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TOM TAT

Tinh bot 1a polysaccaride du trit cua thyc vat, dong vai tro quan trong bac nhit trong ché d6 dinh dudng

clia con ngudi ciing nhu nhiéu loai dong vat, dong thoi 1a nguyén liéu tho trong cong nghiép ché bién thuc
phdm va cong nghiép vat liéu. Do d6, mét trong cac hudng nghién ciru duge quan tim hién nay 13 lam ting
ham luong tinh bot trong cdy trong trén co ¢ tang cuong hoat dong cuia mot s6 gen mi hoa cic enzyme dong
vai trd quan trong trong qua trinh sinh tdng hop va tich lity tinh bét. ADP-Glc pyrophosphorylase (AGPase) da
dugc chimg minh la enzyme didu hoa quan trong, didu chinh tdc d6 phan tmg cia toan bo chu trinh sinh téng
hop glycogen 6 vi khudn va tinh bt ¢ thuc vét. Trong nghién ctru ndy, gen nhén tao da téi wu ma AGPopt v6i
kich thude 1,5 kb ¢6 ngudn gbe tir gen glgC mi hoa cho enzyme AGPase cia vi khuén E. coli mang dot bién
thay thé glycine béng aspartic acid ¢ vi tri 393 nhidm giam &i luc v6i cac chat trc ché da dugc ndi ghép vai
vector chuyén gen thuc vét va chuyén vao ciy mé hinh thubc 14, hoat dong dudi su diéu khién cua promoter
35S. Sy tich hgp cta gen AGPopt vao genome thuc vat dugc khang dinh bang k¥ thuat PCR va Southern blot,
ddng thoi phuong phéap lai Western blot da phat hién su biéu hién cia AGPase trong cac dong thubc 14 chuyén
gen . Pic biét, phép do ham luong tinh bt tich lily trong 14 & 7 dong chuyén gen cho thiy c6 5 dong chira
luong tinh bot trong 1a cao hon dong dbi chimg khéng chuyén gen, trong d6 1 dong c6 mirc ting cao nhét la
56%, 4 dong con lai c6 muc ting tir 18%-44%. Nhiing bang ching nay budc diu cho thiy viéc biéu hién gen

AGPopt 1a mét chién lugc hidu qua gitp ting cuong qué trinh sinh tdng hop tinh bot ¢ thuc vat.

Tir khéa: ADP-Glc pyrophosphorylase, gen glgC, sinh tong hop tinh bot, thube 14 bién déi gen

MG PAU

Tinh bt 14 dang du trit carbon quan trong nhét &
cac sinh vat nhan chuén quang hop hodc mét sé loai
phat sinh khong co kha nang quang hop nhu ky sinh
trung nganh Apicomplexa va nhom tao don bao hai
roi (Ball & Morell, 2003). V& cu tao, tinh bt 1a mot
glucose polymer gdm cac don phan a-glucan ndi voi
nhau bang lién két a-1,4 va phan nhanh & cac vi tri
lién két a-1,6 (Ball et al., 1996). O thuc vat béc cao,
tinh bot duge tong hop trong lap thé (plastid) cia ca
cac té bao quang hop va khoéng quang hop. La
carbohydrate dy trir chu yéu, tinh bot dong vai tro
quan trong trong sudt chu ky sbéng cia thuc vat.
Trong 14, mét phan nhé carbon ddng hoa thong qua
quang hop duogc gilr lai trong luc lap (chloroplast) &
dang tinh bot chtr khong duge chuyén hoa thanh
sucrose dé van chuyén dén cac bd phan khac. Dang

tinh bt tam thoi nay s€ dugc phan hiy vao ban dém
dé cung cip co chét cho qua trinh ho hip ¢ 14 va tiép
tuc tong hop sucrose cho viéc phat trién khac cua
cdy. Su cung cép carbon tir tinh bot dugc cho 14 cn
thiét cho su séng va sinh truong binh thuong ctia ciy
(Smith, Stitt, 2007). Trong cac co quan khong dién
ra qua trinh quang hgp nhu théan, ré, cu va hat,
sucrose c6 thé dugc chuyén hoa thanh mot lugng 16n
tinh bot du trir trong mot loai lap thé chuyén biét goi
1a bot lap (amyloplast). Tinh bot luu trlr s&€ dugc tai
huy dong dé hd tro cac pha sinh truong cua cay nhu
tao cdy con sau khi nay mam hoac khi cay can ngudn
carbon cho mot sb qua trinh déc biét nhu tiét mat hoa
(Fincher, 1989; Razem et al., 1999). Vi vai tro dinh
dudng 1a ngudn cung cip calo, hdu hét tinh bot cua
cdy trong déu dung truc tiép 1am thyc phiam cho con
nguoi hodc thirc dn chian nudi. Tuy nhién, nhu ciu sir
dung tinh bt trong cong nghiép dang ngay mot ting
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1én do nhitng tinh chat Iy hoa cua ching nhu ding
lam chét tao d6 sanh nhét cho thyc phdm dang 1ong,
1a tac nhan 1am bén cho thyc phim dang keo, 1a yéu
t6 két dinh va lam dic, tao d6 cing va dan hdi cho
nhiéu thuc phém. Dic biét tinh bot dang 1a nguén
vat liéu chu yéu cho thé hé nguyén liéu sinh hoc dau
tién do dic tinh dé 1én men (Zeeman et al., 2010).

Qué trinh téng hop tinh bot bao gdbm ba bude
quan trong xay ra trong luc lap va bét lap: i) Cung
cip Gle-6-P vao trong cac lap thé, ii) Tong hop
ADP-Glc tir Gle-1-P, va iii) Téng hop tinh bot tir
ADP-Glc (Alisdair et al., 2002). Nhu vay, budc phan
ting khong thé thiéu, tao ra co chat cho con dudng
sinh tong hop tinh bot 1a sy tong hop ADP-Glc tir
Gle-1-P va ATP duoc xuc tac bdi ADP-glucose
pyrophosphorylase (AGPase). ADP-Glc la phan tu
duong moi dong vai tro chat cho (glucosyl donor)
trong phan ung tong hop chudi o-glucan duge xuc
tic boi cac enzyme tong hop tinh bot (starch
synthase) (Munyikwa e al., 1997). Nhiéu nghién
ciru thyc nghiém da ching minh AGPase 1a mot
enzyme diéu hoa _trong con duong sinh tong hop
glycogen & vi khuan va tinh bot & thuc vat. O E. coli
va Salmonella, bing phuong phap gay dot bién hoa
hoc, ngudi ta da thu duge mot sé dang dot bién vé
kha nang tich lity glycogen, trong d6 AGPase cua
chung c6 cac dic tinh diéu hoa di bi bién dbi. Két
qué phén tich cho thdy c6 mdi lién hé truc tiép giita
ai luc cia AGPase véi chét hoat hoa Fruc-1,6-bisP
va kha ning tich lity glycogen ctia cac thé dot bién
(Ballicora et al., 2003). Khi nghién ctru trén céc sinh
vat quang hop san sinh oxy, cu thé ¢ tao luc don bao
Chlamydomoras reinhardtii, Ball va ddng tac gia
(1991) da phan lap dugc cac thé dot bién thiéu hut
tinh bot va thdy ring AGPase ciia chung khong dugc
hoat hoa boi 3-phosphoglyceric acid (3-PGA). Cac
dit liéu thye nghiém so sanh khac ciling chirng minh
su diéu hoa di lap thé ciia AGPase doéng vai tro quan
trong vé mat sinh 1y trong ca mé quang hop va
khong quang hop ¢ thuc vat bac cao (Giroux ef al.,
1996; Smidansky et al., 2002). Nhu vy, con duong
sinh tong hop glycogen ¢ vi khuan va tinh bot ¢ thuc
vat dugc didu hoa mot cach hidu qua & budc dau tién
— téng hop co chit ADP-Glc xiic tac boi AGPase.

O thyc vét, AGPase la mot protein ¢6 ciu trac di
tor phan (heterotetramer) phtic tap, dugc tao thanh tur
2 chudi polypeptide riéng biét 1a mot cap tiéu don vi
16n (large subunit) va mot cép tiéu don vi nho (small
subunit), hai tiéu don vi nay dugc ma hoa bdi hai
gen khéac nhau. Tiéu don vi 16n c6 kich thudc 54-60
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kDa, trong khi kich thudc tiéu don vi nho 1a 51-54
kDa tuy loai thuc vat (Martin and Smith, 1995). Céc
nghién ctru dd chi ra hai tiéu don vi ¢ vai trd khac
nhau, trong do6 tiéu don vi nhé dugc cho 1a ¢6 ca
chirc ndng xuc tac va diéu hoa, con tiéu don vi l6n
chu yéu chiu trach nhiém diéu hoa cac dic tinh di lap
thé cua tiéu don vi nho (Frueauf et al., 2003; Baris et
al., 2009), tuy nhién ca hai déu can thiét dé¢ AGPase
hoat dong hiéu qua nhit (Frueauf er al., 2001;
Tiessen et al., 2002). Yéu cau nay khién cho viéc tac
dong vé mit di truyén dén AGPase & thuc vat 1a mot
thach thirc vi doi hoi phai cai bién sy biéu hién hoic
hoat dong ciia nhiéu gen. Thém vao d6, AGPase thuc
vat dwuoc hoat hoéa boi 3-PGA, bi Gc ché bai
photphate v6 co (Pi) va dugc didu hoa boi trang thai
oxy hoéa khir cia té& bao (Ballicora et al., 2000;
Tiessen et al., 2002; Geigenberger, 2003). Trong khi
d6, AGPase vi khuén 1a mot protein c6 cau triic dong
tr phan (homotetrameric) va duoc diéu hoa béi cac
chat tac dong khéac voi & thuc vat. Enzyme nay dugc
hoat héa boi Fruc-1,6-bisP va bi trc ché boi
adenosine monophosphate (AMP) (Moran et al,
2007). AGPase 6 vi khuén E. coli dugc ma hoa boi
don gen glgC va mét diéu quan trong 1a ¢6 hoat tinh
manh gip vai trim lan so v&i AGPase thuc vat.
Ngoai ra, cac nghién ctru da xac dinh duge mét sb vi
tri dugc cho 1a cac diém diéu hoa di 1ap thé quan
trong. Nguoi ta thdy ring AGPase E. coli mang dot
bién diém thay thé glycine bang aspartic acid & vi tri
336 (G336D) c6 thé hoat dong hiéu qua ma khong
can chét hoat héa Fruc-1,6-bisP, ¢6 ai luc cao hon
v6i co chat (ATP va Gle-1-P) va giam 4i luc véi chit
ttc ché AMP (Themere er al., 2006). Két qua chuyén
va biéu hién dic hiéu gen nay trong ci khoai tay
(dudi sy didu khién cta promoter patatin) cho thiy
hoat tinh AGPase ting 36%, dong thoi ting 35%
ham luong tinh bt trong cu (Stark et al., 1992).

Trong nghién ctru nay, ching toi thiét ké vector
chuyen gen vao thuc vat mang gen AGPopt c6 ngudn
goc tr gen glgC & E. coli ma hoa cho enzyme
AGPase da dugc tao dot bién G336D va cai bién ma
dé phu hop véi hé thong tdng hop protein ¢ thyc vat;
tao cac dong thudc 1a chuyén gen biéu hién AGPase
vi khudn dwoc dinh hudng t6i luc lap dudi su didu
khién cta promoter co dinh 35S va déanh gia tac dong
cua enzyme nay toi qua trinh sinh tong hop va tich
Ity tinh bot trong 1 cac dong chuyén gen. Két qua
clia nghién ciru nay s& gop phan tao tién dé cho cac
chién lugc ning cao san lugng tinh bot & ciy trong
bang cong nghé gen.
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VAT LIEU VA PHUONG PHAP
Vit liéu

Gidng thudc 1a Nicotiana tabacum K326 dang
nudi cdy trong didu kién in vitro; vector tich dong
pUC/AGPopt mang gen 4AGPopt dugc téng hop nhan
tao boi hang IDT (Integrated DNA Technologies,
M5), vector chuyén gen vao thuc vat pBI121; ching
vi khuén Escherichia coli DH50, Agrobacterlum
tumefaciens C58/pGV2260 do Phong Cong nghé Té
bao thuc vat, Vién Cong nghé sinh hoc cung cép.

Phwong phap

Thu thip théong tin, téi wu héa ma di truyén va tong
hop nhén tao gen AGPopt

Tim kiém va khai thic théng tin trinh ty
nucleotide cta gen glgC md hdéa cho enzyme
AGPase & vi khuan E. coli trén ngan hang GenBank
(ma s6 V00281.1), cai bién trinh ty dé tao dot bién
G336D. Téi wu hoa mi di truyén bang chwong trinh
Codon Usage Database
(http://www kazusa.or.jp/codon/index.html) va
Codon Optimization 2.0 cua Invitrogen. Doan
nucleotide ma héa cho chu01 “peptide tin hi¢u dan
protein vao luc lap co ngudn gbc tir gen rheS ma hoa
tiéu phan nho cta enzyme ribulose 1,5-bisphosphate
carboxylase & Arabidopsis dwoc gin vao dau 5,
ddng thoi trinh ty ma hoa cho dudi c-myc dwgc gin
vao dau 3’ cua doan DNA. Hai vi tri nhan biét cua
enzyme gidi han Xbal va Sacl dugc thém vao dau 5°
va 3’ cua gen, theo thtr tu twong Gng. Gen 4AGPopt
duoc dat tong hop nhan tao tai hing Integrated DNA
Technologies (My) va dugc nhan dong trong vector
pUCIDT-AMP.

Thiét ké vector chuyén gen vao thuwe vit mang gen
AGPopt

Vector tach dong pUCIDT-AMP mang gen nhan
tao AGPopt va vector chuyén gen pBI121 ddng thoi
duoc cit tao diu sole bang cip enzyme gidi han Xbal
va Sacl. Poan gen AGPopt nhan tao va vector
pBI121 thu dugc sau khi tinh sach dugc sir dung lam
nguyén lidu cho phan tmg ndi ghép duéi sy xiic tac
clia T4-DNA ligase. San pham lai dugc bién nap vao
E. coli DH5a theo phuong phap sbc nhiét. Vector
chuyén gen tai t6 hop pBI121/AGPopt sau khi duoc
kiém tra bang cach cit enzyme han ché dwogc bién
nap vao chung A. tumefaciens C58/pGV2260 bing
phuong phép xung dién phuc vu cho muc dich
chuyén gen vao thuc vét.

Phwong phdp chuyén gen vio thuc vit thong qua
vi khudn Agrobacterium

Quy trinh chuyén gen AGPopt vao giéng thudc
14 N. tabacum K326 thong qua Agrobacterium dugc
tién hanh theo phuong phap cta Topping (1998) c6
cai tién. Manh 14 thuéc 14 c6 dién tich lem® dugc
ngam trong dich huyén phu vi khun A.tumefaciens
mang vector chuyén gen pBI121/AGPopt ¢ ODggo =
0,7 trong khoang 10-20 phut va dugc dat 1én moi
truong tao da chdi MS+1 mg/l BAP. Sau 2 ngay
ddng nudi cdy, chuyén manh 14 sang moéi trudng
chon loc MS+1 mg/l BAP ¢6 b sung khang sinh
cefotaxim 500 mg/l va kanamycine 50 mg/l. Sau 5 -
6 tudn, cac choi phat trién tot dugc cdy chuyén sang
mdi truong tao ré MS + 0,1 mg/l NAA. Sau 3 - 4
tuan cdy con ra ré va phat trlen hoan chinh véi 3-4 1a
that san sang cho ra bau trau : cat (1:1). Cay phat
trién voi 4-5 14 that thi chuyén ra trdng trong bau
chura gia thé dudi didu kién nha kinh

Phan tich cdy chuyén gen bang cdc ky thudt sinh
hoc phan tir

K7 thugt PCR

Str dung DNA tong sb tach chiét tir 14 cac dong
thudc 14 chuyén gen va pha lodng téi ndng d¢ 100 ng/ul
lam khuén cho phan tmg PCR kiém tra sy c6 mit cia
gen chuyén AGPopt bing cip mdi dic hiéu AGPopt F
(5-ATGGCAAGCATGATTTCTAGTAGT-3) va
AGPopt R (5’-CAGTTCATCTTTATTAAGGTC-3).
Phan tng PCR dugc tién hanh véi tong thé tich 20 pl
gom: 1 M DNA, 10 pl DreamTaq PCR Master Mix 2X,
1 pl mdi xuéi, 1 pl mdi nguoc va 7 pl nude khtr ion vo
trang. Qud trinh nhan gen gébm céc budc sau: 94°C/3
phut; 30 chu ky 13p lai cac bude 94°C/1 phat, 57°C/30
gidy, 72°C/1 phit; 72°C/10 phut, bio quan mau & 4°C.

Ky thudt lai Southern blot

60 pg DNA tong sb tach chiét tir 1a cac dong
thudc 14 chuyén gen dwong tinh voi phan tmg PCR
duoc tinh sach va xir Iy bang Xbal. Cac phan doan
DNA dugc phan tach trén gel agarose 1% va chuyén
sang mang Nilon tich dién duong. Mang sau d6 dugc
lai v6i mau do dugce téng hop nhd bo Kit Biotin
Decalabel DNA Labeling Kit (Thermo Scientific)
v6i doan do 1a san phdm PCR nhan gen 4GPopt.
Nhiét do lai 42°C (v6i dung dich lai chira 50%
formamide va NaCl 1M) va rira mang ¢ 65°C (0,1X
SSC). Quy trinh hién mang dwoc thyc hién theo kit
Biotin Chromogenic Detection Kit (Thermo
Scientific).
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K3 thudt lai Western blot

0,1 g la cac dong thudc 14 chuyén gen dugc
nghién min trong nito 1ong va hoa trong 500 ul dung
dich dém chiét (50 mM Tris-HCI pH 7,4; 1 mM
EDTA; 2 mM MgCl,; 2 mM DTT; 2,5 mM PMSF;
0,1% Triton-X-100). Hon hop sau d6 dugc ly tam
13000 vong/phut trong 15 phat & 4°C, thu dich n01
c6 chua protein. Nong d6 cac mau protein tong s6
dugc dinh luong bing phuong phap Bradford. 30 pg
protein tong sO tach chiét tir mdi dong thude 14 duge
phan tach bang dién di SDS-PAGE trén gel 12%, sau
d6 dugc chuyén lén mang Nitrocellulose bang may
chuyén mang Fast blotter cua hing Thermo
Scientific Pierce ¢ 25 V, 1,3 A trong 20 phut. Sau
khi phii mang bang sira tach béo 5% pha trong PBST
0.05% trong 3 gid, mang dwoc i v6i khang thé 1
anti-cmyc qua dém trudc khi u voi khang thé 2 anti-
mouse IgG cong hgp HRP trong 3 gi¢. Sy c6 mat
clia protein tai t6 hop dwoc phat hién nhd phan tmg
hién mau bing co chat DAB (3,3'-diaminobenzidine-
tetrahydrochloride-dihydrate).

Phuwong phap phan tich ham lwong tinh bot trong la

Cac budc xac dinh ham lugng tinh bdt trong 1a
cac dong thude 14 chuyén gen dugc thuc hién theo
huéng dan cua b Kit phan tich tinh bt (Starch
(HK) Assay Kit, Sigma).

KET QUA VA THAO LUAN

Cii bién, tdi wu ma di truyén va tong hop nhan
tao gen AGPopt

Thuc vat duoc xem 1a hé théng biéu hién protein
tai to hop v6i nhiéu diém khac biét so v6i hé thong
biéu hién vi khudn. Sy biéu hién cia gen dich trong
hé théng thyc vat phu thudc vao nhiéu yéu td trong
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d6 c6 ma di truyén, promoter va terminator... Mi
mot loai thuc vat c6 cac ma di truyén uu tién khac
nhau. Do d6, viéc cai bién ma di truyén ma khong
lam thay déi trinh tw amino acid s& giup cho viéc
tang cudng sy biéu hién protein tai tb hop. So dd qua
trinh thiét ké gen nhan tao AGPopt dugc thé hién &
hinh 1.

Sau khi tao dot bién G336D, viéc toi uu ma di
truyén dugc chung t6i thyc hién dya trén co so cac
bd ma thay dbi sao cho phii hgp véi hé thong biéu
hién ¢ thyc vt nhung khong lam thay ddi trinh ty
cua amino acid. Trinh tu nucleotide va trinh tu axid
amin suy din ciia cac doan gen trudc va sau khi doi
mi dugc kiém tra va so sanh bing phin mém
BioEdit. Két qua cho thdy, gen glgC va gen AGPopt
da cai bién mi c6 trinh ty nucleotide twong dong
74%. Tuy nhién ngoai vi tri tao dot bién G336D, cac
vi tri sai khac con lai khong lam anh huong dén qua
trinh dich mi (khong coéng bd). Ngoai ra, gen
AGPopt con duoc gin thém doan trinh ty 171
nucleotide ma héa cho 57 amino acid ctia chudi
peptide tin hiéu din protein vao luc lap c6 ngudn gbc
tir gen rbcS ma hoa tiéu phan nho cua ribulose 1,5-
bisphosphate carboxylase & Arabidopsis vao dau 5°,
trong khi d6 déu 3° dwoc bd sung 48 nucleotide ma
hoa cho 11 amino acid trong dudi c-myc (gitup phat
hién protein tai t6 hop thong qua phuong phap lai
Western). DPdng thoi, dé thuan tién cho viée cit va
nbi ghép gen trong qua trinh thiét ké vector chuyén
gen vao thuc vat, hai vi tri nhan biét cua enzyme gioi
han Xbal va Sacl dugc thém vao déu 5° va 3’ coa
gen AGPopt, theo thir ty twong ung. Gen AGPopt
sau khi thiét k& co kich thudc 1500 bp dugc tong hop
nhan tao tai hang Integrated DNA Technologies
(M¥) va dugc nhan dong trong vector pUCIDT-
AMP.

Trinh tw nucleotide gen glgC (V00281.1, GenBank)

]

Xbal site '
Toiwu hoa

Tao d6t bién l + Codon Usage Database
+ Codon Optimization 2.0 *

c-myc

f

‘ Peptide tin hiéu

Gen AGPopt nhan tao (1500 bp) ‘

Hinh 1. So dd thiét ké gen AGPopt nhan tao.
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Thiét ké vector chuyén gen vao thuwe vit
pBI121/AGPopt

Nhu da trinh bay & trén, do trong qua trinh thiét
ké vi tri nhan biét cua cap enzyme gidi han Xbal va
Sacl da dwgc thém vao 2 dau cua gen AGPopt, didu
ndy tao thudn loi cho viéc cit nbi gen trong thi
nghiém tiép theo. Theo do, cac vector pUC/AGPopt
va pBI121 duoc xir Iy dong thoi bang cap Xbal va
Sacl. Poan gen AGPopt va vector pBI121 da loai bo
gen gus sau khi tinh sach (Hinh 2A) duoc st dung
lam nguyén liéu cho phan tmg ndi ghép dudi sy xuc
tac cua T4-DNA ligase tao thanh vector tai td hop
pBI121/AGPopt va dugc nhan dong trong vi khuén
E. coli DH5a. Vector tai t6 hop nay dugc khing dinh
bang phan tmg PCR nhén gen 4GPopt (khong cong
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bd) sir dung moi diic higu AGPopt F/R va cit kiém
tra bang cédp gidi han Xbal va Sacl.

Két qua dién di trén gel agarose 0,8% (Hinh
2B) cho thay san phdm ciia phan tmg cit vector tai
td hop bing cip enzyme Xbal va Sacl 1a hai bing
DNA, trong d6 mot bang co kich thudc 1,5 kb
tuong rng voi gen AGPopt va bang con lai c6 kich
thudc 16n hon 10 kb phii hop véi phan con lai ctia
vector pBI121. Nhu vay, chung t6i da thiét ké thanh
cong vector chuyen gen pBI121/AGPopt. Vector
nay sau d6 dugc bién nap vao vi khuin 4.
tumefaciens C58/pGV 2260 bing phuong phap
xung dién dé phuc vu cho muc dich chuyén gen vao
thuc vat.
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Hinh 2. Két qua thiét k& vector chuyén gen pBI121/AGPopt. (A) Tinh sach doan gen AGPopt (2) va vector pBI121 da xt ly
loai bd gen gus (1) bang cap enzyme Xbal va Sacl. (B) Két qua cét kiém tra vector tai t& hop pBI121/AGPopt bang cip
enzyme Xbal va Sacl (1); M: Thang DNA chuén 1kb Plus, Thermo Scientific.

Két qua tao cic dong thude 14 chuyén gen AGPopt

Trong chuyén gen thuc vat, cay thudc 1a dugc
xem la loai cdy mo hinh phuc vu cho céac nghién ctru
danh gia chirc ning gen boi hé thdng tai sinh va tiép
nhan gen ngoai lai cta cdy rat hidu qua, thoi gian
phan héa tir md dén tao cdy hoan chinh kha ngin,
mit khac cay thubc 1a 1a cdy ngin ngay, d& trong va
cham soc nén dé dang thu duoc hat dé nghién ctru
cac thé hé tiép theo. Boi vy, trong nghién ciru nay
ching t6i chon cay thudc 14 1am cdy mé hinh dé dénh
gid anh huong ciia viéc biéu hién gen AGPopt dén
qué trinh sinh tong hop va tich lity tinh bot. Két qua

chuyén gen 4GPopt vao manh 1a thudc 14 théng qua
Agrobacterium cho thiy, sau khoang 3 tuin tir cac
manh 14 bién nap da $6 déu moc 1én céc cum chdi &
mép 14, ti 1¢ miu tao da chdi kha cao, dat 81%.
Trong khi d6, mau ddi chimg am khong chuyén gen
khi dat trén moi truong c6 chira khang sinh chon loc
kanamycin 50 mg/l déu bj chét dan di va hiu hét
khong thay hién tuong phat sinh chdi (Hinh 3). Tir
cac cum chdi, chiing t6i chon 60 chdi khoe, map map
chuyén sang moéi truong ra 1é chon loc trong khang
sinh. Sau 4 tudn, ching t6i thu dugc 53 cdy con ra e
va phat trién hoan chinh véi 3-4 14 that dé ra bau trau
cat va trong ngoai nha ludi (Hinh 3).

143



Lé Thu Ngoc et al.

BC ko chuyén gen

Mau chuyén gen

Hinh 3. M6t s6 hinh anh chuyen gen AGPopt vao thubc la thdng qua Agrobacterium. A: Khuan Agrobacterium, B: Dich
huyen phu vi khuén, C: MAu Ia trén méi trwong dong nubi cay, D: MAu bién nap sau 3 tuan trén “mdi treong tao da ch0| E:
Mé&u bién nap sau 5 tuan trén moi treong tao da chéi, F: Chéi trén méi truong ra ré, G: Chdi ra ré trén moi trwdng ra ré sau
2 tudn, H: Cay hoan chinh, I: Cay ra bau trdu cat, K: Cay tréng trong nha Iwéi sau 2 tuan.

Kiém tra sy c6 mit cia gen AGPopt trong cic
dong thuoc 1a chuyén gen bang ky thuit PCR va
Southern blot.

PCR 1a k¥ thuat phd bién va don gian dé budc
dau sang loc cac dong cay chuyén gen. Két qua cua
phan rng cho phep khing dinh sy ton tai hay khong
clia gen chuyén trong genome cua cay kiém tra.
Chung t6i sir dung 200 ng DNA tong s6 tach chiét tir
14 30 dong thudc 14 chuyén gen 3 tudn tudi dugc
chon ngiu nhién 1am khuén cho phan tng PCR nhan

2523247576

7 8 9 10 11 12

gen AGPopt véi cip mdi dic hidu AGPopt F/R.
Ddng thoi, vector chuyén gen pBI121/AGPopt va
DNA tdng sb tach chiét tir 14 cdy thudc 1a khong
chuyén gen duogc st dung lam ddi chimg duong va
d6i chirng 4m cho phan Gng. Hinh anh dién di cho
thdy c6 27 dong thube l1a cho két qua PCR duong
tinh voi kich thudce bang DNA san pham la 1,5 kb
tuong ung v6i gen AGPopt (Hinh 4). Piéu nay
chung t6 gen AGPopt c¢6 kha nang da dugc chuyén
thanh cong vao cac dong thude 14 nay.

13 M bC

Hinh 4. Dién di san phdm phan &ng PCR kiém tra sw co mat ctia gen AGPopt trong cac dong thudc 14 chuyén gen
1-13: Céac dong thubc 1a chuydn gen AGPopt, BC-: cdy WT, BC+: phan (rng PCR st dung khudn DNA la plasmid

pBI121/AGPopt, M: thang DNA chuén 1 kb (Thermo Scientific).
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DPbi voi cac dong thude 14 duge xac dinh c6
mang gen AGPopt, ching t6i tiép tuc tién hanh lai
Southern blot dé khang dinh sy tich hop ciing nhu s6
luong ban copy clia gen chuyén trong genome ciy
chi. Trén mang lai, mdi bing twong tmg véi 1 ban
copy cua gen AGPopt vi chung t6i xwr ly DNA tbng
sO cua cac dong thuoc la chuyen gen bang Xbal 1a
enzyme c6 diém cét duy nhét trong cassette. Phan
tich lai Southern blot & 7 dong thudc 14 (Hinh 5) cho
thiy cac dong nay déu xuat hién 1 bang (dong 1, 2,
3, 4, 7) hoac 2 bang (dong 5, 6) twong Gng voi 1
hodc 2 ban sao cua gen 4GPopt trong genome. Kich

M PWT 1

thudce cua cac bang khong ddng déu cho thay vi tri
gin cia gen chuyen trong genome la khac nhau.
Trong khi d6 dbi chimg khong chuyén gen cho két
qua am tinh chimg t6 phan tng lai la dic hi¢u, mau
do khong lién két v6i gen nodi sinh. Nhu vay, gen
AGPopt da dugc chuyén thanh cong vao cac dong
thudc 1a K326. Mot s6 nghién ctru cho thiy khong
chi s6 luong ban copy gy anh huéng dén sy biéu
hién cua gen ma vi tri chén cua gen chuyén trong
genome ciing déng vai tro rit quan trong (Yang et
al., 2013). Vi vdy, can c6 nhing nghién ctru tiép theo
aé danh gi4 kha ning biéu hién gen ¢ cac dong cay.

25 35 215,360 T

Hinh 5. Két qua lai Southern blot cac mAu thubc la chuyén gen AGPopt (1-7); P: déi chirng duong plasmid pBI121/AGPopt;
WT: déi chirng am cay khéng chuyén gen; M: thang DNA chuén 1 kb (Thermo Scientific).

ool 123

95 T
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Hinh 6. Két qua lai Western blot kiém tra sy biéu hién clia gen AGPopt trong cac dong thudc & chuyén gen (1-7); WT: dbi
chirng am cay khdng chuyén gen; DC+: 25 ng protein ScFv_cmyc; M: marker protein (Thermo Scientific).

Danh gia sy bjéu hién ctia gen AGPopt trong cic dong
thuoc la chuyén gen bang phuong phap Western blot.

Sy biéu hién cua protein tai té hop 1a dich dén
quan trong trong qua trinh chuyén gen vao thyc vat.
Do trong trinh ty cua gen AGPopt ching t6i da thiet

ké sén trinh ty ma héa cho dudi c-myc & ddu 3’nén
dé khang dinh mot cach chic chin gen chuyén da
hoat dong va biéu hién trong cac dong thude 14
chuyén gen chung t6i da tién hanh kiém tra biang k¥
thudt lai Western blot sir dung khang thé anti-c-myc.
Gen AGPopt nhan tao c6 kich thuéec 1500 bp nén
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theo tinh toan 1y thuyét, protein AGPase tai t6 hop
sau khi dugc tong hop s& co khdi lwong phan tir
khoang 53 kDa. Két qua lai Western blot (Hinh 6)
cho thiy tai cac dudng chay protein tong sO tach
chiét tir 14 7 dong thudc 1a chuyén gen xuat hién mot
bang vach phu hop véi kich thude protein dich, trong
khi & dong dbi ching am khong xuét hién _bang
protein nay. Diédu nay chiing to protein tai t6 hop
AGPase di dugc biéu hién trong cac dong thudc la
chuyén gen. Qua d¢ dam nhat ciia bang protein trén
mang lai ¢6 thé thiy muc do biéu hién cia gen
chuyén & cac dong thude 14 1a khac nhau. Cu thé, ¢
dong sb 7 gen AGPopt biéu hién manh hon & cac
dong con lai, ddng thoi gen nay biéu hién yéu nhit &
dong s6 3 va 4. Piéu nay c6 thé dugc giai thich do
cAu truc gen chuyén da dugc chén vao cac vung khéc
nhau trong hé gen cdy chii, giy anh huéng dén sy
hoat dong cling nhu muc do biéu hién cta gen ngoai
lai. Két qua lai Western blot cho phép chiing t6i
khing dinh gen AGPopr da hoat dong va protein tai
t6 hop AGPase cua vi khudn da dugc tong hop trong
cay chu.

Phan tich ham lugng tinh bt trong 1a cac dong
thuoc 14 chuyén gen

Phép do ham lwgng tinh bot trong la bang
phuong phép enzyme st dung bd Kit Starch (HK)
Assay dugc thuc hién dua trén nguyén ly: i) Tinh bot
duogc thuy phan thanh glucose dudi sy xtc tac cua
amyloglucosidase; ii) Glucose tiép tuc duoc
phosphoryl héa bdi ATP trong phan tng dugc xic
tac boi hexokinase tao thanh Gluc-6P; iii) Gluc-6P
sau do6 bi oxy hoa thanh 6-phosphogluconate khi co
mat NAD dudi sy xuc tac cia glucose-6-phosphate

Lé Thu Ngoc et al.

dehydrogenase (G6PDH), qué trinh nay ddng thoi
khir NAD thanh NADH la chit hip thu 4nh sang ¢co
buge song 340 nm. Do d6, muc tang do hap thu &
340 nm ty 1& thuan véi ndng do glucose va gian tiép
1a ham luong tinh bot. Trong thi nghiém nay, dé dam
bao do6 chinh xac cua két qua, ching t6i da tién hanh
chiét cac mau 14 2 1an voi cdn 80% va 1 1an véi con
99% nham loai bo hoan toan lugng dudng tu do co
trong méu trudce khi tién hanh cac phan tmg enzyme.
Két qua xac dinh ham lugng tinh bot cho thdy trong
s6 7 dong thudc 14 chuyén gen dwoc khao nghiém cé
5 dong chtra lugng tinh bt trong 14 cao hon dong
d6i chimg khong chuyén gen. Trong d6, ham lugng
tinh bot ¢ 14 ctia dong Al dat muc cao nhat, nhiéu
hon 56% so véi cay dbi chimg, 4 dong con lai (A4,
AS, A6 va A7) co muc tang tir 18%-44%. Tuy nhién,
& dong thudc 1a chuyén gen A2 va A3, lugng tinh bot
tich liiy trong 1a dugc ghi nhan thip hon ciy khong
chuyén gen. Ngoai ra, mirc do ting ham luong tinh
bot trong 1a & cac dong khong tuyét ddi tuong quan
v6i mtrc do biéu hién protein AGPase vi khuén. Mot
s6 két qua tuong tu di duoc bao céo boi Stark va
ddng tac gia (1992) khi tién hanh chuyén gen glgC16
do promoter patatin ddc hiéu cu diéu khién vao ciy
khoai tay. Hién tuwong ham lwong tinh bt khong
tuyét dbi phu thuéc vao mirc do biéu hién cua
AGPase vi khuan dugc giai thich theo hai kha ning:
viéc biéu hién & mot mic do vira phai nao d6 cua
AGPase vi khuan 1a du dé khéc phuc tinh trang thiéu
hut co chit ADP-Glc cho su sinh téng hop tinh bot,
hodac mot kha nang khac co thé do lwong co chét
Glc-1-P dung cho phan 1Ung ADP-Glc
pyrophosphorylase ban than né ciing 1la mot budc
gi6i han tbc do.
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Hinh 7. Ham lwong tinh bot tich Iy trong la cac dong thubc Ia chuyén gen AGPopt so voi dong ddi ching khong chuyén gen
A1-A7: cac dong thube 14 chuyén gen AGPopt, WT: cay khdng chuyén gen
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Dua vao trinh tu cta gen glgC trén GenBank voi
mé s6 V00281.1, chung toi da cai bién va tong hop
nhan tao gen 4AGPopt ma hoa cho enzyme AGPase ¢
vi khuan E. coli mang dot bién G336D dong thoi
duoc biéu hién dinh huéng trong luc lap véi ma di
truyén pht hop véi hé thong thuc vat. Gen AGPopt
v6i kich thude 1500 bp da dugc ndi ghép thanh cong
vao vector chuyén gen pBI121 duéi sy diéu khién
cua promoter 35S va chuyen vao cdy mo hinh thube
la. Sy hoat dong cua cau tric 35S-AGPopt trong cac
dong thude 1a chuyén gen di dwgc chimg minh gitp
tang ham lugng tinh bt tich Iy trong 14 tir 18-56%
S0 VGi cdy d6i chimg khong chuyén gen. Két qua nay
budc dau cho thdy viéc biéu hién gen 4GPopt 1a mot
chién lugc hiéu qua giup ting cuong qua trinh sinh
tong hop tinh bot ¢ thuc vt

Loi cam on: Cong trinh dicgc thyc hién nho kinh phi
ciia dé tai “Khai thac va phan lap nguon gen co san
cua tgp doan giong sdn Viét Nam nham phdt trién
cac giong sdn 6 kha ndng chong chiu bénh va nang
sudt cao bang cong nghé gen” thudc nhiém vu hop
téc quéc té vé khoa hoc va cong nghé, Bé Khoa hoc
va Cong nghé; thoi gian thuc hién tir 6/2012 dén
6/2015. Cac thi nghiém trong nghién ciru nay dwgc
tién hanh tai phong Cong nghé té bao thyce vat, Vién
Cong nghé sinh hoc, Vién Han ldm Khoa hoc va
Cong nghé Viét Nam.
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ENHANCEMENT OF STARCH PRODUCTION IN TOBACCO THROUGH TRANSFER
OF THE GENE ENCODING BACTERIAL ADP GLUCOSE PYROPHOSPHORYLASE

Le Thu N ocl, Nguyen Mau Hun 1, Dinh Van Hun 3, Nguyen Thi Minh Hongl’z, Pham Bich Ngocl’ =
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Chu Hoang Ha'
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SUMMARY

Starch is the primary storage polysaccharide in plants.

It not only plays a role as the most important

nutritional component in the diet of humans and many animal species, but is also a raw material in the food
processing industry or material industry. Therefore, a current research direction is the improvement of crops by
increasing starch yields based on enhancing the activity of key enzymes involved in starch biosynthesis by
genetic engineering. ADP-Glc pyrophosphorylase (AGPase) is an important regulatory enzyme for synthesis of
glycogen in bacteria and starch in plants. In this paper, the 1.5 kb synthetic mutant of 4GPopt gene derived
from E. coli AGPase was inserted into the plant expression vector pBI121 under the control of 35S promoter.
The efficiency of this construct was tested in transgenic Nicotiana tabacum. The integration of AGPopt into the
plant genome was confirmed by PCR and Southern hybridization, and the expression of bacterial AGPase in
transgenic lines was detected by Western hybridization. Interestingly, starch assays in 7 tobacco transgenic
lines resulted in 5 lines displaying an increase in the levels of starch accumulated in the leaves, approximately
18%—-56% higher than those of WT plants. These results indicate that the expression of AGPopt is one of
effective strategies for enhanced starch production in plant.

Keywords: ADP-Glc pyrophosphorylase, glgC gene, starch biosynthesis, tobacco transgenic plant
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