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MO PAU

NAm soi Aspergillus oryzae va Aspergillus niger duoc ching nhan 1a an toan
d6i v&i con ngudi boi Cuc quan ly Thuc pham va Dugc pham Hoa Ky (FDA). Hai
loai nAm nay duoc sir dung phd bién trong cdng nghiép san xuét enzyme va axit hitu
co. Gan day, A. oryzae va A. niger ciing duoc danh gia 1a nha may té bao tiém ning
dé san xuat cac san pham trao d6i chat c6 hoat tinh sinh hoc dung trong linh vuc y-
dugc. Tuy nhién, kha nang sinh tong hop va tiét san pham cua céc chang phan l1ap tir
tu nhién thuong thap, kho dap tng duoc nhu cau san xuat & quy md cdng nghiép.
Viéc cai bién cac chiing tu nhién bang ky thuat di truyén cé thé gilp tao ra cac chang
dot bién c6 nang luc sinh tdng hop cac san pham véi hiéu suat cao. Mot s6 gen lién
quan dén sinh tong hop protease, diéu hoa trao doi chat, kiém soét hinh thai té bao va
tiét san pham can duoc hiéu chinh dé tao ra cac chiung ndm c6 dic tinh méi, phu hop
cho biéu hién enzyme/protein tai to6 hop. Muc dich cta luan an 1a nham tao ra hé
théng chuyén gen méi & A. oryzae va A. niger ma khdng str dung gen khang khang
sinh. Hé théng nay s& gilp cai bién cac chung nim ty nhién dé tao ra cac chung nim
tai t6 hop c6 nang suat cao va an toan cho san xuat san pham.
1. Tinh cép thiét caa dé tai

Chi Aspergillus gom hon 180 loai da duoc cong nhan chinh thic, hau hét trong
s6 d6 co kha nang phan giai polysaccharide thuc vat. Nhiéu loai trong chi nAm nay
c6 kha nang tiét mot luong I6n cac enzyme thuy phan vao méi trudong nudi cay; do
d6, ching duoc coi 1a cac nha may té bao quan trong dé san xuét enzyme tai té hop
cuing ngudn va khéac ngudn ¢ quy mé cdng nghiép. Ngoai kha ning tiét enzyme vuot
troi, nam soi Aspergillus con sinh truéng nhanh, dé& nuéi cdy vai chi phi thip. Dic
biét, A. oryzae va A. niger dugc xem la vat chu tiém ning cao cho san xuat c4c san
pham téi t6 hop phuc vu phat trién cdng nghiép sinh hoc.

Tuy nhién, phan I6n cac nghién ctu cai bién di truyén & ndm soi A. oryzae va
A. niger van si dung phuong phap chuyén gen thdng qua té bao tran (protoplast).
Phuong phap chuyén gen nay bao gdm nhiéu budc thuc hién phuc tap, chi phi cao va
két qua thi nghiém thiéu 6n dinh & nhitng 1an 13p lai. Viéc phét trién hé théng chuyén

gen méi vai hiéu suat cao, chi phi thap va an toan & A. oryzae va A. niger sé& 1a nén
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tang wu viét phuc vu san xuit enzyme/protein tai t6 hop c6 tiém ning thuong mai
hoa. Ké tir nam 1998, phuong phap chuyén gen théng qua vi khuan Agrobacterium
tumefaciens da duoc thuc hién thanh cong & nhiéu loai nim soi khéac nhau. Hiéu suat
chuyén gen cta phwong phap nay c6 thé dat dén 97% va tham chi cao hon phuong
phap chuyén gen thong qua té bao tran Ién téi 400 lan & nam Aspergillus awamori.
Tuy nhién, phuwong phap nay méi chi duoc 4p dung mét cach han ché ¢ A. oryzae va
A. niger. bic biét, cdc marker chon loc ding cho chuyén gen ¢ ca A. oryzae va A.
niger mai chi gisi han & mot sb luong nhat dinh do A. oryzae khang voi hau hét cac
loai khang sinh dung cho chuyén gen, con A. niger thudong doi hoi ndng do khang
sinh kha cao dé dam bao chon loc duoc céc thé chuyén gen. Biéu nay khdng nhiing
1am tang chi phi thi nghiém ma con c6 thé gay ra lo ngai vé viéc phat tan cua cac
chung nam mang gen khang khang sinh ra méi truong tu nhién.

Xay dung dugc hé théng chuyén gen véi hiéu suat cao théng qua viéc sir dung
cac marker chon loc 1a gen dinh dudng hay gen “tu than” s€ dam bao sy an toan cua
chang téi t6 hop va 1a nén tang di truyén quan trong phuc vu nghién ciu biéu hién tai
t6 hop dinh huéng ng dung. Hé théng nay c6 thé duoc sir dung dé loai bo di cac gen
khong mong mudn khoi hé gen caa nam, nhu cic ma hoa protease (gdy phéan giai san
pham enzyme/protein tai t6 hop), cac gen sinh tong hop amylase (gay can tro viéc
thu hdi va tinh ché san pham téi to hop), ... Hé thdng chuyén gen phat trién dugc trong
nghién ciru nay ciing sé& 1a cong cu dic lyc giup ting cuong kha niang biéu hién cua
gen ma hoa enzyme tai t6 hop nhu phytase (enzyme thily phan phytate, thudng duoc
bd sung vao thirc dn chan nubi), laccase (tng dung trong xir 1y loai bo thuéc nhuom
c6 trong nudc thai), ...

Tur nhitng ly do néu trén, ching tdi tién hanh thuc hién dé tai: “Nghién ciru
phat trién hé théng chuyén gen méi phuc vu cdi bién di truyén mét sé loai nam sei

thugc chi Aspergillus”.

2. Muc tiéu caa dé tai

- Phat trién dugc hé thong chuyén gen hiéu suit cao thong qua vi khuan

Agrobacterium tumefaciens dya trén co ché tro dudng don va tro dudng kép.
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- Ap dung duogc hé thdng chuyén gen dé cai bién di truyén nim soi A. oryzae va A.
niger thdng qua viéc X0 gen va ting cudng biéu hién gen nham tao ra cac chung

d6t bién 6 dic tinh sinh hoc wu viét.

3. N§i dung nghién ctru

N@i dung 1: Phat trién hé théng chuyén gen méi (tao ching dot bién khuyét
dudng, tao vector, téi wu quy trinh chuyén gen, biéu hién gen chi thi huynh quang).

N@i dung 2: Chitng minh tinh kha thi caa hé théng chuyén gen théng qua vi khuan
Agrobacterium tumefaciens thu dugc trong nghién ctu vai tro, chirc nang gen.

Noi dung 3: Banh gia hiéu qua x0a gen (amyR, laeA, prtT, stuA, veA) sir dung hé
théng chuyén gen thdng qua vi khuan Agrobacterium tumefaciens va danh gia vai tro
ctia cac gen nay dén qua trinh sinh truong, biét hoa té bao, phan giai co chét va tiét
san pham.

Néi dung 4: Xay dung giai phap nham nang cao hiéu suat xéa gen & A. oryzae va
A. niger ma khéng str dung gen khang khang sinh.

N@i dung 5: Ap dung hé thong chuyén gen thu duoc dé ting cuong sy biéu hién

cua gen phyA ma hoa enzyme phytase & cac ching dot bién xoé gen.

4.Y nghia khoa hoc va thuc tién caa dé tai

Nghién cru nay da phat trién thanh cong hé théng chuyén gen mai véi hiéu
suat cao dua trén marker chon loc 12 gen dinh dudng dé phuc vu cai bién di truyén
nam soi A. oryzae va A. niger. Dé tai chimg minh duoc hiéu qua cia hé thdng chuyén
gen mai thdng qua viéc x6a gen va ting cuong biéu hién gen nham tao ra cac ching

nim c6 dic tinh wu viét phuc vu san xuit enzyme va protein tai to hop.

5. Nhirng déng gop moi caa luan an

e Di xiy dung dugc phuong phép t6i vu cho chuyén gen thdng qua vi khuan
Agrobacterium tumefaciens & ndm soi A. oryzae va A. niger dua trén co ché
trg dudng don (trg dudng histidine) va trg dudng kép (trg dudng histidine,

uridine/uracil).
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e Di phat trién duoc giai phap t6i vu dé x6a nhiéu gen & cing mot chung nim
A. oryzae hoac A. niger vdi viéce chi sir dung mot marker chon loc duy nhét 1a
pyrG.

e Di tim ra giai phap méi dé ting cudng hiéu qua x6a gen & A. oryzae va A.
niger bang cach sir dung marker hisB dé x6a gen mong mudn va marker pyrG
dé chan sinh truéng cua cac thé chén ngau nhién.

e Pixdy dyng dugc bo dir liéu vé kiéu hinh va dic diém sinh hoc ctia cac ching
d6t bién x0a gen ma hoa protein diéu hoa (amyR, laeA, prtT, stuA, veA) va mot
s6 chiing ting cudng biéu hién gen ma hod enzyme phytase (phyA) & A. oryzae
va A. niger.
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Chuong 1
TONG QUAN CAC VAN PE NGHIEN CUU

1.1. Giéi thiéu vé chi Aspergillus

Aspergillus 1a mét trong nhirng chi nim 1au doi nhat dugc dit tén boi Pier
Antonio Micheli vao nam 1729 (Hinh 1.1). Khi quan sét c4u trdc sinh bao tir caa chi
nam nay qua kinh hién vi, Micheli da nhé dén mot thiét bi duoc gido si Cong gido La
M4 str dung dé vay nudc thanh goi 13 asperges. Ké tir nim 1926, sau khi Tom va
Church xuit ban sach chuyén khao 16n dau tién vé chi nam nay, Aspergillus di tro
thanh mot trong nhitng nhém nam méc duoc biét dén va duoc nghién ctiu nhiéu nhat.
Sy phd bién cua ching trong méi truong tu nhién, kha niang dé nubi cdy trén moi
truong nhan tao va tam quan trong kinh té ciia mot s6 loai Aspergillus da thu hut
nhiéu nha khoa hoc. Aspergillus phét trién manh dugi dang sinh vat hoai sinh trén
tham thuc vat muc nét, trén cac nguyén liéu da dang nhu phin, mo ngudi va gidy da
co [16].

Aspergi[ [us - ° Tabg:

Hinh 1.1. Hinh anh Aspergillus conidiophore mé ta béi Pier Micheli [45]

1.1.1. Pic diém phan loai

Pic diém xac dinh caa chi Aspergillus 1a cau tric mang bao tur gidng
aspergillum. Pay 1a dic diém hién vi quan trong nhat duoc sir dung trong phan loai
Aspergillus. Trong qué trinh biét hda sgi nam, mot sb té bao phinh to, hinh thanh céac
té bao chan. Nhéanh soi nam phét trién tir t& bao chan goi 1a cudng sinh bao tu
(conidiophore), mao rong ¢ dinh tao thanh maét tui hinh tron, hinh elip hoac hinh que.
Ving giau dinh dudng cua thi 12 mot 1op té bao goi 1a phialide (thé binh), hay

steigmata trong tai liéu cii, tao ra chudi dai cac bao tir goi la conidia (bao tir dinh)
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hoic conidiospore nho qua trinh sinh san vo tinh. Kich thuéc va su sip xép cua cac
conidia cling nhu mau sac caa bao tir 1a dic diém nhan dang quan trong. Vi dy, cac
loai trong nhém A. niger c6 bao tir mau den, nhém A. ochraceus c¢6 mau vang dén
nau, trong khi A. fumigatus, A. nidulans va A. flavus c6 mau xanh 1a cay. Cac dac
diém nubi cay chinh dugc st dung trong viéc xac dinh loai 13 mau sac caa khuan lac,
téc do sinh truong va kha niang chiu nhiét. Aspergillus c6 dic diém hinh thai va sinh
truong khac nhau trén cac ngudn dinh dudng khac nhau. Céc nha phan loai hoc hién
nay thuong nudi cay cac chiung nam trén mot s6 loai moi truong nhat dinh, & mot s6
nhiét do khac nhau dé xac dinh loai [9].

Ngoai conidiophore, cac ciu triic hinh thai khac ciling hitu ich cho viéc xac
dinh, nhan dang nam, bao gom cleistothecia (qua thé sinh san hitu tinh), té bao Hiille
(con goi 1a nursing cells, mot loai té bao dic biét gitp nuéi dudng cleistothecia) va
sclerotia (Mot dang té bao & dang thé nghi). Ca cleistothecia va sclerotia déu la cau
trdc dang dong va thuong cd hinh tron. Cleistothecia dugc hinh thanh & giai doan
sinh san hiru tinh va chtra cac bao tir o tén la ascospore sinh ra trong nang (ascus)
[16].

1.1.2. Pic diém sinh ly sinh hoa

Bao tir Aspergillus 1a thanh phan phé bién cua cac sol khi, tu phat tan theo
khoang céch ngan hoac dai tiy thudc vao diéu kién moi trudong. Aspergillus co thé
phét trién & pham vi nhiét do rong (6-55°C) va ¢ do am tuwong ddi thap. Cac loai
Aspergillus c6 thé sir dung nhiéu loai co chat khac nhau c6 trong mdi truong. Trong
tu nhién, Aspergillus dong vai trd quan trong trong viéc phan giai cac co chat phuc
tap nhu tinh bot, hemicellulose, cellulose, pectin va cac polyme khac. Mot sb loai
Aspergillus c6 kha ning 1am phan huy cac hop chat bén nhu chét béo, dau, chitin va
keratin. Cac loai Aspergillus tiét ra nhiéu loai enzyme dé phan hay co chat phuc tap
thanh cac phan tir nho dé sir dung 1am chat dinh dudng. Vi du, amylase duoc tiét ra
dé phan giai tinh bot, xylanase phan giai xylan, pectinase phan giai pectin cé trong
nguyeén lidu thuc vat. Kha nang tiét ra mot luong 16n enzyme/protein, cac chat chuyén
hoa (axit hitu co, lovastatin, sic td, ...), két hop vai cong nghé 1én men va cac ky

thuat sinh hoc phan tir hién dai da gitip tao ra cac nha may té bao wu viét & A. niger,
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A. oryzae, A. awamori, A. sojae va A. terreus phuc vu san xuat cac san pham c6 gia
tri & quy mo cong nghiép [97].

Tuy nhién, mét s6 loai cua chi Aspergillus & tdc nhan gay hai cho san xuét
ndng nghiép, anh huong dén stc khoe cua con ngudi va vat nudi. Mot sé loai
Aspergillus ¢ kha niang sinh doc t6 (mycotoxin) trén nong san, nhu A. flavus sinh
aflatoxin hay A. westerdijkiae sinh ochratoxin A [82]. Bac biét, A. fumigatus la tac
nhan gay bénh co hoi & nguoi, thuong gay bénh & nhimg ngudi c6 hé mién dich bi

suy yéu [77].

1.1.3. Di truyén hec va hé gen nam

Nam 2005, dit liéu hé gen cua 3 loai Aspergillus di dugc cong bd, gom A.
nidulans, A. oryzae va A. fumigatus. Viéc xuat ban déng thoi 3 cong trinh vé hé gen
cua 3 loai Aspergillus nay trén tap chi danh tiéng Nature vao thang 12 nim 2005 di
khang dinh Aspergillus Ia chi nAm hang dau cho cac nghién ciru vé phan tich hé gen.
Kich thuéc hé gen cua cac loai Aspergillus dugc giai trinh tu nam trong khoang tir
29,3 Mb dbi véi A. fumigatus dén 37,1 Mb ddi vai A. oryzae; trong khi sé lugng gen
du doan thay doi tir khoang 9926 dbi vai A. fumigatus dén khoang 12.071 dbi vai A.
oryzae [89, 109]. Bén nam 2017, 10 trinh ty hé gen méi cua chi Aspergillus da dugc
cong b, cu thé 1a A. luchuensis, A. aculeatus, A. brasiliensis, A. carbonarius, A.
glaucus, A. sydowii, A. tubingensis, A. versicolor, A. wentii va A. zonatus [42]. Nhiing
loai nay dwoc chon chu yéu dé cung cap do bao phu tét hon cho toan b chi, dé bd
sung cho trinh tu hé gen da c6 san ctia A. clavatus, A. fischeri, A. flavus, A. fumigatus,
A. nidulans, A. niger, A. oryzae, va A. terreus, va dé cho phép khai thac di liéu chi
tiét hon cia nhém cong nghiép Nigri (A. luchuensis, A. aculeatus, A. brasiliensis, A.

carbonarius, A. niger, A. tubingensis) [42].

1.1.4. Vai tro wng dung trong cong nghé sinh hec va cdng nghiép

Aspergillus da duoc st dung trong bién ddi gao, dau nanh va cac thyc pham
tir thuc vat khac nham cai thién huong vi va ting kha ning 1én men. Viéc st dung
Aspergillus dé san xuat thyc pham dugc cho 1a bat nguon tir Trung Qudc cach day
khoang 2000 niam. Sau d6, qua trinh 1én men thuc pham tuong tu da duoc tién hanh

& Indonesia, Nhat Ban, Han Quéc va cac khu vuc khac cua chau A. Céc quy trinh 1au
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doi nhit c6 lién quan dén qua trinh 18n men thyc pham truyén thdng, bao gdm miso
(twong lam tir bot dau nanh va gao), shoyu (nudce twong), ruou sake (rugu vang gao),
shochu (rwou manh) va yonezu (gidm gao). Koji la tén tiéng Nhat cua céc loai ngii
cbc 18n men va/hoic dau nanh (Hinh 1.2). Trong koji, nam soi tiét ra nhiéu loai
enzyme va lam bién ddi co chét tir protein thanh peptide va axit amin, va tir tinh bot
thanh dudng don [118].

Hinh 1.2. Hinh thai 3 loai nAm Aspergillus ding trong san xuat cac san pham
lén men truyén théng [118]
Bén trai 1a hinh anh khudn lac Aspergillus oryzae (koji vang; A), Aspergillus
luchuensis (koji den; C) va Aspergillus luchuensis var. kawachii (koji trang; E). Bén
phdi la dau cau tric sinh bao ti cia cac logi nam nay (B, Aspergillus oryzae; D,
Aspergillus luchuensis; F, Aspergillus luchuensis var. kawachii). Thang chia = 20

um.
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Aspergillus c6 hiéu qua kinh té cao, cac thanh vién cua chi nam nay da duoc
khai thac trong nhiéu quy trinh céng nghiép khac nhau. Céc loai Aspergillus dugc sir
dung trong nganh céng nghiép d6 udng, duoc pham va san xuat enzyme. C4c san
pham thuong mai dwgc san xuat tir Aspergillus bao gdom axit citric, gluconic, itaconic
va kojic. Axit citric 1a mot trong nhitng thanh phan thuc pham duoc sir dung rong rai
nhét, chi yéu duoc san xuét bai A. niger. Axit citric ciing duoc sir dung trong cac
nganh coéng nghiép dugc pham va my pham. A. niger ciing d dwoc khai thac trong
san xuat céng nghiép axit gluconic - mét loai axit hitu co duoc ding lam phu gia
trong mot sé ang dung 1am sach kim loai, ciing nhu cho liéu phap diéu tri thiéu hut
canxi va sat. A. terreus duoc sir dung dé san xuat axit itaconic, ding trong san xuat
mot s6 loai polyme tong hop. A. oryzae dugc 1én men dé san xuét axit kojic, tng dung
trong my pham lam tring da [97]. M6t s chat chuyén hda thir cap tir Aspergillus
cling c6 tam quan trong kinh té 16n; trong do6 statin va cac dan xuat cua ching dem
lai lgi nhuan 16n nhat. Nhiing loai thudc giam cholesterol hién nay 1a mét trong nhitng
loai thudc duoc sir dung rong rai. Mot nhém cac nha khoa hoc tai cong ty Merck ¢
Hoa Ky da phat trién statin dau tién dugc phé duyét cho nguoi sir dung, lovastatin,
mot chat chuyén hoa thir cap dugc phan lap tir A. terreus [6]. Do tinh chat an toan
cua A. oryzae va A. niger dé diéu ché thuc pham va d6 udng ciia con ngudi, C4C San
pham mai tir cac loai ndm nay dé dang duoc chap thuan hon cac san pham tir cac sinh
vat khéc. Vai kha ning tiét cao, cac enzyme ngoai bao cua A. oryzae va A. niger c6
thé d& dang duoc khai thac dé san xuét cac enzyme dung trong cac nganh céng nghiép
nhu 1am banh, nudc giai khat va san xuat bia; bo sung vao thirc an cho dong vat; va
dung trong nganh céng nghiép gidy. Aspergillus ciing c6 tiém ning to 16n trong viéc
cung cap cac enzyme méi cd thé duoc sir dung dé chuyén hoa sinh khéi thuc vat thanh

nhién liéu va cac san pham cong nghiép hitu ich khac [13].
1.2. Nam sgi A. oryzae

1.2.1. Pic diém hinh thai

A. oryzae 1a l0ai nAm sogi hiéu khi. Giai doan dau khuan lac c6 mau trang, sau

d6 chuyén sang mau vang-xanh. Hé soi nim bao gdm nhiing soi mong véi kich thuée
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theo chiéu ngang 5-7 um, phan nhanh nhiéu, va c6 vach ngan. A. oryzae hinh thanh
bao tir dinh (hay conidia) nhd qua trinh sinh san vé tinh. Sgi nAm phat trién té bao
chan dé va biét hda thanh soi cudng dai (conidiophore) véi cau tric phdng lén ¢ dau
cudi dang cu hanh goi 1 bong (vescicle). Xung quanh bong chira mét vai 1op té bao
chuy@n biét goi 1a thé binh (phialide). Tir bo cudng ngoai cing, nhitng bao tir dugc
sinh ra dinh vao nhau, nén goi la bao tr dinh. Bao tir cua A. oryzae c6 mau vang luc

hay mau vang hoa cau [90].

Hinh 1.3. Hinh thai nim s¢i A. oryzae RIB40 [150]
Khudn lac A. oryzae RIB40 trén cdc méi triwong CYA (A), MEA (B) sau 7 ngay nudi
cday ¢ 25°C. Hinh dang sclerotia (C), conidiophore va conidia (D-I). Thang chia =

10 um.

1.2.2. Hé gen A. oryzae
Hé gen cua mét sé loai ndm soi thudc chi Aspergillus dung trong cdng nghiép
da duoc nghién ctu tir cudi nhitng nam 1990. Mic du A. sojae da duoc sir dung trong

san xuat cdng nghiép nhu A. oryzae, nhung nghién ciru vé hé gen cua A. sojae con
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han ché. Phan tich trinh tuw EST (Expressed Sequence Tags, chi thi cc trinh tu duoc
biéu hién) duoc hoan thanh vao ndm 2001 vai chung A. oryzae RIB40 (ATCC 42149).
Hé gen day du cua A. oryzae RIB40 chira 8 nhidm sic thé va ty thé (hinh tron) va uéc
tinh kich thudc la 37,6 Mb hay 37.878.829 bp. Hé gen cua A. oryzae chira 12.074
gen, dai hon 7-9Mb (hoac 16n hon 25-30%) so vai A. nidulans va A. fumigatus. Cé
12.084 khung doc ma trong hé gen cua A. oryzae RIB40, cd thé ma cho céc protein
hoac peptide thiét yéu. Cac viing ma hoa chiém 44,02% hé gen [90].

A. oryzae c6 cac gen ma hoa cho sinh tong hop cac chat chuyén hoa. Mot s6
gen & A. oryzae giup ting cuong tiét cac enzyme thay phan khi 1én men long hoic
lén men ran. Vi vay, A. oryzae duoc xem la vi sinh vat hiéu qua dung cho cac qua
trinh 1én men. Ngoai ra, gen ma hoa cho con duong sinh doc t6 aflatoxin khong dugc
biéu hién trong A. oryzae [56]. Do qua trinh thuin hod va chon loc trong 1én men, A.
oryzae da mat hodc giam kha ning san xuit nhiéu chat chuyén hoa thu cap nhu
aflatoxin va axit cyclopiazonic, dong thoi ting chuyén hoa carbohydrate, mot phan 1a
do su nhan ddi ctia gen mé hoa a-amylase. Gan ddy, trinh tu va phan tich so sanh hé
gen cua 82 chung A. oryzae da dugc thuc hién va chia A. oryzae thanh 8 nhanh riéng
biét voi su da dang trong sb luong cac gen tham gia vao qua trinh trao doi chat thi
cap. Ngoai ra, s6 luong ban sao o-amylase thay doi tir 1 dén 4 & cac ching A. oryzae
va cac su kién sao chép gen nay c6 kha niang lién quan dén cac transposon
Tcl/mariner. C6 thé qua trinh chon loc nhan tao nham ting san xuat amylase c6 lién
quan mat thiét toi sy nhan do6i doc 1ap cua gen ma hoa cho o-amylase ¢ A. oryzae
[33].

1.2.3. Sinh thai hoc va y nghia kinh té

A. oryzae c6 xu hudng ua thich méi trudng giau oxy. Nam nay phét trién manh
& 30-40°C va trén mai truong c6 di dd am cho bao tir phét trién. A. oryzae 1a loai
duoc thuan hoa va thuong duoc tim thiy ¢ cac khu vuc phia béc, dic biét 1a ¢ khu
vuc Pong A. Chi Aspergillus c6 mat pho bién trong tu nhién, mac du vay loai A.
oryzae hiém hon do dwoc tao ra tir qué trinh thuan hoa dé sir dung trong 1én men cong

nghiép thuc pham [14].
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A. oryzae duoc sir dung chii yéu trong san xuét céc loai thuc pham nhu nuée
tuwong, ruou sake va giam & Nhat Ban va Trung Qudc [14]. O Chau Au, A. oryzae da
duoc sir dung tir ddu thé ky 20 trong viéc san xuit cac enzyme dé nuéng va pha. Ca
A. oryzae va c4c enzyme cua nd déu dugc chip nhan nhu cac thanh phan cua thuc
pham (FAO/WHO JECFA 1987). A. oryzae cd tiém ning 16n nhat trong san xuat
enzyme cua chi Aspergillus va lodi nim nay dugc st dung rong rai trong linh vuc ky
thuat di truyén va cong nghé sinh hoc nham tao ra cac enzyme cong nghiép co gia tri
kinh té cao [90].

Niam 1894, enzyme amylase san xuat boi A. oryzae lan dau tién duoc bén trén
thi trudong dudi tén goi “Taka-diastase’’. Pay duoc coi 1a moc khoi dau cho cudc cach
mang San Xuat enzyme thuong mai c6 nguon goc tir nam trén toan thé gigi. Cho dén
nay, glucoamylase va a-amylase thu duoc tir A. oryzae chiém gan 20% lugng enzyme
amylase duoc san xuat. Ngoai amylase, A. oryzae con duoc coi nhu mot nha may san
xuat nhiéu loai enzyme thuy phan c6 gia tri kinh té cao khac nhu protease, lipase, va
cellulase. Bén canh d6, su phat trién cac hé thong chuyén gen o A. oryzae da gitip san
Xuat s lugng enzyme tir nam soi Vi luong phil hop phuc vu cdng nghiép. Kha ning
A. oryzae biéu hién mic do cao cua cac enzyme tai to hop khac ngudn (heterologous
enzyme), vi du protease aspartic va lipase tir Rhizomucor miehei da dugc chirng minh
boi Christensen (1988) va Huge-Jensen (1989) [36, 62]. Ngay nay, Viéc san Xuat mot
s6 enzyme cOng nghiép téi to hop tir A. oryzae da duoc cap phép. Viéc st dung lipase
Rhizomucor miehei biéu hién bai A. oryzae da duoc chap thuan tai Pan Mach trong
sir dung chat béo va dau an cho ngudi [14]. Tuy nhién, cac nghién ciru co ban vé dic
tinh sinh hoc caa A. oryzae con gap mot s kho khian do loai ndm nay khong c6 qué
trinh sinh san htu tinh, bao ti sinh san vo tinh (conidia) da nhan va kich thudc hé

gen I6n [4].
1.3. Nam sgi A. niger

1.3.1. Pic diém hinh thai
A. niger duoc md ta vao nim 1867 trong mot ban thao co tya dé “Physiologie
des mucédinées” cua nha thuc vat hoc nguoi Phap Philippe Edouard Léon van

Tieghem. Ong d3 phan 1ap loai ndm nay tir cac loai nAm mdc véi muc dich chinh 1a
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nghién ciru san xuat axit gallic bang mot qué trinh 18n men nam. Tir cac ndm méc,
ong da phan 1ap dugc ndm Penicillium glaucum va mot loai Aspergillus voi cac bao
tor trong tu nhu Aspergillus glaucus, nhung c¢6 mau den trén cac moi truong khac
nhau cing véi mot vai dic diém khac dugc dat tén 12 A. niger [45].

A. niger sinh san chi yéu bang bao tir v tinh va hién chua phat hién thay giai
doan sinh san hitu tinh ton tai & loai nAm nay. Khuan lac cua A. niger c6 mau tring
hoac vang, bi che khuit bai mau den cua bao tir sinh san vé tinh moc trén bé mat
(Hinh 1.4). Dudi kinh hién vi c6 thé quan sét thdy soi nam trong suét, ¢ véach ngan,
phan nhanh lién tuc, duong kinh hé soi 2,5 — 8 pm. Cuéng sinh bao tir dai 300 — 400
um, duong kinh 40 — 70 um, khdng mau, mot dau gan vai bong hinh cau c6 mau sim
hon. Bong cau duoc bao phi bai thé binh so cip ¢ mau trong sudt toi ndu, ¢ véach
ngan. Trén tang thé binh so cap l1a thé binh tha cap, dinh bao tir hinh cau c6 gai nhon
v6i duong kinh 3,5 — 5 um. Soi nAm méi phat trién c6 mau tring, sau d6 dugc bao

pht bai bao tir ¢ mau nau hozdc den tao nén mau sac dic trung [94].

Asperqillus niger TL8

CD Cubdng sinh bao tir
_ —

Hinh 1.4. Hinh thai hé s¢i caa ching A. niger TL8 trén méi truong thach va

cudng sinh bao tir dwéi kinh hién vi [1]

1.3.2. Hé gen A. niger

Nam 2007, 1an dau tién hé gen cua loai Aspergillus quan trong nhat trong cong
nghiép duoc giai trinh tu. Hé gen cua chang dugc s dung phd bién trong san xuat
glucoamylase A la CBS 513.88 c6 kich thudc la 33,9 Mb, véi 14.165 gen duoc du
doan 12 ma ho4 cho protein [122]. Di vai chung A. niger CBS 513.88, ¢4 nhiéu gen

duoc 1am giau, bao gdm glucoamylase A, tRNA-synthase va cac yéu t van chuyén
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lién quan dén chuyén hoa axit amin va tong hop protein. Trong khi d6, ching A. niger
ATCC 1015 ding trong san xuat cong nghiép axit citric ¢ sé lugng cao cac gen va

con dudng lién quan dén san xuat axit hitu co [7].

1.3.3. Sinh théi hoc va y nghia kinh té

A. niger c6 thé duoc phan 1ap tir tit ca cac chau luc. A. niger phat trién manh
trong dat va trén cac vat liéu thuc vat trong tu nhién nhung ciing rat phong phd, da
dang trong moéi trudng nhan tao. Loai nAm nay co thé phét trién trong khoang nhiét
d6 tir 6°C dén 47°C, pH tir 1,5 dén 9,8 [77].

A. niger duoc sir dung nhu “nha may té bao dé san xuat enzyme”. Nhiing
enzyme tir lodi nam nay duogc sir dung trong rat nhiéu tng dung khéac nhau, tir loc
nudc ép trai cay, thuy phan lipid trong qua trinh san xuat phd mai va phan hay phytate
trong thirc an chian nuéi [45]. Amylase ¢6 ngudn géc tir A. niger duoc st dung dé
thay phan tinh bt trong san xuat banh mi va bia, va trong viéc loai hd vai. Invertase
dugc su dung trong cac loai banh keo, trong khi pectinase dugc ap dung trong qué
trinh tién xa Iy nudc ép trai cay dé loai bo do duc ciing nhu 1am giam d6 duc trong
ruou vang. Phytase duoc sir dung trong thie dn chan nudi nhu mot chat phy gia dé
giai phong phdt phét khoi nguyén liéu thuc vat. Do A. niger c6 tinh linh hoat va da
dang gitra cac chung, mot sé chung ciing c¢6 thé dugc sir dung dé san xuat enzyme
glucoamylase, mot loai enzyme thiy phéan c6 y nghia trong nganh cong nghiép tinh
bot. Thi truong glycoamylase dong vai tro quan trong cho su thanh cong cua cac cong
ty céng nghé sinh hoc da quéc gia hang dau, bao gom AB Enzymes, Amano Enzyme,
DSM, Genencor, Novozymes va Verenium [31]. Protease tur A. niger duoc st dung
trong ca lam mém thit va dé giam do dan hoi caa protein gluten trong banh mi. Ngoai
ra, A. niger di duoc sir dung trong san xuat mot sb loai axit céng nghiép tir hon 100
nam trudc nhu axit citric va axit gluconic [38].

Mt khac, xét vé mac do an toan, A. niger c6 thé tng dung dé san xuit san
pham an toan cho sirc khoé dugc FDA cong nhan, rat it truong hop cho thay di tng
hodc qua nhay cam véi cac san pham tir A. niger dugc phéat hién. Vao dau nhitng nim
1960, FDA da cong nhan rang a-amylase, cellulase, amyloglucosidase, catalase,

glucose oxidase, lipase va pectinase dugc san xuat tir A. niger c6 thé coi 1a an toan
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(Generally Recognized as Safe, GRAS) néu cac chung khong gay bénh va gy doc.
Nam 1983, Godfrey va Reichelt da khiang dinh B-galactosidase va protease dugc san
Xuit tir A. niger 1a an toan. Carbohydrase va cellulase tir A. niger ciing duoc FDA
chap nhan 1a phu gia thuc pham th cap [132].

Hién nay, ty 18 tAc nhan gay bénh khang thudc ngay cang cao. Do d6, cac chat
chuyén hoa tht cip cua vi nam duoc coi 12 nguén phong phd véi nhiéu hoat tinh sinh
hoc méi. Trong tdm cua mot sé phong thi nghiém trong nhitng ndm qua 14 tao ra cac
chung A. niger 1am chung nén (background strain) dé nghién ctu va san xuat tai to
hop céc san pham tu nhién c6 hoat tinh sinh hoc quy, trong d6 c6 hoat tinh khang vi

sinh vat gay bénh [31].

1.4. Mgt s6 phwong phap chuyén gen phuc vu cai bién di truyén ¢ nim sei
Khong giéng nhu vi khuan va nim men, hiéu qua bién nap & nim soi khong
cao. Cac loai nam thuoc chi Aspergillus c6 thanh té bao day khién cac qué trinh can
thiép vao hé gen nam gap kho khan. Hién nay, mot sé6 phuong phap chuyén gen da
dugc phat trién cho ndm soi va da dugc ap dung thanh cdng cho céc loai nim thudc
chi Aspergillus, bao gom chuyén gen bang xung dién, chuyén gen bang séng xung
kich, chuyén gen qua trung gian té bao tran va chuyén gen théng qua vi khuan

Agrobacterium tumefaciens [84].

1.4.1. Chuyén gen bing xung dién

Chuyén gen bing xung dién 1a mot phuong phap hiéu qua cao dé dua DNA
ngoai lai vao té bao. Phuong phap nay duoc sir dung lan dau tién & A. nidulans. Tai
thoi diém do, nguyén sinh chat duoc str dung 1a cac té bao nhan DNA ngoai lai. Dé
tang hiéu qua va giam thoi gian bang cach loai bo qué trinh chuan bi nguyén sinh
chat, mot s6 nhém nghién ctru da sir dung bao tir nay choi hozc bao tir cia A. oryzae,
A. niger, va A. nidulans. Ngoai ra, mot s6 yéu tb can duogc tdi wu hoa, bao gdbm cudng
d6 dién truong, tinh trang xung dién, ndng d6 DNA va thanh phan dém. Mac du day
la mot phuong phap don gian va thuan tién so vai cac phuong phap chuyén gen khac,
nhung can phai c6 thiét bi do dat tién. Hién nay, chuyén gen bang xung dién hiém khi

dugc cac nha nghién ciru sir dung cho cac nghién cau vé nam [84].
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1.4.2. Chuyén gen biang séng xung kich

Song xung kich (shock wave) la song co hoc sinh ra tir qué trinh giai phong
ning luong dot ngot trong mot khdng gian han ché va dugc sir dung thudng xuyén
trong chinh hinh diéu tri cc bénh co xuong khdp va trong tiét niéu dé lam tan soi
than ma khong can phau thuat. B4i véi cac ting dung y sinh, song xung kich duoc tao
ra bang cach str dung may phat dién thuy luc, ap dién hoic dién tir. M&i song xung
kich bao gdm mét dinh &p suét cao téi 150 MPa voéi thoi gian pha 1a 0,5-3 ps, tiép
theo la xung giam ap 1én dén -20 MPa véi thoi gian pha 1a 2-20 ps. Séng xung kich
c6 thé gay ra su gia ting tinh tham cua mang té bao. Hién tuong nay dwoc goi 1 15
hong &m thanh, 1a su hinh thanh va sup d6 dir doi cua cac hat nhé bén trong chat long
bao quanh cac té bao. Cac hat nho khong khi chta trong huyén phi té bao bi nén bai
dinh 4p suat duong cua mdi song xung kich. Sau khi vuot qua mot 1an séng xung
kich, cac bong bong xuat hién vao khoang vai tram ps, bi v nhanh chéng va phat ra
phan luc téc do cao. Tac dong ndy tao ra céc 16 trong mang té bao cho phép hap thu
cac dai phan tir c6 trong chat long bao quanh té bao. Viéc dua DNA ngoai lai vao té
bao bang song xung kich di dugc thir nghiém thanh cong ¢ E. coli, Pseudomonas
aeruginosa va Salmonella typhimurium. O nam, 4 loai quan trong trong cong nghiép
va ndng nghiép la A. niger, Trichoderma reesei, Phanerochaete chrysosporium,
Fusarium oxysporum ciing da duoc chuyén gen thanh céng véi phuong phéap song
xung kich [91].

Phuong phap song xung kich c6 hiéu qua cao, nhanh chéng va cé thé ap dung
cho mot s6 loai nAm. So véi cac phuong phép phat trién truée d6, phuong phép song
xung kich ¢6 nhiéu vu thé hon, cac thong s vat ly, tic 1a s6 song xung kich, ning
luong va téc do ¢ thé dugc kiém soat mot cach chinh xac. Trong cac phuong phap
da duoc thiét lap, ngudi ta thuong sir dung cac enzyme phan giai thanh té bao dé tao
diéu kién thuan loi cho qué trinh bién nap, nhung trong phuong phap nay khong can
thao tac véi thanh té bao. Viéc st dung hdn hop chtra enzyme dé phan huy thanh té
bao nam c6 thé ¢ van dé. Kha niang song cua té bao thuong bi giam manh sau khi
duogc xir ly véi enzyme va hoat tinh cu thé ctiia cac enzyme phan hay thanh té bao c6

thé khac nhau. Hon nira, ddy 13 mot qua trinh tén nhiéu thoi gian. Nguoc lai, trong
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cac thi nghiém st dung séng xung kich, cac bao tir nguyén ven duoc tiép xtc truc
tiép vai song xung kich va dugc cay vao méi trudng chon loc [91].

Mic du mét luong 16n DNA duoc st dung khi chuyén gen thdng qua séng
xung kich, nhung mét phan Ién DNA nay c6 thé bi hu hong trong qua trinh xi 1y. Do
hién tuong nady, tan sé bién nap trén mdi pg DNA 12 rit thap so véi cac phuong phap
khac. Tuy nhién, néu so sanh sé luong thé chuyén gen thu duoc trén sé luong té bao
duogc st dung, thi tan suat bién nap véi phuwong phap nay van rat cao. O F. oxysporum,
tan suat bién nap cao hon 30 1an so Vi gia tri dugc bao céo véi ATMT. Két qua nay
la mot su cai thién gap 25.000 1an so véi chuyén gen bang cach sir dung PMT. O A.
niger, s6 lugng khuan lac thu dugc cao hon 280 va 5400 lan so véi két qua dugc bao
c4o v6i PMT va ATMT. O T. reesei, hiéu qua chuyén gen cao hon 100 lan so véi
ATMT va 500 1an so véi PMT. Vi P. chrysosporium, tan sé bién nap cao hon khoang
160 dén 280 lan so véi s dung ATMT va PMT [91]. Viéc st dung cac phuong phap
vat 1y dé bién nap bat ky sinh vat nao thuong dan dén dong tich hop cac gen chuyén
thanh nhiéu ban sao tai mot vi tri di truyén duy nhat, diéu nay co thé gay ra sy bat 6n
dinh vé gen va lam bét hoat gen. Do d6, ATMT vén la phuong phap c6 nhiéu vu thé
vi kha ning phuc hoi cac thé chuyén gen véi cac ban sao chép don 1é. Ngoai ra,
phuong phap str dung séng xung kich yéu cau thiét bi chuyén dung la may tao song

xung kich, thuong khéng thich hop cho cac phong thi nghiém vira va nho [91].

1.4.3. Chuyén gen théng qua té bao tran (protoplast-mediated transformation,
PMT)

Trong s cac phuong phap chuyén gen khac nhau, PMT 1a phuong phép duoc
st dung nhiéu nhat d6i voi cac loai nAm néi chung va ddi véi céc loai thuoc chi
Aspergillus noi riéeng. PMT d3 duoc sir dung dé chuyén mot plasmid chiza gen ma
héa cho acetamidase vao A. nidulans [144]. Quy trinh nay sau d6 di duogc cai tién va
ap dung cho mot sé loai thudc chi Aspergillus khac. Sau khi tao té bao tran, dung dich
chura té bao tran dugc tron véi DNA ngoai lai (san pham PCR hozc plasmid) véi nong
d6 PEG cao (40-50%) va CaCl, dé tao ra sy hip thu DNA va tang tinh thim cua

mang. Té bao tran nhay cam véi cac yéu td stress tham thau, vi vay, trong qué trinh
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chuén bi va tai tao, cac chat 6n dinh thAm thdu nhu KCI va sorbitol nén duoc thém
vao dung dich dém va moi truong chon loc [144].

Nhin chung, PMT duoc st dung rong réi trong chuyén gen & nhiéu loai nim
soi Vi phuong phap nay khong doi hoi thiét bi dat tién va quy trinh chuyén gen twong
d6i don gian. Ngoai ra, khong nhat thiét phai sir dung vector dé can thiép di truyén.
Tuy nhién, dé dat dugc thanh cong trong qué trinh bién nap, diéu kién nubi ciy, thanh
phan dém va cac enzyme phan giai thanh té bao can duoc téi wu cho timg loai. Poi
véi mot sé loai nam thudc chi Aspergillus, bao gom A. nidulans, A. oryzae, va A.
fumigatus, quy trinh PMT d3 dugc thiét 1ap kha tot, nhung van can téi vu cac diéu

Kién, dac biét 12 van dé enzyme ly giai dé co hiéu suat bién nap cao nhat [169].

1.4.4. Chuyén gen théng qua vi khuan Agrobacterium tumefaciens
(Agrobacterium tumefaciens-mediated transformation, ATMT)

Vi khuan Agrobacterium tumefaciens

Vi khuan Ag. tumefaciens gay ra sy phat trién khong kiém soat dugc cia mo
thuc vat va gay bénh pha huy cdy. Chi Agrobacterium c6 méi quan hé chit ché véi
chi Rhizobium, ca hai déu thuc ho Rhizobiaceae. Mot s nghién ciru da dé nghi doi
tén Ag. tumefaciens thanh Rhizobium radiobacter. Tuy nhién, viéc nay van con nhiéu
tranh céi va cong dong khoa hoc sir dung loai nay lam cong cu chuyén gen van st
dung tén Ag. tumefaciens [65].

Ag. tumefaciens gay ra khdi u trén thuc vat bang cach chuyén mot phan DNA
ctua né (T-DNA), nam trén mot plasmid gay ra khéi u (Ti) cho vat chii. Cac gen nam
trén T-DNA nay mi hoa cac enzyme tac dong dén viéc san xuat cac chat didu hoa
sinh trudng thyuc vat va sy biéu hién cua cac gen nay dan dén su ting truong khong
kiém soat cuia c4c té bao thuc vat, tao thanh khéi u [99]. Kha ning chuyén DNA cua
Ag. tumefaciens di dugc sir dung rong rai dé chuyén gen & thyuc vat va tng dung trong
nghién ctu va cong nghé sinh hoc thuc vat. Qué trinh chuyén gen thdng qua vi khuan
Ag. tumefaciens cu thé dugc minh hoa trong Hinh 1.5 [114].

Trong 2 thap ky qua, cac vat cha khdng con chi 1a thuc vat. Rat nhiéu sinh vat
nhan thyuc va tham chi sinh vat nhan so ¢ thé chuyén gen théng qua Agrobacterium

trong diéu kién phong thi nghiém. Ké tir khi cdng trinh chuyén gen tién phong trén
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nim soi thanh céng vao nam 1998, mot s6 loai nam soi di dwoc sir dung lam vat cha
cho viéc chuyén gen thong qua Agrobacterium. Cho dén nay, phuong phap nay da

trg thanh céng cu hiéu qua dé thao tac gen & nhiéu loai nam [41].
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Hinh 1.5. Qua trinh chuyén gen théng qua vi khuan Agrobacterium [114]
Cac vector ATMT chiza T-cassette, bao gom ving trinh tir nhédn biét trong Ag.
tumefaciens ¢ 2 dau (LB va RB), cac vi tri da diém cat (MCS) va marker chon loc
(SM). Vector nay sau do duoc dwa vao chung Ag. tumefaciens thich hop. Thong qua
co ché chuyén gen ¢ Ag. tumefaciens, T-cassette cd thé diroc dira vao cdc vt chi nhuwe

nam va thuc vdt.

Cac chiing Ag. tumefaciens dung cho chuyén gen

C6 nhiéu chung Ag. tumefaciens da duoc sir dung dé chuyén gen & nam, bao
gém LBA4404, LBA1100, EHA105, C58C1, GV3101 va AGL1. Trong mét sb
truong hop, cac thé chuyén gen c6 thé thu duoc tir cac chung Ag. tumefaciens khac
nhau, nhung hiéu qua chuyén gen cta cac chiing nay khac nhau dang ké. Vi dy, ching
Ag. tumefaciens EHA105 da duoc ching minh 1a chuyén T-DNA vao Penicillium
marneffei tot hon chung LBA4404 [164]. Khi chuyén gen & Sporothrix schenckii,
chang AGL1 cho hiéu suat chuyén gen cao gip 4 lan so véi chung EHA105 va gap
10 lan so voi chung LBA4404 [165]. Tuy nhién, khi chuyén gen ¢ Talaromyces
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marneffei, sb luong thé chuyén gen thu dugc cao hon gip 3 lan véi EHAL05 so véi
AGL1 khi 4p dung phuong phap ddng nudi cay ran [158]. Cac két qua cho thiy sy
két hop gita ching nim va ching Ag. tumefaciens 1a mot yéu té quan trong dé chuyén
gen thanh cong [159].

Hé théng vector nhj thé

Nam 1983, Hoekema, de Framond va cong su da tao ra mot bude dot pha cho
phép céac phong thi nghiém sir dung Agrobacterium dé chuyén gen. Vung vir va T-
DNA cua Ti-plasmid c6 thé duoc tach ra va nam trén hai replicon, hay con goi 1a hé
théng nhi thé T-DNA. Céc gen mong mudn c6 thé dé dang duoc tich hop vao céc
ving T-DNA nhé trong cac vector nhi thé phi hop. Sau khi xac minh cau tric & E.
coli, vector nhi thé T-DNA c6 thé dé dang duoc chuyén vao Agrobacterium cé chira
vuing trg gidp vir (Hinh 1.5). Ca vector nhj thé T-DNA va céc ching Agrobacterium
c6 chira san plasmid vir helper da trg nén ngay cang phl hop cho cac muc dich chuyén
bict [81].

Uu diém ciia phwong phdp ATMT

ATMT c¢6 nhiéu wu diém vuot troi mic di phuong phap nay xuat hién muon
hon so v&i phuong phap PMT. Khi sit dung ATMT, khong can phai tao té bao tran
bang céach loai bo thanh té bao nam. Cac nguyén liéu ban dau khac nhau nhu nguyén
sinh chat, bao tir, soi nAm va mé thé qua c6 thé duoc st dung cho ATMT [99]. Hon
nira, hiéu qua chuyén gen st dung ATMT thuong cao hon. G A. awamori, hiéu suat
chuyén gen str dung ATMT cao hon t6i 600 lan so véi PEG [41]. Ngoai ra, viéc x6a
bang ATMT thuong dat dugc két qua tét hon véi 97%, trong khi PEG c6 hiéu qua
x0a chi tir 1-50% ¢ Penicillium chrysogenum [40].

Mot ing dung quan trong khac cia ATMT la sy tich hop ngau nhién cua T-
DNA vao hé gen. Sy xuat hién caa ATMT chu yéu thay thé cho su tich hop qua
enzyme gidi han trung gian (REMI) dé gy dot bién chén & nam. C6 thé sir dung
phuong phap gay dot bién chén nho Agrobacterium trong nam dé xac dinh va phan
lap cac dot bién c6 kiéu hinh mong muén va sau d6 1am sang to c4c chirc ning gen
nhu gen laccase (LAC1), gen ma hoa kénh cong dién thé clorua (CLC1) trong viéc

kiém soat dap ung anh sang (BWC?2) [99]. ot bién chén ciing dugc ap dung dé kham
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pha c4c gen tiém ning can thiét dé sang loc cac chung dot bién khéng gay bénh hoic
it doc tinh cua Penicillium digitatum trén qua cé mui [152].

ATMT la mot cong cu quan trong dé x6a gen. Mic du hiéu qua cua xoé& gen
thdng qua Ag. tumefaciens khac nhau rat nhiéu o cac loai nam, nhu 0,04% ddi véi B.
dermatitidis, 29% ddi véi A. awamori, 74% ddi véi Fusarium avenaceum va 84,6%
d6i vé6i F. graminearum. Su dé dang trong thao tac va hiéu suat chuyén gen tuong
d6i cao cua ATMT c6 thé lam cho phuong phap nay trd thanh mot cdng cu hiru ich
trong céc thi nghiém gay dot bién dich [99].

Véi sy san co cua trinh ty hé gen cia nam, sy phat trién cua cac hé théng
promoter cam ung, cAc marker chon loc hoac cach thuc chinh sira gen CRISPR-Cas
da giap ATMT tré thanh mot cong cu manh trong viéc can thiép gen & cac loai nam.
Nhiéu dot pha hon c6 thé dugc phét hién va duoc ap dung trong cdng nghiép, nghién
ctru co ché gay bénh va cac cac dich tac dong gia dinh caa thubc ¢ nhiéu loai ndm
[65].

Tinh hinh nghién cizu chuyén gen ¢ mét sé loai ndm sei si dung phwong
phap ATMT ¢ Viét Nam

Hién nay, phuong phap ATMT da duoc sir dung ¢ Viét Nam trong chuyén gen
& nhiéu loai nam s¢i nhu P. digitatum, P. chrysogenum, P. lilacinum, A. oryzae voi
hiéu suat chuyén gen vuot troi [152, 153]. Bic biét, khi st dung marker chon loc 1a
gen pyrG trong chuyén gen ¢ P. lilacinum, hiéu suat chuyén gen c6 thé dat tdi hon
2800 thé chuyén gen/10° bao tir nam [18]. Déi vai A. oryzae, hiéu qua chuyén gen
dao dong tuy chung, nhung c6 thé dat dugce hon 1000 thé chuyén gen/108 bao tir nam
[106]. Dic biét, ATMT la mot phuong phap phu hop dé x6a gen pyrG & nam sgi A.
oryzae. Trong d6, 100% cac thé chuyén gen khang 5-FOA thu duoc déu 1a chung dot
bién x6a pyrG. So vai viéc gay dot bién ngau nhién, viéc xda toan bo gen pyrG khoi
hé gen A. oryzae bang céch tai t6 hop tuong dong cé thé tao ra cac chung dot bién
khuyét dudng uridine/uracil 6n dinh [106]. Bén canh viéc biéu hién cac gen ma hoa
cho protein phat huynh quang, hé théng chuyén gen dua trén co ché trg dudng
uridine/uracil da cho phép biéu hién thanh cong enzyme laccase tai t6 hop & mot s6

chang A. oryzae [143]. Tuy nhién, sir dung ATMT trong chuyén gen & A. niger van
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con nhiéu han ché véi hiéu qua chuyén gen thap va can ndng d6 cao khang sinh cho

chon loc cé4c thé chuyén gen.

1.5. Marker chen loc duing trong chuyén gen

Chuyén gen thanh cdng & nim doi hoi phai c6 marker chon loc pha hop dé
chon loc céc thé chuyén gen va loai bo céc té bao khong nhan duoc ciu tric can
chuyén. Hién nay, marker chon loc dugc chia thanh 2 nhém chinh 1a gen khang thuéc

va gen dinh dudng.

1.5.1. Marker chen loc 1a gen khang thuéc

Marker thuong duoc sir dung ¢ ca thuc vat va nam la gen hygromycin
phosphotransferase (hph hoac hpt) tir E. coli c6 kha nang khang véi hygromycin B.
Cac trinh tu hph dugc tim thay trong hau hét cac vector nhi thé dé chuyén gen nam
c6 nguon géc tr vector pAN7-1 va bao gom promoter A. nidulans (An)
glyceraldehyde dehydrogenase (gpdA) va terminator anthranilate synthase (trpC).
Gen khang thudc nay di duoc st dung thanh cong véi Ascomycetes, nhung van con
han ché trong Basidiomycetes [52].

Nourseothricin (NTC) 1a mét chat chuyén hoa dugc san xuat boi Streptomyces
noursei. NTC thugc nhom khang sinh streptothricin - aminoglycoside ¢ tac dung tc
ché téng hop protein. NTC N-acetyl transferase (NAT) c6 nguén goc tir S. noursei
lam bat hoat NTC bang céch acetyl hda nhém beta-amino cua du luong beta-lysine.
NAT da duoc sir dung lam marker chon loc cho chuyén gen & nhiéu loai sinh vat bao
gom vi khuan, nam, té bao thuc vat va dong vat c¢é va. O nim soi P. digitatum, hiéu
suit chuyén gen c6 thé dat téi hon 1000 thé chuyén gen cho 10° bao tir ndm khi NAT
duoc lya chon 1am marker chon loc [152]. Bén canh d6, cac gen khang thudc nhu
hygromycin, phleomycin, pyrithiamine da duoc sir dung dé chuyén gen ¢ nhiéu loai
nam soi thugc chi Aspergillus nhu A. fumigatus, A. oryzae, A. nidulans, A. flavus va
A. terreus [151].

Mot loat cac gen khang khang sinh khac nhau duoc st dung dé chon loc gidp
dat duogc cac ki thuat sinh hoc phan tir tién tién hon, chang han nhu gay dot bién ngau
nhién, sau d6 1 bé trg gen va két hop biéu hién qua muc va x6a gen hoic x6a nhiéu

gen. Mic du cac marker 1a gen khang thudc c6 vu diém la khong can phai xac dinh
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day du dic tinh cua vat chu, cac alen khang thudc 1a nguyén nhan din dén sy bién d6i
chang hoang dai thanh khang thudc. Mot nhuogc diém khac 1a nhitng khé khan trong
sang loc vi cac alen khang c6 thé khdng cho thay su khéc biét dang ké so vai cac alen
kiéu hoang dai. Cac hop chét dé chon loc thuong rat tn kém, 1am ting chi phi cho
méi truong chon loc. Ngoai ra, mot sé marker chon loc nhu OliC thuong mang tinh
dac hiéu loai [157].

1.5.2. Marker chon loc 1a gen dinh duéng

Céc gen dinh dudng, dugc dinh nghia 1 cic gen ma hoa mét loai protein can
thiét dé sinh tong hop maot chat dinh dudng thiét yéu, dugc sir dung rong rai dé chon
loc cac thé chuyén gen trong ki thuat di truyén. Cac marker trg dudng hién cé sin
trong viéc chuyén gen & nam. Ngoai ra, cac marker tro dudng nhu URA3 va TRP1 da
duoc st dung thanh céng dé chuyén gen & nim men S. cerevisiae. CAc marker trg
dudng uracil ciing di duoc st dung trong qué trinh chuyén gen thdng qua
Agrobacterium ¢ nam soi [99]. St dung cac marker trg dudng 1a mot trong nhiing
cach pho bién nhat dé chuyén gen trong nam soi, dic biét 1a st dung tinh khang axit
5-fluoroorotic dé tao ra cac chung dot bién khuyét dudng uracil cé thé duoc bo tro
bai gen pyrG (A. nidulans) hoac pyr-4 (N. crass). Mot tinh nang quan trong khac caa
marker pyrG la né cé thé dugc phat trién véi hé thong tai st dung marker, gilp tao
cac chung dot bién xoa da gen. Hon nita, néu c6 thé sir dung nhiéu marker chon loc
trén mot cuing mot vat cha, thi viéc tao ra nhiéu dot bién xoé gen hoic céc chung bd
tro rat thuan tién va hiéu qua [112]. Cac hé thong nay thudng hiéu qua va co gia thanh
thip, nhung yéu cau vé su sin c6 va tao ra cac ching gay kho khan trong viéc chuyén
gen & mot loai méi trong lan dau tién. DI voi A. oryzae, 12 10ai ¢6 kha ning khang
v6i hau hét cac loai khang sinh thong thudng nhu hygromycin B, geneticin (G418),
bleomycin va phleomycin, hé thong marker trg dudng da duoc phat trién [106]. O A.
oryzae, cac marker chon loc nhu pyrG, argB, niaD, va adeA da duoc sir dung cho
chuyén gen. Béi vai A. niger, sé luong marker 1a gen dinh dudng hién bi gidi han ¢
mot sb luong nhét dinh, bao gém pyrG, trpC, amdS, niaD, sC, agaA, argB, nicB,
adeA va hisB [49]. Mic du viéc tai sir dung marker chon loc bing hé thong Cre/loxP

da duoc thiét 1ap cho cac loai nam thuoc chi Aspergillus, nhung hé thong nay thudng
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c6 hiéu suit tai to hop thap (5 - 20%). Cho dén nay, trong tap hop cac marker dinh
dudng co6 san cho A. niger, chi vi tri caa gen (locus) pyrG va agaA la dap tng yéu
cau cho viéc tich hop twong dong hiéu qua cao [49].

Marker pyrG

Gen pyrG ma hoa orotidine-5-monophosphate (OMP) decarboxylase. Pay la
mét loai enzyme cua con duong sinh tong hop pyrimidine, déng vai trd quan trong
d6i vé6i sy tong hop uridine. Axit 5-floorotic (5-FOA) &c ché sy ting sinh té bao ¢
hau hét cac sinh vat bang cach di vao con duong tong hop pyrimidine va dugc chuyén
hoa thanh chéat twong tu pyrimidine 1a fluoroorotidine monophosphate. Kha ning
khang véi 5-FOA c6 thé dat duoc bang cach ngin chin con dudng pyrimidine thong
qua sy bat hoat dot bién orotidine-5-monophosphate (OMP) decarboxylase. G nam
soi, cac thé dot bién khuyét dudng pyrimidine thu dugc thdng qua viéc bat hoat gen
OMP decarboxylase (thuong 1a gen pyrG). O A. niger, ciing nhu & c4c loai nam khéc,
marker chon loc pyrG rat pho bién vi day 1a mot marker dinh dudng c6 thé duoc bd
trg bang uridine hoac uracil. Mot wu diém khac cua marker pyrG so vai cac marker
trg dudng khac 1a n6 cé thé dugc chon loc nguoc va cd thé thu duoc cac dot bién
pyrG bang cach phan lap cac dot bién khang 5-fluoro-orotic. Ngoai ra, chung dot bién
pyrG AB4.1 thudng duoc sir dung trong cai bién di truyén & A. niger va cho hiéu qua
t6t [10]. Dot bién hong gen pyrG khang 5-FOA di duoc bao céo ¢ cac nhiéu loai nim
khac nhau bao gém A. aculeatus, A. niger, Sclerotinia sclerotiorum, va T. reesei. Hau
hét cac thé dot bién gen pyrG duoc phan lap sau khi gay dot bién bang tia cuc tim
(UV) hoic hoa hoc. Cac thé dot bién duoc tao ra theo nhitng cach nay thuong khdng
6n dinh (d& quay lai dang hoang dai) va c6 thé bao gém nhiéu dot bién khéng mong
muébn. Nguoc lai, cac thé dot bién duoc tao ra bang cach xoa gen c6 dinh hudng sé
on dinh. Tuy nhién, viéc gay dot bién gen theo céch nay sé kho hon [10].

pyrG da dugc ching minh 1a marker hiéu qua cho chuyén gen. Marker pyrG
tir loai nam nay c6 thé bo sung cho thé dot bién hong gen pyrG & loai nam khéac. Céc
gen A. nidulans pyrG va N. crassa pyr-4 déu cd thé bo tro cho cac thé dot bién khuyét
duong uridine/uracil ¢ ca A. nidulans va N. crassa pyr-4 [145]. Bén canh do, hiéu

suat dién bién nap co thé 18n tsi 3400 thé dién bién nap/108 conidia hoic 1700 thé
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dién bién nap/ug DNA [145]. Hiéu suat chuyén gen st dung marker pyrG ciing c6
thé dat t6i hon 1000 thé chuyén gen/10° bao tir & nam A. oryzae [106].

Marker hisB

Gen ma hoa imidazole glycerol-phosphate dehydratse (IGPD) caa nAim men S.
cerevisiae (HIS3) la mot marker chon loc thuong dugc st dung cho cac ky thuat phan
tu. Khi gen HIS3 duoc chén vao plasmid tich hop hodc sao chép, HIS3 cho phép chon
nguoc lai cac té bao c6 duge dic tinh nguyén dudng histidine dé ching co thé phat
trién ma khong can bo sung histidine trong moi truong. G mot sé vi khuan y-
proteobacteria, IGPD la mot enzyme c6 hoat tinh hisprisnol phosphatase. Con duong
sinh tong hop histidine cling dd dwoc nghién ciu ¢ Salmonella typhimurium,
Escherichia coli, Corynebacterium glutamicum, A. nidulans va A. fumigatus [49].
Khdng c6 sinh vat ndo trong s céc sinh vat nay bj x6a cac gen ma héa cho IGPD dan
dén cac kiéu hinh khac biét, ngoai trir khuyét dudng histidine. Mot ortholog duy nhat
(An15g00610) cho HIS3 trong hé gen cua A. niger véi d6 twong dong vé trinh tu
protein 1a 57,6%, duoc goi la hisB. Marker hisB da dugc sir dung cho cac nghién ciu
biéu hién gen va xoa gen & A. niger. Ngoai ra, khi sir dung gen bao céo luciferase,
mtrc d6 biéu hién gen khi sir dung marker hisB cao hon so véi sy tich hgp ngau nhién
ma pyrG la marker chon loc. Ngoai ra, viéc sir dung marker hisB tir A. nidulans dé

bd tro vao A. niger khuyét dudng histidine 1a hoan toan kha thi [49].

1.6. Mgt sé protein diéu hoa quan treng & nam se¢i Aspergillus

Cac protein diéu hoa con goi la yéu té diéu hoa (transcription factors, viét tat
la TFs) la c4c protein c6 kha nang lién két véi phan tir DNA tai cAc trinh ty diéu hoa
cis (cis-regulatory sequences, CRS) cua gen dich. Lién két TF-CRS ngin chin hoac
thuc day qua trinh phién ma nhd RNA polymerase. Tac dong cua cac protein diéu
hoa khong mang tinh riéng 1é ma mang tinh cong hop. Céc mang ludi diéu hoa biéu
hién gen duoc hinh thanh bai nhiéu protein diéu hoa va protein lién két. Viéc sira doi
trinh tu, bat hoat, hoic biéu hién qua mic gen ma hoa protein diéu hda nham danh
gia chtrc niang cua cac protein nay c6 thé gilp 1am sang té cac co ché kiém soét diéu

hoa biéu hién gen & nam soi [119].
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1.6.1. AmyR

Viéc diéu hoa su biéu hién cua gen phan giai tinh bot (amylolytic) & A. oryzae
lien quan truc tiép dén qua trinh san xuat reou sake. Su biéu hién cua gen amylolytic
dugc diéu hoa truc tiép bai yéu té phién ma AmyR. Yéu t6 phién mad AmyR kiéu
Zn(11)2Cyss lién két véi trinh ty CGGN8(C/A)GG trong viing promoter caa gen
amylolytic, chang han nhu o-amylase (amyA/B/C), glucoamylase (glaA va glaB), va
gen a-glucosidase (agdA). Su biéu hién cia nhitng gen nay dwoc cam ¢ng boi
maltose, isomaltose va cling boi glucose khi c6 sy kim hdm chat di hoa cacbon. Gen
amyR duoc biéu hién lién tuc, protein AmyR khu trid trong té bao chat. AmyR nhanh
chong dugc chuyén vao nhan khi isomaltose dugc thém vao méi truong. Glucose va
maltose ciing tao ra sy di chuyén cia AmyR, nhung nhitng loai duong nay doi hoi
ndng d6 cao hon va khoang thoi gian dai hon isomaltose dé tao ra su dich chuyén cua
AmyR va biéu hién gen amylolytic [123].

Ngoai ra, promoter cua gen a-amylase (amyB) ciing dwoc sir dung dé nghién
ctru biéu hién mirc d6 cao cac protein khac nguon & A. oryzae [70]. Cac promoter cai
tién nhu glaA142 va enoA142, di duoc xay dung bang cach chén song song cac trinh
tu lién két AmyR (Vang 111) trong cac promoter phuc vu biéu hién glucoamylase va
enolase. C4c promoter nay hién duoc st dung trong san xuét protein ciing ngudn va
khéc nguon [70].

1.6.2. LaeA

Hau hét cac gen cau trac lién quan dén qua trinh trao doi chat thir cap ciia nAm
duoc tap hop va nam trén cing 1 locus. Sy diéu hoa cac cum gen nay phan 16n phu
thudc vao céac yéu té phién ma cu thé, cac protein diéu hoa phd bién va thudong phu
thudc vao cac con dudng dan truyén tin hiéu lién két qua trinh trao ddi chét thir cap
Vv6i qua trinh hinh thanh bao tir. Protein LacA diéu hoa nhiéu cum gen chuyén hoa
tha cap ¢ Aspergillus [24]. Viéc loai bo laeA 1am giam san luong nhiéu chét chuyén
hoa & A. nidulans, A. fumigatus va A. flavus. Cac chung dot bién LaeA da duoc tao
ra trong nhiéu nha may san xuat té bao nam, duoc sir dung dé kich hoat dong thoi su
hinh thanh san pham tu nhién va bién ddi hinh thai ¢ nhiéu loai khac nhau. Su biéu

hién qua mirc caa gen nay ting cudng qua trinh san xuat cac chat chuyén hoa. Céc
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ortholog LaeA duoc tim thay trong tt ca cac loai nam soi nhung chic ning méi chi
dugc xac dinh & hau hét cac loai nam thugc chi Aspergillus [24].

O nam A. fumigatus, LacA déng vai trd quan trong trong sinh tong hop
gliotoxin va cé4c sic tb soi ndm. Protein nay ciing lién quan truc tiép téi kha ning gay
bénh caa A. fumigatus va A. flavus. O A. flavus, laeA anh huéng dén hinh thai té bao
va gop phan tao ra céc chat chuyén héa thi cap (SM) bao gém aflatoxin, axit
cyclopiazonic va aflatrem. A. flavus AlaeA khong thé san sinh aflatoxin va khong thé
gay nhiém hat giéng & mirc d6 giong nhu cac ching hoang dai [88]. Viéc loai bo laeA
trong A. carbonarius dan dén viéc giam dang ké san xuat ochratoxin A ¢ qua Xuan
dao va nho [93]. Ching dot bién AlaeA khong thé axit héa mo khuan lac mot céch
hiéu qua, do két qua truc tiép caa viéc giam san xuat axit gluconic, dn dén doc luc
trén qua bi nhiém bénh giam di so voi chung hoang dai [93]. Hon nita, protein nay
cling can thiét dé biéu hién cum gen lovastatin (LOV) tai t6 hop ¢ A. nidulans ciing
nhu dé biéu hién LOV ban dia ¢ A. terreus [24]. LaeA ciing da dugc chang minh 12
yéu t6 kiém soat qué trinh san xuat axit citric & nam soi céng nghiép A. niger va nam
koji trang Aspergillus luchuensis mut. kawachii (A. kawachii) diing cho san xuat ruou
shochu [71, 111]. Biéu tha vi 13, protein ndy dudng nhu bao tha & nam soi, nhung né
khong c6 trong S. cerevisiae, mot loai nam khong c6 chat chuyén hoa thi cap. Khong
gidng nhu cac gen khac quy dinh sy trao d6i chat thir cip, viéc mat gen laeA c6 tac
dong khong dang ké dén cac qua trinh phat trién hinh thai [24].

Sinh tong hop chat chuyén hoéa thir cip thuong lién quan dén su hinh thanh
bao tir va phat trién té bao & nam sgi. Céc qua trinh phat trién nay phan anh nhu cau
tiép can nhiéu chit dinh dudng; téi uvu hoa hinh thai té bao va sy phan hoa trao doi
chat dé canh tranh hiéu qua trong méi truong phirc tap. Viéc xac dinh dugc cac co
quan diéu hoa pho bién cu thé vé trao doi chat thir cap c6 thé tach roi qua trinh diéu
hoa va trao d6i chat thir cip. Cac protein didu hoa nhu vay 1a cuc ky mong mudn boi
vi chiing s& c6 tinh dic hiéu rong dé kich hoat va/hoic giam biéu hién cua toan bo
c4c cum gen ma hoa cho chét chuyén hda thir cap trong khi cung cap cac chung c6
kha ning phat trién va tang truong binh thuong hodc gan binh thuong. Viéc xac dinh

cac yéu t6 diéu hoa nhu vay s& cho phép ting cudng san xut cac chat chuyén hoa
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thir cap bang cach cung cap cac chang sinh vat bién dbi gen duoc cai thién va ciing
s& gop phan vao sy hiéu biét rong rai hon vé co ché phan tir ma céc chat chuyén hoa
thir cip duoc tao ra. Protein LaeA 1a mét trong nhitng yéu té diéu hoa dap tng duoc

nhitng yéu cau nhu trén [24].

1.6.3. PrtR/PrtT

O A. oryzae, PrtR Ia protein diéu hoa phién ma thuoc ho Zn(11)2Cyss. Protein
nay diéu hoa sy biéu hién cua cac gen ma hoa enzyme phan giai protein ngoai bao.
Viéc loai bo gen prtR twong ¢tng dan dén su suy giam dang ké hoat tinh protease
ngoai bao. Picu tha vi 1a gen prtR nam lién ké véi cum gen lién quan dén phan giai
tinh bot (amylolytic) bao géom amyR, agdA va amyA [57]. Cac protein twong dong
(ortholog) cua PrtR ciing duoc tim thay trong hé gen cua cac loai Aspergillus khéc va
duogc dat tén 12 PrtT [128]. Su sao chép hoic nhan d6i ving nhiém sic thé chira gen
prtR di lam gia ting dang ké hoat tinh cua protease kiém va axit carboxypeptidase
trong mdi truong nudi cdy ran & nam A. oryzae [139]. Muc do biéu hién caa gen
protease kiém (alpA) ting hon 5 1an khi prtR duoc ting biéu hién dudi su diéu hoa
ctia promoter tir gen a-amylase [139]. Ngoai ra, mirc do biéu hién cua 2 trong sé 3
gen van chuyén di/tripeptit (potA va potB) ciing tang 1én khi prtR duoc biéu hién qué
muc va giam di khi gen prtR bi bat hoat [142]. Nhitng két qua nay cho thay PrtR déng
vai tro trung tam trong viéc diéu hoa biéu hién cac gen lién quan dén phan giai protein.
Trén thuc té, thé dot bién hong gen prtR phat trién kém khi duoc nudi cay & trang thai
ran sir dung cam IGa mi 1am chat nén. O A. niger va A. fumigatus, PrtT quy dinh su
biéu hién caa nhiéu gen protease va gen van chuyén tri/tetrapeptit. Cac ortholog cua
PrtR hoac PrtT khong c6 ¢ A. nidulans [128]. Viéc hong nhiéu gen ma hoé cho

protease da giup cho san xuit protein khac ngudn hiéu qua cao & A. oryzae [70].

1.6.4. StuA

Cac yéu to phién ma thudc ho APSES (Asmip, Phdlp, Sok2p, Efglp va
StuAp) da dugc chang minh 1 yéu té diéu hoa chinh d6i véi su phat trién caa ndm
va bao thit & ndm men, nam soi [168]. Hién c6 cac bang chitng chirng minh rang StuA
bao thu va dong vai tro trung tim trong qua trinh phat trién vo tinh cia nim ciing nhu

trong qué trinh phat trién cua nhiéu loai ndm soi [168]. O A. nidulans, StuA kiém soat
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sur biéu hién cua ca gen diéu hoa phat trién quan trong brlA va abaA va cac gen lién
quan téi chu ky té bao. StuA lién két truc tiép véi motif bao thu
(A/TCGCGT/ANA/C), dé kiém soat qué trinh phat trién caa nam. Ngoai ra, StuA
cling diéu hoa qua trinh hinh thanh thanh té bao bang cach wc ché biéu hién fksA (ma
hoa B-1,3-glucan synthase) trong qué trinh phat trién vo tinh [117]. StuA c6 thé gian
tiép diéu hoa qua trinh sinh tong hop aflatoxin & A. flavus bang cach diéu hoa sy
chuyén héa glutamine. StuA ciing déng vai trd quan trong trong qué trinh sinh tong
hop axit cyclopiazonic & A. flavus. Gan day, mot yéu té phién ma APSES gia dinh
cling da duoc chirng minh 1a can thiét cho sy ting truong va phat trién ¢ A. nidulans
[80]. Tuy nhién, ngoai StuA, vai trd diéu hoa cua cac yéu to phién ma APSES khéc
van chua dugc hiéu rd trong quéa trinh sinh tong hop cac san pham trao do6i chat thu
cap [168].

1.6.5. VeA

VeA dugc biét dén 1a c6 vai tro kich hoat qué trinh sinh san hitu tinh va tc ché
sinh san vo tinh phy thudc vao anh sang & nim. Vai trd caa gen veA ddi vai sinh san
hiru tinh da dugc Kim va cong su 1am rd bang cach tao ra cac chung dot bién xoé gen
va biéu hién qua muc [75]. Chang dot bién loai bo veA (AveA) khdng thé hinh thanh
qua thé ngay ca trong cac diéu kién thac day sinh san hiru tinh. Tac dong nguoc lai
d3 duoc quan sat thay khi veA duoc biéu hién qua muc, véi sy gia ting sy hinh thanh
c4c cau tric sinh san hitu tinh kém theo giam hinh thanh bao tir dinh ngay ca trong
nhitng diéu kién bat lgi cho su hinh thanh cac cau trdc sinh san hitu tinh va thuan loi
cho hinh thanh bao tir dinh (ndng dd mudi cao). Biéu hién qua mac VeA & A. nidulans
cling tao ra cac té bao Hille (t& bao nudi dudng lién quan dén sy hinh thanh véach
ngin) va cleistothecia trong méi trudng nudi cy long. Viéc phan tich kiéu hinh cua
nhiing cé thé nay da xac nhan rang VeA 1a protein diéu hoa dwong ctia qua trinh sinh
san hitu tinh va dong thoi 13 yéu té diéu hoa &m cua qua trinh sinh san v tinh. Ngoai
ra, veA co vai tro diéu hoa sy biéu hién cua gen ma hoa cho yéu té phién ma sinh san
v0 tinh BrlA [72]. M6t ortholog cua veA ciing da dugc xac dinh trong tac nhan gay
bénh co hoi A. fumigatus. O lodi nAm nay, mac du sy biéu hién qua muc veA khong

dan dén bat ky kiéu hinh 1 rang nao, nhung viéc x6a bo veA dan dén giam kha ning
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hinh thanh bao tir trén méi trudng chia nitrat, chieng minh rang VeA c6 thé hoat dong
trong qua trinh chuyén hoa nito [76]. Bén canh vai tro diéu hoa hinh théi, veA con c6
chte ning nhu mét yéu té kiém soat qué trinh sinh téng hop cac chat chuyén hda thi

cap, bao gém doc t6 ndm va khang sinh [46].

1.7. Céc chién lwgc ting cwdng san xuat enzyme/protein & A. oryzae va A. niger

Sang loc cac chung co ning suat cao rat quan trong trong biéu hién enzyme tai
t6 hop. Dé cai thién hon nita viéc sinh tong hop enzyme & A. oryzae va A. niger, c4c
chién Iwoc biéu hién da tap trung vao viéc toi wu hoa cau tric biéu hién gen, diéu

khién qué trinh sau dich ma va ky thuat hinh thai hoc.

1.7.1. T6i wu héa céu truc biéu hién gen

Sir dung promoter mgnh

Trong cé4c nghién ctru trude day, gpdA 12 mét trong nhitng promoter biéu hién
manh ¢ A. oryzae va A. niger [50]. Promoter mbfA, manh hon gpdA trong moi truong
t6i thiéu voi glucose 1a ngudn cacbon da duoc xac dinh & A. niger ATCC 1015 [20].
Ngoai cac promoter co dinh nay, mot loat cAc promoter cam g ciling da duoc Xac
dinh & A. niger, nhu 1,3-beta-glucanosyltransferase (duoc tao ra boi pH thap),
benzoat hydroxylase (dugc tao ra boi axit benzoic, metyl benzoat va para-
aminobenzoat), catalase (cam tng boi H202 va CaCOs) va cac promoter dua trén Tet-
On (duoc tao ra boi tetracycline hodc dan xuat doxycycline) [96]. Trong diéu kién
cam ang cu thé, cac promoter cam ang c6 thé ¢6 hiéu qua nhu cac promoter biéu hién
lién tuc. Ngoai viéc phéat hién ra cac promoter mai, giai phdp chinh stra gen da duoc
sir dung dé cai thién qué trinh phién m& & nam soi [96].

Cai bién viing 5° khéng dich ma

Ving 5 khong dich ma (5°-UTR) thudng 1a viing nam gitra vi tri bat ¢au phién
ma va codon bat dau dich ma. Dé cai thién viéc san xuat enzyme, c6 thé diéu khién
vung 5’-UTR thdng qua viéc thay thé ving 5°-UTR tir cac ngudn khéac hoic gay dot
bién dinh hudng. Dudi su diéu hoa cua promoter glaA, san luong enzyme oxidase da
ddng gidng véi laccase MCOB & A. niger N593 duoc ting cudng 41-159% sau khi
thay thé viing 5'-UTR ban dau bang ntp303 (gen phan hoa thubc 14) va chén thém
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trinh tu poly (CAA) [141]. Gay dot bién ngiu nhién trong 5’-UTR d3 duoc sir dung
dé cai thién san xuat enzyme & vi khuan. Véi su cai tién cua tée do bién nap va cong
nghé sang loc thong luwong cao, viéc xay dung thu vién 5°- UTR thong qua gay dot
bién ngAu nhién s& gitip ich hon nita cho viéc san xuat enzyme & A. oryzae va A. niger
[83].

Chinh sira Khung doc mo

Véi céc thanh phan biéu hién va vat chii gidng nhau, cac gen khac nhau thuong
c6 cac mire do biéu hién khac nhau, cho thay vai trd quan trong caa trinh tu gen dich
trong biéu hién protein. Sy biéu hién cac protein khac ngudn c6 thé dugc ting cudng
dang ké khi protein d6 dugc dung hop vai mot chudi cac protein dugc biéu hién qué
muc. GlaAG1, mién xuc tac cia GlaA (1-489), da duoc st dung dé cai thién sy biéu
hién tai t6 hop & A. niger bang cach hop nhat nd véi dau N cua cac enzyme dich.
Bang cach 1am nay, san luong protein khac nguon nhu phospholipase A2 tuy lon,
interleukin-6 & ngudi va lysozyme 1ong tring trimg ga da duoc tang 1én gap 1000 lan.
Su két hop véi GlaAG1 c6 thé cai thién qua trinh glycosyl hda enzyme va qua trinh
tiét & A. niger [44].

Tang sé ban sao va vi tri sao chép gen

Tuong ty nhu sy biéu hién caa protein & céc vat chii khac, sy gia tang s6 luong
ban sao gen ma hoa cho protein can biéu hién co thé tang cuong hiéu gia ¢ A. oryzae
va A. niger. Tuy nhién, s6 luong ban sao cao ciing khong dam bao nang suat protein
cao. Vi dy, 10 - 12 ban sao cua gen ma hoa cho lysozyme long tring trang tao ra
khoang 70 mg/l enzyme, trong khi 20-25 ban sao chi thu dugc 8,6-9,6 mg/l enzyme
[68]. Tai mét vi tri gen don 1¢, s6 lwong ban sao gen hop 1y dé biéu hién protein 13 it
hon 10 [50]. O cac chung hoang dai, cac locus gen cua cac protein biéu hién & muc
d6 cao (locus amylase) c6 hiéu suat dich ma cao hon so véi cac locus khac. Do do,
c4c vj tri tich hop dong mat vai trd thiét yéu trong viéc biéu hién enzyme [68]. Cac
locus glaA va a-amylase 1a hai vi tri tich hop duoc sir dung rong rii dé biéu hién qua
muc cac gen khac ngudn. Su tich hop ddng thoi cua cac gen khéac ngudn tai cac locus
nay néi chung di giup gia ting dang ké kha nang san xuat enzyme & A. niger. Viéc

bd sung gen glucose oxidase tai cac locus glaA va a-amylase di lam ting san xuat
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enzyme gap 4 lan so véi chang tich hop vai gen glucose oxidase & mét vi tri a-
amylase. Nang suét tong hop trehalase da ting 18n gap 4,8 1an sau khi chi thém 1 ban
sao gen ma hoa cho enzyme nay tai mot vi tri a-amylase khac. A. niger NRRL 3122
vé6i 1 ban sao glaA da dwoc thuc hién nhiéu dot giy dot bién cd dién dé tao ra chung
dot bién A. niger GAM-53 véi 7 ban sao cua gen glaA, rat thich hop cho san xuat
cdng nghiép cac enzyme thuc pham. Bang céch tién hanh xda 7 gen ma hoa cho GlaA
va cac cai bién di truyén khéc trong A. niger GAM-53, chung mai tao A. niger 1SO-
502 c6 thé cung cap 7 locus glaA cho biéu hién tich hop. A. niger 1SO-502 da dugc
sir dung thanh cong dé san xuat mot loat cac enzyme thuc pham, chang han nhu
xylanase, acid lactase, asparaginase, peroxidase, carboxypeptidase, lipase va
phospholipase A2 [83].

1.7.2. Giam sy phan hay protein ngoai bao

NGi chung, ca A. oryzae va A. niger hoang dai tiét ra mot luong Ion protease,
khdng c6 loi cho biéu hién enzyme tai to hop. Aspergillopepsin A (PepA) 1a mot
trong nhitng protease quan trong nhat, chiém 80-85% téng hoat tinh cua protease ¢
A. niger. Ngoai PepA, céc protease giéng pepsin, chang han nhu PepAa, PepAb,
PepAc va PepAd, ciing c6 tac dong dang ké dén sy phan giai cua protein khac ngudn
& A. niger [156]. Bang céch xd6a pepAa, pepAb va pepAd, laccase tir Trametes
versicolor di ting 1én 1an luot 1a 21%, 42% va 30% trong A. niger GICC2773 [156].
Hoat dong cua protease & A. oryzae va A. niger ciing c6 thé bi giam boi céc yéu t6
phién ma. Céc nha nghién ctu di xac dinh duoc yéu té phién ma dic hiéu protease
PrtR/PrtT, thudc vé protein diéu hoa l6p Zn2Cyss [128]. O A. niger HL-1, mic do
phién m& cua 32 gen protease, bao gom cac peptidase loai serine, endopeptidase loai
aspartic, aminopeptidase va carboxypeptidase déu bi giam manh & chung x6a gen
priT [61].

1.7.3. Cai bién hinh thai hoc hé sgi nam

Hién da xac dinh duoc hang loat gen lién quan dén hinh thai & A. niger. RacA
ma hoa Rho-GTPase quan ly viéc duy tri phan cuc bang cach diéu khién actin. Viéc
loai bo racA gay ra tan suat phan nhanh cao hon 30% va tao ra cac chung c6 ning

suit GlaA cao hon 4 lan so véi chung hoang dai [47]. Cung véi su hinh thanh kiéu
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hinh tdng nhanh va cac vién nho, qué trinh diéu hoa giam aplD (mé hoa y-adaptin gia
dinh) ciing giup ting 2 1an tong ham luwong protein tiét [30]. Biéu hién qua mirc arfA
(yéu tb ADP ribosyl hda) 1am giam dang ké duong kinh vién va do d6 1am ting san
lwong cua cac enzyme ngoai bao [48]. Lam im ling chsC (mét yéu té tdng hop chitin
loai 111 & A. niger) khdng chi 1am ting ty 18 soi nAm ma con lam giam d6 chat cua
vién gilp cai thién hiéu suit truyén oxy va chit dinh dudng [137]. Ngoai su hinh
thanh cé4c vién sgi nam, tac dong tiéu cuc cua sy hinh thanh bao tir ddi véi su biéu
hién cua protein ciing dugc nghién ctu. Bang cach bat hoat gen fIbA lién quan dén
qua trinh tao bao tir, kha ning tiét protein trén khip khuan lac dugc nudi cay trén moi
truong thach & A. niger da duoc tang cuong [78]. Dot bién gay ra boi tia cuc tim va
axit nitric da tao ra mot s6 chung A. oryzae ¢ kha nang 1am cho méi trudng nudi cay
it nhot va tang san xuat glucoamylase [25]. Dot bién diethyl sulfite ¢ T. reesei di tao
ra mot chang ¢ soi ndm ngan, phan nhanh cao, tiét ra nhiéu hon 60% cellulase so
vé6i chang phan 1ap tir tu nhién [59]. Nhiéu kha niang cac yéu t diéu hoa phat trién
quan trong khac (vi du: StuA, FIbA, BrlA) c6 thé s& tro thanh cac thanh phan phé
bién cua bo cong cu cong nghé sinh hoc dé kich hoat hoic cai thién sy hinh thanh san
pham ty nhién trong cac loai nam cong nghiép [60, 74].

Ca A. oryzae va A. niger déu la nhitng nha may té bao quan trong trong san
xuat enzyme thuc pham do c6 cac dic tinh an toan va cé hé thdng tiét protein manh
[97]. Mot loat cac enzyme st dung trong thuc pham nhu amylase, glucoamylase duoc
san xuat thuong mai boi cac ching A. oryzae va A. niger di chiing minh day 1 cac
chang nén thich hop cho viéc cai bién di truyén dé tao cac ching siéu san xuat
enzyme. Tuy nhién, nhirng khé khin trong thao tac di truyén va sy thiéu hut céc chién
lugc biéu hién da han ché nhitng budc tién mai trong linh vuc nay. Hon nira, mot s6
doc to nAm méc gan day da duoc phat hién trong mét sé chung A. niger da lam cho
quy trinh phé duyét d6i véi san xuat enzyme thuc pham cang nghiém ngat hon. Trong
nghién cau nay, cac cong cu phuc vu cai bién di truyén véi hiéu qua cao, cac cach
thirc tao cac chung pha hop cho biéu hién protein tai té hop, cac chién luoc dé san

Xuat enzyme hiéu qua hon ¢ 2 loai ndm A. oryzae va A. niger s& dugc xem Xét.
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Chuong 2
VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Cac ching vi sinh vat va vector sir dung trong nghién cau

2.1.1. Céc chiing vi sinh vat

Céc chung vi sinh vat st dung trong nghién ciu nay duoc liét ké ¢ Bang 2.1.

Bang 2.1. Danh sach cac chuang vi sinh vat khéi dong

Tén chiing M0 ta Nguon
goc
E. coli DH5a F-endAl hsdR17 supE44 thi-1 A" recAl gyrA96 [58]
relAl deoR A(lacZYA-argF)-U169
®d80dlacZAM15

Ag. tumefaciens C58, recA::bla, pTiBo542AT-DNA, Mop*, CbR [79]
AGL1

A. oryzae RIB40 Chung A. oryzae phan lap tir ty nhién [89]
A. oryzae ApyrG [106]
RIB40ApyrG

A. oryzae pyrG™*, AhisB Nghién
RIB40AhisB ctu nay
A. oryzae AhisB, ApyrG Nghién
RIB40AhisBApyrG ctu nay
A. oryzae Chung A. oryzae khuyét dudng uridine/uracil [169]
AUT1-PID duogc cai bién tir chung RIB40 véi kiéu gen: niaD-

sC  adeA” AargB::adeA AtppA::argB
ApepE::adeA autl AligD ApyrG

A. oryzae Chung A. oryzae khuyét dudng histidine cai bién | Nghién
AUT1AhisB tir AUT1-PID véi kiéu gen AhisB::pyrG ctru nay
A. oryzae Chuang A. oryzae khuyét dudng histidine va Nghién
AUT1AhisBApyrG | uridine/uracil cai bién tir AUT1-PID ctru nay
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A. niger CBS Chung A. niger phan lap tir tu nhién [7]

113.46

A. niger ApyrG *

CBS 113.46ApyrG

A. niger pyrG*, AhisB Nghién

CBS 113.46AhisB cliru nay

A. niger N402 Chung chuan phong thi nghiém (bat nguon tur [26]
chung A. niger N401)

A. niger ApyrG *

N402ApyrG

A. niger pyrG*, AhisB Nghién

N402AhisB ctru nay

A. niger AhisB, ApyrG Nghién

N402AhisBApyrG ctru nay

* Céc chung vi sinh vat dugc cung cap bai phong Genomic, Phong thi nghiém Trong
diém Co6ng nghé Enzym va Protein (KLEPT), Trudng Pai hoc Khoa hoc Tu nhién,
Pai hoc Quéc gia Ha Noi.

2.1.2. Céc vector sir dung trong nghién ciu

Céc vector str dung lam khung dé tao cac vector thé hé tiép theo trong nghién
ctru duogc thong ké chi tiét trong Bang 2.2 va cac vector dugc tao trong nghién ciu
nay duoc liét ké tai Phu luc 1.

Bang 2.2. C4c vector sir dung lam khung trong nghién ctru

) Nguon
Vector Pac diem cua vector ,
goc
pKG2 Vector nhj thé pKG2 mang marker chon loc pyrG tu A. **

niger duoc str dung 1am khung cho viéc tao cac cau tric

x0a gen
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Vector Pic diém caa vector

pKO2 Vector nhi thé pKO2 mang gen khang nourseothricin dudi *x

su diéu hoa cua promoter gpdA tir A. nidulans ding 1am

khung cho viéc tao c4c ciu tric x6a gen

pEX1 Vector nhj thé pEX1 mang cau trdc biéu hién gen GFP | [107]
(gpdA promoter, gen GFP, trpC terminator) v&i marker
chon loc la gen pyrG tur A. oryzae

pEX2 Vector nhi thé pEX2 mang cau trdc biéu hién gen DsRed | [107]

(gpdA promoter, gen DsRed, trpC terminator) vai marker
chon loc la gen pyrG tir A. oryzae dugc dung cho viéc tao

cac vector biéu hién khac

** Cac vector dugc cung cap bai Phong Genomic, Phong thi nghiém Trong diém

Cong nghé Enzym va Protein (KLEPT), Truong Pai hoc Khoa hoc Tu nhién, Pai hoc

Qudc gia Ha Noi.

2.2. Mbi tredng nudi ciy

Moéi trwong LB (Luria Bertani): nudi vi khuan (1% peptone; 0,5% cao nam
men; 0,5% NaCl).

Mboi trwong DPY: nudi va thu bao tor A. oryzae AUT1 (2% glucose; 1%
peptone; 0,5% cao nadm men; 0,5% KH2PO4; 0,05% MgSO4.7H-0; 2% agar;
pH 5,5) [169].

Moéi treong PDA (Potato Dextrose Agar): nudi va thu bao tir cic chiing nam
soi (2% glucose; 0,4% bot chiét xuat khoai tay; 2% agar).

Mobi truong MM (Minimal medium): nudi, sang loc cac chung ndm sgi (178
mM HzBO3; 70 mM NaNOs; 11 mM KH2POs; 2mM MgS04.7H20; 7mM
KCI; 18 nM FeS04.7H20; 25 nM MnCl.. 4H,0; 76 nM ZnS04.7H20; 7,1 nM
CoCl2.6H20; 6,4 nM CuSQO4.5H20; 6,2 nM (NH4)sM07024.4H,0; 174nM
EDTA-Nas; 1% glucose; 2% agar; pH 6,5) [11].

Moi trwong IM (induction medium) léng: cam ung (4 ml 2-(N-
morpholino)ethanesulfonic acid (MES) 1M; 40 ml MM salts 2,5X; 0,18 g
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glucose; 0,5 ml glycerol; 100 ml nuée cét) [28]. Dung dich MM salts bao gom
2,059 KoHPOs; 1,459 KH2PO4; 0,15g NaCl; 0,59 MgS04.7H.0; 0,19
CaCl,.6H20; 0,5g (NH4)2S04; 0,0025g FeSO4.7H20, 1000 ml nudc cat. Dung
dich MES 1M gom: 195,2 g/l MES pH = 5,3,

e Mobi trwong IM rin: dong nudi cay bao tir ndm va vi khuan (4 ml MES 1M;
40 ml MM salts 2,5X; 0,09 g glucose; 0,5 ml glycerol; 1,5 g agar; 0,05 g uracil;
0,05 g uridine; 100 ml nudc cat) [28].

e Moi truong M + Met: sang loc cac chung chuyén gen (0,2% NH4Cl; 0,1%
(NH4)2S04; 0,05% KCI; 0,05% NaCl; 0,1% KH2POa4; 0,05% MgS0Oa.7H:0;
0,002% FeS04.7H20; 2% glucose; 0,15% methionine; 2% agar; pH 5,5) [169].

e Maoi trweomg CDA (Czapek-Dox Agar): nudi, sang loc cac ching nam soi (3%
sucrose; 0,3% NaNOs; 0,1% KH.PO4; 0,05% KCI; 0,05% MgSO..7H20;
0,001% FeS04.7H20; 0,005% CuS04.5H20; 0,001% ZnS04.7H20; 2% agar;
pH 5,5).

e Ma&i truong PSM (phytase screening medium): sang loc cac chung nim sinh
enzyme phytase (1% glucose; 0,4% Natri phytate; 0,2% CaCl2.2H20; 0,5%
NHsNOs; 0,05% KCI; 0,05% MgS04.7H20; 0,001% FeSO4.7H-0; 0,001%
MnSO4.H20; 2% agar; pH 6).

Cac moi truong duogc khir trung ¢ 121°C trong 20 phut trude khi sir dung.

2.3. Céc cap maéi dung trong phan wng PCR
Cac cap mdi duoc tong hop boi Cong ty PHUSA Biochem (Viét Nam) hoic
IDT (Singapore). Cac moi duoc pha bang nude khir ion vo tring dén nong do sir dung

la 10 pmol. Danh sach moi duoc liét ke trong Phu luc 2.

2.4. Thiét bj, hoa chat
Cac hoa chat va trang thiét bi duoc sir dung tai Phong Genomic, Phong thi
nghiém Trong diém Cong nghé Enzym va Protein (KLEPT), Truong Pai hoc Khoa

hoc Ty nhién, Pai hoc Quéc gia Ha Noi.
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Hoéa chat dung trong nudi cdy vi sinh vat, cac hoa chat va enzyme duing trong
sinh hoc phan tir duwoc dat mua tir cdc hdng Himedia, Merck, Thermo Fisher
Scientific, Biobasic, Biozym.

Danh sé&ch cac thiét bi sir dung trong nghién ctu nay duoc liét ké trong Phu

luc 3.
2.5. Phuong phap nghién ctiru

2.5.1. So’ dd nghién céu

Tao cac vector nhij thé
chira cac marker chon loc
phu hop cho chuyén gen

Tao cac chung dot bién
khuyet dwéng don/kép

!

Dé xuét cac thong s6
toi wu cho chuyéen gen
|

1 v
Tao céc vector x6a | T40 cdc vector bieu
$ hién mot so gen lién
quan den sinh tong hop
4 enzyme/axit hiru co’
Tao cac vector x6a
tang cwong

Chién lwoc x6a gen
hiéu qua cao
1

Xoa gen va diéu tra Biéu hién enzyme tai to hop
vai tro, chirc nang gen

Hinh 2.1. So @6 nghién citu

2.5.2. Thu bao tir va hé sgi nAm

Thu bio tir nAm: cac chiing ndm s¢i duoc nudi cdy trén moi trudng dia thach
PDA hoic DPY bb sung uridine/uracil hodc (va) histidine (khi can) trong 3-5 ngay &
30°C dé thu bao tir. Thém nudc mudi sinh 1y vo tring da bd sung 0,05% Tween-80
1én bé mait dia nuéi, dung que gat vo trung gat nhe dé bao tr nAm tach khoi hé sgi va
hoa vao nude. Dich thu dugc loc qua mang Miracloth (Calbiochem, Dtic). Phan dich
di qua mang loc s& dugc ly tim & toc d6 5000 vong/phut trong 10 phut. Phan cin
chira bao tr ndm s& duoc rira lai hai 1an béng nude cit vo trung, sau do hoa lan cudi

vao nudce cat vo trung. Dich bao tir sau thu dugc xac dinh nong d§ bang budng dém
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Thoma (Heinz Herenz Medizinalbedarf GmbH, Drc). Gitt dich bao tir ¢ 4°C dé sur
dung cho céc thi nghiém tiép theo hodc bd sung glycerol dén 20% thé tich, 1am dong
lanh nhanh bang nito 16ng va giit & -80°C [107, 152, 153].

Thu hé s¢i nAm: nudi lic 1 ml dich bao tir ndm trong 50 ml méi trudng CD
(Czapek-Dox) 16ng & 30°C, 200 vong/phut trong 2-3 ngay. Hé soi nam thu dugc bang
cach loc qua mang Miracloth (Calbiochem, Ptrc) va thim khé bang gidy loc. D6i véi
mau dung dé tach DNA, lugng 0,2 g hé soi ndm duoc cho vao 6ng ly tam 2 ml vo

trang.

2.5.3. Tach chiét DNA tong sd, tach chiét RNA tong sé va tao cDNA

Téach chiét DNA tong s6: quy trinh tach chiét DNA tong sé khdng sir dung
phenol, chloroform dugc ap dung theo Nguyén Thi Khuyén va cong su [2]. Truéc
khi tach chiét DNA, gi& mau bang diia thuy tinh trong khoang 1 phut. Sau d6, bd sung
thém 600 pl dém chiét GX (2,5% SDS, 200 mM Tris-HCI pH 8, 250 mM NaCl, 25
mM EDTA,; 0,2% B-mercaptoethanol), vortex. U 60°C trong 30 phut, b6 sung 300 pl
natri acetate 3M; pH 5,2 va ly tam 12000 vong/phut, trong 20 phut, ¢ 4°C. Chuyén
dich n6i sang mot ong ly tam 1,5 ml méi va b sung 1 thé tich isopropanol lanh dé
tia DNA. Ly tdm 12000 vong/phat, 10 phat, 4°C. Thu tua, rira taa trong 700 pl
ethanol 70%. Sau d6, 1am khoé mau ¢ 60°C. DNA két tia duoc hoa tan trong 50 pl
dém TE (Tris-EDTA pH 8) va thém 3 ul RNase A (10 mg/ml), u ¢ 60°C, trong 30
phut dé loai bo RNA. Mau DNA duoc dién di kiém tra nong do trén gel agarose 0,7%
(0,7 g agarose/100 ml dém TAE) ¢ 90V, 30 phut va gitr ¢ 4°C.

Téach chiét RNA tong sé va tao cDNA: RNA tong sé duoc tach chiét theo
Total RNA Purification Kit, PureHelix™ (NanoHelix, Han Quéc). Mau RNA duoc
11 ¢ 37°C trong 30 phit vi enzyme DNase I dé loai bo DNA tong s6. Sau do, enzyme
nay duoc bat hoat & 75°C trong 15 phit va mau dugc chuyén ngay 1én da. Do sach
cuia mau RNA dugc danh gia bang gid tri ty 1& ¢ hap phu quang & budc séng 260 nm
va 280 nm (A260/280). RNA tinh khiét thuong co ty 1¢ A260/280 la tir 1,9 dén 2,1.
Ngoai ra, d¢ dam bao khdng c6 tap nhiém cua DNA tong s6, cic mau RNA duoc
kiém tra voi phan tng PCR sir dung cip moi ITS1/ITS4 dé khuéch dai vang ITS cua
DNA ribosom (rDNA). RNA khéng tap nhiédm DNA duoc sir dung lam khuon dé
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tng hop cDNA sir dung bo kit ProtoScript® First Strand cDNA Synthesis (New

England Biolabs, M§) theo hudng din caa nha san xuét.

2.5.4. Tao cac vector dung cho xoa gen va biéu hién gen & A. oryzae va A. niger

Khuéch dai cac doan DNA nho PCR: Déi voi phan tng PCR khuéch dai
doan gen duing cho cét ndi tao vector, sir dung enzyme Phusion™ high-fidelity DNA
polymerase (Thermo Fisher Scientific, M¥) theo huéng dan caa nha san xuat dé dam
bao d6 chinh xé&c cua qua trinh sao chép DNA. Thanh phan phan ¢ng PCR vdi tong
thé tich 25 pl nhu sau:

e 5x HF buffer 5l
e dNTPs (ndng d6 2 mM mdi thanh phan) 1ul
e MOoi xubi (ndng do 10 pmol/ul) 1l
e Moi nguoc (néng do 10 pmol/ul) 1ul
e Phusion™ high-fidelity polymerase 1l
e Khu6n DNA (50-100 ng/ul) 1l
e Nudc vo trung 15 ul
Tong thé tich - 25 ul

Phan tmg PCR duoc tién hanh véi cap mdi dic hiéu dé nhan cac doan gen tur
nam soi A. oryzae RIB40 hoic A. niger N402 theo céc chu trinh nhiét thich hop. San
pham duoc dién di trén gel agarose 0,7% va tinh sach bang MEGA quick-spin™ Plus
Total Fragment DNA Purification Kit (iNtRON Biotechnology, Han Qudc). San
phém tinh sach dugc bdo quan ¢ nhiét 4o -30°C. Déi vai phan ung PCR nham muc
dich kiém tra, GoTaq® Green Master Mix (Promega) dugc sir dung theo hudng din
ctia nha san xuét.

Xir Iy vector, doan DNA bing enzyme gi6i han, ndi DNA va vector: Tir cac
vector khung, cac enzyme giGi han duoc sir dung dé mé vong. Ty 18 thé tich enzyme
gidi han, dém duoc sur dung, nhiét dd xir Iy vector va cac doan DNA nay duoc thuc

hién theo hudng din cta nha san xuat Thermo Fisher Scientific (M¥). Sau d6, khung
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vector va doan DNA tinh sach duoc ndi nho enzyme T4 DNA ligase hodc enzyme
T4 DNA polymerase (Thermo Fisher Scientific, M¥).

Bién nap san pham néi vao E. coli DH5a kha bién: 10 pl san pham nbi duoc
bién nap vao 200 pl té bao E. coli DH5a kha bién. Cac budc tién hanh thyc hién theo
quy trinh ctia Phong Genomic bao gém: 20 phut u trén nudc da, sc nhiét & 42°C
trong 40 gidy, tiép tuc u trén nudc da trong 2 phut, bd sung thém 800 pl méi trudng
SOC 16ng va nudi lic 200 vong/phut & 30°C trong 1 gid 30 phut. Té bao E. coli DH5a
duogc thu lai nho ly tim & tbe d6 8000 vong/phut trong 20 gidy. Sau d6 té bao vi khuan
duogc ciy trai 1én dia Petri chira méi truong LB ¢6 bd sung khang sinh kanamycin
(100 mg/1). Cac khuan lac riéng r& duoc kiém tra nho colony-PCR (PCR khuan lac)
sir dung cap moi dic hiéu [17].

Téch plasmid: Céc plasmid dugc thu hoi theo quy trinh cia Phong Genomic,
Phong thi nghiém Trong diém Cong nghé Enzym va Protein. Khuan lac dugc chon
cdy vao binh tam giac 50 ml chira 10-20 ml méi truong LB long bo sung thém khéang
sinh kanamycin (100 mg/l). Binh nudi cay duoc lic qua dém ¢ 30-37°C. Ly tam 6 ml
dich nuéi & 12000 vong/phuat, 20 gidy dé thu sinh khéi vi khuan. B6 sung 250
buffer P1 (50 mM Tris-HCI; 10 mM EDTA; pH 7,6) va 3 ul RNase A (10 mg/ml),
vortex dé hoa tan can té bao vao dém. Sau d6 thém 250 ul buffer P2 (200 mM NaOH,
1% SDS) va dao 6ng nhe nhang 5 lan. Tiép tuc thém 350 pl buffer N3 (natri acetate
3M; pH 5,5) vao ong va dao nhe 6ng 5 lan. Ly tam hon hop ¢ 12000 vong/phut, 4°C
trong 20 phat. HGt 700 pl dich trong c6 chira plasmid chuyén sang 6ng ly tam 1,5 ml
va bo sung thém 700 pl isopropanol lanh. Ong dugc tron déu bang vortex va duoc ly
tam & téc 6 12000 vong/phdt trong 20 phit ¢ 4°C. Db bo dich trong va rira cian bang
500 pl ethanol 70%. Ly tam 5 phut va d6 bé dich. Can chira plasmid dugc lam kho &
60°C va hoa vao 50 ul dém TE. Plasmid dugc bao quan ¢ nhiét do -30°C.

Tao céc vector nhi thé dé xoa gen hisB & A. oryzae va A. niger

Céc doan 5° hisB (1,414 kb) va 3’ hisB (1,374 kb) tir DNA téng s cua chung
A. oryzae RIB40 dugc khuéch dai nho PCR véi cac cap moi AohisB-P1/AchisB-P2
va AohisB-P3/AohisB-P4 tuong tng va st dung enzyme Phusion™ high-fidelity

DNA polymerase (Thermo Fisher Scientific, M) dé dam bao do chinh xac cua qua
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trinh sao chép DNA. San pham PCR duoc tinh sach theo quy trinh cia MEGA quick-
spin™ Plus Total Fragment DNA Purification Kit (iNtRON Biotechnology, Han
Qudc) va dugc ndi vao vector trung gian pKG2 theo phuong phap One-Step SLIC sir
dung enzyme T4 DNA polymerase [69]. CAu trdc méi tao duoc dit tén 1a pAoH va
dugc cat kiém tra bang enzyme gigi han Xbal.

Quy trinh tao ciu tric xoé hisB & A. niger dwoc tién hanh tuong tu Vi quy
trinh tao vector pAoH véi DNA tong sb cua ching A. niger N402 duoc khuéch dai
nho PCR véi cac cap moi AnhisB-P1/AnhisB-P2 va AnhisB-P3/AnhisB-P4. Cau triic
méi tao duoc dat tén 1a pAnH va duoc cat kiém tra bang enzyme giéi han Sall.

Tao cac vector phuc vu xoé kép hisB va pyrG ¢ A. oryzae va A. niger

Tir c4c cau trdc xoa hisB ¢ A. oryzae va A. niger: pAoH va pAnH, doan gen
pyrG duoc loai bo nho enzyme Xbal (d6i véi pAoH) va Spel va Xbal (d6i véi pAnH),
va duoc tu dong vong nho enzyme T4 DNA ligase. CAc cau tric méi tao duogc dit tén
la pAOHG va pAnHG.

Tao cau tric biéu hién gen chi thi huynh quang sit dung marker hisB

Dé tao vector mang marker chon loc 1a hisB c6 ngudn goc A. oryzae, hisB
cassette tir A. oryzae RIB40 (AO090701000070) da duoc khuéch dai bang cap moi
AohisB-P7/AohisB-P8. San pham PCR da xtr ly bang EcoRI va Spel duoc ndi nho
T4 DNA ligase vao vector pEX2 di loai pyrG voi EcoRI va Spel twong ng. Cau trdc
mai da dugc xac nhan thém vai Sall va dugc dat tén la pEX2D.

Gen hisB bao gém 672 bp ving 5°, toan bo ORF va 131 bp cua viing 3’ duoc
khuéch dai tir DNA tong sé cua A. niger N402 nho PCR véi cap moi AnhisB-
F/AnhisB-R. San pham PCR duoc xt Iy vai cac enzyme cét giGi han EcoRI va Spel,
va dugc ndi bang T4 DNA ligase vao vector nhi thé pEX2 di xt Iy véi cac enzyme
giéi han tuong (tng nham thay thé marker pyrG. Plasmid méi tao duoc cat kiém tra
véi enzyme Stul. Vector nay duogc dat tén la pEX2E.

Tao cau trac phuc hdi/biéu hién qua mirc mat sé gen lién quan dén sinh
axit hiru co va enzyme

Cau trdc phuc hoi/biéu hién qua mic gen laeA tir A. oryzae duoc tao bang cach

thay thé vung trinh tu gen DsRed & vector pEX2 bang trinh tu gen laeA ¢ A. oryzae
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nho 2 enzyme cit gii han Pmll va Sacl. Enzyme T4 DNA ligase dugc sir dung dé
ndi. CAu tric méi tao duoc cat kiém tra bang enzyme EcoRI va dit tén 1a pEX2laeA.

Toan bo trinh tr ma hda cua gen phyA dugc khuéch dai nho PCR dya trén
khuén 12 DNA bé sung tir A. fumigatus véi cap mdi dic hiéu AfphyA-F/AfphyA-R.
Pé dam bao do chinh xac cua qué trinh khuéch dai gen dich bang PCR, enzyme
Phusion™ high-fidelity DNA polymerase (Thermo Fisher Scientific, My) duoc st
dung. San pham PCR dugc tinh sach bing kit Wizard® SV Gel and PCR Clean-Up
(Promega, M¥). San pham PCR sau tinh sach duogc xir 1y véi enzyme giéi han Pmll
va BamHI dé ndi vao khung vector pEX2B (ciing da dugc Xt Iy véi cac enzyme twong
ng). Plasmid téi t6 hop duoc bién nap vao té bao kha bién E. coli DH5a va duoc
tinh sach bang kit Wizard® Plus SV Minipreps DNA Purification System (Promega,
M¥). Su ¢6 mit cua cau trdc biéu hién gen phyA duoc xac nhan bang PCR véi cap
moi AfphyA-F/AfphyA-R, bang cat véi enzyme giéi han va bang giai trinh tu. Vector
mai tao duogc dat tén la pEX2B-AfphyA.

Cau trdc biéu hién qua mic gen phyA lién quan dén sinh tong hop enzyme
phytase c6 ngudn géc tir A. niger duoc tao thdng qua viéc thay thé ving trinh tu gen
DsRed trén khung vector pEX2 tai vi tri cat ciia enzyme Pmll va BssHII. Gen phyA
tir A. niger dugc khuéch dai tir N402 bang cap moi AnphyA-orf-F/AnphyA-orf-R,
sau d6 duogc xir Iy véi Pmil va BssHII va ndi vao khung vector twong tng nho T4
DNA ligase. Vector méi tao duoc dat tén 1a pEX2-AnphyA va duoc cat kiém tra bang
BamHl.

Tao cau tric xoa gen lién quan dén qua trinh biét hoa té bao, sinh tong
hop enzyme/axit hiru co

Tao vector trung gian pKH1 nham tao cac cau tric phuc vy X0a gen véi marker
hisB: Marker hisB c6 nguon géc tir A. niger dugc khuéch dai nho PCR vai cap moi
AnhisB-F/AnhisB-R. San pham PCR duoc xu Iy véi enzyme Spel va BamHI va ndi
vao vector pKO2 da dugc loai bo marker la gen khang khang sinh nourseothricin
bang cac enzyme tuong tng. Viéc ndi ghép vector véi san pham PCR da xir Iy bang
cung enzyme gigi han duoc thuc hién véi T4 DNA ligase. Vector méi tao duoc dat

tén 1a pKH1 va duoc cit kiém tra bang enzyme Stul.
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Tao vector xoa gen amyR & A. oryzae va A. niger véi marker hisB: Cac doan
5> va 3> amyR tir A. oryzae va A. niger duoc khuéch dai nho PCR véi cac cap moi
AoamyR-P1/AocamyR-P2; AoamyR-P3/AoamyR-P4 va AnamyR-P1l/AnamyR-P2;
AnamyR-P3/AnamyR-P4 vai khubn 1a DNA tong sé tir chung RIB40 hoic N402.
Céc doan 5’ va 3” amyR duoc dua lan lugt vao vector pKH1 va duoc dit tén 12 pKH-
AAoamyR va pKH-AAnamyR tuong tng.

Tao vector xoa gen laeA & A. oryzae vai marker hisB: Cac doan 5 va 3’ laeA
tir A. oryzae dugc khuéch dai nho PCR vai cac cap moi AolaeA-P1/AolaeA-P2 va
AolaeA-P3/AolaeA-P4 vai khudn 12 DNA téng s tir chung RIB40. Poan 5’ laeA
dugc xt ly vai EcoRI va Sacl, dua vao vector trung gian pKH1 da duoc xu ly véi cac
enzyme tuong tng nhd T4 DNA ligase. Poan 3’ laeA tiép tuc duoc dua vao vector
nho xir Iy véi BamHI va Hindll1 va ndi nho T4 DNA ligase. Vector méi tao dugc cat
kiém tra bang Pstl va Apal va duoc dat tén 12 pKH-AAolaeA.

Tao vector xoa gen stuA ¢ A. oryzae véi marker hisB: Vector trung gian
pKO201-AostuA duoc tao ra nhu sau: Poan gen AostuA duoc khuéch dai bang PCR
sir dung cap moi AostuA-orf-F/AostuA-orf-R va khudn 1a DNA tong s tach tir chiing
RIB40. San pham PCR duoc xu ly véi enzyme gidi han ECoRV va Xbal va dugc noi
vao vector pKO2 ciing da xtr 1y vai cling 2 enzyme tuong tng. Viéc ndi doan gen
AostuA vao pKO2 dugc thuc hién nha enzyme T4 DNA ligase. Vector pKO2-AostuA
sau d6 dugc xu Iy tiép véi Sacl va BamHI dé loai bo di 1 doan gen AostuA va duoc
ndi vai marker hisB khuéch dai bang cap moi AnhisB-F/AnhisB-R ciing duoc xu ly
véi cung hai enzyme gidi han tuong thich. Vector méi tao dugc dat tén la pKH-
AAOstuA va duoc xac nhan thém nho cat kiém tra bang Xbal.

Tao vector xoad gen laeA & A. niger vai marker hisB: Tu vector pKG2-
AAnlaeA, marker chon loc pyrG dugc loai bo bang céch xtr Iy véi Sacl va Xbal. Poan
gen hisB c6 ngudn géc tir A. niger dugc khuéch dai nhd PCR véi cap moi AnhisB-
F/AnhisB-R va xir Iy véi ciing enzyme gigi han Sacl va Spel trudc khi ndi vao vector
d3 md vong. Vector méi tao dugc pKH-AAnlaeA duoc cit kiém tra bang Stul va
EcoRl.
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Tao vector xo0d gen stuA & A. niger vai marker hisB: Tu vector pKG1-
AAnstuA, marker chon loc la gen khang khang sinh nourseothricin dugc loai bo véi
Sacl va BamHIL. Poan gen hisB ¢ ngudn géc tir A. niger duoc khuéch dai nho PCR
vé6i cap mdi AnhisB-F/AnhisB-R va xtr ly vai Sacl va BamHI trudc khi ndi vao vector
nhd T4 DNA ligase. Vector mai tao duoc dit tén 1a pKH-AAnstuA va duoc cat kiém
tra bang Xbal.

Tao vector xo& gen prtT & A. niger véi marker hisB: DPoan 5° prtT dugc khuéch
dai nho PCR v&i cap moi AnprtT-P1/AnprtT-P2 va xir ly voi EcoRI va Sacl. Poan
5° prtT duoc ndi vao vector pEX2E di duoc xir Iy voi hai enzyme twong tng nho T4
DNA ligase. Tuong tu, doan 3’ prtT sau khi duoc khuéch dai nho PCR véi cap moi
AnprtT-P3/AnprtT-P4 va xtr ly véi Spel va HindIII dugc tiép tuc ndi vao vector tai
c4c Vi tri cat ctia enzyme giéi han twong tng. Cau trdc méi tao dugc pKH-AAnprtT
dugc cat kiém tra bang enzyme Xbal.

Tao vector xoa gen veA & A. niger véi marker hisB: Cac doan 5° va 3 cia gen
veA tir A. niger dugc khuéch dai nho PCR Vi cac cap moi AnveA-P1/AnveA-P2 va
AnveA-P3/AnveA-P4 va xtr ly vai cac enzyme gidi han. Poan 5° veA dugc xu ly voi
EcoRlI va Spel va duoc dua vao vector pKH1 nho T4 DNA ligase. Poan 3’ VveA tiép
tuc duoc dua vao vector pKH1-5’veA sau khi da xir ly vai enzyme BamHI va Hindlll.
Vector méi tao dugc pKH-AAnveA dugc cét kiém tra bang enzyme Xbal.

Tao céc cau tric nham ting hiéu suat x0a gen & A. oryzae va A. niger

CAc cau triic xoa gen di duoc tao ¢ A. oryzae va A. niger trudc dé dugc mo
vong voi enzyme EcoRI va xtr ly vai enzyme alkaline photphatase. Marker chon loc
pyrG da duoc khuéch dai nho PCR vai cap moi AnpyrG-M1/AnpyrG-M2 va xir ly
véi EcoRI dugc ndi vao vector nho T4 DNA ligase. Cac cau tric méi tao duogc cat

kiém tra voi enzyme BamHI.

2.5.5. Chuyén gen vao A. oryzae va A. niger nho vi khuan Ag. tumefaciens sir
dung marker chon lgc la cac gen dinh dwdng

Bién nap cac vector vao vi khuian Ag. tumefaciens: Cac vector dugc bién
nap vao chung vi khuan Ag. tumefaciens AGL1 bang phuong phap xung dién [140].

Khuan lac chang AGL1 tuoi dugc nudi lac trong mdi trudng LB qua dém & 28°C,

54



200 vong/phut. Ly tdm dich nudi vi khuin & 4000 vong/phut trong 10 phat & 4°C.
Cin chira té bao vi khuan duoc rira 3 1an bang HEPES 100 mM, 1 1an bang glycerol
10% va ly tim 4000 vong/phut, 10 phit ¢ 4°C giita mdi 1an rira. Cudi cing, hoa can
té bao trong 1 ml glycerol 10%. Sau dé, 50 pl dich té bao AGL1 kha bién dugc tron
v6i 0,5 pl plasmid, chuyén hdn hop vao cuvet 2 mm va dit trén d4. Qua trinh bién
nap dugc thuc hién bang may chuyén gen xung dién Gene Pulser Xcell™
Electroporation System (Bio-Rad) véi cac thong sé 2,5 kV, 400 Q, 25 pF. Sau khi
kich hoat xung di€n, 500 pl moi truong LB 16ng dugc bo sung vao cuvet, tron nhe va
chuyén hdn hop sang 6ng ly tam 1,5 ml. Ong duoc nudi lic & toe do 200 vong/phuit,
28°C trong 1 gid. Té bao vi khuan dugc thu lai bang ly tam ¢ toc d6 8000 vong/phut
trong 20 gidy va dugc ciy trai trén moi trudng LB chira kanamycin (100 mg/l). Dia
dugc u ¢ 28°C trong 2 ngay dé thu nhan cac khuén lac khang kanamycin. Céc khuén
lac vi khuan duogc kiém tra bang k¥ thuat colony-PCR v&i mdi déc hiéu [17].
Chuyén gen vao nim s¢i A. oryzae va A. niger sir dung Ag. tumefaciens:
Mot khuan lac tuoi 13y tir dia nudi cdy chung vi khuan Ag. tumefaciens AGL1 di xac
nhan mang vector dugc nudi trong binh tam gidc véi 20 ml moi trudng LB ¢6 bo sung
khang sinh kanamycin (100 mg/l). Dich vi khuan dugc nudi lic ¢ toc do 200
vong/phut, 28°C. Sau 15-17 gio, 1 ml dich duoc ldy ra va tiép tuc nudi trong 9 ml
moi truong IM 1ong cung 200 uM acetosyringone (AS), khang sinh kanamycin (100
mg/1) & 28°C, 200 vong/pht, trong diéu kién t6i. May do quang phd duoc sir dung
dé danh gia sy sinh trudng cua vi khuén cho dén khi ODeoonm dat 0,6-0,8 (thuong can
khoang 5-6 gid nudi). Tron déu 100 ul bao tir nAm (ndng d6 108 bao tir/ml hodc 107
bao t/ml, phu thudc vao tirng chung nidm) véi 100 pl dich vi khuan Ag. tumefaciens.
Hon hop duoc trai déu 1én mang gidy loc cellulose (Satorius, Pirc) dat sin trén moi
truong dia thach IM (méi trudng cam g chira 200 pM AS va nong do cac axit amin
thich hop). Qua trinh déng nudi cdy duoc thuc hién bang cach u dia ¢ diéu kién tdi,
trong 60 gid & 22°C. Sau d6 mang gidy loc dugc chuyén sang dia moi truong sang
loc ¢6 bd sung khang sinh cefotaxime (300 mg/l) va & ¢ nhiét d6 30°C. Khuan lac

nam chuyén gen dugc quan sat sau 5 ngay.
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Sang loc va xac nhén cac thé chuyén gen: Cac khuan lac nAm xudt hién riéng
r& trén dia chuyén gen duoc tiép tuc cay truyén sang moi trudng cé thanh phan giong
v6i méi trudng sang loc trong chuyén gen. Cac khuén lac c6 kha ning sinh trudng
trén méi trudng sang loc s& dugc thuan khiét bang phuong phap phan 1ap bao tir don
va tién hanh tach DNA tong s6 tir sinh khdi hé soi. Phan tng PCR st dung mdi dic
hiéu nham x4c dinh sy ¢6 mit cta ciu tric duoc chuyén trong hé gen cua cac thé

chuyén gen.

2.5.6. Sang loc, danh gia va kiém tra kha ning sinh truéng va tiét protein/enzyme

ciia cac chiing chuyén gen

Kiém tra kha ning phuc hdi sinh truéng & cic chiing xo4 gen hisB: Ching
x04 gen hisB dugc kiém tra mirc ¢ phuc hoi khi nudi cy trén moi trudong CDA hoic
M + Met b sung histidine v6i cac ty 1& khac nhau. Hinh thai cta cac ching xo04 gen
duogc so sanh dong thoi vai cac chung A. oryzae (RIB40, AUT1-PID, NsPID1) va A.
niger N402 tuong tng. Thé tich 5 pl dich bao tir ndm (10° bao tir/ml) dugc nho trén
c4c dia moi truong va tién hanh quan sat hinh thai khuan lac sau 4 ngay nudi cdy &
30°C.

Kiém tra hinh thai va cau trac cudng sinh bao tir: Déi vai kiém tra hinh
thai, 5 pl dich bao tir nAm (10° bao tir/ml) dugc nho trén dia moi truong CDA va tién
hanh quan sét hinh thai khuan lac sau 4 ngay nuéi cay & 30°C. Déi véi kiém tra cau
trdc cudng sinh bao tir, chang ndm duoc nudi tryc tiép trén tiéu ban vé tring c6 chira
moi truong phd hop (phuong phap slide culture) [107]. Cac chung nAm duoc ciy lén
cac giot mdi truong nho sin trén lam kinh. Sau do, tién hanh day lamen 18n céac giot
moi truong di cdy ndm va i trong cac dia petri. CAu tric cudng sinh bao tir duoc quan
sat dudi kinh hién vi quang hoc Olympus (Nhat Ban) sau 4 ngay nudi ciy & 30°C.

Kiém tra kha ning sinh trwéng trén cac ngudn cacbon va nito khac nhau:
Nho 1an luot 5 pl bao tir (ndng d6 108 bao ti/ml) caa mdi chung nAm 1én dia moi
truong thach CDA chira cac nguon cacbon va nito khac nhau. Kha niang sinh truong
cua cac ching duoc danh gia sau 4 ngay nudi cay & 30°C.

Kiém tra kha niing hinh thanh bao tir cia cac ching A. oryzae x04 gen
laeA: Tién hanh cy trai 10 pl bao tir (108 bao tu/ml) ching RIB40 va céc chung dot
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bién x04 gen laeA 1én méi trudng CDA. Thu va dinh lwong bao tir cac chung ndm sau
3 ngay nudi cay & 30°C.

Kiém tra kha niing dap @ng stress: Nho lan lugt 5 pl bao tir (ndng do 108
bao tir/ml) cua cac chung nam trén dia méi trudng CDA bd sung NaCl va Sorbitol &
cac ndng do khac nhau. So sénh sy sinh truéng giita cac chang sau 4 ngay nudi cay
¢ 30°C.

Kiém tra sy anh hwéng ctia nhiét do téi viéc hinh thanh bao tir: 10 pl bao
tr (10° bao tu/ml) cua cac chung nim duoc nho trén moi truong PDA. Tién hanh
quan sét va thu bao tir cac chung ndm sau 5 ngay nudi cay & cac nhiét d6 25°C, 30°C,
35°C va 37°C.

Sang loc va danh gia cac thé chuyén gen phat huynh quang: phuong phap
nudi trén tiéu ban (slide culture) duoc str dung dé quan sat dudi kinh hién vi huynh
quang [107]. Céac chung chuyén gen duoc nudi trén méi truong CDA (c6 bd sung
uridine/uracil hodc histidine) & 30°C trong 4 ngay. Cau tric cudng sinh bao tir va hé
soi duoc quan sat dudi kinh hién vi huynh quang Axioplan Fluorescence Microscope
(Carl Zeiss, Puc) sir dung bude song Kich thich 12 558 nm (d6i voi DsRed) va 488
nm (d6i vi GFP); va duoc loc anh sang phat ra ¢ budc song 583 nm (dbi véi DsRed)
va 509 nm (d6i voi GFP).

Kiém tra kha ning sinh axit hiru co: nho 5 pl dich bao tir (10° bao tir/ml)
ctia cac chung nghién ctru 1én dia moi trudong ti thiéu MM (loai bo NaNOs) va bo
sung 2% bdt moi truong Mac Conkey dé tao mau va 1% sita gay. Pia dugc 0 & 30°C
trong 3 ngay. Kha ndng axit héa moi truong dugc danh gid thong qua vong phan giai
sita hinh thanh trén dia nuoi cdy [111].

Kiém tra kha ning sinh enzyme phytase: nho 5 ul dich bao tr (10° bao
ta/ml) 1€n dia moi truong PSM. Pia dugce 1 ¢ 30°C trong 3 ngay. Enzyme phytase s€
phan giai phytate tao thanh vong trong sudt xung quanh khuén lac. Vong phan giai
cang 16n cho thdy mirc do sinh enzyme va hoat tinh enzyme cang manh.

100 pl dich bao tir (108 bao tu/ml) cua cac chung ndm duoc nudi lc trong 50
ml méi truong PSM long trong 3 ngay ¢ 30°C, 200 rpm. Dich enzyme phytase tho
duoc loc qua mang Miracloth (Calbiochem, Buc) va ly tdm ¢ 5000 rpm, 4°C trong
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15 phdt. Dich enzyme phytase tho dugc dinh lwgng hoat tinh phytase vai kit K-
Phytase cua hang Megazyme (Ireland) theo huéng dan caa nha san xuat. Thi nghiém
duoc lap lai 3 1an doc lap.
2.5.7. Xac dinh s6 ban sao va mire @9 hoat dong cina gen phyA thdng qua real-
time PCR

DNA hozic DNA bé sung (¢cDNA) cua cac chung chuyén gen phyA duoc tach
chiét va pha loang dén ndng do 50 ng/ul (d6i véi DNA) va 100 ng/pl (d6i véi cDNA).
Phan tng real-time PCR su dung iTag™ Universal SYBR® Green Supermix (Bio-
Rad, M§) duoc tién hanh theo huéng dan cua nha san xuat. Chu trinh nhiét nhu sau:
50°C 2 phat, 95°C 10 phut; 40 chu ky cua 95°C 10 gidy, 60°C 30 gidy. Phan ung
PCR thyc hién bang hé théng may 1Q5 real-time PCR (Bio-Rad, M¥) va Rotor-Gene
Q (Qiagen, Puc). Cong thirc quy do6i s6 ban sao dua trén két qua phan tich real-time

PCR nhu sau [131]: S6 ban sao ciia mat gen = 2'ACt

Trong do: ACt=Ct (gen cin xac dinh) — Ct (gen ddi ching)
Mtc d6 biéu hién gen duoc xac dinh theo cong thirc 222, trong d6 cac gen

biéu hién lién tuc dugc sir dung lam gen tham chiéu [87].

2.5.8. Xac dinh va phéan tich cac gen & A. oryzae va A. niger
Thong tin vé cac gen ciia nam A. oryzae va A. niger duoc trich xuét tir co s

dir liéu hé gen nam (https:/fungidb.org va https://mycocosm.jgi.doe.gov). Cau tric

protein va dugc vlng bao tha duoc phan tich bang céng cu InterPro

(https://www.ebi.ac.uk/interpro) va Pfam (https://pfam.xfam.org). Cac trinh tu

protein duoc so sanh va ddi chiéu nho cong cu Clustal Omega

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

2.5.9. Phan tich va xir ly sé liéu

Tat ca c4c thi nghiém trong nghién ctru nay déu duoc tién hanh doc lap it nhat
3 1an. Cac két qua thi nghiém duoc thé hién dudi dang sé trung binh £ d6 léch chuan
(standard deviation, SD). Céc phan tich théng ké duogc tién hanh vai phan mém
GraphPad Prism 8 sir dung chirc nang phan tich Student’s t-test. Su khac biét co y
nghia thong ké duoc danh gia véi gia tri p<0,05.
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Chuong 3
KET QUA VA THAO LUAN

3.1. Phét trién hé théng chuyén gen méi véi marker chon loc 1a gen dinh dudng
hisB phuc vu cai bién di truyén nAm sei A. oryzae va A. niger

Qua trinh sinh tong hop histidine dong maot vai trd bat budc ddi véi sy sinh
tredng va phat trién cua vi sinh vat. Chi c6 1 locus duy nhéat duoc chd thich 12 hisB
trong hé gen cia nam soi md hinh A. nidulans (AN6536) va cac ortholog ¢ A.
fumigatus (Afu6g04700), A. niger (An15g00610) va A. oryzae (A0O090701000070).
Tat ca cac gen hisB c6 ciu trac twong tu nhau, bao gom 2 exon (319 bp, 416 bp) bi
gian doan bai 1 intron ¢6 kich thudc 56-82 bp. Trinh tu cua cac gen nay ma hda cho
244 axit amin gia dinh cta imidazoleglycerol-phosphate dehydratase, 1a mot loai
enzyme can thiét cho qua trinh sinh tong hop histidine (Hinh 3.1A). Phan tich trinh
tu so sanh cho thay: A. oryzae HisB thé hién su twong dong rat cao véi cac ortholog
Aspergillus khac, tir 86,89% dén 90,57% va c6 do twong ddng téi 61,47% véi protein
His3 (YOR202W) ciia nam men S. cerevisiae (Hinh 3.1B).

3.1.1. Tao chiing ddt bién khuyét dwdng histidine nhé x6a gen hisB theo co ché
trao ddi chéo twong dong

Dé x0a gen hisB & nam soi A. oryzae, vector nhi thé véi viing T-DNA chia
marker chon loc pyrG (tir A. niger) nam giita doan 5 véi doan 3’ ctia gen hisB duoc
tao méi. Vector mai tao duoc kiém tra do chinh xac bang cach xu ly vai enzyme gidi
han Xbal (c6 1 vi tri nhan biét trong doan 5” hisB va 1 vi tri nhan biét trong marker
pyrG). Phan tich san pham cat enzyme gidi han trén gel agarose bang phuong phap
dién di cho 2 bang DNA c6 kich thuéc lan luot 12 1,7 kb va 9,5 kb. Két qua nay ding
Véi kich thudce tinh toan dua trén trinh tu gen. Vector mai tao dung dé x6a gen hisB
& A. oryzae duoc dat tén 1a pAoH (Hinh 3.2). Vector nay cho phép thay thé toan bo
vung khung doc m¢ caia gen hisB bang marker chon loc pyrG nhd co ché téi to hop

tuong déng & nam.
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A. oryzae AO090701000070
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Hinh 3.1. C4u truc gen hisB & A. oryzae va céc ortholog tir cac loai Aspergillus

(A) Trinh ti ciia cdc gen hisB dwoc trich xudt tir co sé dir liéu hé gen Aspergillus,
bao gom trinh tz ma hoa (exon) va trinh tir khdng ma héa (intron). Cac trinh tir
protein Aspergillus HisB (244 aa) dwoc phan tich voi Pfam (http://pfam.xfam.org).
(B) Trinh tu protein A. oryzae HisB (A0090701000070) dwoc so sanh véi cac protein
Aspergillus HisB khac (A. fumigatus: Afu6g04700, A. nidulans: AN6536, A. niger:
An15g00610) va S. cerevisiae His3 (YOR202W). Cac axit amin giong nhau dwoc biéu

thi bang mau do va tinh twong dong (%) gitta A. oryzae HisB va cdc homolog diroc
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A B pAoH

M (Xbal)

Spel Xbal

AnpyrG marker RB LB

_> KanR

pKG2

8,4 kb 1kb

Hinh 3.2. So' d6 tao vector pAoH
(A) Vector pKG2 dwoc sir dung lam vector khung cho tgo cdu tric xoa gen va gen
pyrG tir A. niger dwoc lira chon 1am marker chon loc. (B) Két qud cdt kiém tra vector

pAoH bang enzyme gidi han Xbal. M 1a DNA marker 1 kb (Thermo Fisher Scientific,
My).

Vector pAoH dung cho xda gen hisB cé chira marker chon loc pyrG dugc
chuyén vao A. oryzae khuyét dudng uridine/uracil RIB40ApyrG thong qua phuong
phap ATMT nhu di bao cao trudc day [106]. Tat ca cac thé chuyén gen sau d6 duoc
chuyén sang CDA dé sang loc céac thé dot bién khuyét dudng histidine tiém nang.
Chung dot bién xo4 histidine (RIB40AhisB) da duoc kiém tra su sinh truéng trén cac
moi truong khéac nhau. Két qua cho thiy, so véi chung nén RIB40ApyrG va 1 thé dot
bién chén ngau nhién (Ect-1) thi ching dot bién RIB40AhisB khong thé phat trién
trén moi truong CDA thiéu histidine (CDA + Uri + Ura), va chi phat trién trén CDA
duoc bd sung histidine (CDA + His) hoic véi moi trudng day du uridine, uracil va
histidine (CDA + Uri + Ura + His) (Hinh 3.3A). Viéc x6a gen hisB theo co ché trao
d6i chéo twong dong duoc xac nhan bang PCR sir dung cac cap méi dac hiéu (Hinh
3.3B, 3.3C). Vi cap mdi AohisB-P5/AohisB-P6, chung RIB40AhisB cho 1 bing
DNA véi kich thuée 2,4 kb, 16n hon 0,77 kb so véi ching nén RIB40ApyrG va thé
dot bién chén ngau nhién cho 2 bang DNA (2,4 kb va 1,63 kb). Ngoai ra, cap moi
AohisB-F/AohisB-R c6 vi tri lién két trong khung doc m¢ hisB (ORF) di duoc st

dung dé xac nhan sy mat gen.
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RIB40 | RIB40

) 5’ hisB AnpyrG marker 3’ hisB
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(RIB40ApyrG) AohisB-F —p-------- < AohisB-R
625 bp
AohisB-P5 —p -------mmesmmomoenocaeee. < AohisB-P6
1630 bp
Locus gen hisB y -y
. h h
& chilng d6t bién x6a gen ; 5’ hisB 1 AnpyrG marker 3 hisB
(RIB40AhisB) T BT RSN U NV E—— < AohisB-P6
C M - ApyrG AhisB Ect-1 ApyrG AhisB Ect-1
6 kb
3 kb

1 kb

AohisB-P5/AochisB-P6 AohisB-F/AohisB-R
Hinh 3.3. Két qua tao ching dét bién khuyét dwéng histidine & A. oryzae RIB40
(A) Khd ndng sinh trirong cua chung dot bién khuyét duéng histidine (RIB40AhisB)
dwoc kiém tra dong thoi trén CDA + Uri + Ura, CDA + His va CDA + Uri + Ura +
His so véi ching khuyét dieong uridine/uracil (RIB40ApyrG) va 1 thé d@ét bién chén
ngau nhién (Ect-1). Cdc dia dwoc 1 ¢ 30°C trong 4 ngay. (B) So' do x&c nhdn xo4
hisB nho: PCR véi cac vi tri bam méi ddac hiéu. (C) Két qud x&c nhdn x6a gen hisB
nho PCR véi c&c cip moi déc hiéu AohisB-P5/AohisB-P6 va AohisB-F/AohisB-R,
(-) la dai chitng @m, M 1a DNA marker 1 kb (Thermo Fisher Scientific, My).
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Két qua PCR cho thiy khong co bang DNA nao & chiing dot bién khuyét dudng
histidine RIB40AhisB, trong khi cac chung khac cho bang 0,625 kb (Hinh 3.3C).
Nhiing dit liéu nay da chang minh rang viéc loai bo toan bo ving ORF cua gen hisB
& chung dot bién RIB40AhisB da thanh cong.

A Néng dé histidine bé sung vao méi trwéng
CDA+Uri+Ura 0,01% 0,02% 0,1% 1%

\

%
<
o
<
@
o

RIB40AhisB

B Néng dé histidine bd sung vao méi trwéong
M+Met+Uri+Ura 0,01% 0,02% 0,1% 1%

AUT1-PID

AUT1AhisB

Hinh 3.4. Sy phuc hdi sinh truéng cia cac ching dét bién khuyét dudng
histidine ¢ A. oryzae
(A) Céc nong dg histidine khac nhau (0,01-1%) dwgc thém vao méi trirong CDA +
Uri + Ura doi véi RIB404hisB hodc (B) M + Met + Uri + Ura déi véi AUTI1AhisB.
Céac chung khuyét dudng uridine/uracil RIB40ApyrG va AUTI-PID dwoc sir dung

lam déi chitng d@é so sanh. Cdc dia dwoc 1 ¢ 30°C trong 4 ngay.
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Gen hisB ciing bi x6a thém & chang A. oryzae AUT1-PID va NsPID1 khuyét
dudng uridine/uracil dé tao ra chung dot bién khuyét dudng histidine AUT1AhisB va
NsPID1AhisB (Phu luc 4). Céac chung dot bién khuyét dudng histidine duoc kiém tra
murc d6 6n dinh bang cach nudi ciy bao tir don trong it nhat 3 thé hé doc 1ap. Cac
chang A. oryzae AhisB dugc tao ra trong nghién ctru nay twong déng vé hinh thai voi
chang géc. Kiéu hinh khuyét dudng histidine cua chung dét bién cé thé dugc phuc
hdi vé trang thai nguyén dudng bang cach bd sung mét lugng nho histidine (0,01
1%) vao moi truong chon loc CDA + Uri + Ura hoac M + Met + Uri + Ura (Hinh 3.4,
Phu luc 4).

Viéc tao cac chung dot bién khuyét dudng histidine (AhisB) & A. niger ciing
duoc tién hanh twong ty nhu & A. oryzae. Trong d6, vector pAnH chtra marker pyrG
nam gitta ving 5° va 3” hisB, dugc sir dung cho chuyén gen théng qua vi khuan Ag.
tumefaciens & cac chang N402ApyrG va CBS113.46ApyrG. Cac chung dot bién
khuyét dudng histidine N402AhisB va CBS113.46AhisB dugc tao ra nho co ché trao
d6i chéo twong dong va da dugc xac nhan nho PCR vai cac cap moi dac hiéu. Véi
cap moi AnhisB-P5/AnhisB-P6, chiing x6a hisB cho 1 bang duy nhat véi kich thudc
2,466 kb, 16n hon bang 1,673 kb ctia chung N402ApyrG va CBS113.46ApyrG. Trong
khi d6, cau tric x6a gen hisB chi dugc tich hop vao hé gen ma khong xay ra qué trinh
trao d6i chéo twong dong & cac thé dot bién chén ngau nhién. Vi vay, céac thé dot bién
chén ngau nhién cho ca 2 bang 2,466 kb va 1,673 kb. Cap moi AnhisB-P7/AnhisB-
P8 vai vi tri bam mdi hoan toan & trong khung doc mé cua gen hisB tiép tuc duoc xac
nhan x6a. Chung N402ApyrG hoic CBS113.46ApyrG ban dau va thé dot bién chén
ngiu nhién déu xuat hién san pham PCR véi kich thuée 0,607 kb do van con khung
doc mé cua gen hisB, trong khi d6, chiing x6a gen khéng xuat hién bang. Cip moi
AnhisB-F1/AnpyrG-R1 duoc lya chon dé khiang dinh qué trinh x6a gen dua trén co
ché tai t6 hop twong dong da din ra ¢ cac chung x6a gen. Chi cac ching x6a gen méi
cho cac san pham PCR véi kich thudc 1892 bp (Hinh 3.5).
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Hinh 3.5. Két qua tao c4c chiing dét bién khuyét dwéng histidine & A. niger
(4) So do6 xac nhdn xo4 hisB nho PCR véi cac vi tri bam méi dac hiéu. (B) Sw phat
trién cua ching dét bién khuyér dwdng histidine (NA024hisB) duwoc Kiém tra dong
thoi trén CDA + Uri + Ura va CDA + Uri + Ura + His so véi ching khuyér dirong
uridine/uracil (N4024pyrG, CBS113.46ApyrG) ban dau. Cdc dia dwoc i ¢ 30°C
trong 4 ngay. (C) Két qud xé&c nhdn x6a gen hisB nho PCR véi cac cap moi ddac hiéu
AnhisB-P5/AnhisB-P6, AnhisB-P7/AnhisB-P8 va AnhisB-F1/AnpyrG-R1, (-) la doi
chuing &m, M 1a DNA marker 1 kb (Thermo Fisher Scientific, My).
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Tuong tu Véi A. oryzae, cac ching xo& gen hisB & A. niger ciing duoc kiém
tra mac do phuc hdi sinh treang va hinh thanh bao tir. Cac chiing nAm nay duoc nudi
cdy trén moi trudng CDA ¢d bo sung 0,1% uridine, 0,1% uracil (CDA + Uri + Ura)
va histidine vai cac ty 1é€ 0%; 0,01%; 0,02%; 0,1% va 0,2%. Hinh thai cua cac chung
x04 gen duoc so sanh d6ng thoi véi chang nén ding cho chuyén gen 1a N402ApyrG,
CBS113.46ApyrG. Chung xo4 gen hisB khdng thé sinh trudng trén méi trudng CDA
+ Uri + Ura thong thuong, chdng chi ¢é thé phuc héi sinh truéng khi méi truong duoc
bd sung thém histidine. O cac nong do histidine thap nhu 0,01%; chung xo& gen hau
nhu chua phuc hdi dugc kha nang hinh thanh bao tir. Khi nong d6 histidine dat toi
0,02% kha niang hinh thanh bao tir ¢ phuc hdi. Tuy nhién, néu nong do histidine
dugc bd sung vao mdi trudng qué cao, kha nang hinh thanh bao tir ciia cac chiing nam
déu bi wc ché. Piac biét, & nong do 0,02% histidine, chung CBS113.46ApyrG va
CBS113.46AhisB déu bi giam kha ning hinh thanh bao tir (Hinh 3.6).

Phuong phap ATMT di duoc sir dung rong rii dé chuyén gen & nhiéu loai ndm
soi. Phuong phap nay ciing di duoc chirng minh 1a hiéu qua cho ca xoé gen va biéu
hién gen [65, 84]. Tuy nhién, viéc &p dung ATMT van chu yéu dya trén marker chon
loc 14 céc gen khang thubc. Hién nay, cac marker chon loc 1a gen dinh dudng da duoc
tng dung rong rai trong chuyén gen & ndm thong qua phuong phap sir dung té bao
tran [97]. Cac marker chon loc nay dwoc khuyén nghi sir dung trong san xuat protein
tai to hop dé co thé dap tng cac tieu chuan an toan trong cong nghiép thuc pham.
Mot s6 chung khuyét dudng ciing véi cac marker chon loc tuong tmg da duoc thiét
lap & ca nam men va nam soi [112, 127]. A. oryzae c6 kha ning khang tu nhién dbi
vé6i nhiéu loai khang sinh phé bién trong chuyén gen [107]. Do d6, viéc xay dung céc
dot bién khuyét dudng dong mot vai tro quan trong trong viéc phat trién cac hé thong
chuyén gen méi cho loai nam nay. Mot sé marker dinh dudng nhu pyrG, adeA, niaD,
argB da duoc tuyén chon dé bién doi gen & A. oryzae véi phuong phap chuyén gen
bang té bao tran. Cho dén nay, pyrG la marker chon loc duy nhat duoc st dyung thanh

cong dé chuyén gen & A. oryzae nho ATMT [107].
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A Néng do histidine bé sung vao méi trwéng
CDA+Uri+Ura 0,01% 0,02% 0,1%

4

0,2%

N402ApyrG

N402AhisB

Noéng do histidine bé sung vao méi trwong
0,01% 0,02% 0,1% 0,2%

CDA+Uri+Ura

CBS113.46AhisB CBS113.46ApyrG

Hinh 3.6. Sw phuc hdi sinh trwéng ciia cac dot bién A. niger x6a gen hisB
(A) Cac nong d histidine khac nhau (0,01-0,2%) diwegc thém vao méi trirong CDA +
Uri + Ura. Céc chung khuyét dudng uridine/uracil N4024pyrG va CBS113.464pyrG

ot sir dung lam doi chitng dé so sanh. Céc dia dieoc 1t ¢ 30°C trong 4 ngay.

Gan day, 1 ortholog caia HIS3 14 hisB ¢ nim soi A. niger da duoc béo céo la
mot marker chon loc tt cho cac nghién ciru x0a gen [49]. Trén thuc té, gen HIS3 ma
hoa imidazoleglycerol phosphate dehydratase (mot enzyme can thiét cho qua trinh
sinh tong hop histidine) 1a mét trong nhitng marker dinh dudng phé bién nhat dugc
sir dung dé thao tac di truyén & nAm men S. cerevisiae [127]. Protein His3/HisB bao
tha trong hé gen cua cac loai ndm khéc nhau va protein HisB tir cac loai Aspergillus
c6 muc d6 twong ddng cao khoang 87-90% (Hinh 3.1B). Fieldler va cong su (2017)
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d3 chi ra rang gen hisB cua A. nidulans c6 thé dugc sir dung dé bo trg cho A. niger
khuyét dudng histidine nham gitp phuc hdi trang thai nguyén dudng cho cac chiang
A. niger chuyén gen [49].

Tuy nhién, viéc sir dung hisB nhu mot marker chon loc dé bién d6i gen chua
duoc bao cao ¢ A. oryzae. Trong nghién ctru nay, chung t6i da x6a thanh cong gen
hisB trong 3 ching ndm A. oryzae khuyét dudng uridine/uracil doc lap dé tao ra cac
chang dot bién khuyét dudng histidine (Hinh 3.3, Phu lyc 4). Ching t6i di phai sir
dung cac chung khuyét dudng uridine/uracil va marker chon loc pyrG dé xo6a hisB vi
khong thé xd6a gen nay truc tiép ¢ A. oryzae hoang dai ma khong can bat cir marker
chon loc ndo. Viéc thay thé gen hisB nguyén ven bang cassette x6a hisB chira marker
pyrG bang cach téi to hop twong dong dan dén viéc loai bo viing ORF cua gen hisB
khoi hé gen nam (Hinh 3.2B). Hiéu qua loai bo hisB rat thip (<1%) ¢ cac chung A.
oryzae khuyét duong uridine/uracil. LigD tham gia vao qua trinh tich hop nhiém sic
thé khong twong ddng & ndm va viéc xoa gen ligD da gitip cho hiéu qua x6a gen nho
tai to hop twong dong cao hon ¢ A. oryzae [102]. Tuy nhién, viéc loai bo hisB & chang
nén AUT1-PID va NsPID1 ¢ kiéu gen AligD [169] khdng cho thay hiéu qua cao hon
S0 V&i & chiing RIB40ApyrG van mang gen ligD nguyén ven. Mic du vay, viéc loai
bo thanh cong hisB bang cach tai to hop turong dong van 1a mot lya chon tot dé tao ra
cac dot bién khuyét dudng histidine 6n dinh cho céc thao tac di truyén tiép theo ¢ A.
oryzae.

So véi A. oryzae, hiéu qua xda hisB & ca 2 chung A. niger déu cao hon, dat tGi
16,51% + 3,01% (d6i voi N4A02ApyrG) va 13,69% =+ 2.98% (d6i véi
CBS113.46ApyrG) khi st dung phuong phap ATMT. Gen hisB trudc d6 da duoc x6a
& A. niger vai hé thong xé6a gen khong danh dau (Unmarked Gene Deletion System)
nho chuyén gen bang té bao tran & chung nam dot bién khuyét dudng uridine/uracil
(pyrG) va bi hong con duong NHEJ [43, 49]. Tuy nhién, khi sir dung phuong phap
nay, can tién hanh kiém tra va sang loc nhiéu lan dé c6 thé thu dugc thé dot bién xoa
gen. Trong khi d6, sir dung hé théng chuyén gen sir dung ATMT md&i phat trién, cac
thé dot bién da duoc xac nhan nhd PCR 6n dinh vé mat di truyén va san sang cho cac

thi nghiém ké tiép. Hon nita, hé théng chuyén gen nay cho phép loai bo gen hisB &
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nim soi A. oryzae va A. niger khi cac chung ban dau chi can la chang khuyét dudng

uridine/uracil (ApyrG hoac pyrG").

3.1.2. Chuyén gen vao A. oryzae va A. niger sir dung phwong phap ATMT Véi
marker chon loc la hisB

Gan day, ATMT da duoc chirng minh 12 mot cong cu hiéu qua dé chuyén gen
& nam soi A. oryzae [106, 138]. Tuy nhién, phuong phap ndy van con nhiéu han ché
do thiéu cac marker chon loc phu hop, dic biét 1a cAc marker tro dudng méi. Trong
nghién ciru nay, chiing t6i da xay dung vector nhi thé méi pEX2D mang marker chon
loc hisB dé biéu hién gen tai t6 hop & A. oryzae khuyét dudng histidine. Vector nay
chua céc vi tri enzyme gigi han thich hop dé tao cac ciu tric biéu hién gen quan tam
(Hinh 3.7A). Trudc day chung t6i di tim ra rang cac diéu kién téi uu cho chuyén gen
véi ATMT & A. oryzae khuyét dudng uridine/uracil bao gom viéc bo sung 200 pM
AS, 0,05% uridine va 0,05% uracil vao moi truong cam ang; nhiét do 22°C va thoi
gian 60 gio cho qua trinh dong nubi cy [106]. Trong nghién ctu nay, chung toi da
x&c nhan rang nhirng diéu kién nay ciing thich hop cho sy chuyén gen cua A. oryzae
khuyét dudng histidine bang cach st dung phuong phap ATMT va marker chon loc
hisB. Tuy nhién, histidine da dugc thém vao méi truong cam ng thay vi
uridine/uracil dé hd trg su nay mam caa bao tir nam. Viéc bo sung 0,02% histidine
vao méi truong cam tng dé dong nudi ciy cho hiéu suat chuyén gen cao, dat 515 *
99 thé chuyén gen/10° bao tir nam. Nguoc lai, khi giam ndéng do histidine xuéng
0,01%, hiéu suat chuyén gen thap hon déng ké. Khi méi truong cam wng chtra nong
d6 histidine cao hon (0,03%), qua trinh chuyén gen khdng thanh céng do su phat trién
qua muc cua chung khuyét dudng histidine. Trong qua trinh déng nudi cdy, nhiing
thay doi vé& nhiét do c6 thé anh huong dén sy nay mam cua bao tir va sy phat trién
ban dau cua A. oryzae khuyét dudng histidine. Do d6, chiing t6i da kiém tra thém ligu
c4c nhiét d6 khéc nhau (20, 22, 24°C) trong qua trinh d6ng nudi ciy c6 thé anh huong
dén hiéu qua chuyén gen hay khong. Két qua cho thay, nhiét do 22°C van la thich hop
nhat cho su chuyén gen théng qua vi khuan Agrobacterium cia A. oryzae khuyét
dudng histidine (Hinh 3.7B).
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Hinh 3.7. Céc thong sb ti wu cho chuyén gen ¢ chiing A. oryzae khuyét dudng
histidine biang phwong phap ATMT

(A) Vector nh; thé méi pEX2D duroc xay dung chiza marker chon loc 1a A. oryzae hisB
(AohisB) va két qua dgi dién cho chuyén gen thdng qua vi khuan Agrobacterium ¢ A.
oryzae RIB40AhisB bang céch si dung vector nhj thé pEX2D. (B) Nong dg histidine
dirge thém vio méi trieong cam 1ng va nhiét dé dong nubi cay anh hirong manh mé
dén hiéu qud chuyén gen. Cac thi nghiém duwoc thuec hién trong 3 lan déc ldp. Dit lidu
dai dién cho gid tri trung binh + SD va sir khac biét ¢6 y nghia théng ké dwroc phan
tich bang Student's t-test (p <0,05). Ky hiéu *** cho biét p <0,001.

Hiéu sudt ATMT chuyén gen sir dung marker hisB cho 515 + 99 thé chuyén
gen/10° bao ti, thap hon dang ké khi so sanh véi chuyén gen sir dung marker pyrG
(dat 1060 + 143 thé chuyén gen/10° bao tr) [106]. Tuy nhién, hiéu suat nay van du

t6t cho cac nghién ciru trong tuwong lai vé thao tac di truyén & loai nAm soi nay.
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AoHisB-F/AoHisB-R DsRed-F/DsRed-R

B RIB40AhisB::DsRed AUT1AhisB::DsRed

Hinh 3.8. Sw tich hop va biéu hién cia protein DsRed & cac chiing ddt bién
khuyét dudng histidine AhisB
(4) Nam thé chuyén gen duwoc chon (R1 — R5) dwoc sik dung dé chizng minh cdu tric
T-DNA chirza marker chon loc hisB va trinh tx ma hoé cho protein DsRed trong hé
gen nam. CAc cdp mai cu thé: AohisB-F/AohisB-R va DsRed-F/DsRed-R da dwoc lira
chon dé khuéch dai gen hisB va DsRed tir hé gen cia c4c thé chuyén gen. M 1a DNA
marker 1 kb (Thermo Fisher Scientific, My). (B) Cac thé chuyén gen biéu hién DsRed
(RIB404hisB::DsRed, AUTIAhisB::DsRed) dwéi kinh hién vi hupnh quang Axioplan
VéGi dé phéng dai 400 lan. Cac thé chuyén gen dwoc nudi cdy trén cac lam kinh co

chera moi truong CDA hogc M + Met ¢ 30°C trong 3 ngay.

Pé xac nhan su thanh cong cua chuyén gen & A. oryzae, mot s6 khuan lac da
dugc chon dé xac dinh su tich hop caa marker hisB va gen béo céo DsRed trong hé
gen bang PCR. Céc cip mdi dic hiéu AohisB-F/AohisB-R va DsRed-F/DsRed-R
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duoc st dung dé khuéch dai doan gen hisB va DsRed tuong wng. Két qua cho thay
rang, ca marker hisB va doan gen DsRed déu c6 mat trong hé gen cua cac thé chuyén
gen duoc lva chon (Hinh 3.8A). Viéc kiém tra thém céc thé chuyén gen nay duéi kinh
hién vi huynh quang chi ra rang gen b&o céo DsRed duoc biéu hién manh trong hé

soi nam, conidiophore va bao tir (Hinh 3.8B).
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Hinh 3.9. Cac diéu kién t6i wu cho hé thong ATMT & A. niger khuyét dudng
histidine
Bon thong sé quan trong doi véi ATMT bao gom nong dg histidine (0,01; 0,015;
0,02%) trong méi trwong cam ung (A), nong dé bao tir (10°, 108, 107 bao ti/ml) (B),
nhiét dg dong nudi cay (20, 22, 24°C) (C) va thoi gian dong nudi cay (48, 60, 72 gio)
(D) da dwoc kiém tra. Tat ca céc thi nghiém duwoc thiec hién 3 lan déc ldp va dir liéu

diroc biéu thi dudi dang gia tri trung binh + dg léch chuan.
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Mot vector nhi thé c6 tén 1a pEX2E chira marker chon loc 1a gen hisB tir A.
niger da duoc tao dé t6i wu chuyén gen cho cac chung dot bién khuyét dudng histidine
& A. niger (Hinh 3.11A). Vector nay chira 672 bp vung promoter cua hisB, toan bo
vung khung doc mé cua gen hisB va 131 bp hisB terminator. Diéu kién ti wu cho
chuyén gen ¢ A. niger khuyét dudng histidine twong ti ddi vé6i A. oryzae, trong d6
nong d6 bao tir ti wu 1a 107 bao tir/ml, méi tredng cam tng IM dugc bo sung 0,015%
histidine va 200 uM AS, nhiét d6 ddng nudi cay la 22°C, thoi gian dong nudi cy dat
60 gio. Hiéu suat chuyén gen trong trudng hop nay dat duoc 1a 297 + 62 thé chuyén
gen cho 107 bao tir véi chung nén N402AhisB va 285 + 58 thé chuyén gen cho 107
bao tir vai chang nén CBS113.46AhisB (Hinh 3.9).

Céc thdng s6 tdi uu cho chuyén gen o A. oryzae va A. niger khuyét dudng
histidine dugc md ta nhu trong Hinh 3.10. N6i chung, hiéu suat chuyén gen bi anh
huong bai nhiéu yéu té. Trong mot s6 truong hop, bat budc phai dung protoplast 1a
nguyén liéu ban dau dé chuyén gen thanh céng & Rhizopus oryzae va Mucor
circinelloides [99]. Tudi cua nguyén li¢u cling déng mot vai trd quan trong. Vi du, sir
dung bao tr duoc luu trir trong thoi gian dai ¢ 4°C dbi véi A. awamori va A. niger
cho hiéu qua chuyén gen kém hon [99]. Vi vay, trong cac nghién ctru caa ching t6i,
bao tir ding cho chuyén gen 1a céc bao tir mai thu va da dugc kiém tra kha nang
khuyét dudng. Bén canh do, cac chung khac nhau cua cting mot lodi nim thuong cho
hiéu suat chuyén gen khéac nhau, c6 thé 1a do sy khac biét cua thanh té bao hoic dic
diém sinh truong. V6i cing mot vector biéu hién, hiéu qua chuyén gen & cac chung
A. oryzae dot bién khuyét dudng uridine/uracil ciing rat khac nhau. Véi ching A.
oryzae RIB40ApyrG, hiéu qua chuyén gen Ién t6i hon 1000 thé chuyén gen cho10°
bao ti. Trong khi d6 hiéu qua chuyén gen chi dat 265 + 13 thé chuyén gen cho 10°
bao tir nAm & chung A. oryzae VS1ApyrG [106]. Tham chi, hiéu qua chuyén gen vao
chang A. oryzae AUT1-PID hong gen ligD chi dat 116 + 39 thé chuyén gen cho 107
bao tir ndm [106]. Tuong tu, cac ching dot bién histidine ciing cho hiéu qua chuyén
gen khac nhau. Pic biét, véi 2 ching c6 dot bién hong gen ligD 1a A. oryzae
AUT1AhisB va A. oryzae NsHID1, hiéu qua chuyén gen chi dat tuong tng 1a 340 thé

chuyén gen cho 107 bao tir hodc 73 thé chuyén gen cho 10° bao tir.
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Bao t& ndm A. oryzae RIB40AhisB
(10 bao tir/ml)

l HOAC

Tién cam (rng trong IM

-

DPong nubi cay trén mang dat trén méi trwdng
IM + 0,02% His + 200 uM AS (ddi v&i A. oryzae)
ho&c IM + 0,015% His + 200 uM AS (dbi v&i A. niger)

trong 60 gio & 22°C

Khuan lac nam
K A ~ v .
N /) xuat hién trén mai trwdng chon loc

CDA + 300 (mg/l) cefotaxime sau 5 ngay & 30°C

AGL1 + pEX2D/pEX2E

Bao t&r ndm A. niger N402AhisB
(107 bao tir/ml)

- e .
RIB40AhisB::DsRed N402AhisB::DsRed
Hinh 3.10. Cac théng s6 ti wu cho chuyén gen vao nam A. oryzae va A. niger

khuyét dwéng histidine sit dung phwong phap ATMT
(4) So do chuyén gen toi wu. (B) Két qud chuyén gen dai dién doi véi A. oryzae
RIB404hisB va A. niger N4024hisB.
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Hiéu qua chuyén gen phu thudc cha yéu vao cac diéu kién ddng nudi ciy. Thoi
gian ddng nudi cay, nhiét do, pH va loai mang loc duoc chon ¢ anh hudng rat Ién
t6i s6 luong thé chuyén gen. DBé chuyén gen ¢ ndm, nhiét do thich hop 1a tir 20°C dén
28°C. Pay la nhiét do tbi vu cho viéc chuyén T-DNA. Trong nghién ciru lién quan
t6i chuyén gen & A. oryzae véi marker chon loc 1a gen pyrG, 22°C 1a nhiét d6 dugc
lya chon cho dong nudi cy vi khuan va nim [106]. Trong nghién ctru nay, ching toi
mét lan nira xac nhan rang 22°C 1a nhiét do t6i vu cho chuyén gen & cac chung A.
oryzae va A. niger khuyét duong histidine sir dung phuong phap ATMT. Céc cong
bd trude d6 ciing khang dinh 16-96 gio 1a thoi diém thich hop cho ddng nudi cay tuy
thuoc vao nam va chang Ag. tumefaciens [99]. Béi vai A. oryzae va A. niger, 60 gio
la thoi gian ddng nudi cay thich hop dé co thé dat dugc s6 luong cac thé chuyén gen
cao nhat,

Bén canh d6, mang loc ua nudc dugc st dung dé hd tro dong nudi cay va gilp
chuyén céc khuan lac don vao méi truong sang loc. Mang loc Nitrocellulose, Hybond,
gidy loc, gidy bong kinh va polyvinylidene difluoride da duoc s dung cho ATMT.
Tuy nhién, hiéu qua chuyén gen khong giéng nhau. Vi du, st dung mang Hybond N
hodc Hybond N* cho hiéu qua chuyén gen cao hon & A. awamori so Vi sir dung mang
Hybond C va nitrocellulose. Khi str dung mang nitrocellulose cho P. infestans, khong
thu duoc thé chuyén gen. Néu st dung mang Nytran hozc Hybond N* ¢ P. infestans
thi két qua chuyén gen tét hon 2 dén 3 lan so véi Hybond N* [99]. Trong nghién ctu
nay, chang toi str dung gidy loc cellulose (FT 3-303-090, Sartorius) dé thuc hién cac
thi nghiém chuyén gen. Loai gidy loc nay da dugc chang minh 12 hd trg cho chuyén
gen hiéu qua & nam soi P. digitatum vai hiéu suat chuyén gen 1én téi 1240 + 65 thé
chuyén gen cho 108 bao tir [152]. Piac biét, sir dung loai gidy loc nay trong chuyén
gen & A. oryzae RIB40 ciing cho hiéu suat chuyén gen vuot troi, 1én toi 1060 + 143
thé chuyén gen cho 108 bao tir. Ngoai ra, dé kich hoat su biéu hién cua cac gen vir
can thiét cho qua trinh van chuyén va tich hgp T-DNA vao hé gen nam, viéc bo sung
AS vao méi truong cam tng va moi truong tién cam tng trude qua trinh chuyén gen
la rat can thiét. Céc loai nam khac nhau cho thay yéu cau vé nong do AS khac nhau

dé dat hiéu qua chuyén gen cao nhat. Nong do AS phu hop da cai thién tan sé chuyén
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gen cua ndm B. bassiana, F. oxysporum va M. grisea. Bén canh do, ty 1é ti vu cua
nam va Ag. tumefaciens nén duoc xac dinh dé c6 hiéu qua chuyén gen cao nhat. Théng
thuong, ty 16 nim duoc t6i wu twong duong véi ty & cac té bao vi khuan Ag.
tumefaciens. Trong mot sé trudong hop, su gia ting cua cac té bao Ag. tumefaciens
trong hdn hop ddng nudi ciy doi khi tang tan sé chuyén gen, nhung quéa nhiéu té bao
Ag. tumefaciens s& 1am giam hiéu qua chuyén gen. Mit khac, rat kho dé phan tach
c4c thé chuyén gen néu nim phat trién qua nhiéu trong qua trinh dong nuéi ciy. pH
dong nudi cay cé tac dong manh mé dén sy chuyén gen. Khdng quan sat thay thé
chuyén gen khi duoc nudi ciy & pH 5,0 hoic pH 5,9; pH tbi uu 13 khoang 5.5 d6i voi
U. scitaminea. pH tbi uu cho chuyén gen ¢ U. maydis 14 5,7. pH téi wu cho C. trifolii
va C. lagenarium nam trong khoang tir 5,0 dén 5,3. pH ciing phu thudc vao cac chang
Ag. tumefaciens, trong d6 pH 1a t6i wu cho cac gen vir khac nhau caa cac ching Ag.
tumefaciens la khac nhau [99].

Trong nhitng nghién ciru dau tién vé chuyén gen & A. niger sir dung phuong
phap ATMT, de Groot va cong su chi ghi nhan 5 thé chuyén gen cho 107 bao tir A.
niger khi st dung marker chon loc 1a gen khang khang sinh hygromycin. Sau do, cac
nha khoa hoc da phat trién cac cach tiép can khac nhau nham nang cao hiéu suat
chuyén gen & A. niger [41]. Hiéu suat chuyén gen da dat 50-100 thé chuyén gen/107
bao tir [85]. Trong nghién ctiru ndy, hiéu suat chuyén gen ¢ A. niger véi marker chon
loc 14 gen hisB dat t&i 285-297 thé chuyén gen/107 bao tir, cao hon 3-60 lan so V6i
cac nghién ctru trude do.

Sy thanh céng cua qua trinh chuyén gen ¢ A. niger ciing tiép tuc duoc Xxéac
nhan bang cach kiém tra kha nang phat quang do cua céac thé chuyén gen dudi kinh
hién vi huynh quang (Hinh 3.11C). Céc tin hiéu huynh quang d6 trén toan bo hé soi
nam cua cac thé chuyén gen duoc quan sat rd rang dudi kinh hién vi huynh quang.
Nhu vay, hé théng chuyén gen ATMT dua trén co ché khuyét dudng histidine 1a cong

cu tiém nang cho biéu hién gen.
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DsRed-cf-F/DsRed-cf-R

N402AhisB::DsRed (R1) CBS113.46AhisB::DsRed (R2)

Hinh 3.11. Sy tich hep va biéu hién huynh quang dé DsRed & A. niger

(4) So dé gidn lwoc vector nhi thé maéi pEX2E véi c&c vi tri nhdn biét cia mét sé
enzyme cat gidgi han. (B) Sir c6 mat cia gen béo cado DsRed (678 bp) trong hé gen
cua céc thé chuyén gen duwoc xac nhdn nho PCR Véi cap mai dac hiéu DsRed-cf-
F/DsRed-cf-R. M 1a DNA marker 1 kb (Thermo Fisher Scientific, My). (C) Céac chung
biéu hién DsRed duéi kinh hién vi hupnh quang Axioplan véi dé phéng dai 400 lan.
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3.1.3. Tao cac chiing ddt bién khuyét duweng kép nho giai phap tai sir dung
marker chon loc pyrG

Vector nhi thé pAoHG (ding cho A. oryzae) va pAnHG (ding cho A. niger)
d3 dugc tao nham loai marker pyrG khai hé gen cua céc chung dot bién khuyét dudng
histidine. Nhu vay, thé chuyén gen thanh cong sé 1a cac chung dot bién khuyét dudng
ca 2 gen hisB va pyrG. Viéc loai bo marker pyrG & vector pAoH va pAnH di ndi cac
ving 5° va 3’ hisB dé tao ra mot doan T-DNA méi ma khong c6 khung doc mé cua
gen hisB. Sau khi chuyén cau trdc nay vao thé dot bién AhisB, marker pyrG da duoc
loai bo thong qua co ché téi t6 hop twong ddng. Cac thé dot bién thu dwoc 1a dot bién
khuyét dudng kép hisB va pyrG, va chi cé thé sinh truong khi dugc bo sung day du
histidine, uridine/uracil vao mdi trudng nudi cay. Trong truong hop nay, ching toi
thu duoc 1-2 thé bién nap c6 kiéu hinh khang 5-FOA ddi véi 10° hozc 108 bao tir tir
cac chung nén khuyét dudng histidine RIB40AhisB, AUT1AhisB hay N402AhisB.
Cac thé chuyén gen sau d6 da duoc sang loc su khuyét dudng uridine/uracil trén cac
moi truong khac nhau (Hinh 3.12A). Khi méi truong khong bo sung thém
uridine/uracil, cac thé chuyén gen maéi thu nhan khong c6 kha ning sinh truong do
gen pyrG di bi loai bo khoi hé gen. Cac chung khuyét dudng kép RIB40AhisBApyrG
va AUT1AhisBApyrG chi c6 thé sinh truong khi méi trudng dugc bo sung thém
histidine va uridine/uracil. B4i véi A. oryzae, x6a gen pyrG duoc xac nhan thém bang
phan tich PCR sir dung cip moi AohisB-P5/AohisB-P6 (Hinh 3.12B, 3.12C). Cac
chang dot bién khuyét dudng kép cd kiéu gen AhisBApyrG cho 1 bang DNA vai kich
thugc 677 bp do cassette pyrG da bi loai khoi hé gen. Nguoc lai, két qua PCR cho
thiy d6i voi cac chang ApyrG, khi gen hisB van chua bi can thiép, cho 1 bang 1,63
kb; trong khi d6 bang 2,4 kb xuét hién trong cac chung khuyét dugng AhisB (Hinh
3.12B, 3.12C). X&c nhan nho PCR véi cap moi AnpyrG-F/AnpyrG-R dic hiéu cho
gen A. niger pyrG ciing chi ra rang marker pyrG da duoc loai bo thanh cong khoi hé
gen cua cac chang dot bién khuyét dudng kép RIB40AhiSBApyrG va
AUT1AhisBApyrG. Nhu vay, tat ca cac thé chuyén gen khang 5-FOA thu duoc trong
nghién ctu nay déu la cac chung A. oryzae khuyét dudng kép histidine va

uridine/uracil.
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Locus gen hisB & chiing — 5 hisB * AnpyrGmarker ~ 3" hisB
dot bien khuyét dwong histidine

: e T P < AohisB-P6
(AhisB) AolisERS 2404 bp
Locus gen hisB & chiing 5' hisB 3’ hisB
dot bién khuyét dwong kép ~ ———1 | —
(AhisBApyrG) AONISB-P5 >+~~~ < AohisB-P
p

Hinh 3.12. Két qua tao cac chiing khuyét dudng kép AhisBApyrG & A. oryzae
(A) Sw sinh trweeng cua cac ching dét bién AhisBApyrG duwoc kiém tra trén cac moi
triong khac nhau so véi ching khuyét dudng uridine/uracil ApyrG va ching khuyét
dudng histidine AhisB. (B) So' do xac nhdn viéc logi bé marker pyrG ¢ cac ching dot
bién nho PCR véi cidp moi déc hiéu P5/P6. (C) Két qud loai bé marker pyrG ¢ ching
RIB40AhisB dé tao ra dét bién RIB40AhisBApyrG khuyét dwong kép. (D) Két qua xac
nhdn x6a marker pyrG ¢ dét bién xéa kép AUT1AhisBApyrG, (-) la doi chirng &m. M

la DNA marker 1 kb (Thermo Fisher Scientific, My).
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3.1.4. Xay dwng va danh gia hiéu qua chuyén gen ciaa cac vector nhj thé méi

Hai hé théng ATMT duoc phat trién gan day ¢ A. oryzae di st dung mot
marker chon loc duy nhat 1a pyrG [106, 107] hoic sy két hop cua pyrG va gen khéang
pyrithiamine (ptrA) [138]. Viéc thiét 1ap cac hé thong ATMT méi va hiéu qua véi cac
marker dinh dudng khéc nhau 1a diéu can thiét cho cac nghién ctiu ki thuat di truyén
& A. oryzae. Chung t6i da st dung cac diéu kién ATMT tbi wu ¢ cac chung khuyét
dudng don dé chuyén gen & cac ching dot bién khuyét dudng kép AhisBApyrG. Hai
vector nhi thé pEX2D va pEX1 duoc sir dung dé danh gia hé thong ATMT nay.
Plasmid pEX2D chira marker hisB va doan gen DsRed duoc chon cho vong dau tién
ctia qua trinh chuyén gen, trong khi pEX1 véi marker pyrG va doan gen GFP duoc
s dung cho vong tha hai. Két qua cho thay hiéu suat chuyén gen cia chang
RIB40AhisBApyrG trong vong chuyén gen dau l1a 232 + 86 thé chuyén gen/10° bao
tar. O vong chuyén gen thir hai, voi marker chon loc pyrG, hiéu suat 1én téi 318 + 98
thé chuyén gen/108 bao tir. Su tich hop thanh cong cua ca 2 gen bao cdo DsRed va
GFP trong hé gen ctia nim da dugc xac nhan bang PCR str dung cac cap moi dac
hiéu va sy biéu hién ciing ldc caa 2 gen nay trong soi ndm dugc quan sat rd rang dudi
kinh hién vi huynh quang (Hinh 3.13). Tuy nhién, khi marker pyrG duoc sir dung cho
vong dau tién & cac ching AhisBApyrG, sy bién nap khong hoat dong. Nhugc diém
nay van s& duoc giai quyét trong tuong lai. Cac két qua hién tai két hop voi dit liu
trudc day [106] chang minh rang hé théng ATMT véi cac marker dinh dudng rat hiéu
qua.

Hai vector pEX2E va pEX1 tiép tuc duoc sir dung dé xac nhan cho hé thng
chuyén gen mai thiét 1ap & A. niger. Pang chu ¥, xu hudng va th tu cac vong chuyén
gen cua A. niger ciing gidng véi A. oryzae. Khi sir dung hisB cho vong chuyén gen
dau tién, hiéu qua chuyén gen cd thé dat toi hon 1000 thé chuyén gen/10° bao tir.
Trong khi d6, néu pyrG duoc sir dung trudc cho chuyén gen, hiéu suat chuyén gen
chi dat 10 khuan lac/108 bao tir. Su biéu hién cua cac thé chuyén gen ciing duoc kiém
tra bang PCR vai c&c cap moi dic hiéu cho cac gen phat huynh quang va danh gia sy
phat quang ctia hé sgi nam dudi kinh hién vi huynh quang. Nhu vay, hé théng chiing

t6i méi tao duoc ciing rat hiéu qua ddi véi nam soi A. niger (Hinh 3.14).
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A M . + RG1 RG2 M : + RG1 RG2

DsRed-F/DsRed-R GFP-F/GFP-R
Huynh quang d6 Huynh quang xanh Két hop

v" )

W

RIB40AhisBApyrG
DsRed::GFP

Huynh quang dé Huynh quang xanh Két hop

AUT1AhisBApyrG
DsRed::GFP

Hinh 3.13. Su biéu hién dong thoi 2 gen doc 1ap & A. oryzae bang cach sir dung
hé théng ATMT méi dwoc xay dung

(A) Su tich hop cia gen DsRed va GFP trong ¢ cac thé chuyén gen khac nhau (RG1,
RG2) duoc xac nhan nho PCR sir dung cap moi DsRed-F/DsRed-R va GFP-F/GFP-
R twong #ng. M: DNA marker 1 kb (Thermo Fisher Scientific, My). (B) Thé chuyén
gen dgi dién biéu hién ca DsRed va GFP dwoc nudi cdy trén CDA (doi véi
RIB40AhisBApyrG::DsRed::GFP) ~ hodc M+  Met  (doi Vi
AUTI1AhisBApyrG::DsRed::GFP) bang phwong phdp nudi cdy trén tiéu ban trong 3
ngay ¢ 30°C. Tiéu bdn duwoc sir dung dé quan sat tryc tiép dudi kinh hién vi hupnh

quang Axioplan véi dé phong dai 400 lan.
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A CDA+Uri+Ura CDA+His CDA+Uri+Ura+His

N402
... AhisBApyrG ...

.
Sa

N402 T N402
ApyrG : AhisB

Huynh quang do Huynh quang xanh Két hgp

N402AhisBApyrG
DsRed::GFP

Hinh 3.14. Két qua tao chiing dot bién khuyét dudng kép va sw biéu hién dong
thai 2 gen ddc lap trong ciing mét chiing nAm & A. niger N402

(A) Sw phét trién cia chung dét bién khuyét dudng kép (AhisBApyrG) so véi Cac

chuing dét bién khuyét dudng don (ApyrG va AhisB) trén CDA + Uri + Ura, CDA +

His va CDA + Uri + Ura + His. Céc dia dwoc 1t & 30°C trong 4 ngay. (B). Su biéu

hién dong thoi DsRed va GFP trong cling mét ching ndm dwéi kinh hién vi huynh

quang Axioplan véi dé phong dai 400 lan.

Hiéu suat cua 2 sy kién bién nap doc lap trong mot chung ndm thudng yéu cau
2 marker chon loc khac nhau. Piéu tra chtrc nang gen 1a mot vi du dién hinh, trong
d6 mot marker duoc sir dung cho x6a gen va marker con lai dung dé bé trg gen. O A.
oryzae, cac nghién ciru nhu vay bi han ché do thiéu cac marker chon loc c6 thé duoc
sir dung trong ciing mot chung nAm. Gan day, mot hé théng chuyén gen ATMT kép
da dwoc phét trién & A. oryzae dua trén su khuyét dudng uridine/uracil va khang
pyrithiamine. Tuy nhién, viéc st dung marker chon loc la gen ptrA mang lai tinh

khang pyrithiamine & A. oryzae doi hoi phai c6 su kiém soat chit ché dé tranh van dé
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moc nén do sy phat trién nAm khéng mong muén trong qué trinh chon loc cac thé
chuyén gen [138]. Trong nghién cttu nay, lan dau tién ching toi di thanh cong trong
viéc xay dung cac chang A. oryzae khuyét dudng kép va thiét [ap mot hé thong ATMT
méi véi marker chon loc pyrG va hisB (Hinh 3.13). Hiéu qua bién nap caa hé thong
ATMT nay kha tét, dat tir 232—-318 thé chuyén gen cho 10° bao tir tuy thudc vao
marker chon loc. Bic biét, két hop cac diéu kién chuyén gen téi wu tir cac chung dot
bién khuyét dudng don pyrG va hisB, ching t6i dé xuat cac thong s toi wu cho
chuyén gen & cac chimg dot bién khuyét dudng kép sir dung phuong phap ATMT &
A. oryzae va A. niger. Ngoai ra, sy hinh thanh nén khdng mong muén do sy phét trién
qua mic cua cac ching khuyét dudng trong qué trinh dong nudi cay duoc kiém soét
dé dang boi nong do histidine va uridine/uracil dugc bd sung vao méi truong cam
tng. Hé thong ATMT méi xay dung di dugc xac nhan bang cach biéu hién thanh
cong 2 gen bao cdo khac nhau bao gdm DsRed va GFP trong cting mot chang A.
oryzae va A. niger (Hinh 3.13, 3.14). Ngoai ra, marker chon loc 1a gen dinh dudng tir
A. niger ciing c6 thé dugc st dung dé chuyén gen va biéu hién gen & loai nam soi

khac nhu P. lilacinum véi hiéu qua cao [18].

3.2. Hé théng chuyén gen théng qua vi khuan Ag. tumefaciens (ATMT) méi

phét trién cho phép thuc hién nghién ciru vé chire niing ciia cac gen

3.2.1. Tao vector nhi thé pKH1 phuc vu xda gen

Marker hisB c6 ngudn gbc tir A. niger dugc khuéch dai nhd PCR véi cap moi
AnhisB-F/AnhisB-R véi khuén DNA 1a N402. San pham PCR dugc xt ly véi enzyme
Spel va BamHI va ndi nhd T4 DNA ligase vao vector pKO2 di duoc loai bo marker
la gen khang khang sinh nourseothricin (NAT) nho cac enzyme tuwong ung. Vector
méi tao duoc cat kiém tra bang enzyme Stul va duogc dit tén 1a pkKH1 (Hinh 3.15).

Vector nhij thé pKH1 mdi tao, chira cac vi tri nhan biét caa cac enzyme cét
gidi han & ca 2 dau 5° va 3° ciia marker chon loc hisB gitp cho viéc dua cac trinh tu
tai t6 hop twong ddng cua gen dich vao vector trd nén dé dang hon. Cac doan trinh ty
tai t6 hop tuong ddng duge dua tuan ty vao 2 phia ciia marker chon loc trong vector
nho str dung enzyme cét giGi han va T4 DNA ligase. Cho dén hién nay, phuong phap

tao cau tric phu thudc vao cac enzyme cat gidi han va ligase van 1a phuong phap
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dugc sir dung phd bién va hiéu qua nhat. Nhiéu vector x6a gen da duoc tao va tién
hanh x6a thanh cdng trén nhiéu loai nam soi khac nhau véi hiéu sut rat cao [52, 153].

Vector trung gian pKH1 s& dugc khai théc cho cac thi nghiém xoa gen tiép theo.

EcoRl, Pacl, EcoRV BamHl, Apal, Xhol, EcoRl, Pacl, EcoRV BamHl, Apal, Xhol, pKH1
Sacl, Spel Stul, Pstl, Hindlll Sacl, Spel Stul Stul, Pstl, Hindlll
A

\ Y

| A

dA-NAT
- / ap

KanR pK 02
8,31 kb

6 kb

AnhisB marker
3 kb

pKH1

8,45 kb 1 kb

Hinh 3.15. So' dd tao vector pKH1 va cac vi tri ciia enzyme cat giéi han phuc
vu tao cac cau tric xoa gen tiép theo
Vector pKO2 dwoc sir dung 1am vector khung cho tgo cdu tric va gen hisB tir A. niger
duroc lyra chon 1am marker chon loc. Két qua cat kiém tra vector pKH1 bang enzyme
gigi hgn Stul. M 1a DNA marker 1 kb (Thermo Fisher Scientific, My).

3.2.2. X04 va bo tro thanh cong gen diéu hoa laeA & A. oryzae va A. niger bang
cach sir dung hé thong ATMT da xay dwng

Pé danh gia hé théng ATMT trong nghién ciru vai trd, chiic nang gen & A.
oryzae va A. niger, chiing t6i da Iya chon gen laeA. Yéu t6 diéu hoa pho rong LaeA
dong vai trd quan trong trong qua trinh trao doi chat thir cap va phat trién cta nhiéu
loai nam [15]. O A. oryzae, yéu té diéu hoa LaeA kiém soat qua trinh tao bao tir va
san xuat axit kojic [73]. Xoa gen laeA lam giam kha ning sinh tong hop axit hitu co
& A. niger [111]. Trong nghién ciru ndy, gen laeA di bi x6a & chung khuyét dudng
histidine (RIB40AhisB) (Hinh 3.16, 3.18). Ngoai ra, chung t6i da chitng minh rang
marker hisB cua A. niger ¢ thé duoc sir dung dé x6a laeA ¢ A. oryzae. Su tai t6 hop
tuong dong dan dén su trao doi gitta bang x6a laeA va cac viing 5' va 3' laeA trong hé
gen nam (Hinh 3.16A). Mot doan 16n (khoang 900 bp) cia gen laeA bao gom trinh
tu 1 phan ma hoé cho mién methyltransferase di bi x6a. Su mat doan laeA nay trong
c4c thé chuyén gen duoc xac dinh bang PCR st dung 2 cap mdi dic hiéu 1a AolaeA-
P5/AolaeA-P6 va AolaeA-P8/AnhisB-R1 (Hinh 3.16, 3.18). Hiéu suat xda gen laeA
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dat 55,2% + 13,54% véi chung nén RIB40AhisB. Chung toi di kiém tra 2 thé dot bién
AlaeA doc 1ap vé kha ning hinh thanh bao tir so v6i ching RIB40 ty nhién. Dix lidu
cho thay rang viéc loai bo laeA 1am giam dang ké su hinh thanh bao tir cia A. oryzae

(Hinh 3.16D).

5' laeA AnhisB marker 3’ laeA
A Chutricxodgen laeA v C T
¢ A. oryzae g i i
5laeA  laeA T 3'jaeA
L ban da
AT iom, ARl AolagA-P5 »-----eneeneenannn < AolaeA-P6
1515 bp
5' laeA AnhisB marker 3' laeA
Locus gen /laeA
& chling dét bién xoa gen AOIa@A-PS P ----nnvmeeecinaenaeine <« AolaeA-P6
2142 bp
AOIROARE PP resarivinissanaseigsnns < AnhisB-R1
1667 bp

& D

N o
\
'I NECE

RIB40 AlaeA-1 AlaeA-2

N
[}

6 kb
3 kb

——

— =y
o o

N&ng d6 bao tir (x10°
o,

Hinh 3.16. Két qua x6a gen diéu hoa laeA ¢ A. oryzae ap dung hé théng chuyén
gen méi xay dwng

(4) So do logi bé gen laeA ¢ A. oryzae khuyér dwdng histidine bang cach siz dung
marker chon loc hisB tir A. niger (AnhisB) va vi tri badm cia cdc doan moi ddc hiéu
dé xdc dinh cdc dét bién AlaeA. Hai thé dot bién Alaed khic nhau dwoc xdc dinh
bang PCR si dung cap moi dac hiéu (B) AolaeA-P5/AolaeA-P6 va (C) AolaeA-
P8/AnhisB-R1. M la DNA marker 1 kb (Thermo Fisher Scientific, My). (D) 10 1 bao
ti# (10° bao tiz/ml) cuia ching hoang dgi RIB40 va cac thé dét bién xod gen laed dwoc
cay trdi trén méi triong CDA ¢ 30°C trong 3 ngay phuc Vi thu va dinh lwong bao ti.
Nong do bao tir trung binh + SD va su kh&c biéz ¢6 y nghia thong ké dwoc kiém dinh
Student’s t-test, *** p <0,001.
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Xoa gen laeA ¢ A. oryzae da lam cho kha nang hinh thanh bao tr & chung dot
bién bi suy giam nghiém trong. Khuan lac caa chung x04 gen laeA c¢6 mau nhat hon
va sé chudi bao tir dinh trén cau tric cudng sinh bao tir giam manh (Phu luc 18, 20).
Tuong tu V6i A. oryzae, xoé gen laeA & A. flavus d 1am khuan lac c6 mau nhat. Ngoai
ra, cuéng sinh bao tir cua cac ching dot bién xo0a gen nay ngan hon so vai ching
hoang dai [34]. X04 gen laeA & A. fumigatus tuy khong lam thay ddi sic té bao tir
nhung ciing lam giam kha nang hinh thanh bao tir [23].

Vector nhi thé pkKH-AAnlaeA bao géom ving 5° laeA, hisB tir A. niger 1a marker
chon loc va viing 3’ laeA duoc sir dung dé xda laeA & chung nén N402AhisB. Vi dot
bién xoa gen laeA 1am anh huong dén kha niang sinh axit hiru co & A. niger, moi
truong MacConkey bo sung 1% sita gay duoc sir dung dé kiém tra kha axit h6a moi
trudng cua cac thé chuyén gen va sang loc nhanh cac thé dot bién xoda gen laeA [111].
C6 thé dé dang quan sét qua trinh axit hda moi truong caa A. niger bang cach sir dung
dia sita thach MacConkey. Cac dia nay chira sira bot hoa tan. pH ban dau cua moi
truong trén 5 nén moi truong sé trong sudt. Khi pH trong dia giam xudng dudi 4, két
taa mau trang sé hinh thanh. Sy phat trién cia chung nam A. niger N402 hoic CBS
113.46 va su axit hoa ciia moi truong lam xuat hién két tua trang xung quanh khuan
lac. Trong khi d6, khdng cd két taa nao hinh thanh & thé dot bién xoé gen laeA (Hinh
3.17).

Két qua cho thay, 68% + 7% cac thé chuyén gen mat kha ning axit hoa moi
truong. C4c thé chuyén gen nay bao gom ca dot bién xoa gen va dot bién chén ngau
nhién da duoc chon dé xac nhan thém bang PCR véi cac cap moi AnhisB-P7/AnhisB-
P8 va AnlaeA-P5/AnlaeA-orf-R (Hinh 3.17). Hi¢u qua x0a gen laeA vaéi marker hisB
& A. niger cao hon 70 1an so v&i x0é gen sir dung marker 1a gen khang khang sinh
nourseothricin (NAT). Hon nira, khi sir dung cac marker chon loc la cac gen khang
khang sinh cho chuyén gen & A. niger, hién tugng duong tinh gia xuat hién khé pho
bién. Trong d6, nhiéu khuan lac xuat hién trén mang chuyén gen nhung nhitng khuan
lac ndy khong khang véi khang sinh nourseothricin trong nhitng vong sang loc tiép
theo. Vi vay, su xuat hién cta cac khuan lac duong tinh gia nay da lam giam ty I¢ x6a

gen thanh céng ¢ A. niger.
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CAu triic xda gen /aeA 5' laeA hisB marker 3 laeA
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AnlaeA-P5 —p-------. < AnlaeA-ORF-R

788 bp
5' laeA hisB marker 3' laeA
Locus gen faeA & ching e gen N —
(AlaeA) AnhisB-P7 —p-------: < AnhisB-P8
607 bp

N 9 )
D b D ¢ & F X A
v ¥ & & N o A 2 o %
B M - S ¥ F M -

AnhisB-P7/AnhisB-P8 AnlaeA-P5/AnlaeA-ORF-R

AlaeA 2

Hinh 3.17. Két qua xéa gen diéu hoa laeA & A. niger bang cach sir dung hé

théng ATMT di xay dung

(A) Chién luwoc x0a laeA ¢ A. niger duwa trén co ché tai té hop twong dong. (B) Kiém
tra su logi bé 1 phan gen laeA ¢ A. niger bang PCR véi AnhisB-P7/AnhisB-P8 va
AnlaeA-P5/AnlaeA-orf-R, (-) la doi ching &m, M la DNA marker 1 kb (Thermo
Fisher Scientific, My). (C) Kiéu hinh khéng gdy axit héa méi truong cua thé dgt bién
Mdt gen laed dwoc quan sét trén moi truong siza thach MacConkey. Qua trinh axit
héa méi truong 1am cac vong tia sira Xudt hién xung quanh cac khuan lac. Cdc dia
dwoc 1 ¢ 30°C trong 2,5 ngay. CAc ching ban dau (N402, CBS113.46) va thé dot

bién chén ngdu nhién (Ect-1) duwoc sir dung lam doi chiig.
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Trong nghién citu nay, gen laeA da bi x6a & ca chung khuyét dudng histidine
(RIB40AhisB, N402AhisB) va chung khuyét dudng kép histidine-uridine/uracil
(RIB40AhisBApyrG, N402AhisBApyrG) (Hinh 3.16, 3.17, 3.18). Sy t4i té hop twong
ddng dan dén sy trao doi gitta bang x6a laeA va cac ving 5' va 3' laeA trong hé gen
nam (Hinh 3.16A, 3.17A). Trinh tu 1 phan m4 hoa cho mién methyltransferase da bi
loai bo & locus gen laeA. Sy mat doan laeA nay trong cac thé chuyén gen duoc xéac
dinh bang PCR sir dung cac cap méi dac hiéu AolaeA-P5/AolaeA-P6 va AolaeA-
P8/AnhisB-R1 (vai A. oryzae) va AnhisB-P7/AnhisB-P8 va AnlaeA-P5/AnlaeA-
orf-R (vdi A. niger) (Hinh 3.16, 3.17, 3.18). Hiéu suat xd6a gen laeA dat 55,2% +
13,54% véi chang nén RIB40AhisB, 68% + 7% & chung N402AhisB; 38,02 £ 5,25%
& chung RIB40AhisBApyrG, 66,34% + 3,84% & chiung N402AhisBApyrG. Chung toi
da kiém tra cac thé dot bién AlaeA doc 1ap vé kha niang hinh thanh bao tir so véi chung
RIB40 ty nhién (v&i A. oryzae) va kha nang sinh tong hop axit hitu co so véi chung
N402 ban dau (véi truong hop A. niger). Dix liéu cho thay rang viéc loai bo laeA lam
giam dang ké su hinh thanh bao tir cua A. oryzae va cac thé dot bién xda gen laeA &
A. niger giam manh kha nang sinh axit hiru co (Hinh 3.16, 3.17).

Vai trd cua LaeA di dugc chang minh ¢ nhiéu loai nim sogi thudc chi
Aspergillus. O A. oryzae, loai bo gen laeA ma hoa cho yéu t6 diéu hoa LaeA lam mat
kha niang san xuat axit kojic [73]. Biéu hién ciia cum gen c6 kha ning tham gia vao
qua trinh sinh tong hop axit kojic (A009113000136 - oxidoreductase phu thudc FDA,;
A009113000137- yéu té phién ma; va AO09113000138- protein van chuyén) bi giam
manh trong thé dot bién AlaeA & A. oryzae. Vai tro ctia LaeA trong san xuat axit citric
& A. niger ban dau dugc ching minh bing cach biéu hién quéa mirc laeA tir A. nidulans
& A. niger. Ham luong axit citric da ting 40% & cac chang biéu hién qua muc gen
laeA. Viéc tang san xuat axit citric khi biéu hién qua muc gen laeA va giam san xuat
& chung xo0a gen laeA da ching minh protein LacA dong vai tro diéu hoa tryuc tiép

qua trinh san xuét axit citric & A. niger [111].
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(+cefotaxime)
Hinh 3.18. Két qua xo4 va bé tro gen laeA & A. oryzae

(A) Két qua xod gen diéu hda laeA & chung khuyét dudng kép RIB40AhisBApyrG
bang cach tai té hop fwong dong sir dung marker chon loc hisB. Cac chuing dgt bién
xod gen laeA (RIB404laeAApyrG) véi sw giam hinh thanh bao ti diroc Xac nhan bang
PCR si dung 2 cap mai ddc hiéu AolaeA-P5/AolaeA-P6 va AolaeA-P8/AnhisB-R1.
M: DNA marker 1 kb (Thermo Fisher Scientific, My). (B) Poan gen laeA tich hop
trong T-DNA cua vector nh; thé pEX2laed dwroc chuyén vao ching dét bién Alaed
(RIB40AlaeAApyrG) dé phuc héi chire nang cua gen laeA bang céch siz dung marker
chon loc pyrG va phuwong phdap ATMT. CDA dwoc su dung lam méi truong sang loc.
Chung bé tro- laeA (RIB40laeAcomp) Vi si phuc hoi hinh thanh bao ti dwroc Xac
nhdn bang PCR véi cap moi pyrG-orf-F/pyrG-orf-R va AolaeA-orf-F/AolaeA-orf-R.
Chung hoang dai RIB40 va chung dét bién logi bé gen laeA 1a RIB40AlaeAApyrG

diroc chon lam ddi chitng d@é so sanh.
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Dé phuc hdi kha ning hinh thanh bao tir cua thé dot bién AlaeA, chung t6i da
bo tro cho thé dot bién nay gen laeA nguyén ven dudi su diéu hoa cua promoter A.
nidulans gpdA (dé bé tro cho nim A. oryzae) va promoter A. oryzae amyB (dé bo trg
cho nim A. niger) va sir dung marker pyrG dé chuyén gen. Cac két qua chi ra rang sy
hinh thanh bao tir caa ching bo trg laeA di dugc phuc hoi vé trang thai binh thuong
cua kiéu hoang dai & nim A. oryzae va kha ning sinh axit hitu co da dugc phuc hoi ¢
A. niger bo tro laeA (Hinh 3.19, 3.20A).

Sucrose Glucose Galactose Maltose Lactose Tinh bot
- ﬂnn.n
RIB40
AlaeA
RIB40
laeAcomp L

Hinh 3.19. Kiéu hinh caa cac chiing A. oryzae RIB40, RIB40AlaeA va chiing bo
tro RIB40laeAcomp trén CDA c6 chira cac ngudn cacbon khac nhau

Cac dia duoc u ¢ 30°C trong 3 ngay.

Hon nira, khi ching i tién hanh b tro chéo, str dung cau tric chira gen laeA
tir A. oryzae (pEX2laeA) dé bo tro vao ching N402AlaeAApyrG, kha ning sinh axit
hitu co cta chung ndm méi tao da duoc phuc hdi (Hinh 3.20B). Twong tu, khi ciu
trdc chtra gen laeA tir A. niger (pEX2BAnlaeA) dugc sir dung cho chuyén gen vao
chung nim RIB40AlaeAApyrG, kha ning hinh thanh bao tir d3 duoc khdi phuc ¢ cac
chung b tro (Phu luc 7).



A

pEX2B/aeA

LB AopyrG PamyB AnlaeA TlaecA RB

R

‘Comp-AnlaeA Co omp-A nlag{;q
Mat trwéc Mat sau
pPEX2/aeA
LB AopyrG PgpdA AolaeA TirpC RB

-
AlaeA

&

‘\-»Ct{np-A olaeA Qmp-A__%lae’A

Mat trwéc Mat sau

Hinh 3.20. Két qua bé tro gen diéu hoa laeA & A. niger
(A) Khd ndng sinh axit hitu co dwoc phuc hoi ¢ ching bé tror laeA khi cdu tric
PEX2BlaeA duoc tich hop vao hé gen cua cac chung N402AlaeAApyrG. (B) Chung
bé tro chéo gen laeA tir A. oryzae c6 kiéu hinh tiong tir Véi chiing N402 ban dau va
c6 kha nang phuc héi kha néng sinh axit hitu co.
Khi phan tich trinh tu so sanh, protein A. oryzae LaeA c6 do twong dong rat
cao véi cac ortholog Aspergillus khéc (trén 75%) va do twong dong t6i 62,16% voi

protein LaeA cua P. chrysogenum (Phu luc 8). Bac biét, LaeA tur A. oryzae va A.
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niger c6 do twong dong téi 75,21%. Cac két qua nghién ciru bo trg gen cho thay su
bao thu vé chic nang gen laeA & hai loai nam soi ciing chi - A. oryzae va A. niger.

Véi nhitng bang chung trén, ching tdi két luan rang hé thong ATMT da xay
dung c6 thé duoc khai thac dé diéu tra vai trd cua cac gen & A. oryzae va A. niger.
3.3. Panh gi4 hi¢u qua x0a gen sir dung h¢ théng ATMT méi va xéc dinh vai
tro caa mét so gen cu thé
3.3.1. Swr dung marker hisB phuc vu x0a gen stuA ¢ A. oryzae va A. niger

Khong gidng véi vi khuan va nam men, x6a gen la thach thac rat Ion ddi voi
nam soi. Dé danh gia tiém ning cta hé théng chuyén gen mai phat trién trong tao ra
cac dot bién xda gen bén, 6n dinh nhiéu thé hé, ching tdi lra chon can thiép vao mot
loat cac gen diéu hoa ¢ ca 2 loai ndm soi A. oryzae va A. niger. Nhiing gen nay déng
vai trd quan trong trong diéu hoa hoat dong trao doi chat. Hau hét céc chung dot bién
X04 gen co kiéu hinh dic trung, dé dang quan sét va chon loc.

Gen stuA ma hda cho cac protein thuoc ho APSES — 1 c4c nhan té phién ma
diéu hoa qua trinh phat trién dic trung caa nam soi. Ching dot bién xda gen StuA ¢
A. nidulans khién cudng sinh bao ttr ngin lai, giam sé bong bao tir va thiéu thé binh,
mot vai bao tir xuat hién ngay trén bong bao tir [100, 101]. Tuy nhién, vai trd, chirc
ning cuia gen stuA van chua duoc nghién cau o A. oryzae.

Vector x6a StuA & A. oryzae (pKH-AAostuA) duoc tao ra bang céch thay thé
mot phan khung doc mé stuA trén vector nhi thé pAostuA bang marker hisB. Sir dung
vector nay dé xda stuA & RIB40AhisB cho 13,41% =+ 4,33% khuan lac c6 mau trang.
Cac thé chuyén gen nay sau d6 duoc xac nhan bang PCR st dung cap mdi AostuA-
del-F/AostuA-del-R va AostuA-O5/AnhisB-M (Hinh 3.21C). Su thay thé viing khung
doc mo cua gen stuA bang marker hisB da dwgc chitng minh bang su hién dién cua
bang 1881 bp trong cac thé dot bién x6a gen khi xac nhan nhd PCR vai cip moi
AostuA-del-F/AostuA-del-R. Véi RIB40 va céc thé dot bién chén ngau nhién, bang
628 bp dai dién cho 1 phan cia stuA ORF. Sy tai t6 hop twong doéng ¢ chung
RIB40AStuA dugc thé hién qua san pham PCR c6 kich thuéc 1761 bp khi st dung
cap moi AostuA-O5/AnhisB-M (Hinh 3.21C).
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5' stuA AnhisB marker 3’ stuA

-------
5stuA StuA — 3 shA
Locus gen stuA & A. oryzae ban U —— T ORE_ —

AostuA-del-F - 6 ------- < AostuA-del-R

5’ stuA AnhisB marker 3’ stuA
Locus gen stuA & chiing x6a gen

(RIB40AstuA) AOSHUA-del-F P ---neemmeeaeeaeeeee <« AostuA-del-R

AOStUA-O5 > -------oooeooezmocoecenes < AnhisB-M

S G0 ) e e e

AostuA-del-F/AostuA-del-R AostuA-O5/AnhisB-M

Hinh 3.21. Két qua tao chiing dét bién x0a gen stuA & A. oryzae

(A) Hinh dai dién chuyén gen xoa StuA ¢ RIB40AhisB va sw phét trién cua ching dot
bién xod gen stud (RIB40AstuA) dweoc kiém tra trén CDA so véi RIB40 ban dau va 1
thé dét bién chén ngau nhién (Ect-1). Cdc dia dwoc 1 & 30°C trong 4 ngay. (B) So' do
xac nhdn xod stuA nho PCR véi céc vi tri bam méi ddac hiéu. (C) Két qua xac nhdn
x0a gen stuA nho PCR Véi cac cap moi dac higu AostuA-del-F/AostuA-del-R va
AostuA-O5/AnhisB-M. (-) la doi chitng a&m. M 1a2 DNA marker 1 kb (Thermo Fisher
Scientific, My).

Xoa gen stuA ¢ A. niger chi dat dugc 6,52% vai marker chon loc la gen khang

khang sinh nourseothricin (NAT) (Phu luc 11). Vector xoa gen stuA & A. niger mai
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duoc thiét ké dua trén vector pKO2AAnstuA bang cach thay thé marker chon loc NAT
bang marker chon loc hisB (Phu luc 9). Cau tric méi tao dugc dit tén 1a pKH-
AAnstuA. Cau tric ndy cho phép loai b6 mot phan ORF cuaa gen stuA theo co ché tai
t6 hop twong ddng (Hinh 3.22B). Néu hién twong trao d6i chéo theo co ché tai té hop
tuong dong khong dién ra, doan T-DNA sé& dugc tich hop ngau nhién vao hé gen nam.
Tuong tir véi A. oryzae, cac khuan lac mau tring xuét hién trén mang chuyén gen s&
tiép tuc duoc sang loc va kiém tra viéc xoa gen stuA thanh cdng nho PCR véi 2 cip
moi dic hiéu 1a AnstuA-orf-F/AnstuA-P5 va AnstuA-orf-F/AnstuA-orf-R. Ddi véi
cap moi AnstuA-orf-F/AnstuA-P5, cac chung xoé gen stuA s& cho san pham PCR c6
kich thuéc ngan hon do mot phan ciia ving ORF d bi loai bo va thay thé bang marker
hisB. Ngoai ra, viéc loai bo thanh cdng mot phan viing ORF cua gen StuA ciing duoc
tiép tuc kiém tra nho PCR sir dung cap moi AnstuA-orf-F2/AnstuA-orf-R. Cap moi
dac hiéu thir hai nay cho phép khuéch dai mot phan ORF cia gen StuA va cho san
pham ¢ kich thudc 0,7 kb & cac chung khong bi loai bo gen stuA. Nhu vay, voi két
qua sang loc va xac nhan bang PCR véi 2 cap moi dic hiéu, c6 thé khang dinh AstuAl,
AstuA2, AstuA3 va AstuA4 la 4 chiing da xoa gen StuA thanh cong.

Chung t6i tién hanh Iap lai thi nghiém xo4 gen stuA bang phuong phap ATMT
dua trén co ché trg dudng histidine dé xac dinh hiéu suat xoa gen cho hé thong méi
thiét 1ap. Ty 1é xo4 gen stuA thanh cong & A. niger N402AhisB c6 thé dat toi 37,60%
+9,42%. So voi céc dit ligu trude d6 duoc cung cap bai phong Genomic, Phong Thi
nghiém Trong diém Cong nghé Enzym va Protein, Trudng Dai hoc Khoa hoc Tu
nhién, Pai hoc Quéc gia Ha Noi; hiéu suat xoa gen stuA & A. niger nhd hé théng moi
thiét 1ap cao gap 3 1an so véi phuong phap ATMT vé&i marker tro dudng pyrG (ty 18
x04 gen thanh cong dat 12,7%) va cao hon gan 6 1an so véi xo4 gen st dung marker
la gen khang khang sinh nourseothricin (ty 1€ xoa gen thanh cong dat 6,52%) (Phu
luc 11).

94



5’ stuA hisB marker 3’ stuA

CAu trlc X6 9en SHUA...... | N
& A. niger .
T g \\///
//5: StuA e /3’ stuA\\

Locus gen stuA [ S —

& A. niger ban dau

0,7 kb
AnstuA-orf-F2 --------- < AnstuA-orf-R
AnstuA-orf-F = -----m-mmmmemmemeemnees < AnstuA-P5
2,34 kb
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AnstuA-orf-F/AnstuA-P5 AnstuA-orf-F2/AnstuA-orf-R

Hinh 3.22. Két qua tao chiing dot bién xo4 gen stuA & A. niger
(A) Hinh dai dién chuyén gen x0a stuA ¢ N4024hisB va su phét trién cua thé chuyén
gen dwoc Kiém tra trén CDA so0 véi N402 ban dau. Cdc dia dwoc 1t ¢ 30°C trong 4
ngay. (B) So' dé xac nhdn xoa stuA nho' PCR véi cac vi tri bam méi dac hiéu. (C) Két
qua x&c nhdn x6a gen stuA nho PCR véi cac cip maoi déc hiéu AnstuA-orf-F/AnstuA-
P5 va AnstuA-orf-F2/AnstuA-orf-R. (-) la doi chizng am. M 1a DNA marker 1 kb
(Thermo Fisher Scientific, Myp).
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Sau 4 ngay nudi cy ¢ diéu kién 30°C, kich thuéc khuan lac cua thé dot bién
X0a gen StuA & A. oryzae nho hon so va su chénh Iéch rd rang nhat duoc quan sét khi
cellulose dugc lya chon 1a ngudn cacbon duy nhat (Phu luc 20). Trong khi d6, duong
kinh khuan lac cia chiung N402AstuA c6 kich thuéc 16n hon dang ké so véi céc chang
con lai. Nhu vay, gen stuA dong vai trd quan trong trong diéu hoa qua trinh dong hoa
cac ngudn cachon & nam soi A. oryzae va A. niger.

Dé nghién ctru vai trd cua gen stuA & tdc nhan gay bénh ddm nau trén lGa mi
Stagonospora nodorum, cac chung dot bién xo4 gen ciing duoc tao bang cach tai to
hop twong dong. Chung dot bién x0a gen stuA ciing bi mat kha niang hinh thanh bao
tir. Bong thoi, chig dot bién xoa gen phat trién cham hon khi sir dung ngudn cacbon
la glucose. Khi sir dung glutamate vai vai tro 1a nguon cacbon duy nhat thi téc do
tang truong cua thé dot bién xoa gen da duoc phuc hdi mac du qué trinh tao bao ti &
cac chung nay van bi suy giam. N&i chung, gen stuA da dugc bao cao 1a dong vai tro
quan trong trong déng hda cac ngudn cachbon. Gen stuA dong vai trd chinh trong cac
qua trinh diéu hoa chuyén hoa cacbon trung tam, vai qué trinh duong phan, chu trinh
TCA va tong hop axit amin & S. nodorum. Ngoai ra, cac ching dot bién xo4 gen stuA
vé co ban 1a khong gay bénh. Nhu vay, StuA ciing kiém soét qua trinh gay bénh & S.
nodorum [66].

Gen stuA dong vai trd quan trong trong cic qué trinh diéu hoa kiém soét sinh
trudng; Xo& gen stuA gilip cho cac ching dot bién sinh truang tot hon d6i véi A. niger.
Yéu té diéu hoa StuA dong vai trd quan trong trong su phat trién cua nam sgi. StuA
tham gia truc tiép vao qua trinh sinh téng hop Penicillin V & P. chrysogenum. Di
Vi A. chrysogenum, StuA lién quan ti qué trinh hinh thanh bao tir, sinh tong hop
cephalosporin, phan manh va lién két thanh té bao. G nam soi A. fumigatus, bao tir
c4c chung xo0é gen StuA nay mam va phat trién hé soi kha sém trong moi truong long
(khoang 3-4 gid). Ngoai ra, gen stuA ciing da duoc ching minh 1a dong vai tro diéu
hoa duong trong qué trinh hinh thanh bao tir va tham gia vao quaé trinh sinh téng hop
trao d6i chat thr cAp ¢ nam soi A. fumigatus [134]. O A. nidulans, thé dot bién xoé
gen stuA c6 cudng sinh bao tir bi ngan lai. Khong giéng nhu thé dot bién xoa gen

brlA, thé dot bién xo4 gen stuA van tao ra mot s6 luong nho bao tir, truc tiép nay choi
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tir bong bao tir. Hon nita, chi hong gen stuA lam suy giam qua trinh sinh san hitu tinh
[95].

Bao tr 12 nguyén liéu chinh duoc sir dung trong cac nghién ciu cai bién di
truyén sir dung phuong phap chuyén gen ATMT. Mat d6 bao tir thu duoc thap s& gay
kho khin trong qué trinh chuyén gen, luu trit va @ng dung ching xda gen trong thuc
tin. S6 lwong bao tir cua cac chung xo0é gen stuA thu duoc khi nudi ciy ¢ 25°C trén
moi truong PDA rét thap khi so sanh véi cac ching RIB40 va N402 ban dau. Tuy
nhién, bao tir ctia ching x6a gen stuA & ca A. oryzae va A. niger cé thé dugc tang
cudng khi nudi cdy trén moi trudng PDA véi diéu kién nhiét do 35-37°C trong thoi
gian 5 ngay (Hinh 3.23).

Dic biét, khi tang nhiét do 1én 35°C hozc 37°C, mau sic khuan lac cua ching
x6a gen RIB40AstuA c6 su khac biét rd rét. O 25°C va 30°C khuan lac cua ching
RIB40AStuA ¢6 mau trang. Trong khi d6, khuan lac caa chiing xo0a gen ¢6 mau vang
nhat & nhiét do 35°C hoac 37°C. Pong thoi, ndng d6 bao tir ciing dugc gia ting khi
nudi cdy ¢ 35°C hoic 37°C (Hinh 3.23).

A. oryzae dugc st dung rong réi trong cac (ng dung cong nghiép, von ludn
gap phai nhitng thay doi trong nhiéu diéu kién mai trudng trong quéa trinh 1én men,
chang han nhu d6 mian cao, nong do ethanol va nhiét d6 thay doi. Nhiét do 1a yéu tb
moi truong quan trong nhat anh huéng dén sy sinh truong va hoat dong cia A. oryzae
va anh huong truc tiép dén hoat dong cua cac enzyme phan giai co chat. Thong
thuong, A. oryzae c6 nhiét d6 tang truong tdi wu 1a 32°C-36°C (£1°C), nhiét do trén
hoic dudi pham vi nay déu e ché su phat trién cia sgi nam va su hinh thanh bao tir
va A. oryzae khong thé phat trién ¢ nhiét do trén 44°C. Trén mdi truong thach khoai
tay dextrose, A. oryzae phat trién nhanh véi cac khuan lac nang; trén méi truong thach

Czapek-Dox, A. oryzae c6 khuan lac dat duong kinh 7-8 cm sau 7 ngay & 25°C [39].
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Hinh 3.23. Kha nang ting cwong hinh thanh bao tir ciia cac chiing xoa gen stuA
nho nhiét do
(A) Céc chung ndm xéa gen stud dwoc nudi cdy trén méi truong PDA ¢ 25°C, 30°C,
35°C va 37°C trong 5 ngay. (B) Két qud dinh lirong bao tir cua cac ching nam nudi
trén méi trieong PDA trong 5 ngay. 10 2l bao ti (108 bao tiz/ml) cia cac chung nam
dwoC cdy diém trén méi trieong PDA va i ¢ 25°C, 30°C, 35°C va 37°C trong 5 ngay.

Céc thi nghiém dwoc 1ap lai déc lap 3 lan.
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Déi véi A. niger, xu huéng ciing din ra twong tw. Khi ting nhiét d6 nudi cay
lén 35°C hoic 37°C, trén méi trudng giau dinh dudng PDA, khuan lac cua ching xoa
gen stuA c6 nau nhat. Kich thuéc khuan lac va nong d6 bao tir cua chung xo4 gen
cling c6 sy gia tang rd rét (Hinh 3.23). Biéu kién nudi ciy thong thuong ddi véi nAm
soi thuong la tir 3-5 ngay ¢ 22,5 + 2,5°C hoac 5 ngay ¢ 25°C. Tuy nhién, nhiét do
tang trueong toi wu cho cac loai ndm thudc chi Aspergillus thuong 16n hon 30°C. Hon
nira, nhiét do sinh truéng toi wu cua A. niger 1a 33°C véi gigi han trén 1a 42°C. Téc
d6 tang truong cua khuan lac va bao tir A. niger ting 1én khi nhiét d6 nudi cay dat toi
30°C, sau d6 tdc do ting truong duoc duy tri & 35°C. Ngoai ra, nhiét do anh huong
rd rét dén sy nay mam va chiéu dai dng mam cua A. niger. Hon 90% bao tir nay mam
trong khoang 30°C-34°C va hinh thanh chiéu dai 6ng mam tdi da. O nhiét do tir 38°C
dén 43°C, ty 18 bao tir nay mam ciing nhu chiéu dai 6ng mam déu giam dan. Tuy
nhién, & 47°C, sy hinh thanh 6ng mam bi wc ché hoan toan trong 15 gio sau khi cay
3],

Viéc phuc hoi kiéu hinh tuong ty chung tu nhién di duoc nghién ctu trén
chung dot bién xo4 gen stuA & nim A. chrysogenum. Ching dot bién xo4 gen StuA ¢
nam nay ciing mat kha niang hinh thanh bao tir, nhung hinh thai hé soi va kha nang
hinh thanh bao tir c6 thé duoc phuc héi bang cach thém NaCl 0,7 M vao mdi truong
nudi cay [60]. Nhu vay, nhiét do nudi cdy dong vai trd quan trong dbi véi su hinh

thanh bao tir & ca 2 chang nAm A. oryzae va A. niger xo4 gen stuA.

3.3.2. So sanh hiéu qua x6a mét sé gen diéu hoa & A. oryzae va A. niger

X6a gen amyR va prtT déu lam bién di kiéu hinh cua cac chung nam trén cac
moi truong dic hiéu (Phy luc 12, 13, 17). Cu thé, do AmyR lién quan mat thiét toi
qua trinh sinh tong hop amylase, cac ching dot bién x6a gen amyR déu sinh truéng
rat yéu trén moi truong st dung ngudn cacbon duy nhat 1a tinh bot (Phu luc 12A). Ty
18 cac thé chuyén gen c6 bién doi kiéu hinh trén cac méi trudng dic hiéu rat cao, dat
t6i 89,72% + 1,48% déi voi x6a amyR & RIB40AISB va 83,75% =+ 6,38% dbi Vi
x0a amyR & N402AhisB. Viéc xac nhan xoa thanh cdng gen amyR & A. oryzae va A.
niger duoc kiém tra bang PCR véi cac cap mdi dic hiéu. Vi tri bam cua cac mdi nay

dugc thé hién trong Phu luc 12B. Két qua PCR cho thiy, mot phan cua ving ORF da
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duoc loai bo hoan toan khoi hé gen cua cac thé chuyén gen c6 bién d6i kiéu hinh trén
moi trudng chira ngudn cacbon 1a tinh bot ¢ ca A. oryzae va A. niger (Phu luc 12C).

Tuong tu V6i A. fumigatus, cac chung d6t bién x6a gen prtT & A. niger ciing
bi giam kha ning hinh thanh bao tir khi BSA duoc str dung 1a ngudn nito duy nhit
(Phu luc 13). Su phan giai tinh bot khdng bi anh huang ¢ céc thé dot bién hong gen
prtT, cho thay rang chung x6a prtT khéng bi suy giam chirc ning tiét chung cua cac
protein nhu amylase [133]. Thé dot bién hong gen prtT dong hoa kém trén cac dia
thach moéi truong téi thiéu véi albumin (BSA) 1a nguén nito hodc nito/cacbon duy
nhat hoac véi collagen 1a ngudn nito duy nhét, cho thay rang trong cac diéu kién han
ché, viéc khong c6 kha niang phan hiy protein anh hudng dén sy phat trién cua thé
dot bién [133].

Ty 18 x6a gen prtT & A. niger thip hon so v&i x6a amyR, dat 45,1% + 1,77%
khi hisB duoc sir dung 1a marker chon loc. B6i véi nam A. niger, chiung N402 va céc
thé dot bién xo6a gen laeA, amyR, prtT di hinh thanh nhiéu bao tir chta sac td melanin
mau den dic trung. Khi quan sat dudi kinh hién vi, cac chiing N402 va N402AlaeA,
N402AamyR, N402AprtT déu hinh thanh cudng sinh bao tir vai thé binh chaa nhiéu
bao tir dinh (Phu luc 19).

Hiéu qua cua hién tuong tai to hop twong dong con phu thudc vao locus. O A.
oryzae, hiéu suat loai bo hisB (dudi 1%). Trong khi d6, hiéu suat loai bo cia mot sb
gen tuong d6i cao nhu amyR, laeA (ty 1é x6a gen Ién hon 55% vai marker hisB & ca
2 loai ndm soi A. oryzae va A. niger). Dit liéu hién tai cia ching tdi cho thay rang
hiéu qua xoa gen thdng qua hé thong ATMT & ca A. oryzae va A. niger dudng nhu
phu thudc vao ting gen trong hé gen caa nam.

Gen veA, ma hoa cho protein VeA (velvet A) thudc phuc hé protein velvet,
cho ty Ié x6a gen twong ddi thap. O A. niger, ching x6a gen veA c6 cau tric cudng
sinh bao tir rat gidng vai lodi A. sydowii hoang dai [155]. X6a gen veA & A. niger da
trc ché hinh thanh bao tir vo tinh [155, 163]. Kha ning hinh thanh bao ti vo tinh giam
& cac chung bi hong gen veA & nhiéu loai nam, ching han nhu A. carbonarius, A.
flavus, A. parasiticus, F. fujikuroi, F. oxysporum va P. chrysogenum. Bdi véi A.

nidulans, dot bién hong gen veA 1am suy yéu hoan toan sy hinh thanh qua thé hiru
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tinh va thiic day hinh thanh bao tir vo tinh [75]. Cac két qua tuong tu ciing dwgc bdo
cao & N. crassa, C. heterostrophus, F. graminearum, F. verticillioides, A. alternata,
va B. cinerea [46]. Cac thé dot bién xda gen veA & A. niger cé kich thudc khuan lac
nho, lwgng bao tir hinh thanh bi suy giam tir 8 dén 17 1an [155]. Khi sir dung marker
chon loc la gen khang khang sinh nourseothricin (NAT) va ap dung phuong phap
chuyén gen ATMT, ty & x04 gen & A. niger chi dat 9,09%. Trong nghién cau nay,
Cau tric xoé gen veA (pKO2AAnveA) duoc Xt 1y dé thay thé marker chon loc NAT
bang marker hisB tir A. niger. Cau trlic méi tao duogc dit tén 1a pKH-AAnveA duoc
sir dung dé kiém tra kha nang xoa gen veA & N402AhisB. Ty 18 x04 gen veA thanh
cdng véi marker chon loc mai khdng c6 su khac biét dang ké véi marker chon loc 14
gen khang khang sinh nourseothricin (NAT), s6 luong khuan lac xoa gen veA thu
duoc rat it, dat 7,32% + 2,66% (Hinh 3.31). Piéu nay ciing da xuat hién khi x6a gen
olvA & A. niger voi phuong phap chuyén gen thong qua té bao tran [49]. Phan tich
kiéu hinh cua cac thé chuyén gen cho thay, khi sir dung hisB 1am marker chon loc,
hiéu qua xda gen olvA dat ti 91,2%. Hi¢u qua xoa gen dat 89% + 1,9% vai pyrG la
marker chon loc [49].

Ty Ié x6a gen chi tiét & nam soi A. oryzae va A. niger dugc thé hién trong Bang
3.1 va Bang 3.2. Mot sb dic diém hinh théai va kha nang sinh truéng, dap (ng stress

cua cac ching dot bién xoa gen dugc md ta trong Phu luc 17-23.

Bang 3.1. Ty 1é x04 mdt sb gen diéu hod & nam s¢i A. oryzae véi marker hisB

Tén gen Ty I€ x0a

laeA 55,20% =+ 13,54%
StuA 13,41% + 4,33%
amyR 89,72% * 1,48%
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Bang 3.2. Ty 1é x04 mét s6 gen diéu hoa & nAm sei A. niger véi marker hisB

Tén gen Ty 1€ x0a

laeA 68,00% + 7,00%
StuA 37,60% £ 9,42%
amyR 83,75% + 6,38%
prtT 45,10% = 1,77%
veA 7,32% + 2,66%

3.3.3. Hé thdng chuyén gen 2 marker hisB va pyrG méi cho phép dé& dang tao
chiing dot bién xo6a kép

Trudce do, chung t6i d phat trién hé thong x6a nhiéu gen chi sir dung 1 marker
chon loc duy nhat — pyrG (tao cac chung dot bién xda kép AhisBApyrG). Hé thong
nay cho phép x6a nhiéu gen trén ciing mot chung nam sgi dya trén dic tinh marker
chon loc 2 chiéu caa pyrG. Viéc xac dinh sy ¢6 mat hay di mat caa gen pyrG dua
trén moi trudng dic hiéu ¢ bd sung 5°fluoroorotic acid (FOA) [11]. N6i chung, cac
dot bién mat gen pyrG ngan can sy bién d6i 5-FOA thanh chat doc dbi voi nim va
lam cho céc thé dot bién chi c6 thé moc dugc khi méi trudng cd bd sung uridine/uracil.
Diéu nay da gitp cho pyrG trg thanh cdng cu tiém ning nhét trong chuyén gen khi
marker pyrG c6 thé duoc tai sir dung nhiéu lan bang phuong phép chon loc nguoc
vai 5-FOA.

Cau tric loai gen pyrG ¢ cac chung A. niger da xo6a gen laeA nho marker tro
dudng pyrG duoc thiét ké dua trén khung vector pkKG2-AAnlaeA. Hau hét ving trinh
tu pyrG & vector pKG2-AAnlaeA di bi loai bo théng qua 2 vi tri cit cua enzyme gidi
han Sall. Vector sau khi 3 dong vong duoc xac nhan bang enzyme EcoRI va Hindlll.
Két qua thu duoc trén ban dién di 13 3 bang: 1,449 kb; 1,648 kb va 6,72 kb dung nhu
tinh toan ly thuyét (Hinh 3.24). Vector mai tao dugc dit tén 1a pEAANpyrG.
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Marker
Ving 5’gen X pyrG Ving 3’ gen X Ving 5’ gen X Vung 3’gen X
RB
LB S
P g AES Xt ly v6i enzyme LB . —
en\;[ trrrlrgétig'y Zan cétgidihan .o Vi trf cét cua
KanR yme.g e enzyme giéi han
o) . s Tu déng vong nha s = 5
Cau trac xéa gen X T4 DNA ligase Cau truc loai pyrG
B
Locus gen X & chling da x6a gen 5 X Marker pyrG 3X
(AX pyrG")
Céu tric logi marker pyrG [ —
 Locus gen X & ching 5 X 3 X
xéagenva gl manerpps e N —
(AXApyrG)
C pEAAnpyrG
EcoRl Sall Sall Hindll M (EcoRI-Hindlll)
¥ ¥ Y ¥ EcoRlI Hindlll Hindilil
_1,848kb _ 3 1,449Kkb
5 laeA  AnpyrG 3’ laeA 6 kb
LB 5' lacA AnpyrG 3' JaeA
LB RB  3kb
K pKG2-AAnilaeA —>  KanR PEAAnpyrG
10,628 kb 9,817 kb 1 kb

Hinh 3.24. Chién lwoc tao c4c ciu tric xo4 gen pyrG phuc vu xoa da gen & nam
sgi chi sir dung duy nhit 1 marker chon loc pyrG

(A) Céch thizc tgo vector nhj thé phuc vu logi bé gen pyrG ¢ ching nam da xod gen.

(B) Co ché trao doi chéo twong dong dé tao ra ching xo& mét gen chize ndng va

khuyér duong pyrG. (C) Cdu tric xod gen pyrG cho chuing ndm A. niger dd xod gen

laeA va két qud x&c nhdn cdu tric x6a bang cat kiém tra véi enzyme gidi han EcoRl

va Hindlll. M 1a DNA marker 1 kb (Thermo Fisher Scientific, Myp).

Tuy nhién, viéc sir dung duy nhat 1 marker 12 pyrG di kéo dai thoi gian tao

c4u tric va can nhiéu vong chuyén gen. Dic biét, véi mdi mot gen, can thiét ké mot
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vector trung gian dé loai bé marker pyrG va yéu cau 1 lan chuyén gen va xac nhan
tiép theo dé tao ching dot bién xd6a gen chic ning va khuyét dudng uridine/uracil.
Hé thdng chuyén gen 2 marker chiing tdi mai phét trién cho phép xda truc tiép 2 gen
chic ning ma khéng can cac vong chuyén gen trung gian. So dd tao chung xo6a kép
N402AlaeAAstuA vira giam kha nang sinh axit hitu co, vira giam kha nang hinh thanh
bao tir s& 1am rd tinh wu viét cua hé thdng chuyén gen 2 marker méi (Phu luc 24).

Véi cach sir dung hé thdng chuyén gen 1 marker pyrG, can x6a pyrG & cac
chang N402AlaeA. Cac ching nam khuyét dudng khang 5-FOA duoc thuan khiét va
xé&c nhan nhd PCR véi cac cap moi dac hiéu dé tién hanh cac budc chuyén gen tiép
theo. Trong khi d6, voi cach sir dung hé théng chuyén gen 2 marker, chung dot bién
N402AlaeAApyrG cé thé dugc tao ngay véi mot lan chuyén gen bang céach sir dung
ciu tric pKH-AAnlaeA hoic pKHG-AAnlaeA dé loai bo gen laeA &
N402AhisBApyrG (Phu luc 24).

Vector pKG1-AAnstuA mang marker chon loc pyrG do phong Genomic cung
cap (Phu luc 10) duoc lya chon nham xo4 gen stuA & A. niger N402AlaeAApyrG. Mot
s6 khuan lac cé kiéu hinh mau triang xuat hién trén mang chuyén gen s& duoc lra
chon dé sang loc va xac nhan sy loai bo thanh céng cua gen stuA (Hinh 3.25B). Khi
nudi cdy mot s6 thé chuyén gen trén mai trudng téi thiu CDA, céc thé chuyén gen
nay van c6 kha ning sinh trudng binh thuong. Viéc xac nhan xdéa gen stuA s& duoc
tién hanh nho PCR str dung 2 cip moi dic hiéu 1a AnstuA-orf-F2/AnstuA-orf-R va
AnstuA-orf-F/AnstuA-P5. Cip mdi AnstuA-orf-F2/AnstuA-orf-R ¢d vi tri bam moi
nam trong viing ORF cua gen stuA. Nhu vay, chung A. niger N402AlaeAApyrG va
thé dot bién chén ngau nhién Ect-1 cho san pham PCR vai kich thudc 0,7 kb 1a do
phan khung doc ma (ORF) cua ching N402AlaeAApyrG va thé dot bién chén ngau
nhién khdng bi loai bo. Trong khi d6, mot phan cua viing ORF d bi loai bo ¢ 4 chiing
cd kiéu hinh mau tring nén khong quan sat thiy bang DNA trén ban dién di (Hinh
3.25D).
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A

5’ stuA AopyrG marker 3’ stuA

CAu trac x6a genstuA ... _ ...........
= i /’//
e ] ey
Locus gen stuA & ching N —
N402A/aeAApyrG 0.7 kb
AnstuA-orf-F2 5 -7------ - AnstuA-orf-R
AnstuA-orf-F 5 -------- - sieer B < AnstuA-P5
Locus gen stuA & ching [ S —
N402A/laeAAstuA 1.9 kb
AnstuA-orf-F —» --------- i < AnstuA-P5

N402A/aeAAstuA

CDA + Uri + Ura

AnstuA-orf-F2/AnstuA-orf-R AnstuA-orf-F/AnstuA-P5

Hinh 3.25. Két qua tao chiing ddt bién xo4 kép laeA va stuA & A. niger N402
(N402AlaeAAstuA)

(4) So do xac nhdn x0a StuA tir ching nén N4024laeAApyrG nho PCR Vi céc vi tri
bam moi dgac hiéu. (B) Hinh chuyén gen dai dién tao ching dét bién xoa kép
AlaeAAstud va sw phét trién cua ching dot bién méi tao (N4024laeAAstud) dicoc
kiém tra dong thoi trén CDA + Uri + Ura so véi chung nén N4024laeAApyrG va mét
thé dgt bién chén ngau nhién (Ect-1). Cdc dia dwoc 1 ¢ 30°C trong 4 ngay. (C) Két
qua xac nhdn x6a gen pyrG nho PCR véi cac cap moi dac hiéu AnstuA-orf-
F2/AnstuA-orf-R va AnstuA-orf-F/AnstuA-P5. (-) la doi chieng am. M 1a DNA marker
1 kb (Thermo Fisher Scientific, My).
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Cap moi AnstuA-orf-F/AnstuA-P5 dugc st dung dé xac nhan & 4 chung c6
kiéu hinh mau trang (#1, #2, #3, #4). Do mot phan ving ORF cua gen stuA da bi thay
thé bang marker pyrG nén ca 4 chiung mau trang déu cho san pham PCR vai kich
thudc 1,9 kb. Bi véi chung N402, viing ORF khong bi can thiép nén cho san pham
PCR c¢6 kich thudce 1a 2,34 kb. Tur cac két qua sang loc va PCR, viéc loai bo gen stuA
theo co ché tai to hop twong dong & chung nén N402AlaeAApyrG da thanh cong.

Gen laeA lién quan mat thiét tgi qua trinh sinh téng hop axit citric & A. niger.
Dot bién hong gen laeA 1am giam manh ham luong axit citric ma A. niger ¢6 thé san
Xuat [111]. Ca hai chung dot bién xo4 don gen laeA va xoé kép laeA-stuA déu suy

giam kha nang axit hoa moéi trueong (Hinh 3.26).

il

N402 AlaeA AstuA AlaeAAlstuA

(-]
]

o
1

H
1

N
1

pH méi trudng nudi cay

o_

Hinh 3.26. Kha nang sinh axit hiru co’ cia cac ching A. niger
(A) Két qud dinh tinh kha ndng sinh axit hitu co ciia cac ching nam véi 5 ul bao tir
(108 bao ti/ml) nhé 1én méi triong MM (ASP-N) bé sung bét McConkey va siza gay
sau 3 ngay ¢ 30°C. (B) Si thay doi cua pH dich nudi ldc cac ching nam sau 3 ngay
o 30°C.

X04 gen StuA gay ra cac dic diém bat thuong vé hinh thai va sinh san vo tinh
& nhiéu loai nam sgi. Cu thé, & nim soi A. flavus, chung x6a gen stuA mat kha ning
sinh bao tir [160]. O A. fumigatus, loai bo gen stuA dan dén viéc hinh thanh cau trdc

sinh bao tir bat thuong, bao tir di hinh dugc sinh ra tryc tiép tir bong bao tir véi sb
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lwong it [134]. O F. culmorum, hé soi cua ching x6a gen stuA phat trién coi coc, sb
lwgng cudng sinh bao tir cua chung nay giam 5-10 1an so véi chung tu nhién [121].
Bén canh d6, cac dot bién hong gen lién quan dén céc qué trinh hinh thanh bao tir
khac & nAm nhu brlA va abaA s& 1am mat kha ning sdng st cta bao tir, gay khé khin
trong viéc nghién cttu do khong con kha ning duy tri cac thé hé sau [101]. Mic du
gen stuA tham gia truc tiép vao qua trinh hinh thanh bao tir va biét hod té bao, nhung
khac véi brlA va abaA, cic chiing xoa gen stuA van c6 kha ning hinh thanh bao tir.
Khi dénh gia mtc d6 biéu hién gen thong qua real-time PCR & A. niger, kha ning
biéu hién gen di giam 5,26-6,33 lan d6i véi gen brlA va 16,67-20,41 lan doi véi gen
abaA ¢ chiing dot bién x6a gen stuA so véi chiing N402 ban dau (Hinh 3.27). Déi voi
chung dot bién xda kép N402AlaeAAstuA, mirc d6 biéu hien gen brlA da giam 13,15-
13,51 lan va mirc d6 biéu hién gen abaA di giam 6,67-14,28 lan so voi chiung N402.
Déi vai A. fumigatus, mic di qué trinh hinh thanh bao tir déu bat thuong ¢ ca thé dot
bién AbrlA va AstuA, tuy nhién, xoa gen brlA di 1am mat kha ning hinh thanh bao
tr. Trong khi d6, bao tir van 6 thé hinh thanh mot cach bat thuong & thé dot bién
AstuA. Ngoai ra, BrlAp va StuAp ciing diéu hoa cac chuong trinh phién ma khac biét
nhung chong chéo nhau. 243 gen & A. fumigatus da duoc xac dinh 1a ¢ su biéu hién
khéac biét giita chung hoang dai va thé dot bién hong gen diéu hoa brlA va/hoic stuA
[146]. O A. nidulans, StuA kiém soat sy biéu hién cua ca 2 gen diéu hoa phat trién
quan trong la brlA va abaA va cac gen lién quan tgi chu ky té bao. Xo4 gen stuA da
anh huong nghiém trong téi qua trinh dinh vi cua 2 protein diéu hoa trung tam la
BrlAp va AbaAp. Diéu nay da tao ra cac bao tir khéng c6 metulae hoic phialide va
lam giam su hinh thanh bao tir [100].

Gen brlA (bristle A) lan dau tién duoc xac dinh thong qua phan tich dot bién
vé sy phét trién vo tinh & A. nidulans. Cac dot bién brlA 1am mét kha nang hinh thanh
bao tir & A. nidulans va cac ching dot bién nay biéu hién kiéu hinh gidng nhu 16ng
cting. X04 brlA ciing tao kiéu hinh twong tu & A. flavus. Thé dot bién hong gen brlA
tao thanh cac khuan lac mau tring va khdng thé hinh thanh bao tir. O A. oryzae, thé
dot bién gen brlA khéng hinh thanh bao tir va tang sinh soi nam. Nhu vay, chirc ning

cua gen brlA trong san xuat bao tir vo tinh 1a bao thu & cac loai Aspergillus. Ngoai ra,

107



brlA ciing tham gia vao qua trinh sinh san hitu tinh va san xuét cac chét chuyén hoa
tha ciAp ¢ A. nidulans va A. flavus [35]. Thé dot bién brlA khong thé tao ra
cleistothecia ¢ A. nidulans. Sy hinh thanh sclerotia ciing da dugc chirng minh la giam
manh & thé dot bién brlA ¢ A. flavus. Bén canh do, cac thé dot bién brlA ciing ting
san xuat aflatoxin. N6i chung, yéu té phién ma ngén tay kém CzH2 BrlA hoat dong
nhu yéu t6 kich hoat thiét yéu cho qué trinh hinh thanh bao tir vo tinh & Aspergillus,
dot bién mat chirc ning cia ndé ngin chin sy hinh thanh bao tir vo tinh [5].
Yéu td AbaA duoc danh gia nhu mot cong tac kiém soét sy hinh thanh bao tir [8].

AbaA 12 mot yéu td didu hoa pha gitra cua qua trinh hinh thanh bao tir. Gen
abaA biéu hién manh ¢ pha giita va pha cudi cia qué trinh hinh thanh bao tu, tuy
nhién gen nay khong biéu hién trong bao tir. Kiéu hinh dién hinh caa dot bién abaA
la cdu tric ban tinh (abacus), 1am khong phan biét hoan toan céc phialide véi chudi
bao tir & A. nidulans. Kiéu hinh nay ciing di duoc quan sat thay & cac loai Aspergillus
khac, chang han nhu A. fumigatus va A. oryzae. O A. flavus, thé dot bién aba ciing
tao kiéu hinh mau trang vai cac phialide giéng ban tinh. AbaA ciing anh huong toi
qua trinh hinh thanh sclerotia va aflatoxin B [35].

Gen stuA (stunted-coi coc) ma hda mot loai protein la thanh vién cua céc yéu
t6 phién md APSES (Asmip, Phdlp, Sok2p, Efglp va StuAp). O A. nidulans, StuA
kiém soat biéu hien mRNA cua brlA va abaA. StuA diéu hoa qué trinh hinh thanh
bao tir vo tinh [100]. O A. fumigatus, mMRNA stuA duoc biéu hién khi nim da phat
trién. Ngoai ra, cac chung dot bién AstuA da tao ra cac bao tir dinh bat thuong voi
mot sb luong bao tir rat nho. StuA rat quan trong dbi Vi viéc tao ra bao tir dinh & A.
fumigatus [134]. StuA khong thé thiéu trong su phat trién caa nim va chuyén hoa thir
cap ¢ A. flavus. Céc thé dot bién stuA 1am suy giam sy hinh thanh bao tir. Sy biéu
hién caa cac gen brlA va abaA ciing bi giam nghiém trong ¢ A. flavus x6a stuA. Hon
nita, Sy ving mat caa stuA dan dén khiém khuyét trong qua trinh diéu hoa va san xuat
aflatoxin trong hat dau phong va ngd [35]. StuA 1a mot protein diéu hoa bao thu va
dong vai tro trung tAm trong qua trinh phat trién v tinh cua nim ciing nhu trong qua

trinh phét sinh hinh thai cia nhiéu loai nam soi [35].
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Céc gen c6 vai trd trong cac qua trinh té bao khac nhau nhu sau: actin va tub
(cAu trtic té bao), ubi (phan giai protein), rpb1 va tefl (phién ma va dich ma), gpd, try
va cox5 (lién quan dén trao doi chit) 1a nhitng thuong dwgc sir dung 1am gen tham
chiéu & nhiéu sinh vat, bao gdm ca dong vat, thuc vat va con ngudi. Ngoai ra, gen
cox5 duoc chimg minh 1a gen tham chiéu phu hop & A. flavus va A. niger [22, 136].
Chung t6i dd danh gia mirc do biéu hién cua cac gen tham chiéu bing cach tinh toan
c4c gia tri ngudng chu ky (Ct) tir téng sé mau. Biéu d6 hop cac gia tri Ct cho mdi gen
duoc thé hién trong Phu luc 25. Gia tri Ct cho 4 gen dugc nghién cau nam trong

khoang tir 16 dén 21, vé&i phan 16n céc gia tri nay nam trong khoang tir 17 dén 20.
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Hinh 3.27. Mite d biéu hién gen & A. niger x6a stuA va xda kép laeA-stuA dwgc
so sanh théng qua real-time PCR

Mizc d@é biéu hién mRNA cua c4c gen stuA, brlA, abaA & A. niger N402, N402AstuA,

N402AstuAAlaeA dwroc phan tich théng qua so sanh véi gen tham chiéu cox5.

Viéc str dung cac gen tham chiéu nay c6 uu diém Ia ca gen tham chiéu va gen
quan tdm déu duoc tiép xdc véi cac budc chuan bi mau giéng nhau truge khi thuc
hién PCR. Trong qua trinh ap dung cac gen tham chiéu, viéc xac nhan tinh phu hop

cua chling 1a vo cing quan trong. act 13 mot gen tham chiéu thuong duoc st dung dé
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chuan hoa dix liéu real-time PCR. Vi gen act ma héa cho actin, mot protein lién quan
dén sy hinh thanh cua bo xuong té bao, né dwgc biéu hién 6n dinh do sy biéu hién
lién tuc va 6n dinh cua né 1a diéu kién tién quyét d6i véi mot co thé sdng. Vi A. niger
la mot loai nam ndi tiéng véi kha ning tiét ra nhiéu loai enzyme, nén cé vé hop Iy khi
sarA duoc biéu hién lién tuc dé dam bao sy truyén tai cua protein twong @tng hd tro
qua trinh tiét. cox5, ma hda cho tiéu don vi thir 5 cua cytochrome ¢ oxidase, mot loai
enzyme nam trong chudi hd hip ciing 1a mot gen dwoc biéu hién 6n dinh [22, 136].
Trong d6, sarA va cox5 biéu hién on dinh hon gitra c4&c mau va thuong duoc sir dung
dé chuan hoa dit liéu biéu hién gen. Trong khao séat cua chdng t6i, gen cox5 it c6 su
bién do6i Ct giira cac mau khac nhau. Vi vay, gen cox5 duoc lya chon la gen tham
chiéu dé so sanh mirc do biéu hién gen & A. niger.

Ochratoxin A (OTA) 1a mot chat chuyén héa thtr cap ctia nim c6 tinh doc cao
va cd kha ning tich tu trong ndi tang nguoi va dong vat. OTA duoc tao ra bai mot sé
loai ndm trong cac chi Aspergillus va Penicillium. Trong phan nhém Nigri, A.
carbonarius, A. niger va A. welwitschiae 1a nhitng loai c6 kha nang san xuat luong
I6n OTA. Hién nay, c4c gen quan trong cho qua trinh sinh tong hop OTA duoc diéu
hoa bai 5 gen ma hoa cho halogenase (hal), yéu té phién ma bZIP (bZIP), cytochrome
p450 monooxygenase (p450), peptide tong hop khdng ribosome (nrps) va polyketide
synthase (pks). Viéc mat san xuat OTA duong nhu lién quan dén viéc xda cac gen
nay trong hé gen nam [54].

Cum sinh tong hop fumonisin ¢ A. niger rat khac vai cum sinh tong hop & cac
loai Fusarium va mot s6 gen quan trong bi thiéu; do do, cac loai Aspergillus den
khong thé tong hop tat ca cac loai fumonisin thanh fumonisin B2 (FB2) 1a loai c6 lién
quan nhéat dén an ninh lvong thuc. Gen ma hoéa FUMI dugc coi la gen chu chét cia
qua trinh sinh tong hop FB2. Cap méi gFUM1nigF/qFUM1nigR khuéch dai mot ving
207 bp khi str dung khuén 1a DNA tong sé va 139 bp véi khudn 1a DNA soi bo sung
(cDNA) do gen c6 chira 1 intron; diéu nay dé& dang cho phép phat hién DNA hé gen
c6 trong cac mau DNA b sung [55]. Khi tién hanh kiém tra micc do biéu hién cua
mot s6 gen sinh doc td ochratoxin va fumonisin B2 & A. niger nho real-time PCR,

nhitng gen nay hoan toan khong biéu hién hozc biéu hién rt yéu & cac chung x6a gen

110



laeA, stuA hoac xo0a kép laeA-stuA (Phu luc 26). Cac chung giam kha nang hinh thanh
doc t6 nAm nay 1a cac chang tiém nang cho san xuat cac san pham dung trong thuc
pham.

Str dung hé théng chuyén gen 2 marker chon loc mai phét trién, chiing toi ciing
d3 thanh cong trong tao cac ching dot bién x6a kép vira giam kha ning sinh amylase,
vira giam kha nang hinh thanh bao tir & A. niger (N402AamyRAstuA); vira giam kha
nang sinh protease, vua giam kha nang hinh thanh bao t& & A. niger
(N402AprtTAstuA); vira giam kha nang sinh axit kojic, vira giam kha nang hinh thanh
bao tir & A. oryzae (RIB40AlaeAAstuA) (Phu luc 27-31). Bic biét, ca 3 thé dot bién
x6a kép nay déu sinh truang kém, cé kich thude khuan lac nhé hon so véi céc chung
ban dau va cac chiing x6a don gen. Rat cd thé tac dong hiép dong cua cac yéu té diéu
hoa phién ma cd vai tro quan trong dbi véi kha ning sinh truong va phat trién o A.
oryzae va A. niger.

Nhu vay, hé thng dugc phét trién trong nghién cizu nay cho phép xéa gen voi
hiéu qua kha tot va sin sang cho cac thi nghiém xo6a nhiéu gen & ca A. oryzae va A.
niger. Bac biét, gen pyrG ma hoa orotidine-50 -phosphate (OMP) decarboxylase da
duogc str dung dé tai sir dung marker chon loc, cho phép xo4 nhiéu gen & A. fumigatus
va A. nidulans [108]. Hé thdng tai to hop Cre/loxP tir bacteriophage P1 ciing cho phép
x04 gen lién tiép ¢ A. nidulans [51]. Tuy nhién, giy gian doan gen nhiéu lan theo
cach thuc nay 1am tich ty nhiéu ban sao cia cac doan DNA ngoai lai trong hé gen caa
vat chi. Vi cach thie phat trién trong nghién ciru caa ching toi, cac ching dot bién
X04 nhiéu gen c6 thé dugc thuc hién ma khong tich hop thém bat ky ban sao DNA
nao do viéc xo4 gen duoc tién hanh theo co ché tai to hop tuong déng. Hon nira, day
cling 13 1an dau tién viéc tai sir dung marker cho xoa nhiéu gen duoc thuc hién véi A.

oryzae.

3.4. Thiét 1ap chién lwoc méi dé ting hiéu qua x0a gen A. oryzae va A. niger
Trong nghién ctru nay, chung téi hudng toi giai phap khéng s dung cac gen
khang thudc 1am marker chon loc ma van gitp ting hiéu suat bién nap. hisB duoc lua

chon 1a marker chon loc chinh trong qué trinh xo0& gen dua trén co ché tai t6 hop
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turong dong va pyrG la marker chon loc 2 chiéu duogc su dung dé loai bo cac thé chén

ngau nhién. Chién lugc nang cao hiéu suat xo4 gen dugc thé hién trong Hinh 3.28.

Chuyén gen st dung ATMT
- Méi trudng déng nudi cdy:
IM + Uri + Ura + His + AS
- Thai gian déng nudi cdy: 2,5 ngay
- Nhiét d6 déng nudi cdy: 220C

Y

CAu truc xéa gen X pyrG marker ving &' hisB marker vung 3'

e A e

>< Gen X ><
5 3
Locus gen X clia L] =
chiing ban dau
(AhisBApyrG) *
vung 5’ hisB marker vang 3’

Locus gen X & chling x6a gen

(AXApyrG)

Sang loc trén moi trudng phu hgp
(c6 b8 sung Uri + Ura va cefotaxime)

Hinh 3.28. So' @ tom tat chién thuat ting cwong hiéu qua xda gen & A. oryzae
va A. niger véi pyrG la marker chon loc thar 2
Céc thdng sé toi wu cho xéa gen sir dung phwong phip ATMT véi c&c ching nén la
chung dgt bién khuyét dirong kép & A. oryzae va A. niger. X dai dién cho gen muon

7

Xoa.
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Marker hisB dwgc dit gitra ving 5° va 3° ciia gen can xoa, marker chon loc thir
hai - pyrG, cd thé dugc dé trude ving 5° hodc sau ving 3°. Khi su tai to hop tuong
ddng dién ra, cac thé dot bién xo4 gen s& duoc thay thé toan bd hoic mét phan khung
doc mé bang marker hisB va van la cac chang khuyét dudng uridine/uracil. Trong
khi d6, véi cac thé dot bién chén ngau nhién, toan bo ving T-DNA cua cau tric xoé
da duoc tich hop vao hé gen, vi vay, ching tré nén nguyén dudng. Khi sang loc cac
thé dot bién nay trén moi truong c6 bd sung uridine/uracil va 5-FOA, hau hét cac thé
chén ngau nhién bi loai bo. Chién luoc x0a gen hiéu qua cao nay da duoc chirng minh

khi 4p dung xo04 mot sé gen & A. oryzae va A. niger.

3.4.1. Chién lwoc ting ty 1& x04 gen & nam sgi A. oryzae

Cau tric xoa gen laeA cho nam soi A. oryzae dugc tao trudc do (pKH-
AAolaeA) dugc chen thém marker pyrG vao phia trudc doan 5° laeA phuc vu cho cac
thi nghiém kiém tra hiéu suat xoa gen. Trong d6, cau tric pKH-AAolaeA dugc mo
vong bang EcoRI va xir ly véi Alkaline photphatse dé ngin chan tu déng vong;
marker pyrG dugc khuéch dai nho PCR, xir Iy véi ECORI va dugc ndi vao vector ma
vong nho T4 DNA ligase. Cau triic méi tao duoc dat tén 1a pkKHG-AAolaeA.

Khi sir dung cau triic méi tao ndy dé xoé laeA & ching nén RIB40AhisBApyrG,
néu moi trudng chon loc dugc bo sung 5-FOA, ty 18 x0a co thé dat tgi 98,48% +
1,5%. Hau hét cac khuan lac duoc cdy chuyén va thuan khiét trén méi truong CDA
+ Uri + Ura véi ngudn nito duy nhét 1a (NH4)2SO4 déu c6 kiéu hinh giam hinh thanh
bao tir (Hinh 3.29). Bé chic chan nhiing thé chuyén gen méi thu duoc 1a cac ching
X04 gen laeA, cac phan ang PCR véi cip mdi AolaeA-P5/AolaeA-P6 va AolaeA-
P8/AnhisB-R1 di duoc tién hanh. Nhu vay, khi bd sung thém marker chon loc tht 2
d3 giup tang ty 18 x04 2,6 1an so véi st dung cau tric xoa gen laeA ban dau.

Céc chung dot bién x0a gen stuA co kiéu hinh dic trung, dé dang quan sat va
chon loc. Vi vay, gen stuA tiép tuc duoc luya chon dé ching minh tinh kha thi cua hé
thdng trong can thiép gen & ndm soi A. oryzae. Khi tién hanh xoé gen stuA ¢ chang
nén RIB40AhisB vai vector nhi thé pKH-AAostuA, s6 lugng khuan lac trang xuat
hién trén mang chuyén gen chiém 13,41% =+ 4,33%. Cau tric xo4 ting cuong pKHG-

AAOStUA tiép tuc dugc tao twong ty vai chién thuat tao pkKHG-AAolaeA.
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Hinh 3.29. Chién hrgc ting ty 1é x04 gen laeA ¢ nam A. oryzae RIB40AhisBApyrG
So do logi bo gen laeA & A. oryzae khuyét dirong kép RIB404hisBApyrG véi viéc bo
sung thém marker chon loc pyrG tir A. niger (AnpyrG) dé ting ty 1é x04 gen va sang
loc c&c thé chuyén gen trén méi trirong dac hiéu véi nguon nito la (NHa)2SO4 dé xac
dinh cac thé dét bién AlaeA.

Khi khéng co6 su hoat dong cua marker chon loc tha hai (marker pyrG), cac
khuan lac trang xuat hién rat it, hiéu suat xoé gen StuA chi dat 25,64% * 3,0%. Khi
ap dung chién thuat xod gen méi, hiéu suat xo& gen c6 thé dat téi 96,99% + 2,04%
ddi voi trudng hop x0a gen stuA & A. oryzae (Hinh 3.30).

Hién nay, nim soi da nhan A. oryzae van 14 mét trong sé nhitng nim soi kho
thao tac gen. Hau hét cac nghién cau cai bién di truyén & A. oryzae déu phu thudc
vao gy dot bién nho tia UV hoic str dung cac phuong phéap chuyén gen thong qua té
bao tran hoic sir dung cac cdng cu phic tap nhu CRISPR/Cas9, loc bao tir dé thu
duoc bao tir don nhan, ... Mic du viéc bt hoat con duong NHEJ (non-homologous

end joining) & mot s nam soi, trong d6 co A. oryzae va A. niger da gitp ting cudng
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hiéu qua trao doi chéo twong dong va co thé dat tgi ty 1 x6a 100% & A. oryzae, C4c
chung dot bién hong con dudng NHEJ thuong khdng thich hop dé tao cac ching bo
trg phuc vu qua trinh diéu tra vai tro, chie nang gen do nhitng anh huong lién quan

dén co ché sira chita DNA va tinh khdng 6n dinh caa hé gen [92, 102].

AnpyrG marker 5' stuA AnhisB marker 3’ stuA

C4u tric x6a gen stuA
& A. oryzae
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Hinh 3.30. Chién hroc ting ty 1é o4 gen stuA & nam A. oryzae RIB40AhisBApyrG
So do loai bé gen stuA & A. oryzae khuyér duéng kép RIB404hisBApyrG véi viéc bé
sung thém marker chon loc pyrG tir A. niger (AnpyrG) dé ting ty 1é x04 gen va sang

loc cac thé chuyén gen trén méi truong dac hiéu dé xdc dinh cac thé dét bién AstuA.

Két qua thu duoc trong nghién ciru nay dé& xuat mot giai phap méi, don gian,
hiéu qua cao cho cac nghién ciu vai trd, chirc nang gen & nam sgi A. oryzae. Cé4c thé
chuyén gen thu duoc khi &p dung chién thuat trén khong chi giup dinh huéng sang
loc céc chung dot bién x0a gen ma con la chung nén c6 sin dé tao cac thé phuc hoi,

dot bién xo04 da gen va biéu hién qua muc.
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3.4.2. Chién lwoc ting ty 1 x04 gen & nadm sgi A. niger

X04 gen & A. niger hién nay con gap nhiéu han ché. Cau tric xo4 gen thuong
bao gom maot doan DNA chara marker chon loc nam giira cac ving trinh tu tuwong
ddng ctiia gen mudn xo0da. Viéc tao cac cau trlic xo4 bi gisi han bai s6 lwgng cac marker
chon loc ¢6 sdn & A. niger va yéu cau vé chang nam phd hop. Tuy nhién, ty 18 x04
mét s6 gen & A. niger véi phuong phap ATMT da cho cac két qua kha quan, voi ty 16
X04 laeA dat 68% + 7% va xo4 amyR dat 83,75% =+ 6,38% & chung nén 1a A. niger
N402AhisB. Tuong tu, khi sir dung cau tric xoa laeA (pKH-AAnlaeA) va amyR
(pPKH-AAnamyR) cho A. niger N402AhisBApyrG, ty & x0a gen c6 thé dat lan luot 13
66,34% =+ 3,84% va 77,5% * 2,5%, cao hon rat nhiéu so véi cac trudng hop xoa gen
khac. Vi vay, ching toi lya chon mot sé gen dugc cho 1 khé x0a & A. niger dé chung
minh hiéu qua caa chién lwoc méi phat trién. Ty & x6a thanh céng veA vai ca 2 ching
nén N402AhisB va N402AhisBApyrG rat thap. Déi véi chang nén N402AhisB ty 18
x0a gen chi dat 7,32% + 2,66%. Str dung cau tric x0a gen veA l1a pKH-AANveA, ty 1¢
x0a gen veA véi chiung nén N402AhisBApyrG tuy cao hon nhung van rat thap, dat
15,96% + 1,48%. Ap dung cach thuc tuong tu véi A. oryzae, ching toi sir dung gen
pyrG l1a marker chon loc thir hai nham nang cap kha ning xoa gen ¢ A. niger. Poan
gen pyrG tir A. niger ma héa cho orotidine-5-phosphate decarboxylase duoc khuéch
dai nho PCR va chén vao trudc ving 5°veA cua vector pKH-AAnveA dé tao thanh
vector mgi pKHG-AAnveA. Céc thé dot bién AveAApyrG la cac té bao thiéu enzyme
orotidine-5-phosphate decarboxylase, khong thé phéat triéen néu khong co6
uridine/uracil b6 sung thém tir moi truong, trong khi céc té bao nay c6 kha ning chong
lai doc tinh cua axit 5-fluoro-orotic. Bén canh kha nang khang 5-FOA, cac dac trung
vé kiéu hinh cua céc thé dot bién AveAApyrG, céc thé chuyén gen nay ciing duoc X4c
nhan thém nho PCR sir dung 3 cap méi doc lap: AnhisB-P7/AnhisB-P8 (chirng minh
su ¢6 mit cua marker hisB trong hé gen nam), AnveA-orf-F/AnveA-cf-R (chiing
minh viéc loai bo thanh céng vung ORF cua gen veA), va AnhisB-M/AnveA-P5
(chang minh sy kién tai té hop tuong dong da dién ra). Ap dung chién thuat mai, ty
I¢ xoa veA & N402AhisBApyrG da dat duoc 47,97% + 10,7% (Hinh 3.31).
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A Xoéa veA & chiing N402AhisBApyrG
Xoa veA & chiing (Str dung pyrG la
N402AhisBApyrG marker chon loc thi hai)

P

Xoa veA & chiung N402AhisB

CDA + cefotaxime CDA + Uri + Ura + CDA + Uri + Ura + 5-FOA +
cefotaxime cefotaxime

* CDA

B
Koo gl sy 5 ’ 5" veA AnhisB marker 3’ veA
Cautricxéagen veA G A. niger ....... o
S
\>\ 3 —
_BveA . VeA 3 yeA
Locus gen veA & A. niger ban dau
AnveA-orf-F - -----z-onn < AnveA-cf-R
1033 bp

g o " 5 veA AnhisB marker 3’ veA
Locus gen veA & chiing xéa gen

(AveA) AhisB-P7 —p -:-ce-. < AnhisB-P8
p

AnhisB-M - ----nememenoonannenenans < AnveA-P5

M - N402 AveA Ect-1 M - N402 AveA Ect-1 - AveA Ect-1

AnhisB-P7/AnhisB-P8 AnveA-orf-F/AnveA-cf-R AnhisB-M/AnveA-P5
Hinh 3.31. Két qua xo0a gen veA sir dung marker hisB & A. niger
(A) Két qua chuyén gen xoa veA & A. niger six dung marker chon loc hisB véi cac
chuing nén khac nhau va két qua sang loc cac thé chuyén gen trén CDA. Cdc dia diroc
1 ¢ 30°C trong 4 ngay. (B) So' do xac nhdn x0é veA nho PCR véi cac vi tri bam moi
ddac hiéu. (C) Két qud xac nhdn xda gen veA nho PCR véi cac cap moi dac hiéu. (-)
la doi ching &m. M 12 DNA marker 1 kb (Thermo Fisher Scientific, My).
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Bén canh do, khi cau tric pKH-AAnstuA duoc nang cap thanh pKHG-AANstuA
dé tang cuong xoa gen stuA & N402AhisBApyrG, ty 1& xo& gen ghi nhan dugc la
80,13% = 6,52% khi dugc chon loc trén méi trudng ¢6 bd sung 5-FOA (Hinh 3.32).
So véi nhitng cong bd dau tién vé chuyén gen & A. niger, hiéu suat xoa gen dat dugc
trong truong hop nay rat vuot troi. Chién luoc x04 gen mai phat trién sé 1a cong cu

tiém ning cho cac nghién ciru chuyén sau vé hé gen & A. niger.

Céu tric x6a gen stuA AnpyrG marker 5’ stuA AnhisB marker 3' stuA
& A. niger

Sang loc

___'_>

Sang loc

—'_>

CDA+Uri+Ura+5-FOA

Hinh 3.32. Chién lwoc ting ty I¢ x0a gen stuA & nam A. niger N402AhisBApyrG
So d6 loai bé gen stuA ¢ A. niger khuyér duéng kép N4024hisBApyrG véi viéc bo
sung thém marker chon loc pyrG tir A. niger (AnpyrG) dé ting ty 1é x0a gen va sang
loc cac thé chuyén gen trén méi truong dac hiéu d@é xdc dinh cac thé dét bién AstuA.

X04 gen 1a mét cach tiép can quan trong trong sinh hoc phan tir nAm. Viéc vo

hiéu hoa hoic thay thé mot vi tri nhat dinh cho thay vai tro té bao cua gen d6. Thong

thuong, 1 doan DNA s& dugc sir dung cho xoé hoic thay thé vi tri gen dich va céac thé
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chuyén gen phai c6 moéi trudng chon loc dic hiéu. Trong trudng hop doan DNA
khong chira cac yéu té chirc nang dé ty sao chép hodc phan ly, nd sé bi phan hay hoic
dugc duy tri nhu mot phan cua hé gen nam. Vé co ban, ¢6 2 co ché stra chita mach
kép DNA dam bao rang 1 doan DNA di dugc tich hop vao hé gen nam va duogc sao
chép 6n dinh 1 co ché tai to hop twong dong (HR) va co ché ndi cac doan cudi khdng
tuong déng (NHEJ), con duoc goi 1a tai to hop khong twong dong [11].

Tuy nhién, tan sé tai té hop twong dong tw nhién & nam soi 1a rat thap. Cac
phén tich gen chic nang gen da khong dat hiéu qua nhu mong doi trong mét thoi gian
dai. Con duong NHEJ 1a mét co ché dam bao viéc sira chita cac dit gay soi kép DNA
(DSB) va phu thugc vao hoat dong cua Ku heterodimer (phtc hop protein
Ku70/Ku80) va phtic hgp DNA ligase 1V-Xrcc4. Con duwong NHEJ canh tranh véi
mot co ché sira chita khac goi 1a con duong tai to hop twong dong (HR). Con duong
HR c6 su tuong tac giita cac trinh ty DNA twong dong, trong khi con duong NHEJ
lien két cac DSB ma khong can bat ky su twong ddng nao. Bang cach xda cac gen
ku70, ku80 hoic lig4, tan sé cac su kién tai té hop tuong dong di tiang 1én dang ké &
nhiéu loai nim soi va c4c chung dot bién hong con duong NHEJ nay dugc coi la
“chiing vang” cho céac thao tic gen bao gdm xda gen, chén gen va thay thé trinh ty
promoter [11]. Khi gy dot bién hong gen lién quan dén con duong NHEJ, tan sb tai
t6 hop twong dong 1én dén 100% & N. crassa [110].

O A. niger, x6a gen kusA ma hda cho ortholog cua protein Ku70 di giup cai
thién rd rét hiéu suat tai to hop twong dong. Hiéu suat tai té hop twong ddng co thé
1én dén hon 80% va khong anh hudng dén sy phat trién cua A. niger. Tuy nhién,
Aku70 khong d& tao ra tir chiung hoang dai (WT) theo céch truyén théng va céc thé
dot bién nhay cam hon véi mot sb hda chat nhu methyl mesylate, ethyl methane
sulfonate va bleomycin [95]. Vi vay, ttng dung cta céc thé dot bién nay van con han
ché.

Céc dot bién hong con duong NHEJ 1a cdng cu quan trong trong nghién ciu
chirc ning gen & quy mo Ién. Tuy nhién, do protein Ku tac dong dén céc co ché duy
tri telomere, to chirc khdng gian nhan va tai phan bao, nén can xem xét tinh 6n dinh

vé mat di truyén cua cac chung dot bién hong gen ku70/ku80 hoic hong con dudng
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NHEJ. Mot nhuoc diém caa dot bién hong con dudng NHEJ 1a cac chung nim nay
dé bij tén thuong boi cac diéu kién pha huy DNA. Mot nhuge diém khac cua cac
chang hong con duong NHEJ 1a cac nghién ctiu bd trg gen thudong khong thuc hién
duoc. Vi dy, cac sy kién tich hop ngau nhién, thuong duoc sir dung trong phuong
phap bd tro gen, hau nhu khong thé xay ra ¢ cac chung nén hong con dudng NHEJ.
Hiéu suét bién nap thuong thip ¢ cac ching hong con duong NHEJ va viéc tai bién
nap vao c4c chung xo4 gen c6 thé rat khé khan [92].

Gan day, hé thong CRISPR/Cas9 da duoc wng dung thanh cong trong chinh
stra gen trén nhiéu lodi nAm soi nhu T. reesei, A. oryzae, A. fumigatus, N. crassa va
P. chrysogenum [166]. Hon nita, Ngdvig va cong su da thiét lap mot hé thong
CRISPR—Cas9 linh hoat véi cau tric ribozyme—gRNA- ribozyme (RGR) dic biét
danh cho nam soi va ap dung thanh céng & 6 loai nAm soi khac nhau, trong d6 co A.
niger [113]. Céu tric nay da giai quyét mot cach hiéu qua van dé thiéu cac promoter
duoc RNA polymerase 111 nhan dién dé phién ma gRNA & A. niger. Mic du vay, viéc
x@y dung cac vector CRISPR—Cas9 thuong phu thuéc vao ky thuat USER (New
England Biolabs, M¥) da lam tang chi phi caa quy trinh thi nghiém. Ngoai ra, plasmid
PFC330 khdng phd bién ddi vai hau hét cac nha nghién ctu. Gan day, mot hé thong
CRISPR/Cas9 cai tién voi cac doan trinh tu twong ddng ngan (100 bp) di cho hiéu
qué cao dbi trong x0a va bat hoat gen & A. niger [166]. Tuy nhién, hé thong nay khéng
c6 marker chon loc nén cac céc conidiophore nay mam tir khuan lac so cip duong
tinh trén méi trudng chon loc ¢6 thé co 2 loai: thé dot bién dung hodc thé dot bién sai
dich mang gen khang khang sinh hygromycin dugc tich hop vao vi tri khong dac hiéu.
Vi vy, dé x4c dinh nhanh chdng cac thé dot bién xoa gen, nén str dung mot gen khang
khang sinh d6i véi plasmid biéu hién Cas9/sgRNA va mét gen khang khang sinh khac
hodc gen dinh dudng cho doan trinh ty chira cau trac xo4. Tuy nhién, dé c6 thé sir
dung gen dinh dudng trong chon loc thi can phai ¢ chung dot bién khuyét dudng
tuong tng [166].

N6i chung, tai t& hop twong ddng 1a co ché dugc wu tién nhit trong tao cac
chang dot bién xo0a gen nho tinh 6n dinh vé mat di truyén qua céac thé hé. Hiéu qua

cua hién tuong tai to hop twong dong chu yéu phu thudc vao bo may sira chita DNA
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cua vat chi. O nAm men, nhu S. cerevisiae va Schizosaccharomyces pombe, hiéu qua
X04 gen co thé dat tir 50% dén 100% khi sir dung cac ving twong dong kha ngan 50—
100 bp [12, 154]. B6i v6i ndm soi, can c6 cac vung twong ddng thuong twong doi dai
(hon 1000 bp) dé dat duoc hiéu suat xoé gen tir 10 dén 30% [63].

Hiéu qua xo4 gen ciing ting lén khi tién hanh chuyén gen & nam A. awamori
bing ATMT so véi chuyén gen thdng qua té bao tran CaCl/PEG [98]. Ngoai ra,
ATMT ciing cho hiéu qua x6a gen & Kluyveromyces lactis cao hon so v&i chuyén gen
bang xung dién [29]. Hon nita, sy tai to hop twong dong dugc chitng minh 1a phu
thuoc vao locus [19]. Trong truong hop xda laeA & A. niger, hiéu qua xda ¢ cac chiung
nén khac nhau twong ddi cao, dat hon 60%. Trong khi do, ty 1& x6a StuA va veA & A.
niger 1a dudi 40%. Do d6, viéc cai thién kha nang loai bo gen ¢ cac truong hop kho
X04 gen la can thiét hon. Marker chon loc thir hai dwgc sir dung dé tang sé luong thé
dot bién xoa gen va do d6 lam giam so luong cac thé bién nap so cap can sang loc dé
phan lap cac thé dot bién du kién. Viéc bd sung pyrG lam marker chon loc thr hai
gilp cho kha ning x6a gen dugc ting cuong ¢ ching nén N402AhisBApyrG.

Tuy nhién, hiéu qua xoa gen khi &p dung chién luoc méi & A. niger van con
kém hon rat nhiéu so véi xo0a gen & A. oryzae. Nguy@én nhan 16n nhat caa hién tuong
nay la do cac chung A. oryzae ApyrG khang 100% vai 5-FOA. Vi vay, khi x04 gen
pyrG & A. oryzae c6 thé dat duoc ty 16 x04 gan toi 100%. Trong khi d6, hién tuong
duong tinh gia xuat hién rat nhiéu ¢ A. niger. Nhiéu khuan lac sau khi chuyén gen
X04 pyrG & A. niger van khuyét dudng uridine/uracil va cé thé moc dugc trén moi
truong ¢ bo sung 5-FOA nhung ving ORF van chua bi xoa. Nhu vay, chién lugc
chuyén gen hiéu qua cao nay c6 thé dat duoc hiéu suat t6i wu khi ap dung x04 gen &
mot s6 loai nAm nhay cam cao véi 5-FOA nhu A. oryzae, C. militaris,. ..

Str dung marker chon loc thir hai dé phan biét gitra cac su kién téi to hop tuong
ddng va khong tuong dong di duoc ap dung ¢ nim soi. Marker chon loc thir hai s&
mat khi 6 hién twong tai to hop tuong dong, trong khi tai to hop khong twong dong
cho phép tich hop ciing Iic ca 2 marker chon loc. Chién lugc nay da giup ting hiéu
qua X0a gen gap 5 dén 20 lan & nam A. chrysogenum va N. crassa [86, 126]. Gen

amdS da duoc str dung 1am marker chon loc thtr hai trong chuyén gen & A. awamori.
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Sy hién dién caa gen nay do céc sy kién tich hop ngau nhién va c6 thé duoc phat hién
do céc thé chuyén gen c6 thé moc trén méi trudng sir dung acetamide 12 nguén cacbon
va nito duy nhat, va tinh nhay cam cua cac thé chuyén gen véi fluoro-acetamide gitp
viéc chon loc tré nén dé dang hon [64]. Mac dU viéc sir dung amdS lam marker chon
loc thir hai gitp tang ty 1¢ x04 gen Ién 2 lan, nhung viéc bd sung fluoro-acetamide
vao mdi truedng sang loc 1dm cho cac khuan lac rat nho, rat khd phan biét giira thé
amdS* va amdS™ [98]. Hon nira, A. awamori ty nhién c6 chira mot s6 hoat tinh gidng
nhu acetamidase va diéu ndy lam phiic tap qué trinh chon loc thé chuyén gen
amd$S' tryc tiép trén dia thach chira fluoro-acetamide [98]. Trong khi d6, viéc sang
loc céc thé dot bién pyrG- trén mai truong bo sung 5-FOA réat dé dang ¢ A. niger va
A. oryzae. Viéc thém 1 marker chon loc vao cdu tric x6a gen thuong dan dén viéc
giam tong sb cac thé chuyén gen xuét hién trén cac dia chon loc. Tuy nhién, sang loc
trudc trén moi trudng khong co uridine/uracil gitp 1am giam sé luong cac thé chuyén
gen can xac dinh I1a cac thé dot bién chén ngau nhién. Céc thé dot bién duogc cung cap
trong nghién ciru nay ciing san sang cho cac qua trinh cai bién di truyén tiép theo vi
mang kiéu gen ApyrG. N6i chung, chién lugc méi phét trién trong nghién ctiu nay la
mot cng cu trién vong trong xo0a gen quy md 16n va cung cap sang loc cé dinh hudéng

khi xo& mot gen moi.

3.5. Khai thac cac hé théng chuyén gen méi phat trién dé biéu hién enzyme tai

té hop

3.5.1. Tao vector nhi thé mang cau truc biéu hién gen phyA va chuyén thanh

cOng vao nam sei A. oryzae va A. niger

Mot trong sé cac tng dung cdng nghiép duoc phat trién gan day nhit dbi voi
enzyme la bo sung enzyme vao thirc an chin nuéi. Cac enzyme chon loc dugc thém
vao thuc 3n c6 thé mang lai hiéu qua xGc tdc mong muédn ddi véi sy tiéu hod cua vat
nudi. Hién nay, khoang 70% thirc an cho dong vat cd chtra phytase nhu mot chat phy
gia. P& ung dung trong nganh thirc an chian nudi, phytase phai ¢ hoat tinh dic hiéu
cao & pH da day, tinh dic hiéu cua chat nén, kha nang chdng lai sy phan giai protein

boi c4c proteinase tiéu hda va tinh 6n dinh trong qua trinh bao quan, déng vién. Hon
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nita, kha ning 6n dinh & nhiét do cao 1a mot yéu cau quan trong khéc vi qué trinh tao
vién thirc an xay ra ¢ nhiét do khoang 65-90°C trong 30—60 gidy. Nhu cau cao ddi
V6i enzyme nay di thuc day cac nghién ciru nham dat duoc phytase véi ty 18 thuy
phan axit phytic cao hon va véi kha ning chiu nhiét ting 1én [116]. Mic du mot sb
gen ma hoé cho sinh tong hop enzyme phytase da dwoc phan Iap tir nhiéu ngudn khac
nhau nhung chi c6 phytase tir mot vai nguén trong sb d6 duogc st dung rong réi trong
nganh cong nghiép vi su khdng 6n dinh va chi phi cua enzyme. Enzyme phytase cua
A. fumigatus c6 kha ning phuc hoi hoat tinh sau khi xu Iy nhiét trong khi nhiéu
enzyme phytase thudng bi bat hoat trong qué trinh ép vién san xuat thtrc an chin nudi
[120]. Tuy nhién, viéc san xuat enzyme tryc tiép tir nam soi A. fumigatus khong dam
bao an toan do loai ndm nay gay bénh co hoi cho con ngudi. Vi vay, nhiéu chién luoc
khac nhau dua trén ky thuat di truyén da duoc &p dung dé tao ra cac chung nam tai to
hop c6 kha ning sinh tong hop luong 16n enzyme phuc vu cho san xuat & quy mé
cong nghiép.

Trinh tw ma hoa cua gen phyA tir nam A. fumigatus gay bénh co hoi & nguoi
duoc khuéch dai tir DNA b sung va gan vao vector nhi thé pEX2B dé chuyén sang
nam soi A. niger va A. oryzae. Vector pEX2B duoc loai bo gen DsRed va thay thé
bang trinh ty ma hoa cua gen phyA. Su biéu hién cua gen phyA duoc diéu hoa bai
promoter cam tng manh la amyB (Hinh 3.33).

O nam soi Aspergillus, 2 promoter cam tmg duoc sir dung pho bién nhat Ia
alcA tur A. nidulans va amyB tir A. oryzae. Promoter cam trng maltose cua gen Taka-
amylase A (amyB) thuong duoc sir dung dé biéu hién tai to hop. Promoter amyB da
dugc ching minh 14 mét trong sé cac promoter hiéu qua cho biéu hién protein. Cac
san pham tai t6 hop duoc biéu hién duéi sy diéu hoa cia promoter amyB bao gom:
indole-diterpene paxilline, asperipin-2a, ustiloxin B, multicopper oxidase [143]. G A.
oryzae, khi biéu hién gen ma héa cho protein phéat huynh quang d6 DsRed dudi sy
kiém soét cua promoter amyB, cac thé chuyén gen cho tin hién huynh quang do rat
manh va c6 thé quan sét truc tiép bang mit thudng hé soi mau hong ¢ mot sb thé

chuyén gen [106].
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Hinh 3.33. So' @b tao cau trdc biéu hién gen phyA tir A. fumigatus
Trinh tr ma hda cua gen phyA tir A. fumigatus dwoc khuéch dai tir mau cDNA nho
PCR. San pham duwoc xit 1y véi enzyme gigi han Pmil va BamHI trweéc khi néi vao vi

tri twong g trén vector nhj thé pEX2B dé tao ra vector pEX2B-AfphyA.

Bén canh d6, phytase bo sung trong thirc an chin nudi hién duoc thuong mai
hoa chi1 yéu xuat phat tir A. niger (3-phytase), Peniophora lycii va E. coli (6-phytase)
[129]. Cau trdc biéu hién qua muac phyA tir A. niger duoc tao twong tu voi pEX2B-
AfphyA, trong d6, pEX2 duoc lra chon 1am vector khung; gen phyA ctia ndm A. niger
dugc khuéch dai nhd PCR voéi cap moi AnphyA-orf-F/AnphyA-orf-R. Quy trinh tao
cau tric dugc thuc hién nhu Hinh 3.34. Vector méi dugc dat tén 1a pEX2-AnphyA.
Vector pEX2-AnphyA chira marker chon loc 1a gen pyrG tir nam A. oryzae, gen phyA
duoc biéu hién dudi su diéu hoa caa promoter manh gpdA tir nam A. nidulans. Vector
nay tuong thich cho chuyén gen ¢ céc chung nam khuyét dudng uridine/uracil.

Viéc chuyén gen phyA tir vector nhi thé pEX2B-AfphyA va pEX2-AnphyA vao
cac chung ndm khuyét dudng uridine/uracil duoc thuc hién theo quy trinh nhém
nghién ctru di phat trién va cong b trudce d6 [107]. Marker tro dudng pyrG da duoc
chang minh 13 hiéu qua cho chuyén gen vao A. oryzae sir dung phuong phap chuyén

gen thdng qua vi khuan Ag. tumefaciens. Viéc sir dung cac marker chon loc 1a gen
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noi sinh pyrG dé chuyén gen vao A. oryzae va A. niger s& gidp tao ra chung nim
chuyén gen khdng mang gen khang khang sinh.

A Spel Pmi

Spel pPmil

BssHII

Xbal Xbal Spel Pmil
'Hsbjll n, EOR Sl /

1N
8 BssHIl g RB

&
% /
Q
EcoRlI AnphyA
T4

LB
Pmi, DNA ligase
AnphyA BssHiII AnphyA

TtrpC
pEX2-AnphyA
11,98 kb

- - —_— - - KanR
1,729 kb 1,729 kb
pEX2-AnphyA
B M (BamHlI)
< 10,91 kb
LB pyrG marker PgpdA  AnphyA  TtpC RB
T 1,07 kb
BamHI BamHI

1,07 kb

Hinh 3.34. So' dd tao cau truc biéu hién gen phyA tir A. niger
(A) Cdu tric pEX2-AnphyA dwroc tao bang cach thay thé phan trinh tw gen DsRed
trong vector pEX2 bang trinh t viing ORF cua gen phyA ¢ A. niger siz dung enzyme
gisi han Pmll va BssHII. (B) Xac nhdn tgo thanh cong cau tric pEX2-AnphyA nho
cat kiém tra véi enzyme BamHI. M 1a DNA marker 1 kb (Thermo Fisher Scientific,
My).

NGi chung, mic do biéu hién enzyme phytase c6 thé n6i 1a rat thip ¢ ca 2
ching ban dau 1a RIB40 va N402. O cac chang biéu hién qua mirc, hoat tinh enzyme
phytase tang 2-3 1an so véi cAc chiing chua can thigp hé gen (Hinh 3.35). Do d6, véi
muc dich cudi cuing 1a san xuit enzyme phytase thuong mai véi chi phi thap, céc qua
trinh cai bién di truyén va phat trién tai to hop di va dang dugc thiét ké. Céc chién
lugc nhu 1én men trang thai ran va 1én men chim da duoc lra chon 1a cach haa hen

cho san xuat phytase tir ndm sgi [21]. Cac hé théng biéu hién khac nhau cho phép san
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sinh ra lugng 16n cling véi sy gia tang tinh 6n dinh cua phytase bang cach bién doi
sau dich ma phytase.
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Hinh 3.35. Két qua biéu hién tai té hop phyA & A. oryzae va A. niger
(A) Kha néng phdn giai phytate ¢ cac chung chuyén gen so véi cac chuing ban dau
trén méi trwong PSM. (B) Hoat tinh ciia mét sé chung biéu hién tai té hop dai dién
so sanh véi cac ching gac.

O nam soi A. oryzae, viéc loai bo dong thai 2 gen ma hoé cho proteinase (tppA,
pepE) da gitp cai thién san xuét tai té hop lysozyme (HLY) ¢ ngudn géc tir ngudi,
muc san xuat HLY cao hon téi 2,6 1an so véi chung hoang dai. Hiéu qua san xuat
chymosin c6 ngudn gbc tir bo di duge tang cuong gap 1,9-3,2 1an & chung A. oryzae

bi loai bo gen tppA va pepE [161]. Mic du viéc ting cuong san xuat protein khac
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ngudn véi cac chung dot bién xoa kép (tppA va pepE) va xo4 5 gen (tppA, pepE, nptB,
dpplV va dppV) lam gian doan gen ma hoa cho céc protease & A. oryzae da duoc bao
cao, viéc xoa thém mot loat cac gen nhu alpA, pepA, AopepAa, AopepAd va cpl, cé
thé cai thién san luong cua cac protein khac nguon [161]. Chung dot bién xo0a cac gen
nay dugc dit tén 1a AUT va duoc ky vong 1a cac vat chi tt dé thu duoc lwong protein
tai t6 hop & mutc cao. AUT1-PID mang d6t bién khuyét dudng pyrG, niaD, sC va céc
dot bién hong gen ma hoa cho protease 1a mot trong sé cac ching A. oryzae siéu san
XUat protein tai to hop [169]. Chung siéu san xuat AUT1-PID nay duoc lya chon la
chung nén cho biéu hién qua muac enzyme phytase. Két qua chuyén gen phyA vao
chang A. oryzae AUT1-PID thu dugc khoang 5-7 thé chuyén gen/dia (Hinh 3.36).
Cac thé chuyén gen phyA dugc cay 1én méi trudng PSM (bd sung 0,1% uridine, 0.1%
uracil, 0,15% methionine) dé sang loc cac chung c6 kha ning biéu hién manh enzyme
phytase. Vong phan giai phytate cang I6n thi chang ndm chuyén gen biéu hién
enzyme phytase cang manh. Chang A. oryzae AUT1-PID duoc sir dung lam déi
chang. Ba thé chuyén gen (AP1, AP2, AP3) vgi vong phan giai phytate tot nhat duoc
lya chon tdch DNA dé kiém tra sy c6 mat cia gen phyA nhd PCR véi cap méi dic
hiéu: AfphyA-F/AfphyA-R (Hinh 3.36).

A B C Thé chuyén gen
bia chuyén gen Sang loc cac thé chuyén gen M () (+) AP1 AP2 AP3

AUT1-PID AP1

oo D e e

1,51 kb

Hinh 3.36. Két qua chuyén gen phyA tir A. fumigatus vao A. oryzae
(A) Céc thé chuyén gen moc trén mang gidy loc ddt trén méi trierong M+Met (c6 bo
sung cefotaxime) sau 5 ngay ¢ 30°C. (B) Khd nang phdn giai phytate cua 3 chung dai
dién (AP1, AP2, AP3) trén méi truong PSM (b6 sung 0,1% uridine, 0.1% uracil,
0,15% methionine) sau 3 ngay ¢ 30°C. (C) Xac nhdn su c6 mat cua gen phyA trong
hé gen cua A. oryzae nho PCR. M 1a DNA marker 1 kb (Thermo Fisher Scientific,
My), () la doi chimg dm, (+) la doi chimg dwong.
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3.5.2. Xac dinh s6 ban sao gen phyA ciia cac chiing chuyén gen va xac dinh hoat

tinh enzyme phytase ¢ cac chiing chuyén gen

Do 2 gen pyrG va phyA ludn di ciing nhau trong cau tric T-DNA duoc chuyén
vao té bao ndm nén viéc xac dinh sb ban sao cua gen phyA chi can dya vao sb ban
sao cua gen pyrG. Dua trén co so dit liéu hé gen cua nim sgi A. oryzae RIB40, gen
pyrG chi c6 1 ban sao duy nhét (accession number: AO090011000868) trén nhidm
sac thé s6 7. P6 d6, chimg RIB40 dugc chon lam dbi ching tham chiéu cho viéc xac
dinh s6 luong ban sao cua gen phyA & cac chung chuyén gen (AP1, AP2, AP3). Cap
mdi pyrG-RT-F/pyrG-RT-R dugc thiét ké dé khuéch dai mot doan cua gen pyrG Vi
kich thugc 196 bp. Két qua phan tich real-time PCR véi chi s6 Ct (cycle threshold)
va quy doi ra s6 ban sao gen phyA ¢ 3 ching chuyén gen duoc trinh bay trong Bang
3.3.

Bang 3.3. Két qua xac dinh s6 ban sao quy déi cia mét so6 chiing chuyén gen

phyA & A. oryzae

Chung Ct | S6 ban sao quy doi (22t
AUT1-PID - 0
RIB40 17,68 1
AP1 16,47 2
AP2 16,07 3
AP3 16,75 2

Mtc d6 biéu hién mot gen duoc chirng minh 14 phu thudc vao sé ban sao ma
gen dé dugc tich hop vao hé gen té bao chu [85]. Trong nghién cau nay, ching toi
thu dugc 3 thé chuyén gen da tich hop trong hé gen tir 2 dén 3 ban sao cau trdc biéu
hién gen phyA. Chung AP2 c6 s luong ban sao cua gen phyA cao nhat (Bang 3.3) va
c6 hoat tinh phytase trén dia sang loc du tét (Hinh 3.36B) dugc chon cho phan tich
tiép theo.
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Dich chiét enzyme thoé duoc tir chung A. oryzae AUT-PID (ddi ching) va
chung AP2 thu hdi tir méi trudng nudi cay xdp duoc dung cho khao sat hoat tinh
phytase. Mbi truong nudi cy x6p duoc bd sung 2% maltose 1am ngudn cacbon duy
nhat dé cam tng hoat dong caa promoter amyB. Chang chuyén gen AP2 cho hoat tinh
phytase cao gap 4,3 1an so véi chung AUT1-PID (Hinh 3.37A). Thoi gian can cho
nudi cdy chang AP2 vao khoang 6-7 ngay & 30°C la phu hop dé thu dugc hoat tinh
phytase cao nhat (Hinh 3.37B).

>
vs)

N
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l

AUT1-PD AP2 ' 6 ngay 7 ngay 8 ngay

Hoat tinh phytase (U/ml)
Hoat tinh phytase (U/ml)

o
o

Hinh 3.37. Két qua danh gia hoat tinh phytase cia A. oryzae AUT1-PID va AP2
(A) Hoagt tinh phytase cua chung AUT1-PID va chung AP2 dwoc so sanh trong moi
triong nuUbi cdy xop sau 7 ngay ¢ 30°C. (B) Két qua khao sat s6 ngay nudi cdy ¢ moi

trirong 18n men xop dé thu enzyme doi véi ching AP2.

Tiém nang str dung chung chuyén gen méi tao nay trong ang dung cong nghiép
la rat Ion. Tuy nhién, phytase tai t6 hop thu dugc tir cac chung nay can phai duoc
phan tach véi phytase do ban than A. oryzae tiét ra mic di enzyme phytase duoc ma
hoa boi gen phyA tir A. fumigatus c6 thé phan biét dé dang voi phytase cua A. oryzae
vé kha ning bén nhiét khi xt ly ¢ nhiét do cao va khac biét vé trong luong phan tu
[53, 103, 120]. Hon nita, cac k¥ thuat di truyén hién dai ciing cho phép thiét ké thém
c4u trdc mai cho gen phyA nham mang lai dic tinh néi bat hodc khdng cé & A. oryzae.
Song, trong san xuat céng nghiép, viéc tim kiém cac nguyén liéu ré hon va dé xir ly

hon 13 mét trong nhitng wu tién hang dau. Bén canh d6, promoter amyB la mot
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promoter biéu hién manh nhung chi thich hop véi cac quy trinh 1&n men rin. Ngoai
ra, promoter cam @ng alcA tir A. nidulans va amyB tir A. oryzae c6 nhuge diém chung
la su biéu hién gen bi kiém soét boi ngudn cacbon trong méi truong. Hinh thai cua
nim soi, chang han nhu mat do soi nAm va téc do diéu hoa, cé thé dé dang thay doi
dé dap ung voi cac chat dinh dudng, dic biét 1a cac ngudn cacbon va nito (A. nidulans
phat trién nhiéu soi nAm khi sinh trong méi truong c6 ethanol hon trong méi truong
glucose). Nhu vay, thanh phan cia moéi trudng c6 thé gay ra nhitng thay d6i khong
mong mudn va khéng thé doan trugc trong sinh ly té bao. Do d6, viéc st dung mot
promoter khéng phu thudc vao ngudn cacbon hoic nito va c6 anh huéng ti thiéu dén
cac diéu kién sinh 1y s& cd lgi cho céc nghién ctru biéu hién gen [135].

Song song véi cai bién di truyén, téi wu hoa cac diéu kién moi trudng ciing 1a
mot phuong phéap hiru ich dé giam san xuét protease & A. niger. Khi phat trién trén
moi truong glucose va uré ¢ pH 8, su phién mé cua PepA va PepB & ching A. niger
N400 (CBS120.49) hau nhu bi ¢rc ché hoan toan [67]. Phan tich trinh tu di chi ra rang
cac promoter cua 2 protease chira cac vi tri lién két AreA, cac vi tri lién két CreA va
c4c vi tri diéu hoa tiém nang lién quan tai pH. Trén thuc té, loai bo CreA 1am ting
qua trinh phién ma PepA va PepB khi glucose duoc sir dung lam ngudn cacbon. Tét
ca nhiing lién két nay cho thay vai trd quan trong cia qua trinh tc ché chuyén hoa
cacbon/nito va méi trudng pH trong qua trinh wc ché protease. Tuy nhién, st dung
nong d6 glucose cao, su biéu hién cua protein duoc diéu hoa bai cac promoter
hydrolase phan giai tinh bot ciing s& bi wc ché do sy kim hdm chat di hoa cacbon
[149]. Lwa chon cac promoter khdng bi wc ché bai glucose, chang han nhu gpdA,
mbfA va promoter dya trén Tet-On, c6 thé giai quyét mau thuan ndy. Chang nam tai
t6 hop Penicillium griseoroseum T73 biéu hién P. chrysogenum CCT1273 phytase
cho hoat tinh phytase tang gap 5,1 lan so véi chung tu nhién bang cach su dung
promoter gpdA cua A. nidulans [37]. Ngoai ra, cling can phai xem xét cac diéu kién
nudi ciy khac nhu pH ddi véi su phat trién caa té bao. San xuat protein hiéu qua ¢ A.
niger can dat duoc bang su can bang tot gitra sy phat trién cua té bao va su Gc ché

protease. Chiing toi dé xuat sir dung mot promoter manh pho bién khéc, biéu hién lién
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tuc c6 ngudn gbc tir A. nidulans — gpdA dé c6 thé thu duoc luong 16n enzyme va biéu

hién qua mac phyA tir A. niger boi chinh A. niger.

3.5.3. Ap dung hé théng chuyén gen méi @é tuyén chen cac chiing nam sei A.
niger ddt bién phuc vu biéu hién enzyme tai té hep hiéu suit cao

Hién nay, cac chién lugc cai thién san xuit protein di dugc dé xuat, bao géom
viéc sir dung cac promoter manh, ting s6 luong ban sao gen va dung hop gen, phuong
thire glycosyl héa va cac van dé lién quan dén qué trinh xir 1y trong ludi ndi chat
[105]. Viéc nghién ctru qua trinh trao d6i chét c6 thé gidp cai thién san xuat protein
tai to hop. A. niger c6 thé biéu hién xylanase, mannase va asparaginase tai té hop &
muc do cao, nhung mot sb protein nén van con duoc tiét manh, Chéng han nhu o-
amylase va a-glucosidase [162]. Ty Ié protein can biéu hién thap hon so véi protein
tong sé khéng chi han ché qua trinh san xuat protein dich ma con lam cho dd tinh
khiét cua cac san pham 1én men thap, 1am tang chi phi tinh sach protein can biéu hién.
Do d6, mot phuong phap kha thi 6 thé hiéu qua dé giai quyét van dé nay I chinh
stra cac gen biéu hién cao & mirc 6 phién ma va sau d6 giam sé luong cua cac protein
tiét trong toan bo hé théng biéu hién [162].

Dé biéu hién tai to hop phytase, cac chiung N402 mang dot bién hong gen diéu
hoa va khuyét dudng uridine/uracil (ApyrG) s& duoc dung lam nguyén liéu cho
chuyén gen. Cac thé chuyén gen sau khi dugc xac nhan cé chira marker pyrG tir A.
oryzae Véi ciap moi pyrG-orf-F/pyrG-orf-R thanh cong dugc dit tén lan luot 12 O1,
02, 03 (ddi voi N402 biéu hieén qua mac phyA); Al, A2, A3 (d6i voi N402AamyR
biéu hién qua mac phyA); L1, L2, L3 (d6i vi N402AlaeA biéu hién qua mac phyA);
P1, P2, P3 (d6i voi N4O2AprtT biéu hién qua mic phyA); S1, S2, S3 (d6i voi
N402AstuA biéu hién qua muc phyA); V1, V2, V3 (di vi N402AveA biéu hién qué
muc phyA). Cac ching chuyén gen méi tao dugc kiém tra hoat tinh enzyme phytase
tho theo quy trinh cua kit K-phytase (Megazyme, Ireland).

Két qua dinh Iwong hoat tinh cho thay, céc chung dot bién hong gen diéu hoa
amyR, laeA, prtT, stuA va veA va nhan cau tric biéu hién qua mac gen phyA déu cho

hoat tinh cao hon tir 3-8,5 1an so véi cac chung ban dau. Trong dé, cac chung biéu
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hién quéa muc phyA trén nén ching xoa gen stuA cho hoat tinh cao hon t6i 6,6-8,5 lan
(Hinh 3.38).
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Hinh 3.38. Két qua danh gia hoat tinh phytase ciia A. niger biéu hién qua mic
phyA trén céac chiing nén khac nhau

Hogt tinh phytase (U/ml) cua cac chiing N402, N402AamyR, N402AlaeA, N402AprtT,

N4024stud, N4024veA va cdc ching chuyén gen biéu hién qua mize phyA tiwong 1ing

dwroc 50 sanh khi nuéi ldac trong méi trirong PSM long sau 3 ngay ¢ 30°C.

Cu thé, ching dot bién x0a gen amyR va biéu hién qua muc phyA cho hoat tinh
cao gap 3,72-5,13 lan so vai ching nén. Dit liéu transcriptome cho thay muc phién
mé& ctia enzyme amylolytic, glucoamylase, glucosidase va amylase da giam ro rét
trong chung x6a gen amyR [162]. Do amylase va glucosidase la nhitng enzyme duoc
tiét v6i s6 luong 16n & ca A. niger va A. oryzae, sy giam biéu hién cua cac enzyme
nay gilp giam chi phi cho qué trinh tinh ché protein tai té hop can biéu hién va tao
diéu kién thuan lgi dé chung dot bién hong gen amyR tro thanh mot trong nhitng
chang nén tiém ning nhat. Hon nita, s6 lugng protein tiét da giam dang ké & chang
x06a gen amyR. CUng Véi su giam tong luong protein tiét ra, mot sd cac gen van
chuyén duong ciing bi giam diéu hoa va muac do biéu hién protease ciing giam [162].
So véi chiing hoang dai, hoat dong cua protease thap hon tir 2 dén 10 lan & chung x6a

gen amyR [162]. Nhu vay, khdng chi chung xo4 gen amyR & A. niger ma con ca ¢ A.
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oryzae déu c6 thé dugc khai thac 1a ching nén tét cho biéu hién nhiéu loai protein tai
t6 hop khac nhau.

Ngoai ra, pH moéi truong ciing 13 yéu té quan trong anh huéng dén sy biéu hién
cua cac enzyme ngoai bao. O pH 4,0 va thap hon, hoat tinh cua protease cao. Hoat
tinh protease giam & pH 5,0 va giam hon nira & pH 6,0 [27]. Cac gen ma héa cac
protease ngoai bao chinh Ia pepA va pepB duoc tao ra trong diéu kién axit [147]. Céac
chung L1, L2, L3 cho hoat tinh enzyme phytase cao gap 5,42-6,27 1an so véi ching
ban dau. Chung dot bién x0a gen laeA & A. niger ciing thich hop dé biéu hién tai to
hop cac protein wa pH trung tinh. Ngoai ra, hai hop chat BMS-192548 va aspernigrin
A duoc tao ra véi s6 luong cao hon nhiéu ¢ cac ching dot bién laeA so véi cac ching
hoang dai, cho thay rang laeA c6 chirc nang kim ham su biéu hién cua cac gen lién
quan dén viéc san xuét cac chat chuyén hoa thir cap [111]. Ba hop chat asperrubrol,
atromentin va JBIR86 yéu cau sy c6 mat cua protein LaeA, cho thay rang LaeA tham
gia vao viéc kich hoat biéu hién cua cac cum gen chiu trach nhiém tong hop céac hop
chat nay [111]. O A. oryzae, nguoi ta da chi ra rang viéc loai bo laeA dan dén mat
kha nang san xuat axit kojic [115]. Cum gen c6 kha ning tham gia vao qua trinh tong
hop san xuat axit kojic (A009113000136, oxidoreductase phu thuoc FDA;
A009113000137, yéu té phién ma; va AO09113000138, protein van chuyén) bi giam
diéu hoa nghiém trong ¢ chung dot bién xoé& gen laeA & A. oryzae [115]. Biéu hién
phyA & A. oryzae véi chiing nén la chang dot bién xoé gen laeA ciing cho hoat tinh
kha tét. Cu thé, cac chung biéu hién qua mic cho hoat tinh cao hon 3,48-4,59 lan so
v6i chung RIB40 ban dau (Hinh 3.40).

Ciing gidng nhu laeA, bén canh viéc diéu hoa su phan héa hinh thai, veA con
diéu hoa chuyén hoa thir cap. Vi du: veA kich hoat san xuat mot sé chat chuyén hoa
thir cap, bao gom rilatocystin va penicilin & A. nidulans va P. chrysogenum, aflatoxin
o A. parasiticus, axit cyclopiazonic, aflatrem va aflatoxin ¢ A. flavus, cephalosporin
C ¢ A. chrysogenum, fumonisin va fusarin & F. verticillioides, gibberellin, bikaverin,
fusarin C ¢ F. fujikuroi, melanin trong Mycosphaerella graminicola va B. cinerea,
deoxynivalenol trong F. graminearum, alternariol va alternariol monomethyl ete ¢ A.

alterta [46]. Hong gen veA & A. niger gan nhu loai bo viéc san xuat OTP, OTa, va
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OTA 3-9, trong khi cac hop chat ndy c6 mit trong ching hoang dai trong ca diéu kién
anh sang va bong t6i. Hon nita, mtrc do biéu hién pks da giam manh & chung AveA
bang phan tich real-time PCR, song song vdi su thiéu hut trong san xuat OTA & ching
AveA [163]. Nhu vay, cac chung dot bién xda gen laeA va veA g6p phan tao ra cac
chung nén “sach” cho biéu hién protein tai té hop: giam sinh tong hop cac chat chuyén
hoa thir cdp bao gom khang sinh va doc to.

Tuong tu VGi LaeA va VeA, cac yéu té diéu hoa khac ciing lién quan chit ché
tGi qua trinh san xuat cac chat chuyén hda tha cap. O A. fumigatus, su biéu hién cua
6 cum gen chuyén héa the cap khac nhau lién quan toi qua trinh tdng hop
fumitremorgen, pseurotin A va mot loai chat chuyén hoa chua biét tén phu thugc vao
StuAp [146]. Nhin chung, StuA duoc danh gia 1a yéu té diéu hoa chinh cia qué trinh
diéu hoa va chuyén hoa o A. fumigatus va A. flavus [35]. Biéu hién tai té hop phyA
trén nén dot bién xoa gen stuA da cho cac chiing c6 kha niang biéu hién tét hon 6,6-
8,5 1an so véi chung ban dau.

Yéu t6 phién ma dac hiéu voi protease, PrtT kiém soat sy biéu hién cua mot
s gen ma hoa protease chinh. Theo van den Hombergh va cong su, cac protease axit
PEPA va PEPB lan lugt chiém 84 va 6% hoat dong phan giai protein ngoai bao cua
A. niger [147]. Hong gen prtT & A. niger dan dén giam su biéu hién 4 protease (pepA,
pepB, pepD va pepF). O A. oryzae, protease serine kiém (AlpA) va metalloprotease
trung tinh M36 (Np1) duoc biéu hién & muac thip hon trong ching dot bién prtR so
Vvé6i chung hoang dai [128]. X6a prtT 1a cach don gian hon va cach hiéu qua hon dé
giam tac dung cua protease trén cac protein khac nguon. Chung N402AprtT ciing
tuong tu Vi ching A. niger D15, vira chira dot bién trong gen diéu hoa prtT, san xuat
rat it protease ua axit ma con la ching dot bién khong c6 sy bién d6i vé kiéu hinh
[128]. Do d6, day 1a chung rat dugc wa thich trong san xuét protein tai té hop [111].

Bén canh viéc str dung céc thé dot bién thiéu protease, giam muc d6 protease
tu nhién ciing c6 thé duoc thuc hién bang cach &p dung cac chién luoc thao tac ting
truong khéac nhau, bao gém ca hinh thai hoc ciing nhu tdi wu hoa thanh phan va quy
trinh 18n men [27]. Tuy nhién, viéc lya chon cac diéu kién nubi cay dé giam hoat dong

cua protease khong don gian vi mot sb yéu té lién quan ¢ méi quan hé vai nhau va
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cd thé c6 tac dung d6i khang hoic hiép dong khéng mong muén [27]. Mic du cd thé
khic phuc su phan giai protein caa cac protein khac ngudn trong qua trinh bao quan
bang céach thém céc loai hdn hop enzyme e ché protease dé cai thién do on dinh cua
protein, tuy nhién, chién luoc nay tén kém va khong cé loi vé mat kinh té d6i véi san
Xuat quy mé 16n [125]. Do d6, viéc st dung chung dot bién prtT c6 hoat tinh protease
ngoai bao thip 1am vat chu dé tao ra céc protein tai to hop co thé 1a mot cach thay thé
so Vai viéc str dung cac chat uc ché protease trong viéc giam thiéu sy phan huy va
kéo dai thoi gian st dung ciia cac protein tai to hop trong qua trinh bao quan.

Ngoai ra, s6 lugng ban sao gen phyA duoc tich hop vao hé gen ndm ciing c6
vai tro quan trong trong su biéu hién enzyme phytase. Thong thuong, khi s ban sao
dugc tich hop vao hé gen cang cao (dudi 10 ban sao) thi kha ning biéu hién gen dugc
tich hop cang tét [50]. Trong nghién ciru nay, phuong phap real-time PCR dé duoc
sir dung dé danh gia sb luong ban sao ciia mot s6 thé chuyén gen ¢ dic tinh tét (Bang
3.4). Cac chung S1, S2, S3 cho hoat tinh cao hon 6,6-8,5 14n so véi ching nén déu 1a

cac chung dugc tich hop 5-7 ban sao vao hé gen nam.

Bang 3.4. Két qua xac dinh so ban sao quy doi cia mdt sé chiing chuyén gen

phyA & A. niger

Chiing nam Gia tri Ct S6 ban sao S6 ban sao
(quy ddi) (1am tron)
N402 12,31 1 1
01 11,55 1,69 2
02 11,07 2,36 2
03 9,73 6,00 6
N402AlaeA 12,30 1 1
L1 10,75 2,9 3
L2 11,26 2,05 2
L3 11,38 1,89 2




Chiing nam Gia tri Ct S6 ban sao S6 ban sao
(quy doi) (1am tron)
N402AprtT 12,02 1 1
P1 10,09 3,81 4
P2 10,30 3,29 3
P3 10,01 4,02 4
N402AstuA 12,62 1 1
S1 10,32 4,92 5
S2 10,14 5,58 6
S3 9,82 6,96 7

Bén canh d6, mic do biéu hién gen phyA & mét sb ching ciing dugc danh gia
théng qua real-time PCR. Real-time PCR da duoc stir dung phd bién trong so sanh
murc do biéu hién gen. Trong qué trinh dinh lugng twong ddi, nhitng thay doi trong
biéu hién gen duoc do dua trén cac mau tham chiéu. Cac gen duoc cho 1a ¢é biéu hién
6n dinh thuong duoc sir dung 1am gen tham chiéu. Gen cox5 biéu hién lién tuc ¢ A.
niger duoc sir dung lam gen tham chiéu dé danh gia mirc do biéu hién cua gen phyA.
Hién nay, c6 rat nhiéu md hinh toan hoc da c6 sin cho tinh toan va quy doi mac do
biéu hién gen trung binh. Trong d6, phuong phap so sanh Ct da duoc chirng minh Ia
rat hitu ich khi tién hanh thir nghiém véi mét sé lwong 16n mau. Muc do biéu hién
cua gen phyA ¢ céc chiang khao sat dugc danh gia thong qua so sanh Ct [87]. Vi cac
chung duoc tich hop nhiéu ban sao va c6 hoat tinh enzyme phytase tét, mirc do biéu
hién mRNA ting 20-116 lan so vai chung nén. Pic biét, & chung S3, véi 7 ban sao
cua gen phyA duoc tich hop trong hé gen, mac d6 biéu hién RNA théng tin di tang
114,56-116,16 lan so vai chung N402AstuA tham chiéu (Hinh 3.39).
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Hinh 3.39. Mikc d9 biéu hién gen phyA & A. niger dwoe danh gia nho real-time
PCR.

Mize d@é biéu hién mRNA cua gen phyA & A. niger N402AlaeA, N402AstuA,

N402AstuAAlaeA va mét so ching biéu hién qué mirc gen phyA tiwong iing dwoc phan

tich théng qua so sanh véi gen tham chiéu cox5.

Mic di mirc d6 biéu hién RNA thang tin ¢6 méi twong quan véi sy biéu hién
protein, cac qué trinh bién d6i sau dich ma nhu glycosyl hoa, chuyén vi, dong goi va
cuon gap protein, sy phan hay protein ngoai lai dong vai trd quan trong trong san
lugng protein tiét.

Hon nita, qua trinh hinh thanh bao tir & nim méc lién quan chat ché dén hinh
thanh va tiét cac san pham trao d6i chat, dic biét sic t6 melanin mau den ¢ bao tu
nam A. niger 1a mot trong nhirng nguyén nhan can tré kha ning tiét ciia cac enzyme
ra ngoai moi trudng [32]. Hinh thai hoc c6 thé anh hudng dén do nhét ciia méi trudng
nudi cdy, nang suat, su khuéch tan co chat va quéa trinh di hda. A. niger CICC2462 la
chung dugc sir dung trong cdng nghiép san xuat glucoamylase. Day 1a mot dot bién
hinh thai ciia A. niger khong tao bao tir, ¢ sgi nAm ngan, day, it 1am nhét méi truong
trong qué trinh 1&n men [162]. Chung nay san xuat enzyme manh, ¢6 mutc do hoat

dong protease thap, kha niang dap (ng voi cac yéu td stress tham thau tét va phu hop

137



v6i mat do cao cac thanh phan 18n men long va Ién men chim [162]. Biéu hién qua
muc phyA trén cac chung nén 1a dot bién xoa gen StuA & A. niger di giup ting hiéu
qua biéu hién Ién t6i 8,5 lan. Cho dén nay, su biéu hién gen A. niger phyA di duoc
chang minh bang cach st dung mét s vat chu bao gdm S. cerevisiae, P. pastoris va
A. niger [148].

phyA tir A. niger ciing duoc biéu hién tai t6 hop trén E. coli dudi su diéu hoa
cuia promoter T7-lac, tuy nhién, phytase tai té hop nay chi 6n dinh trong khoang 55
—60°C, ¢ nhiét d6 cao hon enzyme nay khong hoat dong. Bén canh do, phytase tai to
hop duogc biéu hién ¢ E. coli khong duogc glycosyl hod, cudn gap khdng hoan chinh
va thiéu qué trinh bién doi sau dich ma. Mac di enzyme nay van giit duoc hoat tinh
xUc tac va hau hét céc tinh chat dong hoc van tuong tu voi phytase ¢ A. niger nhung
duong cong hoat tinh pH cua phytase tai to hop c6 cuc dai 12 ¢ pH 5,1; trong khi
phytase cia A. niger c6 cuc dai so cap & pH 5,5 va cuc dai thir cap 6 pH 2,2. C6 thé
viéc thiéu qua trinh glycosyl hoé va khéng bién d6i sau dich ma 1a nguyén nhan chinh
lam giam kha nang chiu nhiét va sy 6n dinh pH cua phytase tai to hop. Do do, viéc
biéu hién phyA tir A. niger & E. coli chi dugc dung Iam mé hinh nghién ctu dé ting
cudng cac dic tinh ly hoa cia enzyme [124]. Vi khuan dugc cho la lya chon cudi
cung dé biéu hién phytase caa ndm soi do sy hién dién caa cac codon hiém, su hinh
thanh thé vii va khdng ¢ qué trinh bién d6i sau dich ma & vi khuan.

Biéu hién qua mirc phyA c6 ngudn goc A. niger & nam men P. pastoris cho cac
két qua kha quan khi enzyme tai to hop c6 tinh bén nhiét khé tot. Enzyme phytase tir
A. niger c6 thé giir duoc 70% hoat tinh khi xur Iy ¢ 90°C trong 5 phut va 65% hoat
tinh khi thoi gian xir Iy & 90°C 1én téi 30 phdt. Tuy nhién, viéc thu hdi enzyme kha
kho khan khi can phai sir dung méi truong phic hop BMMY c6 chira methanol dé
cam @ng va gilp tiét phytase dudi dang ngoai bao [167]. Cac nghién ctru biéu hién
qua muc gen phyA ma khong gay dot bién gen nao khac ¢ A. niger ciing da duoc thuc
hién. Trong diéu kién moi trudng nudi cdy binh thuong, hoat tinh cua dich enzyme
thd thu tir chung dot bién qua mirc co ting so voi ching tu nhién nhung khong c6 sy
khac biét qua Ion. Cu thé, khi nudi cy trong méi trudng cé pH 1a 5, hoat tinh cua

enzyme phytase thu dugc chi cao hon 4 1an so véi chung géc va khi nudi ciy ¢ moi
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treong c6 pH dat 2,5 thi hoat tinh ctia enzyme phytase thu dugc cao hon gip 6 1an so
véi chung géc [148]. Mit khéc, trong nghién ciu cua ching t6i, cac chung nghién
ctru dugc nudi cidy mot cach don gian va khdng can dua pH méi truong vé 2,5 ma
van cd thé thu duoc mot luong 16n enzyme. Diéu nay ching minh ring, cac chang
dot bién hong gen diéu hoa amyR, laeA, prtT, veA va dic biét 1a stuA 1a cac chang
nén tiém ning voi nhiéu wu diém dé s dung cho céc nghién ciru tiép theo nham tao
cac chung biéu hién cac enzyme tai té hop da muc dich c6 gié tri kinh té phuc vu san
Xuat cong nghiép.

Hién nay, san luong enzyme thu duoc di ting gap nhiéu lan khi sir dung A.
awamori, A. oryzae va Trichoderma lam vat cha [130]. Sir dung cau tric pEX2-
AnphyA dé biéu hién tai t6 hop phytase tir A. niger ¢ A. oryzae, hoat tinh enzyme
phytase thu duoc ciing rat trién vong. Dac biét, chiung RIB40AstuA biéu hién qua muc
phyA (RS1, RS2, RS3) cho hoat tinh enzyme phytase cao gap 6,71-12,21 lan so Vi
chung hoang dai RIB40 (Hinh 3.40).
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Hinh 3.40. Hoat tinh phytase caia cac chiing biéu hién quéa mikc phyA tir A.
niger & A. oryzae RIBA40.
Hoat tinh phytase (U/ml) cua cac chung RIB40, RIB404amyR, RIB40AlaeA,
RIB404stuAd va cdc ching chuyén gen biéu hién tai té hop phyA tir A. niger fuwong

itng diroc s0 sanh khi nudi lac trong méi truong PSM long sau 3 ngay ¢ 30°C.
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A. oryzae ciing da duoc str dung 1am vat chu dé san xuét nhiéu loai chat chuyén
héa thetr cap cua nam, vi du nhu axit cyclopiazonic va 1,3,6,8-
tetrahydroxynaphthalene, cha yéu la do A. oryzae hiém khi tao ra cac chat chuyén
hoa thir cap va c6 thé dé dang loai bo cac gen ma hoé cho céc chat chuyén hoa thir
cap do A. oryzae sinh ra dé tranh gay nhiu san pham trong qua trinh san xuat. Nhiéu
loai terpen tir nAm dam da duoc san xuat thanh cdng & A. oryzae bang céach biéu hién
tai t6 hop cac gen sinh tong hop twong ng [104].

Mic di sir dung cac chiing nén 1a chiing dot bién xoa don gen déu cho céc két
qua ban dau kha tét, tuy nhién, ching tdi khuyén nghi khéng st dung chang dot bién
x04 kép gen diéu hoa lam ching nén cho biéu hién tai to hop. Str dung hé thong mai
phét trién va phuong phép tai sir dung marker chon loc pyrG, chung toi di tao duoc
chang dot bién khuyét dudng N402AlaeAAstuAApyrG sin sang cho cac thi nghiém
x0a gen va biéu hién gen tiép theo (Phu luc 34). Tuy nhién, khi biéu hién qua muc
phyA trén nén ching dot bién xoa kép N402AlaeAAStuA, hoat tinh enzyme thu duoc
& cac chung duoc chén thém 2 ban sao gen phyA khong dat dugc hiéu qua nhu mong
doi, hoat tinh cua cac ching biéu hién qua mac nay chi cao hon 1,44-2,44 1an so voi
chung nén (Hinh 3.41). Ngoai ra, tac dong hiép dong cua mét sd nhan té diéu hoa
StuA véi amyR, laeA, prtT & ca A. oryzae va A. niger déu lam giam nghiém trong kha
nang sinh treéng cua cac chung dot bién, do do, khong thich hop dé khai théac trong
cac quy trinh cdng nghiép (Phu luc 27-31).

A B
c S4 ban sao | S& ban sao T 154
t 2. Py ~ =
quy doi lam tron =)
(]
[7]
AlaeAAstuA | 12,02 1 1 £ 1,0
| -y
o
Ls1 10,34 3,20 3 g
>
' ‘ £ 0,5+
LS2 10,69 2,51 3 £
£
LS3 10,53 2,80 3 g
T 0,0-

N402A/aeAAstuA LS1 Ls2 Ls3

Hinh 3.41. Két qua xac dinh so ban sao gen phyA & cac chiing biéu hién qua
mic trén nén dot bién N402AlaeAAstuA nha real-time PCR (A) va dinh lwong

enzyme phytase tiét ra méi trwong nudi cdy caa cac chiing chuyén gen (B).
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Viéc biéu hién qua mac phyA bai ca A. oryzae va A. niger di loai bo gen stuA
déu cho nhitng két qua bude dau kha quan va hta hen s& dem lai cho nganh cong
nghiép san xuét enzyme phytase trong tuong lai gan nhitng budc tién méi co gia tri.
Bén canh d¢, day ciing 13 budc khoi dau cho cac nghién ciru chuyén sau hon dé hinh
thanh hé thdng san xuat enzyme/protein tai té hop cong nghiép ¢ nim soi A. oryzae

va A. niger nho chiang xoé gen stuA.
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KET LUAN VA KIEN NGHI
Két luan:
1. Pa phat trién thanh cong hé théng chuyén gen hiéu qua cao duwa trén co ché
tro' dwéng sir dung phwong phap ATMT & A. oryzae va A. niger. P thiét 1ap
dwoc giai phap t6i wu dé nang cao hiéu qua xoa gen & ca 2 lodi nam sgi A.

oryzae va A. niger.

e D3 tao thanh cong 04 vector nhi thé tuong thich phuc vu tao dot bién
khuyét dudng histidine va dot bién khuyét dudng kép histidine-
uridine/uracil & ca 2 loai nam soi A. oryzae va A. niger.

e Di cung cip 08 chung ndm A. oryzae va A. niger mang dot bién khuyét
dudng (histidine, uridine/uracil/hisdidine).

e Di dé xuit cac thong sd tdi wu cho chuyén gen vao nam soi A. oryzae va
A. niger dua trén co ché trg dudng st dung phuong phap chuyén gen
thong qua vi khuan Ag. tumefaciens. Hiéu qua chuyén gen dat 515 + 99
thé chuyén gen/ 108 bao tir & A. oryzae va 297 + 62 thé chuyén gen/ 107

bao tir & A. niger.

2. P chitng minh dwec tinh kha thi va mire @6 hiéu qua cia hé théng chuyén

gen méi trong nghién ciru chirc nang gen & A. oryzae va A. niger.

e Di x06a thanh cong mot sé gen didu hoa & 2 loai nim soi A. oryzae va
A. niger sir dung hé théng chuyén gen méi véi hiéu qua cao.

e Di x06a va bo trg thanh cong gen dicu hoa laeA & ca 2 loai nim soi A.
oryzae va A. niger str dung hé thong chuyén gen méi va chimg minh sy
bao thu ctia gen laeA & 2 loai nam soi cung chi A. oryzae va A. niger.

e Di cung cp 16 chiing dot bién xoéa gen, bo tro gen lién quan dén qué

trinh trao d6i chat va biét hoa té bao & nim sgi A. oryzae va A. niger.

3. Pa thiét 1ap chién lwoc nang cao hiéu qua xod gen & 2 loai nam sei cong

nghiép A. oryzae va A. niger.

e Pithiétlap 01 giai phap xoa dong thoi nhidu gen & mot ching nam chi

str dung marker chon loc duy nhét 13 pyrG.
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e Di dé xuit 01 giai phap nang cao hiéu suit x6a gen theo co ché tai to
hop twong dong ¢ ndm soi A. oryzae va A. niger bang cach sir dung

d6ng thoi hai marker chon loc 14 pyrG va hisB.

4. Pa ap dung thanh cong hé théng chuyén gen méi dé ting cuwong sw biéu
hién cia gen phyA ma hoé enzyme phytase c6 gia tri kinh té & 2 loai nAm
soi. Pi tao va danh gia dwoc mot sé chiing nAm dét bién xo0a gen co tiém

niing cao phuc vu nghién ciru biéu hién enzyme/protein tai té hop.

e Dai thanh cdng trong biéu hién tai té hop enzyme phytase ¢ nim soi A.
oryzae va A. niger. Pi tuyén chon duoc 03 chung dot bién tiém ning
trong san xudt mot sd san phdm phuc vu ndng nghiép, cong nghiép, y-
duoc.
e Dixiy dyng 05 bo sb liéu vé phén tich kiéu hinh, dic diém sinh Iy sinh
hoa ciia cac ching dot bién c6 tiém niang ing dung.
Kién nghi:
1. Khai thac hé théng chuyén gen va cac chiing ddt bién xo4 gen da tao dwoc
dé nghién ciru biéu hién mat s6 gen ma hoa enzyme c6 gia tri kinh té.
2. Khai thac hé théng chuyén gen tao dwge dé nghién ciu vai tro va chire ning

ciia C4c gen tiém ning & nam sgi A. oryzae va A. niger.
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PHU LUC 1. Céc vector nhj thé dwec tao trong nghién ciru

Tén vector Mo ta
pAnH Vector dung cho xoé hisB & A. niger ApyrG
pAoH Vector dung cho xoé hisB ¢ A. oryzae ApyrG
PANHG Vector dung cho tao dot bién khuyét dudng kép AhisBApyrG
& A. niger
PAOHG Vector dung cho tao dot bién khuyét dudng kép AhisBApyrG
o A. oryzae
PEAANpyrG Vector loai marker pyrG ¢ chung A. niger AlaeA
pKH1 Vector trung gian chira marker chon loc 1a hisB tir A. niger

pKH-AAnamyR
pKH-AAnlaeA
pKH-AAnprtT
pKH-AANStuA

pKHG-AANStUA

pKH-AAnveA

pPKHG-AANnveA

pKHG-AAoamyR

pKH-AAolaeA

Vector dung cho xo4 amyR & A. niger AhisB
Vector dung cho xo04 laeA ¢ A. niger AhisB
Vector dung cho xod prtT ¢ A. niger AhisB
Vector dung cho xod stuA & A. niger AhisB

Vector chira pyrG la marker chon loc thir hai va duoc stir dung
cho x04 stuA ¢ A. niger AhisB va AhisBApyrG

Vector dung cho xo0é veA & A. niger AhisB

Vector chira pyrG la marker chon loc thir hai va duoc sir dung

cho xoa veA ¢ A. niger AhisB va AhisBApyrG

Vector chira pyrG la marker chon loc thir hai va dugc str dung

cho xoa amyR & A. oryzae AhisB va AhisBApyrG

Vector dung cho xod laeA ¢ A. oryzae AhisB



Tén vector

Mo ta

pKHG-AAolaeA

pKH-AAO0stuA

pKHG-AAO0StUA

pKO2AANnveA

pEX2D

PEX2E

pEX2laeA

pPEX2B-AfphyA

PEX2-AnphyA

Vector chira pyrG la marker chon loc thir hai va duoc sir dung

cho xo4 laeA ¢ A. oryzae AhisB va AhisBApyrG
Vector dung cho xod stuA & A. oryzae AhisB

Vector chira pyrG la marker chon loc thir hai va duoc stir dung
cho x04 stuA & A. oryzae AhisB va AhisBApyrG

Vector dung cho xoa veA & A. niger véi marker chon loc la

gen khang khéang sinh nourseothricin

Vector chira marker chon loc la gen hisB tu A. oryzae, dung
cho biéu hién gen ma hoa huynh quang d6 DsRed dudi sy diéu

hoa cta promoter gpdA tir A. nidulans

Vector chira marker chon loc la gen hisB tir A. niger, dung cho
biéu hién gen ma hoa huynh quang dé DsRed dudi sy diéu hoa

cua promoter gpdA tur A. nidulans

Vector dung dé phuc hdi/biéu hién qua mac gen laeA ¢ A.
oryzae dudi su diéu hoa ciia promoter gpdA tir A. nidulans va
pyrG la marker chon loc

Vector dung dé biéu hién qua muc gen phyA tir A. fumigatus
dudi sy diéu hoa cua promoter cam ng amyB tir A. oryzae va

pyrG la marker chon loc

Vector dung dé biéu hién qua mac gen phyA tir A. niger dudi
su diéu hoa cua promoter cam @ng gpdA tir A. nidulans va

pyrG la marker chon loc




PHU LUC 2. Cac cip mdi sir dung trong nghién céu

Tén moi Trinh tw (5>-3°) Kich Nguon
thwdC san goc
pham
PCR
AnhisB-P1 | AGCTATGACATGATTACGAATTCGTTTGA | 1011 | Nghién
cuu
CCTTGCGAACATA nay
AnhisB-P2 | CTCGATATCTTAATTAAGAATTTGAGAGT
AGGGAGGGTGGTG
AnhisB-P3 | cACGGGTAGTCTACCCTTCTAGGGCGTCT 969
AGATGGTTCGGTA
AnhisB-P4 CACAGTACACGAGGACTTCTAGGCGCTGT
CCCTGTTGATAAT
AnhisB-P5 | AAAAACACCGGTCATGAAGC 1673
AnhisB-P6 CATGGTTCCTGACCACACAG
AnhisB-P7 | ACCAACGAGACCAAAATCCA 607
AnhisB-P8 GGCAAAACTCTGCAATCCAT
AnhisB-F GGGGAATTCGAGCTCGCCGAACTACACT | 1638
GCTGTCA (EcoRl, Sacl)
AnhisB-R GGGACTAGTCTGAGCCTCCATCTGGTCAT
(Spel)
AnhisB-F1 GGGGTTGAGATCAGTGGAGA 1892
AnpyrG-R1 | TAATGCGGGAATGGAAAGAG
AnamyR-P1 | GGGGAATTCGATTGGCTCTCATCCCGATA | 1076
(EcoRl)
AnamyR-P2

GGGGAGCTCAGTTTCGGTGGTCAAGATG
G (Sacl)




AnamyR-P3 | GGGGGATCCTTCATCTCCCCGTTCTTGTC 1194
(BamHI)

AnamyR-P4 | GGGAAGCTTCCTCATATTTTCGCCTTCCA
(Hind1)

AnamyR-orf-F | GGGCACGTGCCCTTCCCCAGATTTCTCTC 624
(Pmi1)

QnamyR-Orf- AATTGGTTGAGTCGGGTGAG

AnhisB-M | ATTAGGACGGCGTGTACGAG 1731

AnamyR-P6 | GACGTGGGTCATGGAGAGTT

AnlaeA-P1 | GGGGAATTCGGTGCTAGGGAAGCCATGT | 1407 .
A (EcoRlI)

AnlaeA-P2 GGGACTAGTTGAAGTCCAAGGATCGGTTC
(Spel)

AnlaeA-P3 | GGGTCTAGAAGGGCCATCCTACCTGTTCT | 1163
(Xbal)

AnlaeA-P4 GGGAAGCTTCGACGTTCTCACAATCGAAC
(Hind111)

AnlaeA-P5 | cCTATACAGCCTCCCAACCA 788

AnlaeA-orf-R | cGTCAAGGAGATGGAATTGG

AnphyA-orf-F | GGGCACGTGAATTGCTGCTGTGCAAGAA | 1729 | Nghién

—_— cuu

A (Pmll) nay

AnphyA-orf-R | GGGGCGCGCAAGGGAATTGGGTTTGATT
G (BssHII)

AnprtT-P1 GGGGAATTCGCTGCTGTTGTGGAAGACAC | 1202
(EcoRI)

AnprtT-P2 GGGGAGCTCGGCAGGCAATCTGGAGAGT




A (Sacl)

AnprtT-P3 GGGACTAGTTACGTAGCGGACCTTGACT 1257
ATGAGGA (Spel, SnaBl)
AnprtT-P4 | GGGAAGCTTTGCTGCCTTGGAAAAGAAA
C (Hind1l1)
AnprtT-P5 | GATAAGCAGGGAACCGAACA 1067
AnprtT-P6 ACCTGGGGAGTGATCTAGCA
AnhisB-M | ATTAGGACGGCGTGTACGAG 1728
AprtT-P7 TAATAATTCTCGGCGGCATC
ANSUA-PL | AAGAATTCTTGTTGTCCTGCTTTCATGG 1245 .
(EcoRlI)
AnstuA-P2 GGGAGCTCAGTCAGATTCGGGGTGCAG
(Sacl)
ANStUA-P3 | ANAGGATCCCTGGTTTCCCTTTCTTGGAG 1102
(BamHI)
ANStUA-P4 | GGTCTAGACGGTCAGCCTTTCAACTATG
(Xbal)
AnstuA-orf-F2 | AAACGATCCCGTCTCATCCTTA 704
AnstuA-orf-R | GGCTTAAGCCGACGACGACCCATGAC
AnstuA-orf-F | ATGAACCAAACACAATCCTACATCG 2340
AnstuA-P5 ATACCCTGCCGTGCTGAAT
AnhisB-M | ATTAGGACGGCGTGTACGAG 1756 | Nghién
cuu
AnstuA-R3 ATCCCAATCTGCACTTCCAC i
AnveA-P1 1441 ok

GGGGAATTCGCCTTTCTTGGGTTGGATTT
(EcoRlI)




AnveA-P2

GGGACTAGTATTGACCTGCTGTGGCATTA
(Spel)

AnveA-P3 | AAAGGATCCGATCGACAGAAGGGAAACC | 1072
A (BamH]I)
AnveA-P4 | GGGAAGCTTCGCAAGGGAGAAAAAGAGT
G (Hindl11)
AnveA-orf-F | GGACTGGCTAAGGAGGAGGA 1033 | Nghién
cuu
AnveA-ci-R | GCGTTCCTCATCAAAGTCGT ey
AnhisB-M | ATTAGGACGGCGTGTACGAG 1761
ANVeA-PS CCCGTAGTCGTGGTAGTCGT
AoamyR-PL | GAGTCAGAGCCTAGCCAGAGCTGGTTTTC | 1088
CACGCCATCTCTA
AoamyR-P2 | TGTAGTTCGGCACTAGTGAGCTTTCCTTTT
CGGATGTTGAGG
AoamyR-P3 | GGGGGATCCTCACAACCCTATCCCGAATC | 1102
(BamHI)
AocamyR-P4 | GGGAAGCTTGCTACGTGCTGGAAGACTCC
(Hind1I1)
AoamyR-F | GGGGAGCTCTTCGCTATCCCTCGCTTTTA | 1157
(Sacl)
AcamyR-R | GGGACTAGTTTTTTGGTACGTGGTGGTGA
(Spel)
AnhisB-M | ATTAGGACGGCGTGTACGAG 1829
AcamyR-R1 | GACGTGGGTCATGGAGAGTT
AohisB-P1 1414

ATTAAGATATCGAGCTCACTAGGGCTTCT
CGCGTCTTGTAAC




AohisB-P2

GTAGAAGCTGCCCGCGGACTAGGCTGATG
GAGGATGGTGTTT

AohisB-P3 | CACGGGTAGTCTACCCTTCTAGAAAAGGA | 1374
GGGCCAATTCTGT

AohisB-P4 | CACAGTACACGAGGACTTCTAGGAACGGG
ACTTTCCACTTCA

AchisB-P5 | cGAAAACCGTACATCGGACT 1630

AohisB-P6 CCGGCTTTCAACTCCAAATA

AohisB-P7 | GGGGAATTCGCTGCGATCTGGAGAAAAA | 2463
C (EcoRlI)

AohisB-P8 GGGAAGCTTACTAGTCGTACCGGGACAA
GGAAGTA (HindlIl, Spel)

AohisB-F GCGTACAGCCTCCCTCACTA 625

AohisB-R AGAGTCACACCCGCTTCTTG

AolaeA-P1 | GGGGAATTCCCCACTGCCCAGACATCTAT | 1221
(EcoRlI)

AolaeA-P2 | GGGGAGCTCGAGGATTCAGGGGGAGAAT
C (Sacl)

AolaeA-P3 | GGGGGATCCTGTGGAAGTGTGATGGGAT 1268
G (BamHlI)

AolaeA-P4 | GGGAAGCTTACTCACCCAAAACGCCATA
A (HindlIl)

AolaeA-P5 | CTGGTCACCGTCTTGGTTTT 1515

AolaeA-P6 GCAACCTTTCTTTCGTGCTC

AolaeA-P8 | cCGAACCTCCTACCAGTACC 1667

AnhisB-R1

CCTCGGATCAGCGACATAAT




AostuA-del-F | GGGGATATCCACGTGTACCGGCTCTCAG 628
TTTACCG (EcoRV, Pmll)
AostuA-del-R | GGGTCTAGAGCGCGCACGGCCAGAAAG
AAGTACCA (Xbal, BssHI1)
AOSWA-05 | ACGCTGCATAGCGATTTTCT 1761
AnhisB-M ATTAGGACGGCGTGTACGAG
pyrG-orf-F | ATGTCTTCCAAGTCGCAATT 899 [106]
pyrG-orf-R TATTGCGCACCAACACG
ANpyrG-P4 | GTCTTCTCATCCGCCATGTT 2083 .
AnpyrG-orf-R | ACTACCCGTGCTCGACATT
AnpyrG-orf-F | TCTTTCCATTCCCGCATTA 1047
AnpyrG-orf-R | ACTACCCGTGCTCGACATT
AnpyrG-PST | GGACTAGTCCGCGGGCAGCTTCTACTTGC | 1616
TTGCAC (Sacll)
AnpyrG-P6T | GGTCTAGATACGTAGACTACCCGTGCTCG
ACATT (Xbal)
AnpyrG-M1 | GGGGAATTCGCAGCTTCTACTTGCTTGCA | 1634 | Nghién
cuu
C (EcoRl) nay
AnpyrG-M2 | GGGGAATTCGACTACCCGTGCTCGACATT
(EcoRl)
DsRed-F AACTCGAGCACGTGCTTAAGGATATCAT | 729 [106]
GGCCTCCTCCGAGG  (Xhol, Pmll, Aflll,
EcoRV)
DsRed-R

AAGGATCCCCGCGGGAGCTCGATATCC
TACAGGAACAGGTGGTGGC (BamHI, Sacll,
Sacl, EcoRV)




DsRed-cf-F | ATGGCCTCCTCCGAGG 678 Nghf‘“
Ul

DsRed-cf-R | cTACAGGAACAGGTGGTGGC nay
GFP-F ATGGTGAGCAAGGGCGAG 720 [106]
GFP-R TCACTTGTACAGCTCGTCCATGC
ATPhyA-F | GGGCACGTGATGAAAAAGCTATATAATG | 1510 | Nghién

GCCGG (Pmll) f]‘;;
AfphyA-R GGGGATCCTCAACTAAAGCACTCTCCCCA

(BamHI)
ITS1 TCCGTAGGTGAACCTGCGG 597 o
IS4 TCCTCCGCTTATTGATATGC
NAT-F ACTGGATGGGTCCTTCACC 483
NAT-R CTCATGTAGAGCGCCTGCT
NAT-F1 GAGCAGGCGCTCTACATGA 1574
AnveA-P5 CCCGTAGTCGTGGTAGTCGT
PYIG-RT-F | CGGAAACACAGTCCAAAAGC 196 Ngg:]é“
PYIG-RT-R | CAAAGATCCCTTGGAGGTCA nay
AnphyA-RT-F | GCGTCAAGTTCTACCAGCGATA 187
anhyA-RT' TCTGAAATGACCACGTCGATCT
AngpdA-RT-F | TACGAGGAGGGTCTGATTGTCA 188
RAngpdA-RT- GAAGGAGCAGAGATGACGACCT
AnabaA-RT-F | TATGTGGGTAAACGAGCCAGAC 194
AnabaA-RT-R | AGATAATGTCGCAGTCCAACGA
AnbrlA-RT-F 198

CTACCTCTGGGACCGATACACC




AnbrlA-RT-R

ATTGGACTTGCTTGATGATGGA

ANStUA-RT-F | AAACGATCCCGTCTCATCCTTA 1r7
ANStUA-RT-R | CATACTCGGTCTCATGCTCTGG

RT-HAL_nigF | GCACGAGACAGTCCCGTCTTA 138 [54]
RT- GGTTACCGCATCGAGTACCT

HAL_nigR

RT-BZip_nigF | CTTCACATCATCTTCCTGTGCTA 146

RT- CACAGTCGGCGAGCCTAGAA

BZip_nigR

RT-P450_nigF | GCAAGGGATCACGCCAGTGT 134

RT- GTCACCATGTAGCTGGACATCA

P450_nigR

RT- CGAACATGCTCGAGCACGCTT 143
NRPS_nigF

RT- CCACTCTTGCAACTGCTGTTGA

NRPS_nigR

RT-PKS_nigF | GTCCTGTCCGAGATTCGACGA 124
RT-PKS_nigR | CTCCAATGAGAAGGTATGACGCA

gFUM1nigF | CTCAGCATGTGGAGGTATTGGA 139 [55]
gFUM1nigR | GATGCTGGCACGCGGAATGT

RT-Anact-F | CTGCTCTTGCTCCTTCTTCCAT 138

10




RT-Anact-R CGTCGTACTCCTGCTTGGAGAT

RT-AnsarA-F | CTCGTCGTCTGTGGAAGGACTA 164
RT-AnsarA-R | GATCTTGTTTCCGAGGATCAGG

RT-Ancox5-F | GGTGTGCAGTGGATGGGTAGTA 123
RT-Ancox5-R | GTAGAACAGAGGCGAAGGATCG

Nghién
ctu
nay

Ch thich: *** Céc cap méi duoc cung cip boi Phong Genomic, Phong Thi nghiém
Trong diém Cong nghé¢ Enzym va Protein (KLEPT), Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Ha Nai.
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PHU LUC 3. Danh muc thiét bj sir dung trong nghién ciru

Tén thiét bi
Bé dién di nam ngang Bio-Rad
Céan ky thuat dién tu Precisa
Kinh hién vi quang hoc Olympus
Kinh hién vi huynh quang Carlzeiss

L0 vi song Panasonic

May chuyén gen bang xung dién Bio-Rad

May do pH Meter F-51

May do quang phd Thermo

May heat-block Corning

May lac

May ly tdm lanh Eppendorf

May ly tam Sigma

May ly tam thuong Eppendorf
May PCR Bio-Rad MyCycler
May soi gel Bio-Rad

May vortex Cyclone

Noi khir tring ALP

Pipetman, Gilson

Thiét bi khudy tir IKA RET basic
Tua &m Sanyo

Ta ciy vi sinh an toan cap 2 Nuaire
Tu lanh Hitachi

Tu 6n nhiét Memmert

Ta say Memmert

12

Xuit xir
My
Thuy Sy
Nhat Ban
buc
Nhat Ban
My
Thuy Sy
My

My
Trung Quéc
buc

My

buc

My

My

Anh
Nhat Ban
Phap
buc
Nhat Ban
My

Nhat Ban
buc

buc



PHU LUC 4. Két qua tao chiing ddt bién khuyét dudng histidine NsHID1

A 60 gie» ddng nudi ciy 72 gie» ddng nudi cly 84 gio» ddng nudi cay

-

B Néng dd histidine b sung vao méi trrvéng
M+Met+Uri+Ura 0,01% 0,02% 0,1% 1%

NsPID1

NsHID1

C NsPID1 NsHID1 NsPID1 NsHID1
M - (ApyrG) (AhisB) M - (ApyrG) (AhisB)

AohisB-P5/AohisB-P6 AohisB-F/AohisB-R

Chu thich: (A) Két qua chuyén gen xda hisB tir A. oryzae NsPID1 véi cac méc thoi
gian dong nubi cay khac nhau. (B) Kha niang sinh truéng cua cac ching dot bién
khuyét dudng khi méi trudng M+Met+Uri+Ura dugc bd sung cac nong do histidine
khac nhau (0,01%-1%). Chung NsPID1 duoc st dung lam ddi ching. Cac dia duoc
11 & 30°C trong 4 ngay. (C) Xac nhan céac chung dot bién khuyét dudng bang PCR véi
cap mdi dic hiéu AohisB-P5/AohisB-P6 va AohisB-F/AohisB-R. M 1a DNA marker
1 kb (Thermo Fisher Scientific, My).
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PHU LUC 5. Két qua biéu hién protein phat huynh quang dé DsRed & chiing
NsHID1 khuyét dwdng histidine

NsHID1::DsRed NsHID1::DsRed

Chu thich: Khuan lac nam xuét hién trén méi truong chon loc M+Met ¢é b sung
cefotaxime (300 mg/l) sau 5 ngay & 30°C. Két qua xac nhan su tich hop cua gen
DsRed vao hé gen nim nho PCR vai cap mdi dic hiéu DsRed-F/DsRed-R va s phat
quang cua chung chuyén gen & budc song thich hop. Vector pEX2D duoc sir dung
cho chuyén gen. M 1a DNA marker 1 kb (Thermo Fisher Scientific, M¥).
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PHU LUC 6. So' d6 tom tit hiéu suat chuyén gen véi cac marker tro dudng

wild type RIB40

[ A. oryzae

ApyrG
(5-FOA)

A. oryzae
RIB40ApyrG

J

AhisB
(pyrG marker)

A. oryzae
RIB40AhisB

}

ApyrG
(5-FOA)

A. oryzae

RIB40AhisBApyrG

J

khac nhau ¢ A. oryzae

ATMT + pEX2B
(pyrG marker)

IM + 0,05% (Uri, Ura)

ATMT + pEX2D
(hisB marker)

1060 + 143 thé chuyén gen

IM + 0,02% His

ATMT + pEX2D
(hisB marker)

515 x 99 thé chuyén gen

IM + 0,02% His
0,05% (Uri, Ura)

15

232 + 86 thé chuyén gen

ATMT + pEX1
e (pyrG marker)

IM + 0,05% (Uri, Ura)

318 + 98 thé chuyén gen




PHU LUC 7. Két qua bd tro chéo gen laeA tir A. niger vao A. oryzae RIB40

LB AopyrG PamyB AnlaeA TilaeA RB
pPEX2B/aeA
Sucrose Glucose Lactose
S ’ - 3%107
O ° E *kk
~
(@) 2204 T T
3
g.
g 1%107
i =1
o 1 U 1
D-Q ?F Q;V
Q > 2
¢ Qa"‘& Q}\'\\
o &

Chu thich: Céu tric pEX2BlaeA chua toan bo ving ORF cua gen laeA tir A. niger
duoc st dung dé chuyén gen vao chung RIB40AlaeAApyrG. Kha ning sinh trudng
trén mot sé nguon cacbon khac nhau caa ching bo tro chéo so véi ching hoang dai
RIB40 va chung dot bién xoé gen laeA (RIB40AlaeA). Cac dia dugc u & 30°C trong
4 ngay. Kha niang phuc héi su hinh thanh bao tir ciia ching bo tro chéo laeA tir A.
niger. Nong do bao tir trung binh + SD va su khac biét co ¥ nghia théng ké duoc kiém
dinh Student’s t-test, *** p <0,001.
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PHU LUC 8.

P.

>>>>0 >>PPPT DPPPPT BBBDPT BPBPDI BEDDPIT BBBBPIT BBBR

chrysogenum

. niger

. nidulans

. oryzae

. fumigatus

chrysogenum
niger
nidulans
oryzae
fumigatus

chrysogenum
niger
nidulans
oryzae
fumigatus

chrysogenum
niger

. nidulans

oryzae
fumigatus

chrysogenum
niger

. nidulans

oryzae

. fumigatus

chrysogenum
niger
nidulans
oryzae
fumigatus

chrysogenum
niger

. nidulans

oryzae
fumigatus

chrysogenum
niger

. nidulans
. oryzae
. fumigatus

Mire @9 twong ddng cia protein LaeA & mat so loai nAm soi

MSYRESSGSFPAPDRTSLPKMFTNGDSRLRHLPPISSPPPPKRYKSESTPGSDAGHSRYY

-------------------- MFEISRLL-~-HQPITMASPNRN-=============NYSY
-------------------- MFEMGPVG==TRLPAMTSPAHN============--HYSY
-------------------- MFGNGQTG=~QRLPAMASPPHD === == =m e m e e =S Y Y~
-------------------- MFLNGQGG--QRPPMVAFPPLN-===—=——=—=—~-VRGS

SHSVASDRTRSRQPSSAMDLYTLIDRDPVDEKDPR=--RNARFTSNGSVATQASHASNASQI
QGIESYDSGRSRONSDAMDIHVITAQEPPREPP-=DNNDPYDGHCGGPAGT == === =m=—=
HSPTSSDRGRSRONSDAMDIQSITEREPATRYAVAGGPAPWNRNGSPSMS === mmmm=u=
-=50SLASSRSRNNSDAMDIYAITDRDPPAREP==~SCGYSOWYRNGSPSVN == m e m e ———
ISSGFNALGRSRNNSDAMDIYTITDRGPAAERD--PAAGRWHANCSPSIN==mmema===

SRSSPIIISDREKIPEKYPNHKENGRMYHEGYRKGIYPLPCDEEEQDRLDIFHKLFTVARAE
------- SHYSKPPNRWLFYEENGRTYHGYRRGVYPLPCDEQEQDRLDIFHKLFTVARMS
------- PMYSNNSERNQFHEENGRTYEGFRRGMYFLPCDEQEQDRLDIFHKLFTVARVS
------- SIHSKSSEKQPFYEENGRMYHEAYRKGVYMLPCDEQEQDRLDIFHKLFTVARVS
------- STSSKENPDRYPCYQENGRTYHGYRKGIYMLPCDEQEQDRLDIFHKLFTVARVS

DGLIYAPHPPGSRILDLGCGTGIWSIEVANKFPGSFVVGVDLAPIQPTNTPKNCDFYAPF
ESLIYAPEPPNGRFLDLGCGTGIWAIDVAHKYPNAFVAGVDLAPIQPPNEPDNCEFYAPF
ESLIYAPHPTNGRFLDLGCGTGIWAIEVANKYPDAFVAGVDLAPIQPPNEPKNCEFYAPF
DGLMYAPHPRNGRFLDLGCGTGIWAIDVANKYPDAFVVGVDLAPIQPSNEPKNCEFYAPF
DGLIYAPEPTNGRFLDLGCGTGIWAIDVANKYPEAFVVGVDLAPIQPPNEPRNCDFYAPF

DFEAPWTMGEDSWDIIHMOMGCGSVASWPSLYRRVFQELKPGGWFEQVE IDFRPRVEDKD
DFEAPWTLGENSWDLIHLOMGCGSVLGWONLYRRILRELQPGAWFEQVEIDFEFPRCDDRS
DFEAPWAMGEDSWDLIHLOMGCGSVMGWPNLYRRIFAELRPGAWFEQVEIDFEFRCDDRS
DFESPWAMGEDSWDLIHLOMGCGSVMGWPNLYRRIFAELRPGAWFEQVEIDFEPRCDDRP
DFESLWALGEDSWDLIHMOMGSGSVASWPNLYRRIYSHLRPGAWFEQVEIDFEPRCDDRS

GEPGRAMANWY STLKHATEATMRPLAHSSNETIRNLQEAGFTEIDEQIVGLPMNPWHPDS
=LNGLALREWYQYLKQATQDTMRFIAHSSRDTIRHLEEAGF TQIDHQMVGLPLNPWHRDE
=-LDGTALRHWYDCLKQATAETMRPIAHSSRDTIKDLODAGF TEIDEQIVGLPLNFWHQDE
~LEGLAIRQWYQYLKQATQDAMRPINHNSRDTIRDLOQEAGFTDIDEQMVGLFLNPWHQDE
=LEGLAIRQWYQLLEKQATEETMRPVAHNSRETIRNLQEAGFTEIDHQMVGLPLNPWHEDE

HEQEVARWYNLAISESVQPMCLAPFSRVLSWTREQIDRIAFDVKQEAFDKRIKTYNLLHI
HEQKVARWYNLAISESIETLSLAPFSRIFEWDLDRIRQITAEVKSQAFNKEIHAYNILHI
HEREVARWYNLAVSESIENLSLAPFSRVYRWPLERIQQLAADVKSEAFNKEIHAYNILHI
HERKVARWYNLAVSESIESLSMAPFSRIFNWDLDRIRRISSEVKSEAFNKEIHAYNILHI
HERRVARWYNLAISESIETMSLAPFSRVFGWPIERIKQIAADVKSEAFNKEIHTYNILHI

"~ S
YQARKPVEE=-~ 427 Do twong dong (%)
YOARKPGGPSL 375 A oryzae LaeA 100%
YOARKPLR==~ 374 A fl{m:gatus LaeA  77,03%
A. nidulans LaeA 76,61%
bt R s A. niger LaeA 75,21%
YQARKPLAN-- 373 A G

P.chrysogenum LaeA 62,16%
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24
24
23
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118
72
74
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178
125
127
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125

238
185
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182
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298
245
247
242
245

358
304
306
301
304

418
364
366
361
364



PHU LUC 9. Céu tric xo4 gen StuA & A. niger

pKH-AAnstuA
Sacl BimHl Xbei 1213 prbaI M (Xbal)

5’ stuA gpdA-NAT 3’ stuA

5' stuA AnhisB 3’ stuA RB 6 kb =
LB LB

3 kb =

Lo pKO2AAnstuA — B pKH-AAnstuA

10,766 kb
1Kkb =

Ch thich: Vector pKH-AAnRstuA dung dé xoa stuA & A. niger vai marker chon loc
la gen hisB dugc tao nho thay thé gen khang khang sinh nourseothricin ¢ vector
pKO2AAnstuA. Vector pKH-AANstuA mai tao duoc kiém tra nho xir ly voi enzyme
cat gisi han Xbal. M 12 DNA marker 1 kb (Thermo Fisher Scientific, M).
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PHU LUC 10. Cau trdc xoa gen stuA & A. niger sit dung marker chon loc pyrG

DH5a +
= pKG1-AAnstuA

A B DH5a+ pKG1-AAnstuA CwM™m

5’ stuA  AopyrG marker3’ StuA

6 kb

3 kb

1kb

AnstuA-orf-F/AnstuA-P5

Chu thich: (A) Vector x0a stuA & A. niger (pbKG1-AAnstuA) dugc cung cap bai
Phong Genomic, Phong Thi nghiém Trong diém Cong nghé Enzym va Protein,
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Nbi. (B) Két qua bién nap
vector pKG1-AAnstuA vao E. coli DH5a. (C) Xac nhan cau tric pKG1-AAnstuA nho
PCR véi cap mdi AnstuA-orf-F/AnstuA-P5. M 13 DNA marker 1 kb (Thermo Fisher

Scientific, M¥).
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PHU LUC 11. Két qua so sanh hiéu suat x6a gen StuA & nam sgi A. niger N402

voi cdc marker chon loc khac nhau

hiing nén dun
CAllng et dOnp N402 N402ApyrG N402AhisB  |N402AhisBApyrG | N402AhisBApyrG
cho chuyén gen
Marker il pyrG hisB hisB  hisB
chon loc Nourseothricin (C6 thém marker pyrG

dé sang loc)

Két qua
chuyén gen

Ty |é x6a gen
thanh cong

12,5%

20

37,6%

39,46%

80,13%



PHU LUC 12. Két qua x04 gen amyR & A. oryzae va A. niger
A A. oryzae A. niger

AamyR\1

O

O

DamyR3 T AamyR 2

CDA (Nguén cacbon la sucrose) Nguén cacbon la tinh bét CDA (Nguén cacbon la sucrose) Nguén cacbon la tinh bt

£ 5 amyR AnhisB marker 3 amvR
B Cau tric x6a gen amyR  ....... 2 S
& A. oryzae/ - s N -
(ot
, 5% amyR _3am
Locus gen amyR & —H—
A. oryzae/ ban dau AocamyR-F—»------x-x-uon < AoamyR-R
1157 bp
L i 5 amyR AnhisB marker 3’ amyR
Locus gen amyR & ching x6a gen
ANRISB-M —peeceeerrnereasaaaainnnnnas < AoamyR-R1
1829 bp
e <«
AnhisB-P7 —-------- < AnhisB-P8
C 607 bp

M - RiB40__AamyR _ Ect-1 M RIB40 AamyR __Ect-1

M - RIB40 AamyR Ect-1

6kb 6 kb=

kb 3kb

AoamyR-F/ AoamyR-R AnhisB-P7/ AnhisB-P8 AnhisB-M/ AoamyR-R1

M - N402 AamyR___Ect-1 M - N402 AamyR __ Ect-1 M - N402 AamyR Ect-1

AnamyR-orf-F/ AnamyR-P5 AnhisB-P7/ AnhisB-P8

AnhisB-M/ AnamyR-P6
Ch thich: (A) Két qua sang loc cac chung chuyén gen xo& amyR trén méi truong
CDA va mdi truong CDA vai tinh bot 1a ngudn cacbon duy nhat. Cac dia duoc u ¢
30°C trong 4 ngay. (B) So do x&c nhan xod amyR nhd PCR Vi cac vi tri bam moi
dic hiéu. (C) Két qua xac nhan xé6a gen amyR nhd PCR vai cac cap mdi dac hiéu (-)
la d6i chitng am. M 12 DNA marker 1 kb (Thermo Fisher Scientific, M¥).
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PHU LUC 13. Két qua x6a gen prtT & A. niger

5' prtT AnhisB marker 3 prtT
A Chutricxba gen prT —...... R
o A. niger N
LocusgenprT6 e —
A. niger ban dau F Y O L — <AnprtT-P6
(AhisB) 1067 bp i
Locus gen priT 5 prtT AnhisB marker 3 prtT
& chling x6a gen AnhisB-P7— ------ « AnhisB-P8
(AprtT) 607 bp
B M - N402 AprtT1 AprtT2 Ect-1 M - N402 AprtT1 ApriT2 Ect-1
C AnhisB-P7/AnhisB-P8 AnprtT-P5/AnprtT-P6
NaNO3 |a nguén nito duy nhat NH4NO3 la nguén nito duy nhat

N402 AprtT1 AprtT2 N402 AprtT1 AprtT2

BSA la nguén nita duy nhat

N402 AprtT1 ApriT2

Ch thich: (A) So @6 xé&c nhan xoé prtT nhd PCR véi cac vi tri bam méi dic hiéu.
(B) Két qua xé&c nhan xda gen prtT nho PCR véi cac cap moi AnhisB-P7/AnhisB-P8
va AnprtT-P5/AnprtT-P6. (-) 1a doi chitng &m. M 13 DNA marker 1 kb (Thermo
Fisher Scientific, M¥). (C) Két qua kiém tra cac chiing xoé gen prtT trén mdi truong
CDA sir dung cac ngudn nito khac nhau. Céc dia duoc t & 30°C trong 4 ngay.
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PHU LUC 14. Két qua x04 gen veA & A. niger N402 sir dung marker chen loc la
gen khang khang sinh nourseothricin (NAT)

PDA + ClonNAT (200 mg/l)

B L 5 veA gpdA-NAT 3 veA
ClutricxéagenveA ... - -
& A. niger ><
5 veA veA 3 veA
Locus gen veA ban dau
L . 5 veA gpdA-NAT 3 veA
Locus gen veA & chiing x6a gen —— [N S
(N402AveA) T T O — < AnveA-P5
1574 bp
NAT-F----o-e--- <« NATR
N X Ny
C Sv RN 9 PN
QF ©F & X QY ©F @ & X
Mo - T Y ST Mo - U Y

NAT-F/NAT-R NAT-F1/AnveA-P5
Ch thich: (A) Két qua xo4 gen veA & A. niger N402 str dung phuong phap ATMT
va marker chon loc la gen khang khang sinh nourseothricin. Cac dia duoc u ¢ 30°C
trong 5 ngay. (B) So dd xac nhan xo4 veA nho PCR véi cac vi tri bam moi dac hiéu.
(C) Két qua xac nhan x6a gen veA nhd PCR vai cac cip moi NAT-F/NAT-R va NAT-
F1/AnveA-P5. (-) 1a d6i ching &m. M 12 DNA marker 1 kb (Thermo Fisher Scientific,
My).
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PHU LUC 15. Cau trdc xoa gen veA & A. niger

550 bp pKH-AAnveA

Spel Ba*mHI Xbal s g D8 Xoal M (Xbal)

5' veA AnhisB 3’ veA RB 6 kb

5'veA gpdA-NAT 3'veA

LB LB
3 kb

KanR

pKH-AAnveA

KanR
pKO2AAnveA )
10,865 kb 1kb

Ch thich: Vector pkKH-AAnveA diung dé xoa veA & A. niger vai marker chon loc 12
gen hisB duoc tao nho thay thé gen khang khang sinh nourseothricin & vector
pKO2AAnveA. Vector pKH-AAnveA méi tao dugc kiém tra nho xt Iy véi enzyme ciat
giai han Xbal. M la DNA marker 1 kb (Thermo Fisher Scientific, My).
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PHU LUC 16. Kha niing hinh thanh bao tir ciia chiing xoa gen veA & A. niger

2,5%107
2x107
1,5%107 -

K

1x107

AveA 3

Néng dé bao ti/ml

5%x106-

0-

Ch thich: 10 ul bao tir (108 bao ti/ml) duoc ciy diém trén cac dia moi trudng PDA.
A. niger N402 duoc st dung lam ddi chitng. Céc dia dwoc u ¢ 30°C trong 4 ngay.
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PHU LUC 17. Pic diém hinh thai caa cac chiing dét bién x6a gen trén cac moi

treong dac hiéu

N402 N402AamyR N402AlaeA N402AprtT N402AstuA N402AveA

©
€
o
O

CDA

Tinh bét la
ngudn cacbon
duy nhét

MM+
MacConkey
+Sira gay

BSA |a ngudn
nito duy nhéat

0000

Ch thich: 10 pl bao tir (108 bao tir/ml) duoc cdy diém trén cac dia méi trudng khac
nhau. A. niger N402 duoc sir dung 1am ddi chimg. Cac dia dugc ¢ & 30°C trong 4
ngay; dbi véi moi truong MM+MacConkey+Sira gay, cac dia duoc 1t ¢ 30°C trong 3
ngay.
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PHU LUC 18. Pic diém hinh thai va ciu trdc cudng sinh bao tir cia cac chiing

A. oryzae

RIB40 AamyR AlaeA AstuA

ole
Hadd | _

Ch thich: Céc chung A. oryzae duoc nudi cdy trén méi trudng CDA ¢ 30°C trong
4 ngay va nudi cay trén CDA bing phuong phap nudi cdy trén tiéu ban trong 3 ngay
& 30°C. Tiéu ban duoc sir dung dé quan sat tryc tiép dudi kinh hién vi Olympus véi
d6 phong dai 400 lan.

Khuén lac

Cau trac sinh
bao tu
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PHU LUC 19. Pic diém hinh thai va ciu trdc cudng sinh bao tir cia cac chiing

A. niger

N402 AamyR AlaeA AstuA

[O]C EID

Ch thich: Céc chung A. niger duoc nudi cay trén moi truong CDA ¢ 30°C trong 4
ngay va nudi cdy trén CDA bing phuong phap nudi cay trén tidu ban trong 3 ngay &
30°C. Tiéu ban duoc st dung dé quan sét truc tiép dudi kinh hién vi Olympus véi do
phong dai 400 lan.

Khuan lac

C4u trac sinh
bao tu‘
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PHU LUC 20. Kha ning sinh truéng cia cac chiing A. oryzae trén cac nguon
cacbon khéc nhau

Sucrose Glucose Maltose Cellulose Lactose Tinh bé6t

ololole]- o
Slo[s[o
olole[o] [+
ooooED

Ch thich: A. oryzae RIB40 duoc sir dung lam d6i chimg. Cac dia dugc u & 30°C
trong 4 ngay.

RIB40

AamyR

AlaeA

AstuA
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PHU LUC 21. Kha niing sinh trwéng cia cac ching A. niger trén cac nguédn

cacbon khac nhau

Sucrose Glucose Maltose Cellulose Lactose Tinh bé6t

AamyR N402

AlaeA

AprtT

AstuA

o|8|el® &
OJoJOKN [&

Chu thich: A. niger N402 duoc str dung lam ddi chung. Céc dia duoc u & 30°C trong
4 ngay.

AveA
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PHU LUC 22. Kha niing dap @ng stress thAm thau NaCl va sorbitol cia cac
chiing A. oryzae véi cac ndng dd khac nhau

NaCI Sorbitol

-E--ED

2M

RIB40

AlaeA AamyR

AstuA

Ch thich: A. oryzae RIB40 duoc sir dyung 1am dbi ching. Cac dia duoc u ¢ 30°C
trong 4 ngay.
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PHU LUC 23. Kha niing dap @ng stress thAm thau NaCl va sorbitol cia c4c
chiing A. niger véi cac nong dd khac nhau
NacCl Sorbitol

05M

AlaeA AamyR N402

ApriT

AstuA

AveA

Chu thich: A. niger N402 duoc str dung lam ddi chung. Céc dia duoc u & 30°C trong
4 ngay.
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PHU LUC 24. So @6 so sanh qua trinh tao chiing dt bién xoa kép laeA va stuA

& A. niger N402 (N402AlaeAAstuA) vai viéc sir dung 2 marker chon lgc va téi sir

Xoa gen laeA
(hisB la marker chon loc)

dung marker chon loc pyrG

Xb6a gen laeA
(pyrG la marker chon loc)

<_

Loai boé marker pyrG
dé tai sir dung marker pyrG

<—

Xba gen stuA
(pyrG la marker chon loc)

Y
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PHU LUC 25. Sw phan phéi cac gia tri ngwéng chu ky (Ct) cho cac gen tham

chiéu trén cac miu thi nghiém & A. niger

22-
20- =

O 18- T — *
164 =
14

T T T T
gpdA act sarA coxs

Chu thich: Buong cat ngang qua hop thé hién gia tri trung vi. Hop cho gia tri phan
vi thir 25 va 75.
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PHU LUC 26. Mikc d biéu hién cia cac gen ma héa cho qué trinh sinh déc t6

nam & mot sé chiing x6a gen thong qua dinh hrong real-time PCR

55 bZIP p450 nrps fum1

9
~ 804
c
@
< 60-
=]
-
Kol
i 404
LS
S 204
=

0_

‘\@ c;& 6@ B ev,&vé\)v @m TPy @" ev\y%@ Q,v\\y\\)v e @v\\y,&v

AN SAS '1? SRS '1? P> f\? SIS
o 5?\'6 » VQ\ O b‘ \'Z>e O \’be' A @\@0 O @\'Z}e
¥ =~ \\q? ¥ ¥ ¥ A
» »® »® > »® >
=~ > ™ A A A

Chu thich: Muc d6 biéu hién mRNA cua cac gen hal, bZIP, p450, nrps, pks ma hoa
cho qua trinh sinh doc t6 ochratoxin A (OTA) va fum1 ma hoa cho qu4 trinh sinh doc
t6 fumonisin B2 (FB2) & A. niger N402, N402AlaeA, N402AstuA, N402AlaeAAStuA
duogc so sanh str dung gen tham chiéu cox5. Cac chiing nam dugc nudi lac trong moi
treong CD long.
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PHU LUC 27. Két qua tao chiing dot bién xo4 kép N402AamyRAStuA

A B 5 stuA AopyrG marker 3 stuA
Céu triic x6a gen stuA & A. niger [

=g =

E ""\.\»\ ~ //"'7/ A g
‘//‘)\ e L S
— 5'stuA — 3 stuA
Locus gen stuA ban dau
0,7 kb
AnstuA-orf-F2  —p------ < AnstuA-orf-R
ANSHIAGH-F P wdsrrrasrsosadadaaaataibns < AnstuA-P5
2,34 kb
5" stuA AopyrG marker 3’ stuA
Locus gen stuA &

chiing d6t bién xéa gen

ARSHUIAGOHF ~P=smomshaamemmasisosusons < AnstuA-P5

6 kb
3 kb

1 kb

AnstuA-orf-F2/AnstuA-orf-R AnstuA-orf-F/AnstuA-P5

Ch thich: (A) Hinh anh chuyén gen xo4 stuA & N402AamyRApyrG. (B) So db xac
nhan x04 stuA nho PCR vai cac vi tri bam méi dic hiéu. (B) Két qua xac nhan xoa
gen stuA nhd PCR véi cac cap moi AnstuA-orf-F2/AnstuA-orf-R va AnstuA-orf-
F/AnstuA-P5, (-) 1a d6i chitng am. M 1a DNA marker 1 kb (Thermo Fisher Scientific,

M¥).
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PHU LUC 28. Anh hwéng cia ngudn cacbon téi kha niing sinh trwéng cia
ching xoa kép N402AamyRAStuA

>

Sucrose Glucose Maltose Cellulose Lactose Tinh bot

OIOJOEK ] O
Olejeol® (O
ol P11

E N402

1 N402AstuA

1 N402AamyR

Bl N402AamyRAstuA

N402

AamyR AstuA

AamyRAstuA

»
|

w
1

Pworng kinh khuan lac (cm)
- N
1 1

o
|

Sucrose Glucose Maltose Cellulose Lactose Tinh bot

Cha thich: (A) Kha nang sinh truéng cua chung xoa kép N402AamyRAStuA trén cac
ngudn cacbon khac nhau (sucrose, glucose, maltose, cellulose, lactose, tinh bot) sau
4 ngay ¢ 30°C dugc so sanh véi cac chiung N402, N402AstuA va N402AamyR. (B)
DPuong kinh khuan lac cua cac chung nam trén cac ngudn cacbon khéc nhau.
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PHU LUC 29. Két qua tao chiing ddt bién xo& kép N402AprtTAstuA

A B

- 3
N402AprtTAstuA \

:
!

0,7 kb

AnstuA-orf-F2/AnstuA-orf-R AnstuA-orf-F/AnstuA-P5

Cha thich: (A) Hinh anh chuyén gen xo4 stuA ¢ N402AprtTApyrG. (B) Két qua sang
loc chiing x0a kép N402AprtTAStuA trén méi truong CDA. (C) Két qua xac nhan xoa
gen stuA nhd PCR véi cac cap moi AnstuA-orf-F2/AnstuA-orf-R va AnstuA-orf-
F/AnstuA-P5. (-) 1a d6i chitng @am. M 1a DNA marker 1 kb (Thermo Fisher Scientific,

My).
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PHU LUC 30. Anh hwéng cia ngudn cacbon téi kha niing sinh trwéng cia
ching xoa kép N402AprtTAstuA

>

Sucrose Glucose Maltose Cellulose Lactose Tinh bot

N402

AprtT AstuA

AprtTAstuA

w

H
]

m N402

1 N402AstuA

1 N402AprtT

Bl N402AprtTAstuA

lac (cm)

2
an

2-

kinh khu
n

wong

b

o
|

Sucrose Glucose Maltose Cellulose Lactose Tinh bét

Cha thich: (A) Kha nang sinh truong ciaa chung xoa kép N402AprtTAStuA trén cac
ngudn cachon khac nhau (sucrose, glucose, maltose, cellulose, lactose, tinh bot) sau
4 ngay ¢ 30°C duoc so sanh véi cac ching N402, N402AstuA va N402AprtT. (B)
Puong kinh khuan lac cua cac chung nam trén céc ngudn cacbon khac nhau.
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PHU LUC 31. Anh hwéng cia ngudn cacbon téi kha niing sinh trwéng cia
ching xoa kép RIB40AlaeAAStUA

A
Sucrose Glucose Cellulose Galactose Lactose
o
D
o
3
|
=
w
<
=
w
<1
3
g
B
E 47
9. 1 RIB40
& [ RIB40A/aeA
§ [ RIB40AstuA
& Bl RIB40AlaeAAstuA
£
\E
=
o
5
5
Q

Sucrose Glucose Cellulose Galactose Lactose

Cha thich: (A) Kha nang sinh truéng cua chung xoa kép RIB40AlaeAAStUuA trén cac
ngudn cachbon khac nhau (sucrose, glucose, cellulose, galactose, lactose) sau 4 ngay
& 30°C duoc so sanh véi cac chung RIB40, RIB40AlaeA va RIB40AstuA. (B) Buong
kinh khuan lac caa cac chung nam trén cac ngudn cacbon khac nhau.
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PHU LUC 32. Két qua danh gia ty 1é xoa gen veA & A. niger khi c6 sw hoat

dong cua marker chon lgc thw hai (marker pyrG)

AnpyrG marker 5 veA AnhisB marker 3 veA

Céu tric x6a gen veA
& A. niger
g E——

Sang loc

Ry

CDA+Uri+Ura+5-FOA
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PHU LUC 33. Kha niing sinh trwéng cia cac chiing A. niger biéu hién qua mirc
phyA

N402AamyR  N402A/aeA rtT N402AstuA N402AveA

Chu thich: Cac chung A. niger N402, N402AamyR, N402AlaeA, N402AprtT,
N402AstuA, N402AveA dugc sir dung lam dbi ching. Cac dia duoc u ¢ 30°C trong 4

ngay.
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PHU LUC 34. Két qua tao cac chiing dét bién AstuAApyrG phuc vu cho céc thi
nghiém chuyén gen tiép theo
A

CAu trc x6a gen pyrG
cho cac chiing AstuA

5’ stuA EcoRV 3’ stuA

Locus gen stuA & chling

AstuA
pyrG-orf-F —>§?-9- -b-'?<— pyrG-orf-R
AnstuA-orf-F - -------- .. < AnstuA-P5
Locus gen stuA b ching N, —
N402AstuAApyrG

< AnstuA-P5

A‘O
W
e s
v‘~*‘° vc:,\0

pyrG-orf-F/pyrG-orf-R AnstuA-orf-F/AnstuA-P5

cA

N4O2AstuA:  N402

" NAO2AStUA
ApyrG

N4024/aeA |
Asua i N402

ApyrG

Chu thich: (A) So dd xac nhan x04 pyrG ¢ cac chung di xoa gen SstuA nhd PCR véi
c4c vi tri bam moi dic hiéu. (B) Két qua xac nhan xda pyrG nhd PCR véi cac cap
moi pyrG-orf-F/pyrG-orf-R va AnstuA-orf-F/AnstuA-P5. (-) 1a dbi chang am. M 1a
DNA marker 1 kb (Thermo Fisher Scientific, M¥). (C) Két qua kiém tra cac chung
AStuUAApPYrG trén méi truong CDA cé/khdng bd sung uridine/uracil. Cac dia duoc o
& 30°C trong 4 ngay.
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