ZJ5A c6 thé duoc su
dung truc tiép trong san xuat nudc tdo ma khong can diéu chinh do pH [177].

Do pH tdi uu cho gen endo-polygalacturonase (endoPG) biéu hién trong P.
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pastoris 12 pH 5,0. Thi nghiém do 6n dinh pH cho thay hon 80% hoat dong cua
enzyme duoc gitr lai sau khi u & pH 2,0 dén 6,0 trong 24 gio. Hoat tinh enzyme
giam rd rét & pH 7,0 dén 9,0 [32].

Anand va cs (2017) da nghién cttu san xuat, tinh ché va xac dinh dic tinh
hoa sinh cua exo-polygalacturonase tir A. niger MTCC 478. Nhom tac gia da
khao sat hoat tinh enzyme trong khoang pH tir 1,0-12 véi bude nhay 1,0. Két
qua cho thy hoat tinh enzyme ¢ pH 4,0 1a cao nhat [36]. Két qua nghién ctu
trén ciing twong dong vai Dogan va Tari (2008) [55], Kant va cs (2013) [84].

Famotemi va cs (2021) da tinh sach va xac dinh dac tinh cia pectinase tur
chang Aspergillus niger F7-02. Két qua cho thy nhiét d6 va pH téi wu cta hoat
dong pectinase tai to hop lan luot 1a 65°C va 4,0 & pH 4,0 tao ra do tinh khiét 1&n
t6i 9,22. Pectinase 6n dinh ¢ pH 3,0-6,0 [60]. Gen pectin methylesterase (PME-
ZJ5A) tir Aspergillus niger ZJ5 duoc biéu hién trong P. pastoris hoat dong téi
wu & pH 3,8 va nhiét do 45°C [182].

Ngoai ra, gen pectinase PNLZJ5B biéu hién trong P. pastoris hoat dong tdi
wu va do 6n dinh tot & 58°C va pH 4,5 [112]. Trong nghién ciu caa ching toi,
rAspPecA tir A. niger M13 biéu hién trong P. pastoris X33 c¢6 pH téi uu 6,0

chting té enzyme tai té hop bén ¢ pH trung tinh.
3.2.11.3. Anh hwéng cia ion kim logi va EDTA dén d¢ bén ciia rAspPecA

Sy c6 mit caa ion kim loai va EDTA di anh hudng dén enzyme theo
nhiéu co ché khac nhau, n6 ¢ thé lam ting hay giam kha ning xiic tac cua
enzyme. lon kim loai thuong anh hudng dén hoat tinh ciia enzyme néi chung,
néu khdng tham gia vao viéc hinh thanh cau triic cua enzyme thi anh hudng dén
hoat tinh enzyme & mirc d6 giir viing cau hinh khong gian hay lam ting téc do
phan tng thdng qua viéc tao phuc véi co chat hoic tham gia 1am cau ni két hop
co chat véi trung tam hoat tinh cua enzyme. Ngoai ra cac ion kim loai dong vai
trd quan trong trong viéc dinh hinh cau tric khéng gian cta phan tir enzyme

hodc trong mot vai truong hop nd 1a nhan té can thiét trong trung tm hoat dong
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cua enzyme. Do do6 ion kim loai ¢6 anh huong 16n téi kha nang hoat dong cua
enzyme. Chinh vi vay viéc xac dinh anh hudng ion kim loai la mot trong nhirng

co s& dinh hudng san xuat enzyme &ng dung trong cac linh vuc khéac nhau.

Khao st anh huong caa céc ion kim loai 18n hoat tinh pectinase cho thay
EDTA c6 tac dung tic ché hoat dong cua pectinase tai to hop, hoat d6 thu duoc
sau khi xu 1y con lai dudi 40%. Mn®* giam nhe hoat tinh pectinase tai t6 hop,
hoat d6 con lai 90% so v&i d6i chung. Mot s ion kim loai khac nhu Co®*, Fe®,
CI" thi &tc ché mot phan hoat tinh enzyme. Muc do anh huéng cia céac ion kim
loai d6i véi pectinase 1a khac nhau. Di voi cac ion Mn*, Mg va Cu** gan nhu
khong 1am thay di hoat tinh enzyme. Co*, CI', I" va Fe®* 1am hoat tinh enzyme
giam khoang 2/3 so véi dbi chung (Hinh 3.44). Trong két qua nghién ctu cua
ching tdi thi EDTA dugc coi 1a chat tc ché hoat dong cua pectinase tai té hop.
Két qua nay twong ddng véi nghién ciu cia Ametefe va cs (2021) cho thay
trong s6 céc ion kim loai dwoc nghién ciu, Na* va Mg®* cho hoat tinh cao hon
voi muce ting khoang 3,08 va 2,22% so v6i EDTA. lon Na* cho hoat tinh cao
nhat khoang 0,61 mg/mL, EDTA thé hién tac dung tc ché. Khi tiép tuc t6i uu
hoa nong do6 Na*, nong do ion thap (10 mM) cé hoat tinh cao hon khoang 0,61
mg/mL [34]. Trong két qua nghién cu caa Abdulrachman va cs (2017) thi
EDTA khong anh huong dang ké dén hoat dong cua gen endoPG trong P.
pastoris. Trong sé cac ion kim loai khao sat thi Cu** va Fe?* di kich thich hoat
dong cua EndoPG, hoat do dat 112,70% va 112,03% so véi ddi chiing. Nguoc
lai, Mn**, Na* va Zn®* lai tc ché enzyme. K, Li*, Mg** va EDTA duoc phét
hién 1a khdng c6 anh hudng dang ké dén hoat dong cua enzyme, hoat do con lai
98,39% [32].
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Hinh 3.44. Anh huéng cua ion kim loai va EDTA dén d6 bén caa rAspPecA
Két qua nghién ctu cia Anand va cs (2017), ion Cu** dugc xem la chat
hoat hoa ddi vai endo polygalacturonase tir naim maéc A. fumigatus [36]. Nghién
ctru ctia Zhou va cs (2015) cho thay hoat d6 endo-PgaA téi to hop khi xt Iy véi
cac ion kim loai khac nhau la khac nhau. Hoat 6 cta endo-PgaA duogc tang
cuong boi Ca?*, Cu®, Mg®*, Na*, Zn**, K*, Fe?* va Li* va bi uc ché boi Pb*,

Mn?*, Co®*, Ni** va Ba®* [185].
3.2.12. bong hoc cua rAspPecA

Duwa vao san pham tao thanh cua phan tng giita enzyme véi co chét & cac
nong do khac nhau chung t6i da xay dung do thi phu thudc cua toc d6 phan ung
vao ndng d6 co chat theo phuong phap cua Linewever-Burk (Hinh 3.45) va cac
thong s6 dong hoc K, Vimax duoc xac dinh. Két qua cho thiy, phuong trinh phy
thuoc gitra tbe d6 phan ung véi nong do co chat di tuan theo ham y=0,0622x +
47,395 véi R*=0,9849.
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Hinh 3.45. Bong hoc ctua rAspPecA.

Gia tri K, cang bé thi &i luc cia enzyme véi co chéat cang [on va nguoc
lai. Trong nghién ctu cua chdng toi, khi st dung pectin 1am co chat thi gia tri
Km Va Vax trong thi nghiém nay da duoc tinh twong ung la K,=0,001 pmol/mL
Va Vinax=0,021 umol/phdt.

Theo mét s6 nghién ctu, pectinase tai to hop tir A. niger co gia tri K,=2,3
mg/mL [36] hay K,=2,4 mg/mL [136]. K., V& Vs Cla rePgaA doi véi pectin
cam quyt lan luot 12 3,20 mg/ mL va 40,97 pmol/mL/phit [113]. Két qua nghién
ctru ciia Zhou va cs (2015) da chi ra rang cac gia tri Ky, va Vi ciia endo-PgaA
dbi véi cac ndng do khac nhau cua pectin lam co chét lan luot 12 K,,=88,54
umol/mL va V.,=175,44 umol/mg/phut [185]. Gia tri K, va V. cua
PNLZJ5B biéu hién trong P.pastoris lan luot 1a 0,81 mg/mL va 372,8
umol/mg/pht [112]. Nhin chung, gié tri Ky, VA Ve Cia Cac enzyme tai to hop
la khac nhau.

Ngoai ra, mot sd nghién ctu vé pectinase thu nhan tir cac chung vi sinh
vat khac nhau thi gia tri K, trong khoang 0,1-0,5 [49, 117]. Ametefe va cs
(2021) cho thdy phuong trinh cua biéu dd LineweaverBurk thu duoc Ia
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y=0,0824x + 0,2276 v4i R? 12 0,9685; Vmax thu duoc la 4,39 U/mL [34].

3.3. THU NGHIEM rAspPecA TRONG CHE BIEN NUGC TRAI CAY VA
KHA NANG BOC VO TIEU
3.3.1. Anh hwéng cia nong dd rAspPecA dén qué trinh 1am trong nwéc ép
tao

Sau khi thu nhan rAspPecA, ching tdi tién hanh khao sat kha niang 1am trong
dich nudc ép tdo & cac ndng do 600-3.000 U/L. Hiéu suat lam trong nudc ép téo

duoc xac dinh bang phan tram do truyén qua sau thoi gian u bon gio.
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Hinh 3.46. Anh hudng ctua rAspPecA dén do trong cta nudc ép tao

Két qua ¢ Hinh 3.46 cho thiy khi ting nong d6 enzyme tir 600 1én 2.400
U/L thi d6 truyén qua ciing ting (twong tng 6% dén >29%). Tuy nhién, & ndng
d6 3.000 U/L, phan tram d6 truyén lai giam. Do thanh té bao cua tao c6 nhiéu
pectin, pectinase s& tin cong lam gay cac lién két nhu lién két ester gitta phenol
va polymer trén thanh té bao do d6 1am ting dich qua thoat ra moi truong bén
ngoai. Khi ting ndng d6 enzyme 1én thi sy pha hay thanh té bao ciing tang do d6
dich qua thu duoc ciing ting 1én dang ké. Trong nghién ctu vé tng dung
pectinase trong san xuat nudc qua thanh long, nong do enzyme bo sung vao dich

qua chiém 0,15% [28]. C6 thé do ham lugng pectin trong thanh long it, dong
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thdi mé qua tao ciing khac biét hon so véi thanh long nén ndng do enzyme bd
sung vao thap hon so vai ndng do enzyme bd sung vao thit qua tao.

Hiéu qua xu ly pectin bing enzyme di duoc béo c4o trong nghién cau cua
Moharram va cs (2022), pectinase tong hop tir C. parasphaerospermum (10
U/mL) d3 gop phan ting san luong nude to, cam, mo va dao lan luot 12 17, 20,
13 va 24%, ngoai ra d trong va mau sic cia nudc ép tir cli qua cam duoc cai
thién 194 va 339% [122]. Theo bao cao cua Xu va cs (2015), 1 U pectinase tur
gen PNL-ZJ5A lam giam d¢ nhét ciia nudc téo téi 38,8% va ting do truyén qua
lén 86,3%. Cac dac tinh thuan loi cia PNL-ZJ5A cho thay tng dung tiém ning
trong cong nghiép thuc pham, dic biét 1 trong c4c (ng dung ché bién nuéc qua
va chiét xuat mé thuc vat [177].

Két qua nghién ctu caa Phan Thi Hudng va Nguyén Thi Thu Sang (2017)
trén qua mo cho thay, khi luong enzyme cang ting thi dich qua thu duoc ciing
cang ting. Pectinase & nong do 0,2% cho hiéu suat thu hoi dich qua cao nhat
(dat 52,09%), tuy nhién ¢ 0,25% thi hiéu suat thu hoi dich qua hau nhu ting
khong dang ké (tang 0,32% so véi & nong do enzyme 0,2%) [13].

3.3.2. Thir nghiém kha niing boc vo tiéu cia rAspPecA

3.3.2.1. Hiéu sudt bdc vé tiéu

Chdng t6i st dung ba loai tiéu dugc thu thap tir ba dia phuong khac nhau:
Quang Tri, Thtra Thién Hué va Kon Tum dé danh gia kha ning boc vo tiéu cua
rAspPecA. Tiéu duoc sir dung 12 tiéu den c6 16p vo day nén khi ngam trong chat
long thoi gian dai, 16p vo s& truong dan Ién, tré nén long 1éo va tach dan ra khoi
so tiéu. Két qua cho thay hiéu suat boc tach vo tiéu ting & ca mau ddi ching va
mau st dung rAspPecA theo thoi gian. Ba loai tiéu thu tir ba dia phuong khac
nhau c6 sy khac biét vé thoi gian tach vo ¢ mau ddi chung, d6i véi cac mau str
dung pectinase téi t6 hop (1.800 U/L) déu thu dugc hiéu qua tach vo cao sau 96
gio. Trong d6, tiéu Quang Tri va tiéu Thira Thién Hué dat hiéu suat lan luot 1a
96% va 94,80% sau 120 gio i (Hinh 3.47 va 3.48). rAspPecA da tach vo tidu
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Kom Tum vd&i hiéu qua gan nhu tuyét d6i dat 98,6% chi sau 96 gid ¢ mau (Hinh
3.49). Tuy nhién, khi ting thoi gian & mau 1én 120 gid hiéu suat chi dat 94,2%.
Su khac biét ndy cd thé 1a do su khong dong déu vé chit luong tiéu ciing nhu

tinh 6n dinh cia enzyme khi @ trong mét thoi gian dai.
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Hinh 3.49. Hiéu suat bdc vo tieu Kon Tum bang rAspPecA.

Két qua nghién ctu caa ching toi da cho thay trién vong cua viéc st dung
ché pham pectinase tai t6 hop dé nang cao hiéu qua trong qua trinh san xuat tiéu
s0. So véi két qua nghién ctu ciia Tran Ngoc Hung (2017), sau khi ngdm nudc
24 gio, tiéu den tiép tuc dugc bd sung pectinase véi hoat do 4 U/50 g tiéu, u &
nhiét 46 40°C trong thoi gian 4 gio, hiéu suat boc vo tiéu dat 93,20% sau tong
thoi gian 28 gio xir ly [10], két qua caa ching ti ¢6 hiéu suat béc vo cao hon &
ca ba loai tiéu, trong d6 tiéu tir Kom Tum c6 hiéu suat boc vo dat 98,6% sau 96
gidy 0.
3.3.2.2. Danh gia ham lweng piperine cua tiéu sau qua trinh boc tach ve

Ham lugng chat cay piperine ¢ ¥ nghia quan trong trong viéc danh gia
chét lwgng cua tiéu (¢ tiéu den va tiéu so). Dé biét duoc san pham hat tiéu co dat
yBu cau vé mat ki thuat dé dén tay nguoi tiéu dung ciing nhu xuat khau thi viéc
danh gia ham lugng piperin trong hat tiéu 1a viéc 1am can thiét.

Ham luong piperine trong ti€u dugc xac dinh theo TCVN 9683:2013 [2].
Thoi gian ngdm mau dugc khao sat & 24-120 gio. Mau tiéu sir dung cAspPecA
tai t6 hop dé boc vo c6 ham luong piperine thap hon mau ddi chiing & ca ba mau
tiéu.

Két qua ¢ Hinh 3.50, 3.51 va 3.52 cho thdy, thoi gian t cang lau, ham
lwgng piperine s& cang thap. Khi o 24 gid, ham luong piperine tir tiéu Quang Tri
duoc ghi nhan & mau ddi ching 1a 14,42% trong khi mau sir dung rAspPecA dat
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10,30%. O tiéu Thira Thién Hué va tiéu Kom Tum mau dbi ching la 12%, mau
st dung rAspPecA 1a 8%. Sau d6, ham luong giam dan dén 120 gid chi con lai
8,98% ¢ mau ddi chiing va 6,34% & mau xt Iy boi rAspPecA.
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Hinh 3.52. Ham lugng piperine tir hat tiéu Kon Tum sau bdc vo.

Nhu vay, ¢ ba loai tiéu nghién ctu cua ching t6i déu c¢6 ham luong
piperine tuong duong hodc cao hon cac két qua nghién cau cua cac tac gia gan
day nhu Nguyén Lé Kim Phung va ¢s (2021), ham lugng piperine trong cic mau
hat tiéu xanh va den 1an lugt dao dong tir 5,23 dén 10,0% va 0,77 d&én 5,31%.
Nhu vay, ham luong piperine da giam sau khi thu hoach va dem so ché hat tiéu
xanh thanh tiéu den [20]. Trong nghién ctru cua Tran Ngoc Hung (2017), ham
lugng piperine trong san pham tiéu so thir nghiém dat 6,58% [10].

Theo TCVN 7036:2008 quy dinh k¥ thuat dbi voi hat tiéu den (Piper
nigrum L.) bao gom ca hat tiéu den chua ché bién (hat tiéu den so ché) va hat
tiéu den di ché bién. Trong tiéu chuan nay yéu cau hat tiéu den phai c6 ham
luong piperine khong dugc nho hon 4,0% [1]. Nhu vay, ham lugng piperine cua
tiéu ¢ ca ba dia phuong nghién ctu sau khi xu Iy bang rAspPecA déu dép tng
cao yéu cau TCVN 7036:2008 cua Bo Khoa hoc va Cong nghé Viét Nam [1].
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KET LUAN VA KIEN NGHI
1. KET LUAN

1. B phén 14p duoc 113 chung nim méc ¢ kha ning phan giai pectin tur
c4C Mau vé qua thu dugc ¢ Thira Thién Hué. Ba Iva chon chang A. niger M13
duoc phan 1ap tir vo budi da xanh cho nghién ctu tao dong va biéu hién gen
pectinase.

2. Ba phan 1ap va giai trinh tu thanh cdng cac gen AspPecA, AspPecB va
AspPecC tir A. niger M13 véi kich thudc lan luot 1a 1.237 bp, 1.728 bp va 1.338
bp; cé4c trinh tu gen di dugc dang ky trén GenBank vai cac ma sb twong tng 1a
MT502411, MT502412 va MT502413. Gen cAspPecA tong hop nhan tao di
duogc biéu hién thanh cong trong P. pastoris X33 théng qua vector pPICZaA.
Khéi lugng phan tir cia rAspPecA khoang 42 kDa.

3. rAspPecA c6 kha nang lam trong nudc ép tao va lam tang kha nang boc
Vo tiéu. rAspPecA vai nong do 2.400 U/L da lam giam do duc cua nudc ép téao
29%:; dong thoi véi ndong do 1.800 U/L cho hiéu suat boc vé tidu cao hon 90%
sau 96 gio so véi d6i chiing; ham lugng piperine ¢ ba mau tiéu lan luot 1a:
10,30%; 8% va 8%, thoi gian u hat tiéu cang lau, ham lugng piperine s€ cang
thap.
2. KIEN NGHI

1. Nghién cttu san xuat, thu nhan rAspPecA quy md cdng nghiép nham
nang cao hiéu qua biéu hién gen cAspPecA trong P. pastoris X33 tao nguén
enzyme sach cho cac ing dung.

2. Nghién ctru cac diéu kién tdi wu rAspPecA dé tang hiéu suat thu hdi va

lam trong dich qua.
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Phu luc 1. So' @6 nghién ciru

PHU LUC
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Phu luc 2. Pic diém hinh thai va kha nang phan giai pectin caa mot s chung

nam méc phan lap

Hiéu s6
Ching vorjg
nam ] . phan
STT méc Hinh thai va mau sac khuan lac gla-l
pectin
(mm)
1 M1  Hé soi nAm dang min moc day, toi, trén bé mat khéng 15
c6 giot tiét va khong tiét sac té ra méi truong. Khuan lac
moc dang tron, mau sac thay ddi trong qué trinh sinh
truong va phat trién, tir tring dén vang dam
2 M2  Hé sgi nAm dang min, moc day, & tim c6 cum nam nhd 7
lén, khong c6 giot tiét va khong tiét sic t& ra moi
truong. Khuan lac moc dang tron, mau vang nau, vién
mau trang.
3 M3  Hé sgi nam moc thua dan khi xa tdm, min, tdm mau 4
vang cang xa tdm thi ¢6 mau trang
4 M4  Hé soi nim dang bong, toi, khuan lac téa tron, mau 16
tring nhat dén mau vang cé la.
5 M5  Hé sgi nam dang bong, khuan lac téa tron, mau trang 10
nhat.
6 M6  Hé soi nAm moc rat thwa, khuan lac moc dang tron c6 5
mau trang nhat.
7 M7  Hé soi ndm moc thua, dang min, khuan lac téa tron, 4
mau trang nhung tdm c6 mau vang c6 (a.
8 M8  Hé soi nim dang bong thua, khuan lac toa tron mau 18
tring nhat.
9 M9  Hé soi ndm moc thua, khuan lac toa tron c6 mau den 12
vién trang, tim hoi nhé, co tiét sic t6 mau vang.
10 M10 Hé soi nam dang bong, toi, khuan lac toéa tron c6 mau 17
trang.
11 M1l Hé soi nAm moc min, bing phang, khuan lac toa tron co 6

mau trang cho dén mau den, tAm hoi nho.



12 M12 Hé sgi nim dang bong, khuan lac téa tron c6 mau trang. 4

13 M13  Hé sgi ndm moc day, min, trén bé mit khong co giot tiét 16
va khong tiét sic to ra moi truong. Khuan lac moc dang
tron, mau sic khong thay doi trong qua trinh sinh truéng
va phat trién, c6 mau den, xung quanh c6 vién tring.

14  M14 Hé soi nAm moc bing phang, khuan lac toa tron, mau 4
den, vién trang, co tiét sac td vang.

15 M15 Hé soi nAm moc thua, khuan lac toa tron c6 mau den 5
nhat, vién trang.

16 M16 Hé sgi nAm dang bong, khuan lac téa tron c6 mau trang 5

17 M17 Hé soi nam dang bong, khuan lac toa tron c6 mau vang 5
hoa cau, riéng tam nhd cao mau trang, cang xa tam thi
moc cang thua.

18 M18 Hé soi nAm dang min, khuan lac téa tron c6 mau den 13
vién trang.

19 M19 Hé sgi ndm moc rat thua, khuan lac toéa tron c6 mau 7
trang trong.

20 M20 Hé soi ndim moc day, bang phang, khuan lac téatroncé 4
mau den, vién trang.

21  M21 Hé soi nam moc dang bong, khuan lac toa tron c6 tam 12
day nho cao, mau trang, co tiét sac t6 vang hoa cau.

22  M22 Hé soi nAm moc dang bong thua, khuan lac téa tron co 9
mau trang.

23 M23 Hé soi nam moc day, min, bang phang, khuan lac téa 5
tron c6 mau xanh réu, vién trang.

24  M24 Hé soi ndm moc thua, khuan lac téa tron ¢ mau vang 8
hoa cau, tdm trang, tiét sac t6 da cam.

25 M25 Hé sgi ndm moc thua, khuan lac téa tron c6 tam nhd 5
cao, mau trang duc.

26  M26 Hé soi nam moc thua, khuan lac toa tron co tam nho cao 5
mau trang, xung quanh mau xanh 14, cé tiét sac té cam.

27  M27 Hé soi nAim moc day, min, khuan lac téa tron c6 mau 4
den, vién trang.

28  M28 Heé soi nam moc thwa, khuan lac tron c6 mau trang hoi 5



ngd mau xanh, tam nho cao.

29  M29 Hé soi ndm moc day, khuan lac tron ¢6 mau den. 4

30 M30 Hé soi nam moc day, khuan lac toa tron c6 mau den, 10
tAm mau réu vién tring, cd tiét sic té vang.

31 M3l Hé soi ndm moc thua, khuan lac toa tron co6 mau xanh 6
non, tdm nho rét cao.

32 M32 Hé soi nAm moc min, khuan lac toa tron c6 mau den, 4
tam thua, vién trang.

33  M33 Hé sgi ndam moc min, khuan lac téa tron c6 mau den 5
nhat, nhung tim c6 mau vang nhat, vién tring.

34  M34 Hé soi nam moc day, min, khuan lac téa tron ¢ mau 11
den, vién trang.

35 M35 Hé soi nAm moc rat thua, khuan lac téa tron c6 mau 8
vang hoa cau, tim c6 mau trang, tiét sac to mau do.

36 M36 Hé soi nam moc min, bang phang, khuan lac téa tron co 5
mau den c6 vién trang xung quanh nhung tim c6 mau
réu.

37 M37 Hé soi nam dang bdng, khuan lac téa tron c6 mau cé Ua, 4
tam nho cao.

38 M38 Hé soi ham moc day, min, khuan lac téa tron ¢ mau 5
den nhat, vién trang.

39 M39 Hé sgi nAm moc rat min, khuan lac téa tron c6 mau den 9
xung quanh vién trang, thm mau xanh réu.

40 M40 Hé soi nAm moc thua, khuan lac toa tron mau den c6 5
vién trang.

41 M4l Hé sgi nam moc min, khuan lac toa tron mau xanh réu, 5
khong co giot tiét va tiét sac t6 ra moi truong.

42  M42 Hé soi nAm moc min, rat thua, khuan lac toa tron mau 8
nau, khong cé giot tiét va tiét sac to ra méi truong.

43 M43  Hé soi nAm dang bdng, khuan lac nhé, mau xanh den, co 4
vién tring.

44 MA44  Heé soi nam dang bong, khuan lac nho, mau nau den co 3
vién trang.

45  MA45 Heé soi nam moc day, toi, trén bé mat khdng co giot tiét 20




va khong tiét sac to ra méi trudng. Khuan lac moc dang
tron, phét trién theo kiéu phéng xa manh, hé sgi nam
toi, khong chat, mau sic thay do6i trong qua trinh sinh
truong va phét trién, mau sic thay doi trong qué trinh
sinh tredng va phat trién, tir trang dén vang nhat hoi nga
mau xanh non.

46  M46 Heé sgi nam moc min, day, khuan lac téa tron c6 mau 18
xanh réu, ¢ tiét sic té mau co Ua.

47  MAT7  Hé sgi nam moc min, day, khuan lac téa tron c6 mau 12
xanh réu, khong tiét sic to ra méi truong.

48  M48 Hé soi nam dang bong, thua, khuan lac téa tron c6 mau 5
co ra c0 vién trang.

49  MA49 Hé soi nAm dang béng, khuan lac téa tron ¢ mau nau 8
xanh, tam ho1 nho.

50 M50 Hé soi nAm dang bong thwa, khuan lac téa tron c6 mau 4
xanh la cay nhat.

51  M51 Hé sgi ndm dang min, thua, khuan lac toéa tron, mau 5
xanh den.

52 M52 Hé sgi nam dang min, thua, khuan lac toa tron c6 mau 5
den.

53  M53 Hé soi nam dang bong, moc day, khuan lac téa tron c6 13
mau tring, tim ¢ mau co Ua.

54 M54 Hé sgi nam dang min, thua, khuan lac toéa tron c6 mau 5
tim than.

55 M55 Hé sgi ndm min, moc rat thwa, khuan lac nhé mau xanh 4
réu.

56 M56 Hé sgi nam dang min, moc thwa, khuan lac toa tron, 6
mau vang hoa cau.

57  M57 Hé soi ndm min, khuan lac nho téa tron, mau xam. 5

58 M58 Hé soi nam dang min, thwa, khuan lac ti, téa tron mau 4
xanh den.

59  M59 Hé soi nam dang bong, thua, khuan lac téa tron c6 mau 7
xanh 14 cay nhat.

60 M60 Hé soi nam dang bdng, khuan lac to, téa tron mau den 5



nhat c6 vién trang.

61 M61 Hé soi nam dang bong, khuan lac to, toa trdn mau xam. 4

62 M62 Hé soi nam min, moc day, khuan lac to téa tron, mau 10
nau den c6 vién trang, co tiét sic t vang co la.

63 M63 Hé soi nAm min, téa tron, khuan lac toa tron, c6 mau co 5
Ua c6 vién trang.

64 M64 Hé sgi ndm min, moc day khuan lac téa tron, mau den 5
nhat ¢6 vién trang.

65 M65 Hé soi ndm min, moc day khuan lac téa tron, mau den. 9

66 M66 Hé soi ndm min, khuan lac téa tron, ¢ mau tring tam 4
nho.

67 M67 Hé soi nAm min, khuan lac téa tron c6 mau tring tam 5
[om.

68 M68 Hé soi ndm moc thua, trén bé mit xuét hién nhung giot 16
tiét cing va khong tiét sac t6 ra moi truong. Khuan lac
tron, mau sic thay doéi trong qua trinh sinh truéng va
phét trién, tir tring dén vang.

69 M69 Hé soi nam dang min, khuan lac rat nho, mau nau den. 5

70  M70 Hé soi ndm min, khuan lac khdng tron, mau xam, tam 3
16m mau trang.

71  M71 Hé soi ndm min, moc thua, khuan lac téa tron c6 mau 4
den co vién trang.

72 M72 Hé soi nAm min, moc thua, khuan lac nhd ¢ mau xam. 5

73 M73 Hé soi nam min, moc day, khuan lac to c6 mau vang co 4
Ua va vién trang.

74  M74 Hé soi nam dang bdng, moc rat thua, c6 mau xam cé 4
vién trang.

75  M75 Hé soi ndm dang min, moc rét thua, mau tim than. 3

76 M76 Hé sgi nam min, moc thwa, mau xanh réu cé vién tréng 13
xung quanh.

77  M77 Hé soi nam dang bong, khuan lac téa tron c6 mau xanh 5
réu nhat c6 vién trang.

78  M78 Hé soi nam dang bong, khuan lac téa tron c6 mau xanh 6

réu.



79  M79 Hé soi ndm dang bong, khuan lac téa tron co mau réucé 14
vién trang.

80 MB80 Hé soi nam c6 dang bong, khuan lac toa tron c6 mau co 4
Ua, vién trang.

81 M81 Hé soi nam min, khuan lac nho, mau tring. 5

82 M82 Hé soi nAm min, moc day, khuan lac téa tron c6 mau 7
den, vién trang, co tiét sac td vang.

83  MB83 Hé sgi ndm min, moc thua, mau den. 4

84 MB84 Hé soi nam bang bong, khuan lac téa tron ¢ mau trang 5
nga vang tdm lai c6 mau vang dam.

85 M85 Hé soi nam min, khuan lac nho, khuan lac toa tron co 5
mau trang.

86 M86 Hé sgi nim min, khuan lac nho, mau tring, tdm mau 6
xanh réu.

87 M87 Hé soi nam dang bong, khuan lac to, mau trang xanh, 12
tam nho, tiét sic tb mau da cam.

88 M88 Hé soi nam moc day, khuan lac toa tron c6 mau trang, 2
tam nho cao.

89 M89 Hé soi nAm min, moc day, khuan lac téa tron c6 mau 6
den, vién trang.

90 M90 Hé soi ndm dang bong, toi, khuan lac téa tron c6 mau 3
trang.

91 M91 Hé soi nAm min, moc day, khuan lac téa tron c6 mau 4
nau dat.

92  M92 Hé soi nim dang bdng, moc day, khuan lac toa tron cé 9
mau nau den.

93  M93 Hé sgi nam dang bong, toi mau tring nga. 3

94  M94 Hé sgi nAm min, khuan lac téa tron ¢ mau nau, vién 4
trang.

95 M95 Hé sgi nam min, khuan lac téa tron c6 mau xanh réu 22
tam nhd, co céc giot tiét.

96 M96 Hé soi nam min, moc day, khuan lac téa tron c6 mau 6
nau.

97  M97 Hé sgi nim dang bong, toi, mau nau c tiét Sic to. 4



98 M98 Hé soi nAm min, khuan lac toa tron c6 mau trang c6 cac 6
giot tiét.

99 M99  Hé sgi nam dang bong, toi, mau den ndu cd vién trang. 8

100 M100 Hé soi ndm dang bdng, moc thwra, mau vang cé Ua. 11

101 M101 Hé soi nim dang bong, khuan lac tron, mau den, tim lai 11
cO mau xanh réu.

102 M102 Hé sgi nam dang bong, khuan lac tron, mau xanh réu 4
xung quanh c6 vién trang.

103 M103 Hé soi nam min, moc day, khuan lac tron, mau den. 5

104 M104 Hé soi nAm min, khuan lac toa tron c6 mau xanh réu 12
vién trang, tm nho cao.

105 M105 Hé soi nam dang bong, toi, mau nau den c6 giot tiét. 6

106 M106 Hé soi nam dang béng, moc day, khuan lac téa tron c6 7
mau den nau duc, tiét sac t6 da cam.

107 M107 Hé soi nam min, khuan lac to, mau den. 5

108 M108 Hé sgi nAm min, khuan lac téa tron c6 mau vang cé Ua, 23
c6 Céc giot tiét.

109 M109 Hé sgi nam min, khuan lac toa tron c6 mau réu, c6 cac 10
giot tiét.

110 M110 Hé sgi nAm dang bong, khuan lac téa tron c6 mau trang 5
tam mau vang cé Ga, cO cac giot tiét.

111 M111 Hé soi ham min, khuan lac toéa tron c6 mau trang tim 20
mau vang co Ua, cd cac giot tiét.

112 M112 Hé sgi ndm dang bdng, khuan lac téa tron c6 mau vang 12
co Ga c6 vién trang.

113 M113 Hé soi nam dang min, khuan lac toa tron c6 mau vang 5

co Ua.




Phu luc 3. Nam mdc Aspergillus phan giai pectin trén moi trudng thach dia




Phu luc 4. Mot s6 chiing nam méc Aspergillus phan giai pectin trong 6ng thach nghiéng




Phu luc 5. So tuyén truc tiép cac ching nam mdc Aspergillus trén moi trudng Czapek —

pectin







Phu luc 6. Vong phan giai pectin cia mot sd ching nAm méc Aspergillus phan giai

pectin manh




Phu luc 7. Két qua t6i wu hoa mot sé diéu kién nudi ciy cua cac chung ndm méc
Aspergillus dén kha nang sinh tong hop pectinase
Bang 1PL7. Sinh khdi, vong phan giai pectin va hoat do pectinase cua cac ching nam

méc Aspergillus tuyén chon theo thoi gian

Chiing nam moc Thoi gian SKK DKVPGP Hoat do
nudi cay (mg/mL) (mm) pectinase
(gio) (U/mL)
48 7.4° 35,0° 58,2°
72 9,2° 36,3 126,0
A. oryzae M1 96 8,2" 33,3 98,7
120 8,8° 30,3° 85,8°
144 8,4° 29,3° 24,8°
48 4.4° 24 8° 50,6°
72 4.4° 25,3° 78,3°
A. oryzae M45 96 5,4° 28,5 98,7
120 6,6 30,8° 115,1°
144 3,6° 29,0° 29,9°
24 4,2° 22,7° 19,7°
48 7,8° 32,3° 35,6°
A. niger M13 72 7,3° 30,0° 27,4°
96 4,8° 27.7° 10,3°
120 3,9° 25,0° 9,3°
144 3,1 215" 8,1"

Ghi ch: Céac chir cai khac nhau trén cling mét cét biéu th; su sai khac trung binh mau
0 Y nghia thong ke véi p <0,05 (Duncan’s Test)

Hinh 1PL7. Vong phan giai pectin cua cac chung nim mébc Aspergillus tuyén chon

sau cac thoi gian nudi cay tbi uu



Bang 2PL7. Sinh khdi, vong phan giai pectin va hoat do pectinase cua cac chung nam
méc Aspergillus tuyén chon theo pH mdi truong nudi cay

Chiing nAim  pH mdi truong SKK DKVPGP H‘“*ft do
moc nudi cay (mg/mL) (mm) pectinase
(U/mL)
4.0 1,19 15,38 11,4
45 1,9 18,3 35,2°
5,0 3,1° 20,7° 62,0°
A. oryzae M1 55 3,7 26,5° 77,9°
6,0 7,7° 29,0° 94,8°
6,5 9,4 37,3° 128,5°
7,0 7,2° 31,7° 54,8¢
4,0 1,79 20,3° 7,4
45 2,17 23,0' 46,1°
5,0 5,2° 25,2° 65,0°
A. oryzae M45 55 5,8° 26,3° 84,8°
6,0 6,1° 27,3 101,7°
6,5 7,3 32,8° 117,18
7,0 5,6 29,2° 48,5°
4,0 2,5 18,3¢ 5,6°
45 3,6° 20,5' 7,8
5,0 4,9° 25,7° 10,9
A. niger M13 5,5 6,1° 26,7° 25,7°
6,0 7.4° 27,3 29,8°
6,5 8,2° 33,7° 38,4°
7,0 7,6° 30,3" 32,5°

Ghi cha: Cac chir cai khac nhau trén cling mét cét biéu thi su sai khac trung binh mau

c6 y nghia thong k& véi p <0,05 (Duncan’s Test).

Hinh 2PL7. Vong phan giai pectin ciia cac chung ndm mébc Aspergillus tuyén chon &

gia tri pH moi truong 6,5



Bang 3PL7. Sinh khéi va vong phéan giai pectin cia cac chung nim méc Aspergillus

tuyén chon theo ngudn carbon nudi cay

Chiing nim méc Ngudn carbon SKK (mg/mL) PKVPGP (mm)
Glucose 8,4° 39,7
Maltose 9,0 40,72
Lactose 7,28 257"
Fr 7.4° 21 59
A. oryzae M1 .uctose - ’5C
Tinh bot 14,6 36,8
CMC 55 35,2¢
Ri duong 5,9° 31,3°
Glucose 6,6° 22,89
Maltose 7,6 32,8°
Lactose 4,7" 24 5
Tinh bét 11,6° 36,5°
CMC 3,39 28,3°
Ri duong 6,3" 27,3°
Glucose 57° 26,7¢
Maltose 8,9° 34,82
Lactose 5,20 26,0°
A. niger M13 Fructose 3,6° 18,2"
Tinh bot 7.4 32,3°
CMC 1,5 23,0°
Ri duong 3,9° 24.6°

Ghi chi: Céac chir céi khac nhau trén ciing mét cét biéu thj sw sai khac trung binh mau
6 y nghia thong k& véi p <0,05 (Duncan’s Test).

y
M45
Tinh b, t 7

Hinh 3PL7. VVong phan giai pectin cua dich pectinase tach tir cac ching nim méc
Aspergillus tuyén chon vai ngudn carbon nudi cay tbi wu



Bang 4PL7. Sinh khéi va vong phén giai pectin ctia cac chung nim méc Aspergillus
tuyén chon theo ngudn nitrogen nudi cay

Chiing nim méc Ngudn nitrogen SKK (mg/mL) PKVPGP b(mm)

Gelatine 9,5 29,2¢

Cao nAm men 6,6° 28,1°

Cao thit 5,6° 37,7°

A. oryzae M1 Peptone 6,3 28,2°
Urea 6,4 28,7%

NH;NO; 7,2° 42,7°

(NH,),S0, 6,3 31,5°

Gelatine 12,22 41,82

Cao nam men 7,7° 28,8¢

Cao thit 8,6° 32,8°

A. oryzae M45 Peptone 5,6° 31,2°
Urea 4,0 25,7°

NH,NO; 8,9° 29,7°

(NH,),SO0, 8,8™ 32,8

Gelatine 6,8" 25,2°

Cao nAm men 9,6% 37,3?

Cao thit 7,2° 25,5°

A. niger M13 Peptone 8,4° 27,3°
Urea 8,7c 28,6°

NH,NO, 7,7° 27,5°

(NH,),S0, 9,1° 29, 2°

Ghi cha: Céc chir cai khac nhau trén cling mét cét biéu th; su sai khac trung binh mau
O Y nghia thong ké véi p <0,05 (Duncan’s Test)

Hinh 4PL7. Vong phan giai pectin cia pectinase tach tir cac chung nim méc
Aspergillus tuyén chon vai ngudn nitrogen nudi cay tbi wu



Phu luc 8. Trinh tu cdc gen ma hoa pectinase phan 1ap dugc da dang ky trén

GenBank

LOCUS MT502411 1237 bp DNA linear PLN 10 - MAY¥ 2021
DEFINITION Aspergillus niger isolate M13 pectinase A (PecA) gene, complete
cds.
ACCESSION MT502411
VERSION M T502411.1
KEYWORDS
SOURCE  Aspergillus niger
ORGANISM Aspergillus niger
Eukaryota; Fungi; Dikarya; Ascomycota; Pezizomycotina,;

Eurotiomycet es; Eurotiomycetidae; Eurotiales; Aspergillaceae;
Aspergillus; Aspergillus subgen. Circumdati.
REFERENCE 1 (bases 1 to 1237)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and
Thao,T.T.P.
TITLE Recombi nant expression of pectinase from Aspergillus niger M13 and
application on food processing
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 1237)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and

Thao,T.T.P.
TITLE Direct Submission
JOURNAL Submitted (21 - MAY¥ 2020) Institute of Biotechnology, Hue University,

Provincial Highway 10, Phu Thuong, Phu Vang, Thua Thien Hue 530000,
Vietnam
COMMENT  ##Assembly - Data - START##
Sequencing Technology :: Sanger dideoxy sequencing
##Assembly - Data - END##
FEATURES Location/Qualifiers
source 1..1237
/organism="Aspergillus niger"
/mol_type="genomi ¢ DNA"
lisolate="M13"
/db_xref="taxon: 5061"
gene <1..>1237
/gene="PecA"
MRNA join(<1..207,279..695,773..>1237)
/gene="PecA"
/product="pectinase A"
CDSs join(1..207,279..695,773..1237)
/gene="PecA"
/EC_number=" 3.2.1.15 "


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/nuccore/MT502411.1?from=1&to=1237
https://www.ncbi.nlm.nih.gov/nuccore/MT502411.1?location=1:207,279:695,773:1237
https://www.ncbi.nlm.nih.gov/nuccore/MT502411.1?location=1:207,279:695,773:1237
https://enzyme.expasy.org/EC/3.2.1.15

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

1081

1141

1201
I

/note="pectin hydrolysis enzyme"

/codon_start=1

/product="pectinase A"

/protein_id=" QuUS93876.1"
Jtranslation="MHFLQNAFVAATMGAALAAAAPLEKRSCTFTSASAAKSGKSSCT
TITLDNIEVPAGETLDLTGLKKGTTVIFEGETTFGYKEWKGPLISMSGTDITVKQASG
AKINCDGARWWDGKGSNGGKTKPKFFQAHKLDESSITGLKIYNTPVQGFSILADHLTI
TDVTIDNSAGTSKGHNTDAFDIGQSTYITIDGATVYNQDDCLAINSGEHITFTNGYCD
GGHGLSIGSIGGRSDNTVNDVTISNSKVLNSQNGVRIKTIYGKTGTVENVKFEDITLS
DISKYGIVVEQDYENGSTGTPTNGVKVEDITFKKVTGSVKSSGTDIYILCGSGSCSN
WTWSGVDVTGGKKSSKCKNVPSGASCSD"

atgcatttcc tccagaacgc tttcgtggec gecactatgg gegcetgeget ggeegeegcet

gctcctcttg agaagcegcte ctgeactttc acctcegect ctgctgecaa gtctggcaag
tcetettgea ccaccatcac cctcgacaac atcgaggtce ccgecggtga gactcttgac

ttgactggcc tcaagaaggg tactaccgta cgtcttgcct cgctcectgg agtctettct

caacccttct tggaccgact aattttctcc cctcacaggt catcttcgag ggtgaaacca

ccttcgg  cta caaggaatgg aagggtcccc tgatctccat gtccggtacc gacatcaccg

tcaagcaggc ctccggtgece aaaatcaact gcgacggtge tcgetggtgg gacggcaagg

gtagcaacgg tggcaagacc aagcccaagt tcttccaggce tcacaagcetc gacgagtcca

gcatcaccgg cctgaagatc tacaacaccc ct gtccaggg cttcagcatt ctggctgacc
acctgaccat caccgacgtg accatcgaca actccgecgg tacgagcaag ggccacaaca

ccgatgcctt tgacattggt cagagtacct acatcaccat cgacggtgec accgtctaca

accaggatga ttgcctggcec atcaactcgg gtgaggtatg tatatgtgct gttgcaaa aa
gagccgtcac tgtccaggag ctgcaaaaca tcagagacta actagaacac agcacatcac

tttcaccaac ggttactgtg acggtggcca cggtctctce attggttcca ttggtggeeg

cagcgacaac accgtcaacg acgtgaccat ctccaactcc aaggtgctca actcccagaa

cggtgtccgt atca agacca tctacggcaa gaccggcact gttgagaacg tcaagttcga
ggacatcacc ctgtccgaca tcagcaagta cggtatcgtc gttgagcagg actacgagaa

cggcagccce accggeacge ccaccaacgg tgtcaaggtt gaggacatca ctttcaagaa

ggtcaccggc agcgtcaaga getctggtac tgacatctac atcctgtgeg gttccggeag
ctgctcgaac tggacctgga geggtgttga tgtgactgge ggcaagaaga gcagcaagtg

caagaacgtc ccctcgggceg cttcctgcag cgattaa

Hinh 1PL8. Trinh tu nucleotide ctia gen AspPecA


https://www.ncbi.nlm.nih.gov/protein/2032629990

LOCUS MT502412 1728 bp DNA linear PLN 10
DEFINITION Aspergillus niger isolate M13 pectinase B (PecB) gene, complete
cds.
ACCESSION MT502412
VERSION MT502412.1
KEYWORDS
SOURCE  Aspergillus niger
ORGANISM Aspergillus niger
Eukaryota; Fungi; Dikarya; Ascomycota; Pezizomycotina,;

Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae;
Aspergillus; Aspergillus subgen. Circum dati.
REFERENCE 1 (bases 1to 1728)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and
Thao,T.T.P.
TITLE Recombinant expression of pectinase from Aspergillus niger M13 and
application on food processin g
JOURNAL Unpublished
REFERENCE 2 (bases 1to 1728)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and

Thao,T.T.P.
TITLE Direct Submission
JOURNAL Submitted (21 - MAY¥ 2020) Institute of Biotechnology, Hue Un

Provincial Highway 10, Phu Thuong, Phu Vang, Thua Thien Hue 530000,
Vietnam
COMMENT  ##Assembly - Data - START##
Sequencing Technology :: Sanger dideoxy sequencing
##Assembly - Data - END##
FEATURES Location/Qualifiers
source 1..1728
/organism="Aspergillus niger"
/mol_type="genomic DNA"
fisolate="M13"
/db_xref="taxon: 5061"
gene <1..>1728
/gene="PecB"
MRNA join(<1..297,349..657,714..859,917..1370,1447..>1728)
/gene="PecB"
/product="pectinase B"
CDS join(1..297,349..657,714..859,917..1370,1447..1728)
/gene="PecB"
/EC_number=" 3.2.1.15 "
/note="pectin hydrolysis enzyme"
/codon_start=1
/product="pectinase B"
/protein_id=" QUS93877.1 "

- MA¥ 2021

iversity,

ftranslation="MKRSALLASLLPLALGCDNPETHSCASAFSVSSAAAATFCATFT


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/nuccore/MT502412.1?from=1&to=1728
https://www.ncbi.nlm.nih.gov/nuccore/MT502412.1?location=1:297,349:657,714:859,917:1370,1447:1728
https://www.ncbi.nlm.nih.gov/nuccore/MT502412.1?location=1:297,349:657,714:859,917:1370,1447:1728
https://enzyme.expasy.org/EC/3.2.1.15
https://www.ncbi.nlm.nih.gov/protein/2032629992

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

I

ASTVTATTGVPDVFLTNCDYKTKHLSSACSCLGTSDGSAPASTPAAPAVSSSSKVGKA
PAVAATRTSAIPTTFHTTPIRVPVSTSAAAAVTTQAVVPVQSSVAGNGGTTCTVTEYA
SISSAVASCSNILLSNINAPASSTIDLSGLQTGAAVIFAGETTFGDTYDSDFDPIVIS
GTDVTITGEEGHVINGNGEAYWDGEGSNGGQDKPDHFIVVKDMYNSKIENLNILNYPV
HCFEIEDTEYLTITGLILNNTAGDAANSKSDGDPATHNTDGFDIKQSDFLTLSNTWVH
NQDDEVAVTSGSSIVVDNLYCYGGHGLSIGSIGGKSNNTVNGVTFSNSQVINSENGCR
IKSNADTTGEVYNVRYENITLSGITDYGIDVQQDYENGGATGDPTNGVKIENISFVNV
KGTMSDGKDYYILCGDGSCSNFVFTDVDITGGSDDSCNYPSSGCP"

atgaagcgca gcgegetect tgcctetcte cttectetcg cectggggty cgacaaccct
gagactcact cctgtgecte tgecttctce gtctectetg cggeggecgce taccttctgt

gccaccttca cggcgagceac cgtgactgec acgactggtg tgccggatgt cttcctcacc

aactgcgact acaagaccaa gcatctctcc agtgcctgea gctgectggg cacctetgac
ggatcggctc ccgcttccac cccggetgec ccageagtct ccagcagcag caaagtggtg
agcaccaacc agatgcctca ttacgattct tttactgaac caatgtaggg caaggcacct

gctgttgcag ccaccegeac ctcggegate cctactactt tccacaccac tccaattcgt

gtgcecgtgt ccacctecege tgcggeggct gtgaccacce aggcetgtegt cccggtgeag

agctcegtgg caggcaatgg cggcaccact tgcacggtga ctgagtacge ctcaatctce

tccgecgteg catcctgete caacatccte ctgtccaaca tcaatgeccce tgcatcgage

accattgatc tctcgggect g agactggc gccgecgtea tettcgetgg tgaaaccgta
agccacctcc cctatatcaa ggccaaccac catactaaca gaaagaccaa tagaccttcg
gcgacaccta cgacagcgac ttcgacccca ttgtcatctc cggtaccgat gtgaccatca

ccggtgagga gggacatgtc atcaacggta acggtgaagc ctactggg ac ggcgagggat
ccaacggcgg acaggacaag tgagctccta ccageatccc cttgtcatga atggectcac

taaccttccc taccaggccg gaccacttca tcgtcgtcaa ggacatgtac aactccaaga

tcgagaacct caacatcctg aactaccccg tccactgett cgagattgaa gacaccgagt

acct caccat caccggcctg atcctcaaca acaccgecgg tgatgccgee aacagcaaga
gtgacggcga cccggecacce cacaacaccg acggctttga catcaagcag agcgacttcc

tgaccttgtc caacacctgg gtgcacaacc aggacgactg tgtcgccgtc accagcggta

gctccatcgt cgtcgacaac ctctactgct acggtggcca cggtctctee atcggctcca
tcggcggcaa gagcaacaac accgtcaacg gegtcacctt ctccaattce caggttatta

acagcgagaa cggctgccgce atcaagtcca acgctgatac cactggcgag gttagtcacc
tgccccaaac cataatacac ccatcatcaa aacgtaaaca ctaaccaccg agaaa taatt
attcaggtct acaacgtccg ctacgagaac atcaccctgt ccggcatcac cgactacgge

atcgacgtcc agcaggacta cgagaacggc ggtgccaccg gtgacccgac caacggegte
aagatcgaga acatctcttt cgtcaatgtc aagggtacca tgagcgacgg caaggattac

tacatcctct gcggtgatgg cagetgetce aactttgtct tcactgatgt cgacatcace

gotggtageg atgatagctg caactacccc tcttcgggat geccttaa

Hinh 2PL8. Trinh tu nucleotide cua gen AspPecB



LOCUS MT502413 1340 bp DNA linear PLN 10

DEFINITION Aspergillus niger isolate M13 pectinase C (PecC) gene, complete
cds.

ACCESSION MT502413

VERSION MT502413.1

KEYWORDS

SOURCE  Aspergillus niger

ORGANISM Aspergillus niger

Eukaryota; Fungi; Dikarya; Ascomycota; Pezizomycotina,;

Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae;
Aspergillus; Aspergillus subgen. Circumdati.
REFERENCE 1 (bases 1 to 1340)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and
Thao,T.T.P.
TITLE Recombinant expression of pectinase from Aspergillus niger M13 and
application on food processing
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 1340)
AUTHORS Huy,N.D., Ngoc,L.M.T., Diem,P.T.T., Dung,T.Q., Hung,N.B. and

Thao,T.T.P.
TITLE Direct Submission
JOURNAL Submitted (21 - MAY¥ 2020) Institute of Biotechnology, Hue University,

Prov incial Highway 10, Phu Thuong, Phu Vang, Thua Thien Hue 530000,
Vietnam

COMMENT  ##Assembly - Data - START##
Sequencing Technology :: Sanger dideoxy sequencing
##Assembly - Data - END##

FEATURES Location/Quialifier s

source 1..1340
/organism="Aspergillus niger"

/mol_type="genomic DNA"

fisolate="M13"
/db_xref="taxon: 5061"

gene <1..>1340
/gene="PecC"

MRNA join(<1..267,342..767,826..955,1009..>1340)
/gene="PecC"
/product="pectinase C"

CDS join(1..267,342..767,826..955,1009..1340)
/gene="PecC"
/EC_number=" 3.2.1.15 "
/note="pectin hydrolysis enzyme"

/codon_start=1
/product="pectinase C"
/protein_id=" QuUS93878.1"
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[translation="MVRQLILIGSLLAAVAVHAAPAEPAHPMVTEAPDANLIEKRATT


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/nuccore/MT502413.1?from=1&to=1340
https://www.ncbi.nlm.nih.gov/nuccore/MT502413.1?location=1:267,342:767,826:955,1009:1340
https://www.ncbi.nlm.nih.gov/nuccore/MT502413.1?location=1:267,342:767,826:955,1009:1340
https://enzyme.expasy.org/EC/3.2.1.15
https://www.ncbi.nlm.nih.gov/protein/2032629994
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CTFSGSEGASKASKSKTSCSTIYLSDVAVPSGTTLDLTDLNDGTHVIFQGETTFGYEE
WTGPLVSVSGTDITVEGESGAVLNGDGSRWWDGEGGNGGKTKPKFFYAHDLTSSTIKS
IYVENSPVQVFSIDGSTDLTMTDITVDNTDGDTDDLAANTDGFDIGESTYITITGAEI
YNQDDCVAINSGENIYFSASVCSGGHGLSIGSVGGRDDNTVKNVTFYDVNVLKSQQA
RIKTIYGDTGSVSEVTYHEIAFSDATDYGHIEQNYDDTSKTPTTGVPITDFVLENII
GTCEDDDCTEXACGDGSCSDWTWTGVSVTGGKVSDDCLNVPSGISCDL!

atggtccgtc agcttatctt aatcggtagc ctgctggeag ctgttgetgt gcatgcggea
cctgccgaac cecgeccatee catggttacg gaagcgectg acgecaattt gattgaaaag
cgagcgacaa cttgcacctt ctcgggetcc gaaggtg cat ccaaggccag caagtcgaaa
acttcttgct ccaccattta cctgtccgac gtggecgtec catctggeac cacccttgac
ctcacggacc ttaatgatgg aacccacgta cgttctcgtc ttagctatac cctgttcttc
tacccaagcc cgtcaagggc tccggetgac agatgtacta ggtaatcttc caaggagaaa
ccactttcgg ctatgaggaa tggacagggc ctctcgtgag tgtctctgga acggatatta
ccgtcgaagg ggagageggce geggtgctea atggtgatgg cagecgetgg tgggacggag
agggtggtaa tggcggtaaa acaaagccca agtttttcta cgeccatgac ttgacctctt
ccaccattaa  gagcatctac gttgagaact ctcctgtcca agtgttcagt atcgatggct
ccactgatct caccatgacc gatatcactg tggataacac tgacggtgac accgacgacc
tcgctgctaa tacggatggc tttgacattg gagaaagtac ctatatcacg atcaccggtg
ctgaaattta caaccaagat gactgcgttg ccatca attc gggagaggta tgctcatcct
ggtactgtga ccgagcgggg agacgtgttg ctgaccatce cgtagaatat ttatttcagt
gctagtgtgt gttccggggg tcatggectg tecattggcet cagttggtgg tcgagatgat
aacactgtca aaaatgttac attctatgat gtcaatgttc tcaaatccca gcaaggtaag
gcagacaact tgagagactc ttctggcatt ctctaacgtg ggctttageg atccgtatca
agaccatcta cggcgacact ggctccgtca gegaagtcac ttaccatgag atcgcectttt
cagacgctac tgattacggc attatcattg agcagaacta cgatgacacc tccaagactc
ctactacggg  agtgccgatc acagattttg tgctcgagaa catcatcgga acgtgtgaag
atgatgattg cacagaagta tatattgcct gtggtgatgg cagctgttcg gactggacct
ggaccggcegt gagtgtgace ggcggcaaag tcagtgatga ctgcctcaat gttcectegg
ggattagctg cgatttgtag

Hinh 3PL8. Trinh ty nucleotide cua gen AspPecC



AspPecB INAPASSTIDLSGLQTGAAVIFAGETTFGDTYDSDFDPIVISGTDVTITGEEGHVINGNGEAYWDGEGSNGGQDKPZEGFI
0J188021 INAPASSTIDLSGLQTGAAVIFAGETTFGDTYDSDFDPIVISGTDVTITGEEGHVINGNGEAYWDGEGSNGGQDKPESHTFI
AspPecA IEVPAGETLDLTGLKKGTTVIFEGETTFGYKEWGPLISMSGTDITVKQASGAKINCDGARWWDGKGSNGGKTKRREFQ
AQT01640 IEVPAGETLDLTGLKKGTTVIFEGETTFGYKEVWKGPLISMSGTDITVKQASGAKINCDGARWWDGKGSNGGKTKRREFQ
AspPecC VAVPSGTTLDLTDLNDGTHVIFQGETTFGYEEWGPLVSVSGTDITVEGESGAVLNGDGSRVEBBEGGKTKPKFFY49
0JZ80574 VAVPSGTTLDLTDLNDGTHVIFQGETTFGYEEWGPLVSVSGTDITVEGESGAVLNGDGSRWWDGEGGNGGKTHKRBFFY
s ke kekke ke ke ok ekkk s kkkeks K ok ok ko ebks kK X
AspPecB VVKDMYNSKIENLNILNYPVHCFEIEDTEYLTITGLILNNT AGDAANSKSDGDPATHNTDGFDIKQSDFLTLSNTW\A3BIQ
0J188021 VVKDMYNSKIENLNILNYPVHCFEIEDTEYLTITGLILNNTAGDAANSKSDGDPAAHNTDGFDIKQSDFLTLSNTWVBBIQ
AspPecA - AHKLDESSITGLKIYNTPVQGFSILADHLTITDVTIDNSAGTS-------- KGHNTDAFDIGQSTYITIDGATVYNQ@98
AQT01640 - AHKLDESSITGLKIYNTPVQGFSILADHLTITDVTIDNSAGTS-------- KGHNTDAFDIGQSTYITIDGATVYNQ98
AspPecC - AHDLTSSTIKSIYVENSPVQVFSIDGSTDLTMTDITVDNTDGBF-- DDLAANTDGFDIGESTYITITGAEIYNQ221
0JZ80574 - AHDLTSSTIKSIYVENSPVQVFSIDGSTDLTMTDITVDNTDGBF-- DDLAANTDGFDIGETYITITGAEIYNQ 221
R Rk kK kkk ok ke ok KKK K ke ek
AspPecB DDCVAVTSGSSIVVDNLYCYGGHGLSIGSIGGKSNNTVNGVTFSNSQVINSENGCRIKSNADTTGEVYNVRYENIRISGI
0J188021 DDCVAVTSGSSIVVDNLYCYGGHGLSIGSIGGKSNNTVNERENSQVINSENGCRIKSNADTTGEVYNVRYENITLS&L7
AspPecA DDCLAINSGEHITFTNGYCDGGHGLSIGSIGGRSDNTVNDVTISNSKVLNSQNGVRIKTIYGKTGTVENVKFEDITLSTH
AQT01640 DDCLAINSGEHITFTNGYCDGGHGLSIGSIGGRSDNTVNDVTISNSKVLNSQNGVRIKTIYGKTGTVENVKFEDITRSBI
AspPecC DDCVAINSGENI YFSASVCSGGHGLSIGSVGGRDDNTVKNVTFYDVNVLKSQQAIRIKTIYGDTGSVSEVTYHEIBRBSDA
0JZ80574 DDCVAINSGENIYFSASVCSGGHGLSIGSVGGRDDNTVKNVTFYDVNVLKSQQAIRIKTIYGDTGSVSEVTYHEIARBDA

Fhkeke Kk K K kkhKKREIK KK ke kKo okekes

kkke ok ok ok s okeek
AspPecB TDYGIDVQQDYENGGATGDPTNGVKIENISFVNVKGTM®GKDYYILCGDGSCSNFVFTDVDITGGSBDONYPSSG493
0J188021 TDYGIDVQQDYENGGATGDPTNGVKIENISFVNVKGTM®GKDYYILCGDGSCSNFVFTDVDITGGSBDNYPSS(494
AspPecA SKYGIVVEQDYENGSPTGTPTNGVKVEDITFKKVTGSVBSGTDIYILCGSGESNWTWSGVDVTGGKKSSKCKNWEEG
AQT01640 SKYGIVVEQDYENGSPTGTPTNGVKVEDITFKKVTGSBSGTDIYILCGSGSCSNWTWSGVDVTGGKKSSKCKNS®PEG
AspPecC TDYGIHIEQNYDDTS -- KTPTTGVPITDFVLENIGTCEDDDCTEVYIACGDGSCSDWTWTGVSVTGGKVSDDCLBR&PSG
0JZ80574 TDYGHIEQNYDDTS -- KTPTTGVPTDFVLENIIGTCEDDDCTEVYIACGDGSCSDWTWTGVSVTGGKVSDDCLNS7BSG

©okkk ekekes Kk KK+ ee v e ke © kK KK kK ook okkk * Kk

AspPecB CP --- 495
0J188021 CP --- 496
AspPecA ASCSD 362
AQT01640 ASCSD 362
AspPecC ISCDL 384
0JZ80574 I1SCDL 384

Hinh 4PL8. So sanh trinh ty amino acid suy dién cua 3 gen AspPecA, AspPecB va
AspPecC bang cong cu Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo).
DAu cham thé hién cac vi tri twong dong thap, dau hai chdm thé hién do twong dong

cao va diu sao thé hién do trong dong tuyét dbi.


https://www.ebi.ac.uk/Tools/msa/clustalo/

