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Linh vue k§ thuit dwoc dé cap

Sang ché dé cap dén steviol glycosit méi, phuong phép san xut hop chét nay, va
ché phdm tao ngot chira hop chét nay. Hon nita, séng ché ciing d& cap dén thuc phdm
hodc db uéng, thuc vat, dich chiét ctia né va chit kiém soat vi chira steviol glycosit méi.
Tinh trang ky thuit ciia sang ché

La cua loai Stevia rebaudiana (cd ngot hay ctic ngot) chira chét chuyén hoa thir
hai goi 1a Steviol ma 1a mét loai diterpenoid, trong dé steviol glycosit tao ra d§ ngot ma
glp gin 300 1an do ngot cua dudng va vi vay duoc st dung lam chét tao ngot khong sinh
nang lugng (khong chira calo) trong nganh thuc pham. Nhu ciu vé cac chét tao ngot
khéng chira calo ngay mot tang 1én do béo phi dang tr¢ thanh mat van dé xa hdi nghiém
trong trén toan thé gidi va ciing nhim muc dich cai thién strc khde va gidm cac chi phiy
té. Hién tai, aspartam va axesulfam kali, ma la céc dAn xuét axit amin dugc té)ng hop
nhan tao, dugc st dung lam cac chét tao ngot nhan tao, tuy nhién céc chét tao ngot tu
nhién khong chira calo nhu cac steviol glycosit dugc ky vong 1a an toan hon va dé dugc
cong ddng chip nhan. |

Steviol glycosit chinh tir stevia cudi cling dugc glycosyl héa thanh glycosit dugc
goi la rebaudioside A (Reb.A) ma cé bbn gbc duong (Fig. 1). Steviosit, tic 1a steviol
glycosit dugc tri-glycosyl hoa va la tién chit cia Reb.A, 1a n_hiéu glycosit nhét. Hai
glycosit nay 1a cac chat chinh lién quan dén do ngot cia stevia. Steviosit chiém ham
luong 16n nhét trong 14 stevia va duoc biét 1a tao ra dd ngot ma gip khoang 250-300 lan
dd ngot cua dudng. Reb.A 14 steviol glycosit dugc tetra-glycosyl hdéa ma c¢é do ngot ddm
(gip 350-450 1an so véi dudng) véi chét lugng mui vi tét. Ching da va dang thu hat sy
chu y la céc chét tao ngot khong chira calo. Bén canh do, da biét dén su ton tai cta
glycosit ma dugc xem la céc chét trung gian phan tng va cac chét tuong tur c6 céc loai
gbc duong khic nhau. Vi dy, trong khi tht ca bdn gbc dudng glycosit ciia Reb.A la
glucoza, rebaudioside C (Reb.C) da dugc biét 1a c6 ramnoza thay vi glucoza dugc gin &
vi tri C-2 cta glucoza & vi tri C-13, va rebaudioside F (Reb.F) da dugc biét 1a c6 xyloza

dugc gén ¢ cung Vi tri.

Pén nay, cac nd luc duogc danh ra d€ thu dugce thyc vat stevia c6 ham lugng
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Reb.A cao hon so véi cac thuc vat stevia kidu dai bang cach gay gidng hodc tuong tu do
chét luong mui vi ctia Reb.A, ma trong d6 tht ca bdn gdc dudng glycosit 12 glucoza, 1a t6t

(vi du, tai liéu Patent 1).
Tai liéu k§ thuat da biét
Tai liéu Patent
Tai liéu Patent 1: Patent Nhat Ban sb 3436317

Ban chit ky thuit ciia sang ché

Vén dé dugc sang ché giai quyét

Trong khi do6 thi mot sd céc loai gibng cay stevia co ngudn gde tlr viéc gy gidng
c¢6 thé chira luong nho steviol glycosit ma cAu trtic cia nd van chua dugc phat hién, trong
d6 su c6 mit cua steviol glycosit nhu vay c6 mat véi luong nhé ¢ thé dong gép mot
cach tiém ning dén cac dic tinh huong vi cua dich chiét stevia. Hon nita, mic du céc
nghién ctru di va dang dugc tién hanh sdu rong trén cac steviol glycosit thu duoc bang
cach gén thém glucoza vao Reb.A va cic loai gibng cdy tréng chira né thi khong c6 nhiéu
nghién ctu dugc tién hanh vao thoi diém ma loai gidng cay trdng chtra mot lugng doi

dao steviol glycosit c6 ramnoza nhu Reb.C va trén steviol glycosit nhu véy.

Theo d6, muc dich cta sang ché 1a x4c dinh cAu truc cia steviol glycosit mai co
mit v6i mot lugng nho ma anh hudng dén chit luong mui vi, va nhan dang cac dic diém
cia chit luong mui vi. Ngoai ra, cac muc dich khac cua séng ché 1a dé xuit steviol
glycosit mdi, phuong phép san xudt hop chét nay, va ché phim tao ngot chira hop chét
nay.

Céch thuc giai quyét véan dé

Céc tac gia sang ché di tién hanh cc nghién ciru chuyén sdu dé giai quyét van dé
duoc md ta trén day, va két qua 1a thanh cong trong viéc xac dinh cau trac cua steviol
glycosit m&i c6 mat véi mot luong nhé ma anh hudng dén chat lugng mui vi. Séng ché

duoc thuc hién trén co sé nhitng phat hién néu trén.
Hiéu qua cla sang ché

Sang ché dé xuét steviol glycosit méi c6 mat véi mot lwong nhoé ma anh huong
dén chét lugng mui vi. Hon nita, sang ché con dé xuat phuong phép san xuat steviol

glycosit méi, va ché phdm tao ngot, thuc phim hozc d6 ubng, thuc vat, dich chiét tir thuc
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vat va chat kiém soat vi chira steviol glycosit mdi.
Mo ta van tat cac hinh vé

Fig. 1 12 so d thé hién cAu triic va tén clia cac steviol glycosit.

Fig. 2 1a bidu dd thé hién sic phd ion dugc chon cia mau 1 ¢ m/z 1a 1095,4.

Fig. 3 14 biéu dd thé hién sic phé ion duge chon clia mau 1 & m/z 1a 1257,5.

Fig. 4 12 biéu db thé hién khdi phd dugc phan doan MS/MS va MS® ctia steviol
glycosit 1 moi.

Fig. 5 1a bidu dd thé hién khdi phd dugc phan doan MS/MS va MS’ ctia steviol
glycosit 2 moi.

Fig. 6 12 (a) biéu dd thé hién phd 'H-NMR ciia hop chat 15 (800 MHz, Pyr-d5);
va (b) biéu db thé hién phd *C-NMR ctia hop chat 15 (200 MHz, Pyr-d5).

Fig. 7 1a (a) biéu dd thé hién phd cosy 'H-'H ctia hop chét 15 (800 MHz, Pyr-dS);
va (b) biéu db thé hién phd HSQC ctia hop chat 15 (800 MHz, Pyr-d5).

Fig. 8 12 (a) biu dd thé hién phd HMBC ciia hop chét 15 (800 MHz, Pyr-d5); va
(b) biéu @b thé hién phd TOCSY ctia hop chit 15 (800 MHz, Pyr-d5).

Fig. 9 13 bidu dd thé hién phd NOESY ctia hop chét 15 (800 MHz, Pyr-d5).

Fig. 10 12 (a) biu dd thé hién phd 'H-NMR ctia hop chét 17 (800 MHz, Pyr-d5);
v (b) bidu dd thé hién phd *C-NMR ctia hop chat 17 (200 MHz, Pyr-d5).

Fig. 11 1a (a) biéu dd thé hién phd cosy 'H-'H ctia hop chat 17 (800 MHz, Pyr-
d5); va (b) phd HSQC ctia hop chét 17 (800 MHz, Pyr-d5).

Fig. 12 1a (a) biu dd thé hién phé HMBC ciia hop chat 17 (800 MHz, Pyr-ds);
va (b) bidu dd thé hién phd TOCSY ciia hop chét 17 (800 MHz, Pyr-d5).

Fig. 13 1a bidu dd thé hién phé NOESY ctia hop chat 17 (800 MHz, Pyr-d5).

Fig. 14 12 biéu dd thé hién séc phd ion dugc chiét cua steviol glycosit 1 méi (dich
chiét 14 stevia) va san phdm duoc tdng hop hoa hoc (dang B ciia hop chét 15).

Fig. 15 14 biéu dd thé hién khéi phd duogc phan doan MS/MS va MS? cua steviol
glycosit 1 méi (dich chiét 14 stevia) va sén pham dugc tbng hop hoa hoc (dang f cta hop
chét 15).

Fig. 16 1a biéu do thé hién sic phd ion dugc chiét cua steviol glycosit 2 méi (dich
chiét 14 stevia) va san pham dugc tdng hop héa hoc (dang B ctia hop chét 17).

Fig. 17 1a biéu dd thé hién khéi phd MS/MS va MS? duge phan doan cua steviol
glycosit 2 méi (dich chiét 14 stevia) va san phim dugc tbng hop hoa hoc (dang p cua hop
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chét 17).

Fig. 18 1a biéu dd thé hién sic phé jon dugc chon ctia mau thu duoc béng cach
sinh tong hop & m/z 1a 1095,4.

Fig. 19 1a biéu dd thé hién sic phd ion dugc chon cua mAu thu dugc bang cach
sinh tong hop & m/z 1a 1257.5.

Fig. 20 12 biéu dd thé hién két qua danh gid cam quan dé so sanh giira steviol

glycosit m&i voi rebaudioside A va rebaudioside D.
MG ta chi tiét sang ché

Sau ddy, sang ché s& dugc md ta chi tiét. Phuong 4n sau day dugc d& cap nham
minh hoa sang ché va khong nhdm muc dich gidi han sang ché chi & phuong 4n nay. Sang
ché c6 thé dugc thuc hién theo nhiéu phuong thitc ma khong ndm ngoai pham vi clia sng
ché. TAt ca cac tai liéu, cong bd, céac cong bd séng ché va cac tai lidu patent khac dugc
trich dan trong ban mo ta nay duoc két hop trong ban mo ta nay dé tham khao.

Céc thut ngft "rebaudioside” va "Reb." dugc st dung trong ban md ta nay co
cung nghia va ca hai déu dé cap t6i "rebaudioside".

1. Steviol glycosit mgi

PAu tién, cac tac giad sang ché di tim ra ciu tric cia mot lugng nhd steviol
glycosit méi ma anh hudéng dén chit lvong mui vi. Steviol glycosit méi theo sang ché
(sau day con dugc dé cap l1a "glycosit theo sang ché") 1a hop chit dugc thé hién bing

cbng thue (1):

gle(1-3)—glc-1-0
rha(1-2) 13

(1)

hoidc dan xuat, mudi hodc hydrat cia nd,

trong d6 R 1a chudi dudng c6 cong thirc (2) hodc (3); va

gle-1—
rha(1-2) (2)
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glc(1-3)—glc-1—
rha(1-2) (3)

glc 1a glucoza, va rha 1a ramnoza.

Nhu duge thé hién trén day, glycosit theo sang ché ¢6 chudi dudng chira hai gbe
glucoza va mot gbc ramnoza & vi tri C-13 cua steviol, va chudi duong chira mot gbe
glucoza va mot gbc ramnoza, hodc hai gbc glucoza va mot gbc ramnoza & vi tri C-19.

Hon nita, nhu duge thé hién trén day, glc 1a glucoza va rha 1a ramnoza. "Glc" nhu
dugc sur dung trong ban md ta nay co thé 12 a- hodc B-glucoza trong khi rha c6 thé 1a o-
hoic B-ramnoza. Theo céch khac, "glc" nhu duge sir dung trong ban md ta nay c6 thé 1a
a- va B-glucoza trong khi rha co thé 13 o- va p-ramnoza. Hon nira, "glc-1-" nghia la
nguyén to cacbon ¢ C-1 cia glucoza dugc nbi voi steviol bang lién két glycosit, va
"glc(1-3)-glc-1-" nghia 1a nguyén ti cacbon ¢ C-3 cua glucoza dugc thé hién béi "glc-1-"
duge ndi voi nguyén ti cacbon & C-1 cua mot glucoza khac bang lién két glycosit. Hon
nita, "rha(1-2)-glc-1-" nghia 1a nguyén tir cacbon & C-2 cta glucoza dugc thé hién béi
"glc-1-" dugc ndi véi nguyén tit cacbon & C-1 clia ramnoza bang lién két glycosit.

Trong ban md ta nay, trong s& cac hop chét duoc thé hién bdi cong thire (1), cac
hop chit trong d6 R ¢6 chudi dudng c6 cong thuc (2) dung dé chi "Glycosit A" trong khi
nhitng hop chét trong d6 R ¢ chudi dudng c6 cong thuc (3) dung dé chi "Glycosit B".

Vi du vé& Glycosit A bao gdm glycosit ¢6 cAu tric duqcvthé hién bédi cong thic
(11) va (12).




Trong Glycosit A dugc thé hién bdi cong thirc (11), glucoza dugc nbi véi nhém
carboxylic & vi tri C-19 cua steviol bang lién két B-glycosit, trong khi d6 trong Glycosit A
duoc thé hién boi cong thic (12), glucoza dugc ndi v6i nhém carboxylic & vi tri C-19 cla
steviol bang lién két a-glycosit.

Vi du vé Glycosit B bao gbm glycosit c6 cAu trac dugc thé hién boi cong thire
(13) va (14).

Trong Glycosit B duoc thé hién boi cong thic (13), glucoza duge ndi voi nhém
carboxylic & vi tri C-19 cta steviol bang lién két B-glycosit, trong khi d6 trong Glycosit B
dugc thé hién boi cong thire (14), glucoza duoc ndi voi nhém carboxylic & vi tri C-19 cla
steviol bang lién két a-glycosit.

Glycosit theo sang ché ciing bao gébm chét ddng phan nhu dang o va f nhu duoc
mo ta & trén. Do do, glycosit theo sang ché chi c6 thé bao gdm chét dong phan c6 dang a,
chét ddng phan c6 dang B hodc hdn hop cta dang o va B. Glycosit theo sang ché c6 dang
B vdi ti 18 tdt hon 1a 80% hodc nhiu hon, con 6t hon 12 90% hogc nhiéu hon, van con tdt
hon 12 95% hodc nhidu hon, va dac biét tdt hon 12 99% hogc nhiéu hon. Dang a va B 6
thé dugc phan tach/tinh ché theo phuong phap da biét nhu séc ky long hiéu ndng cao
(HPLC), sic ky 16ng hiéu nang siéu cao (UPLC), hoac phuong phap tuong tur.

Glycosit theo sang ché khong chi 1a hop chét dugc thé hién bdi cong thirc (1) ma
con c6 thé 1a din xudt, mubi hodc hydrat cia n6. Thuat ngit "dan xuat" dugc st dung
trong ban mo ta nay 1a hop chét tao thanh tr sy thay ddi cAu tric cua mot géc nho cua
hop chét dé, vi du, hop chit ma trong d6 mot s6 nhom hydroxyl dugc thé bang cac phan

tir thé khac. Vi vay, cac dan xudt cta hop chit dugc thé hién bai cong thie (1) bao gdm



cac hop chit ma trong d6 mot s6 nhom hydroxyl cé trong hop chét nay dugc thé bang
phan tir thé dugc chon tir hydro, halogen, nhom alkyl, nhém alkenyl, nhém alkynyl,
nhém aryl, nhém amino, nhém xyano hodc tuwong tu. Nhur duge sir dung trong ban moé ta
nay, "mubi cia hop chit dugc thé hién boi cong thirc (1)" 14 mudi sinh 1y, vi du, mudi
natri, cia hop chat duoc thé hién béi cong thire (1). Hon nita, "hydrat cia hop chét duoc
thé hién bdi cong thirc (1)" duge st dung trong ban mo ta nay la hgp chét tao thanh tir su
bd sung phéan tir nudc vao hgp chét dugc thé hién béi cong thuc (1).

Khi ma glycosit theo sang ché 13 khong bi gi¢i han cu thé, n6 6 thé 1a san phdm
¢6 ngudn gbc tir thuc vit, san phim duoc tbng hop hoa hoc hodc san phim sinh hoc tbng
hop. Vi dy, nd co thé duoc phan tach va tinh ché tr thuc vat nhiéu Reb.C, hodc c6 thé thu
dwoc n6 bang cach tbng hop hoa hoc hodc tong hop sinh hoc. Cac chi tiét vé phuong
phép san xudt glycosit theo sing ché s& dugc mo ta sau ddy trong ban mo ta nay.

Glycosit theo sang ché ngot hon dudng (sucroza), co chét lugng mui vi nhu khoi
phét vi ngot sém va du vi ngot kéo dai tuyét voi nhu duong, va c6 thé anh hudng dén
chét lugng mui vi cua cac thuc phim/dd ubng chi bing mot lwong nho. Nhu vay, glycosit
theo sang ché co thé dugc st dung lam chét tao ngot méi. |

Glycosit theo khia canh uwu tién cua sang ché dugc chon tir Glycosit A hodc
Glycosit B. Glycosit B ngot hon duong (sucroza), khoi phat vi ngot sém, ¢6 du vi ngot
kéo dai tuyét voi nhu dudng, va cd thé hoa tan trong nudc nhanh. Theo do, no co6 thé
thich hop 1am chét tao ngot trong nhiéu ing dung nhu dugc md ta dudi day. Glycosit A,
mic du khong ngot nhu Glycosit B, nhung ngot hon dudng (sucroza), khéi phat vi ngot
som, va ¢ du vi ngot kéo dai tuyét voi nhu duong. Tuong tw nhu Glycosit B, Glycosit A
ciing c6 thé thich hop lam chit tao ngot trong nhiéu tng dung. Do khé ning hoa tan trong
nudc kem hon Glycosit B, no ¢o6 thé dac biét thich hop st dung cho d6 udng 1én men
dudng sira, nude ép trai cdy dugc tao huyén phu, va nhil tuong cua dd ubng. N6 ciing c6
thé thich hop dugc st dung dé diéu chinh do ngot cua san phém dugce phém hoac tuong
tu. Mac du khong mudn bi rang budc boi bét ky 1y thuyét nao, nhung kha nang hoa tan
trong nude kém co thé ngan cam nhén vi ding bang ludi trong khi tang cuong kich thich

cam giac di xudng c¢d hong, va do d6 tao thuan loi dé tang lugng dd ubng.

2. Ché phém tao ngot chira steviol glycosit méi

Theo mdt khia canh cta sang ché, sang che dé cap dén ché pham tao ngot chira

hop chét dugc thé hién bdi cong thirc (1), hodc din xuét, mudi hodc hydrat cia nd (sau



47313 8/109

day con dugc goi la "ché phdm tao ngot theo séng ché"). Ché phdm tao ngot theo séng
ché 12 khéng bi gi¢i han cu th& mién 12 n6 chtra hop chét dugce thé hién bai cong thic (1),
hodc dan xudt, mubi hodc hydrat cua no, va no co thé 1a ché phém chira dich chiét chira
hop chét dugc thé hién boi cong thuc (1), hodc dAn xuét, mudi hoac hydrat cta no.

Lugng glycosit theo sang ché duoc chira trong ché phdm tao ngot theo séng ché
1a khong bi gi6i han cu thé.

Ngoai ra, ché phim tao ngot theo séng ché tdt hon 13 ché phim chira glycosit
theo sang ché véi mot lugng 16n hon lugng trong stevia kidu dai hodc dich chiét stevia it
nhat 12 0,01%. Nhu duge dé cap trén day, glycosit theo sang ché dugc phat hién 1an dau
tién trong giéng cay trdng chira nhiéu Reb.C, va n6 khong duge chira chit nao trong
stevia kiéu dai hodc dich chiét cia né hodc néu ¢6 thi dugc chira v6i luong gidi han phat
hién hodc it hon.

Ché phim tao ngot theo sang ché c6 thé con chua steviol glycosit khac. Vi dy,
ché phdm tao ngot theo sang ché co thé chira, ngoai glycosit theo sang ché, mot hodc
nhiéu loai steviol glycosit duge chon tir nhém bao gbdm rebaudioside A, rebaudioside B,
rebaudioside C, rebaudioside D, rebaudioside E, rebaudioside F, rebaudioside I,
rebaudioside J, rebaudioside K, rebaudioside N, rebaudioside M, rebaudioside O,
rebaudioside Q, rebaudioside R, dulcoside A, dulcoside C, rubusoside, steviol, steviol
monosit, steviol biosit va steviosit. Trong ban md ta nay, “dulcoside C” dung dé chi hop

chat ¢6 cau truc nhu sau.

Trong truong hgp bao gbm steviol glycosit khéc, thi ty 1¢ thanh phan cta glycosit
theo sang ché va steviol glycosit khac t6t hon 14 0,01:9,99-6:4 theo ti 1¢ khéi luong.

Ché pham tao ngot theo sang ché c6 thé con chura chét tao ngot thong thudng.



Céc vi du v& chét tao ngot thong thudong bao gém cac chit tao ngot ty nhién nhu fructoza,
duong, xi r6 fructoza-glucoza, glucoza, mantoza, sucroza, xi ro fructoza cao, rugu dudng,
oligosaccarit, mat ong, nudc ép mia (xi 16 dudng nau), xi r0 tinh bot, bdt Lo Han Kuo
(Siraitia grosvenorii), dich chiét Lo Han Kuo, bdt cam thao, dich chiét cam thao, bot hat
gidng Thaumatococcus daniellii va dich chiét hat giéng Thaumatococcus daniellii, va cac
chét tao ngot nhin tao nhu axesulfam kali, sucraloza, neotam, aspartam va sacarin. Trong
s6 chung, cac chat tao ngot ty nhién tdt hon 1a duoc st dung tir khia canh 12 truyén mui vi
sach, kha ndng dé uéng, huong vi tu nhién va sy tuong dbi giau mui vi, trong do fructoza,
glucoza, mantoza, sucroza va duong dic biét tdt hon 1a dugce st dung. Mot loai hodc
nhiéu loai thanh phﬁn tao ngot nay duoc st dung.

3. Thuc phAm/do udng chira steviol glycosit méi

Theo mot khia canh cua sang ché, sang ché dé cap dén thuc phim hoic d6 ubng
chira hop chét duoc thé hién boi cong thite (1), hoge dan xuét, mudi hogc hydrat cla né
(sau day con dugc goi la "thuc phém hodc d6 ubng theo sang ché"). Thuc phém hodc dd
ubng theo sang ché 1a khong bi gi6i han cu thé mién 12 n6 chira hop chét dugc thé hién
bdi cong thire (1), hodc din xuét, mudi hodc hydrat clia n6, va c6 thé 1a thuc phém hodc
d6 ubng chira dich chiét hodc ché pham tao ngot chira hop chét duoc thé hién boi cong
thire (1), hodc din xuét, mudi hodic hydrat ctia né. Nhu dugce st dung trong ban mo ta nay,
thuc phdm hoic d6 udng 1a cac thuc phim va d6 ubng. Vi vay, trong mot s& phuong an,
sang ché dé cap dén thuc phdm hoic dd ubng méi, va phuong phap san xuét thuc phdm
hodc dd udng do.

Khi lugng glycosit theo sang ché dugc chira trong thyc pham hodc dd udng theo
sang ché khac nhau phy thudc vao thuc phim hozc dd udng cu thé, t6t hon 1a khoang
0,0004%-0,8% va con t6t hon 1a tir 0,04%-0,4%. Mién 1a ham lugng ndm trong khoang
néu trén thi du vi dong lai c6 thé duoc ngin mot cach thuén loi.

Thuc phdm hodc d6 ubng theo séng ché c6 thé con chita cac steviol glycosit khéc.
Vi dy, ché pham tao ngot theo sang ché co thé chua, ngoai glycosit theo sang ché, mot
hodc nhidu loai steviol glycosit dwoc chon tr nhéom bao gdm rebaudioside A,
rebaudioside B, rebaudioside C, rebaudioside D, rebaudioside E, rebaudioside F,
rebaudioside I, rebaudioside J, rebaudioside K, rebaudioside N, rebaudioside M,
rebaudioside O, rebaudioside Q, rebaudioside R, dulcoside A, dulcoside C, rubusoside,

steviol, steviol monosit, steviol biosit va steviosit.
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Trong trudng hop bao gdm steviol glycosit khac, thi ti 1¢ thanh phén ctia glycosit
theo sang ché va steviol glycosit khéc tot hon 12 0,01:9,99-6:4 theo ti 1€ khdi lugng.

Thuc phdm hodc dd udng theo sang ché c6 thé con chura chét tao ngot thong
thuong. Céac vi du vé chit tao ngot thong thudng nhu vay bao gdm céc chét tao ngot tur
nhién nhu fructoza, dudng, xi r6 fructoza-glucoza, glucoza, mantoza, sucroza, Xi r0
fructoza cao, rugu dudng, oligosaccarit, mit ong, nudc mia ép (xi rd dudng nu), xi rd
tinh bot, bot Lo Han Kuo (Siraitia grosvenorii), dich chiét Lo Han Kuo, bdt cam thao,
dich chiét cam thao, bot hat giéng Thaumatococcus daniellii va dich chiét hat giéng
Thaumatococcus daniellii, va cac chét tao ngot nhan tao nhu axesulfam kali, sucraloza,
neotam, aspartam va sacarin. Trong sb chung, céc chét tao ngot ty nhién t6t hon 1a duoc
st dung tir khia canh vé truyén mui vi sach, kha ndng dé uéng, huong vi tu nhién va su
tuong dbi giau mui vi, trong do6 fructoza, glucoza, mantoza, sucroza va duong déc biét tdt
hon 1a duoc sir dung. Hodc 1a mdt hodc nhiéu loai cac thanh phén tao ngot nay dugc su
dung.

Céc vi du vé thuc phdm theo sang ché bao gdm, nhung khong bi gidi han & banh
keo, banh my, bot ngii cde, my, gao, thuc pham nodng nghiép/lam nghiép ché bién sin,
san phdm gia stc ché bién sin, san phdm ca ché bién sin, san phim sita/bo sita, san phim
diu va chit béo/diu va chét béo ché bién sin, gia vi hodc nguyén liéu thuc pham khac.

Céc vi du v& dd udng theo séng ché bao gdbm, nhung 14 khong bi gi6i han cu thé &
dd ubng co ga, dd udng khong c6 ga, d6 udng c6 con, dd udng khong con, dd ubng c6 vi
bia hodc bia khong con, ca phé, tra, dd uéng cacao, do uéng dinh dudng va dd uéng dang
thuc phdm chire ning.

Db ubng theo sang ché ¢6 thé dugc khor tring bing nhiét va dugc dong goi aé
duoc ché bién lam dd ubng bao goéi. Céc vi du v& @6 ubng nhu vay bao gbm, nhung 12
khong bi gi6i han cy thé & chai PET, db hop nhom, hgp thép, hop gidy, coc duge 1am lanh,
va chai. Trong trudng hop ma viéc khur trung bang nhiét can duoc thuc hién thi cach khir
tring bang nhiét 1a khong bi gidi han cu thé. Vi du, viéc khir tring bang nhiét c6 thé duoc
thuc hién bing cach st dung k¥ thuat chung nhu khu trang UHT, hép thanh trung hodc
tuong tu. Néu nhiét do trong qua trinh khir trung b'fmg nhiét 12 khong bi gidi han cu thé
thi vi du n6 1a 65-130°C, va tot hon 1a 85-120°C, trong 10-40 phut. Viéc khir trung, tuy
nhién, ¢6 thé duge thuc hién & nhiét do thich hop trong vai gidy, vi du 5-30 gidy, ma

khong x4y ra vén d& mién 12 dat duge ciing tri s6 khir tring véi cc diéu kign duge md ta
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trén day.

4. Thuc vat chira steviol glycosit méi va dich chiét ciia no6

Theo mdt khia canh cia sang ché, séng ché @& cap dén thuc vat chia steviol
glycosit méi va dich chiét cia nd. Hon nita, theo mot khia canh khéc cta sang ché, sang
ché dé cap dén thuc phém hodc dd uéng, t5t hon 1a dd uéng, chira thuc véat theo sang ché
hodc dich chiét thuc vat. Néu luong glycosit theo sang ché dugc chira trong thuc vat theo
sang ché 12 khong bi giéi han cu thé, tdt hon 1a tir 0,001%-1,000% va tdt hon nita 1a
0,01%-0,80%.

Tét hon 13, thuc vat theo sang ché 1a thuc vat ma chira glycosit theo sang ché véi
lugng nhidu hon céc loai stevia kiéu dai khoang 0,01% hodc nhiéu hon. Nhu duge md ta
trén day, steviol glycosit theo sang ché khong dugce chira mdt chit nao trong stevia kiéu
dai hoac néu can, dugc chira véi luong gidi han phat hién hogc it hon.

Cum tir "chira glycosit theo sang ché voi lugng nhiéu hon cac loai stevia kiéu dai
khoang 0,01% hodc nhiéu hon" nghia 13, lién quan dén ham luong (ndng do) clia glycosit
theo sang ché dugc chira trén mdi don vi sb luong (vi du 10ml) dich chiét dang léng tir 14
tuoi (14 khong phoi kho) cta thyc vat stevia kidu dai, ham luong (ndng dd) cia glycosit
theo sang ché dugc chira trong don vi s6 luong twong dwong cua dich chiét dang 16ng tir
14 tvoi (14 khong phoi kho) cla thyc vat theo sang ché (lwong gidng nhu lugng cua dich
chiét dang long tir 14 cta thuc vat stevia kiéu dai plant) 12 cao hon khoang 0,01% hogc
nhiéu hon. Trong ban md ta ndy, thuc vét theo sing ché c6 thé chira glycosit theo sang
ché vé6i luong 16n hon céc loai stevia kiéu dai 1a 0,02% hoic nhiéu hon, 0,03% hoidc
nhidu hon, 0,04% hodc nhidu hon, 0,05% hogc nhidu hon, 0,07% hogc nhiéu hon, 0,09%
hodc nhiéu hon, 0,10% hodc nhiéu hon, 0,15% hoic nhiéu hon, 0,20% hoic nhiéu hon,
0,40% hodic nhidu hon, 0,60% hodc nhiéu hon, 0,80% hodc nhidu hon, 1,0% hofc nhiéu
hon, 1,50% hoiic nhidu hon, 2,00% hodc nhidu hon, 4,00% hogc nhiéu hon, 6,00% hodc
nhidu hon, 8,00% hoc nhidu hon, hodc 10,00% hogc nhiéu hon.

Hon nita, cum tir "ty 1€ cta glycosit theo sang ché trong s6 tbng steviol glycosit
13 0,01% hodc nhiéu hon" nghia 1a glycosit theo sang ché ton tai & ty 1€ 12 0,01% hodc
nhiéu hon tinh theo ham lugng cta tbng steviol glycosit ton tai trong dich chiét dang 16ng
tir 14 twoi (14 khong phoi khd) cua thuc vat stevia theo sang ché. Trong ban mo ta nay,
tdng steviol glycosit khong chira steviol glycosit chua dugc biét dén hoac khong chira bét

ky steviol glycosit nao tdn tai & luong it hon giG¢i han phat hién. Tét hon 14 téng cac
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steviol glycosit gdm c6 rebaudioside A, rebaudioside B, rebaudioside C, rebaudioside D,
rebaudioside E, rebaudioside F, rebaudioside I, rebaudioside J, rebaudioside K,
rebaudioside N, rebaudioside M, rebaudioside O, rebaudioside Q, rebaudioside R,
dulcoside A, dulcoside C, rubusoside, steviol, steviol monosit, steviol biosit va steviosit.

Néu ham luong glycosit theo sang ché trong thuc vt theo sang ché 13 nhu duge
mo ta trén day thi trong trudng hgp ma la khoé thu duge tir thyc vét theo sang ché,
glycosit theo sang ché ¢6 thé tdn tai voi lugng 1a 0,01% trong lugng hodc nhiéu hon,
0,02% trong luong hoac nhiéu hon, 0,03% trong lugng hodc nhiéu hon, 0,04% trong
lugng hodc nhiéu hon, 0,05% trong lugng hogc nhiéu hon, 0,07% trong luong hodc nhiéu
hon, 0,10% trong lugng hodc nhiéu hon, 0,15% trong luong hodc nhiéu hon, 0,20% trong
luong hodc nhiéu hon, 0,30% trong lwong hodc nhiéu hon, 0,50% trong lugng hodc nhiéu
hon, 0,60% trong lugng hodc nhiéu hon, 0,80% trong lwgng hodc nhiéu hon, 1,00% trong
luong hodc nhiéu hon, 2,00% trong lugng hodc nhiéu hon, 4,00% trong lugng hodc nhiéu
hon, 6,00% trong lugng hodc nhiéu hon, 8,00% trong lugng hodc nhiéu hon, hoic
10,00% trong lugng hodc nhiéu hon tinh theo trong lugng cua 14 khd néu trén.

Trong ban md ta nay, 14 kho cia thuc vét theo sang ché 1a cac loai thu duogc béng
cach 1am kho 14 w6t cia thuc vat theo sang ché dé 1am giam ham lugng nude cia ching
xudng 10% trong luong hodc it hon, 7% trong lwong hodc it hon, 5% trong luong hodc it
hon, 4% trong lugng hodc it hon, 3% trong lugng hodc it hon, 2% trong lugng hodc it
hon, hodc 1% trong lugng hodc it hon. Tét hon 1a ham luong nuée cua 14 khd cua thuc
vat theo sang ché 1a 3-4% trong lugng.

Vi du vé thuc vat theo sang ché bao gém thuc vat co nhiéu Reb.C. Nhu dugc md
ta trén day, steviol glycosit theo sang ché khong dugc chira mdt chut nao trong stevia
kiéu dai, néu c6, dugc chira voi lugng gidi han phat hién hodc it hon. Trong khi d6 thi cac
tac gid sang ché da phat hién ra steviol glycosit theo sdng ché dugc chira véi lugng lon
hon & thuc vat c6 nhidu Reb.C. Vi vdy, steviol glycosit méi va dich chiét cia n6 cling
chira thuc vét v6i nhidu Reb.C nhu vdy va dich chiét cua no.

Vi du vé thuc vat nhiéu Reb.C nhu vay bao g@)m, nhung 1a khong bi gi6i han cu
thé &, thuc vat stevia khong ti t6 hop chira rebaudioside C cao ma chira rebaudioside C
v6i luong 16n hon cac loai stevia kiéu dai khoang 20% hodc nhiéu hon, va ty 1&
rebaudioside C cia né trong sb tong céc steviol glycosit 1a 40% hodc nhiéu hon (sau day

con duoc goi la "thue vat Reb.C cao").
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Vi du vé thuc vat Reb.C cao bao gém thuc vat stevia khong tai td hop chwra
rebaudioside C cao ma chira rebaudioside C véi lugng 16n hon céc loai stevia kiéu dai 1a
20% hodc nhiéu hon, va ty 18 rebaudioside C cia n6 trong sd téng cac steviol glycosit 1a
40% hozc nhiéu hon.

Thuc vat Reb.C cao la loai gidng cay trdng c6 ngudn gbc tir thuc vat stevia kiéu
dai, ma trong d6 dot bién gen xay ra lam ting rebaudioside C. Cac vi dy v& dot bién gen
nhu vay bao gbdm nhung 13 khong bi gi6i han cu thé & dot bién gen giy ra do cac diéu
kién xay ra ty nhién, dot bién gen gay ra do k¥ thuat phi tai t6 hop va dot bién gen gy ra
do su tai td hop gen.

Thuc vat Reb.C cao co thé dugc sang loc, vi du bing céch phéat hién hién tuong
da hinh gen trong md cua thyc vat. Trong ban mo ta nay, "su sang loc" nghia 14 nhén
dang va chon thuc vat Reb.C cao trong s6 cac co thé thuc vat khac.

Thuc vat Reb.C cao cling ¢6 thé dugc sang loc theo phuong phéap sang loc ma
bao g@)m budc nhan dang hién tugng da hinh cia A trong kidu dai dugc bién dbi thanh T
& nucleotit thir 60 cla trinh tu nucleotit dugc thé hién bang SEQ ID NO:11 trong bd gen
cua thuc vat thir nghiém.

Thuc vat theo sang ché khong chi bao gbm toan bd thyc vat ma con bao gbm cac
co quan cua thyc vat (vi dy, 14, cdnh hoa, thén, r&, hat giéng, v.v.), cac mo thyc vat (vi du,
biéu bi, libe, nhu md, chét gé, bé mach, mo palisade, mo xép, v.v.), cac dang khac cua té
bao thuc vat (vi du, cac té bao dugc nudi céy trong hon dich), thé nguyén sinh, méu 14,
thé sin va tuong tu.

Ngoai ra, thuc vat theo sang ché ciing c6 thé bao gbm viéc cdy mo hoic cy té
bao thuc vat. Po 1a bai vi viéc céy mo hodc viéc céy té bao thuc vat co thé dugc céy dé
tai tao thuc vat. Cac vi du vé viée céy mo hodc céy té bao thuc vat cta thuc vat theo sang
ché bao gdm, nhung khong bi gidi han & phoi, cac té bao md phan sinh, phén hoa, 14, ré,
ngon ré, canh hoa, té bao nguyén sinh, méu 14 va thé san.

Dich chiét ctia thuc vat theo sang ché ¢6 thé thu duoc b%mg cach cho 14 tuoi hodc
14 kho cua thyc vat theo sang ché phan tng v6i dung moi thich hop (dung moéi chira nudc
nhu nuée hodc dung mdi hitu co nhu ruou, ete hodc axeton). Déi voi didu kién chiét, xem
phuong phap dugc mo ta trong cong bd don s W02016/090460 hoic phuong phap duge
mo ta trong vi du dudi day.

Tét hon 1a dich chiét cua thyc vat theo sang ché chira glycosit theo sang ché véi
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lugng 16n hon stevia kiéu dai 0,01% hodc nhiéu hon, trong d6 ty 1€ cua glycosit theo sdng
ché trong sb tong cac steviol glycosit 1a 0,01% hogc nhiéu hon. Trong ban mo ta nay, cum
tir "chira glycosit theo sang ché voi luong 16n hon stevia kidu dai 1a 0,01% hodc nhiéu
hon" nghia 1a tuong tu nhu dugc dé cap trén ddy. Theo cach tuong ty, cum tlr "ty 1€ ctia
glycosit theo sang ché trong sd tong céc steviol glycosit 1a 0,01% hodc nhiéu hon" cling
nghia la twong ty nhu duoc dé cap trén day.

5. Ché phAm didu vi chira steviol glycosit mé&i

Maic du steviol glycosit méi theo sang ché duogc chua trong dich chiét stevia véi
mot lvong nhd, né duge xem la ¢6 anh hudng dén huong vi dich chiét stevia. Trong khi
khong mong mudn bi rang budc bdi bét ky 1y thuyét nao, viéc bd sung lugng nhd steviol
glycosit theo sang ché c6 18 ¢6 thé kiém soat huong vi cia thyc pham hoic dd ubng. Vi
vay, theo mdt khia canh cua sang ché, sing ché dé cap dén ché phim diéu vi chtra hop
chit dugc thé hién béi cong thic (1) hogc dan xuét, mubdi hoic hydrat ctia né dugc dé cap
trén day.

Duoc sir dung trong ban mo ta nay, "ché pham diéu vi" 1a chit ma c6 thé dugc
thém vao thuc phdm hodc do ubng dé kiém soat huong vi cta thuc phdm hodc dd ubng.
Tét hon 1a ché pham diéu vi theo sang ché ¢6 thé dugc thém vao thuc phim hoic d6 udng
dé kiém soat hwong vi ctia chinh thyc pham hodc d6 ubng ma khong ngudi tiéu ding nao
nhén ra huong vi cia chinh ché phim diéu vi. Vi dy, do steviol glycosit theo séng ché ¢6
du vi ngot tuyét voi khi so sanh véi cac steviol glycosit thong thudng, n6 co thé duoc st
dung lam ché phém didu vi dé kiém soét du vi ngot cta thyc phém hodc dd udng.

Chét kiém soat vi theo séng ché tét hon 1a bao gém, ngoai hgp chét dugc thé hién
bdi cong thirc (1) hodc dAn xuét, mudi hoic hydrat cia né néu trén, mot hodc nhiéu loai
chét tao ngot khac. Cac vi du vé chit tao ngot nhu vay bao gém: mot hodc nhiéu loai
steviol glycosit dugc chon tir nhom bao gdm: rebaudioside A, rebaudioside B,
rebaudioside C, rebaudioside D, rebaudioside E, rebaudioside F, rebaudioside 1,
rebaudioside J, rebaudioside K, rebaudioside N, rebaudioside M, rebaudioside O,
rebaudioside Q, rebaudioside R, dulcoside A, dulcoside C, rubusoside, steviol, steviol
monosit, steviol biosit va steviosit; chét tao ngot tu nhién nhu fructoza, dudng, xi rd
fructoza-glucoza, glucoza, mantoza, sucroza, xi . rd fructoza cao, rugu dudng,
oligosaccarit, mat ong, nudc ép mia (xi r6 duong nau), xi r6 tinh bot, bot Lo Han Kuo

(Siraitia grosvenorii), dich chiét Lo Han Kuo, bot cam thao, dich chiét cam thao, bot hat
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gidng Thaumatococcus daniellii va dich chiét hat gidng Thaumatococcus daniellii; va
chét tao ngot nhin tao nhu axesulfam kali, sucraloza, neotam, aspartam va sacarin.

6. Phuong phap san Xuét steviol glycosit méi

Nhu dugec mo ta trén diy, steviol glycosit theo sang ché co thé dugc san xuit
bang (A) viéc phan tach/tinh ché tir thuc vat, (B) tdng hop héa hoc, hoic (C) sinh tong
hop. Sau day, mdi loai s& dugc mo ta.

(A) Phén tach/tinh ché tir thuc vt

Do thuc vat theo sang ché chira steviol glycosit méi theo sing ché, steviol
glycosit méi co thé dugc phéan tach/tinh ché tir thuc vat néu trén. L4 tuoi hodc kho cia
thyc vat theo sang ché duge cho phan tng v6i dung méi thich hop (dung méi chira nude
nhu nuéc hodc dung mdi hitu co nhu rugu, ete hodc axeton) dé chiét steviol glycosit m&i
& trang thai dich chiét 1ong. Péi v6i cac didu kién chiét va diéu kién khac, xem phuong
phap dugc md ta trong cong bd don W02016/090460 hodc phuong phap dugc mo ta
trong vi du dudi day.

Hon nira, dich chiét 1éng tao thanh c6 thé dugc cho tham gia phuong phap da biét
nhu gradien etyl axetat hodc dung moi hiru co khéc: nudc, sdc ky léng hiéu ning cao
(HPLC), hodc sic ky léng hiéu ning siéu cao (UPLC) dé phan tach/tinh ché steviol
glycosit moi.

Ham lugng cta steviol glycosit méi trong thue vét co thd duoc xac dinh bang
phuong phap dugc mo ta trong cong bd don s& W02016/090460 hodc phwong phap dugc
mé ta trong vi du dui day. Cy thé 13, ham lugng c6 thé duoc do bang cach lay mau 14
tuoi tir thuc vat theo sang ché va cho 14 tham gia qué trinh LC-MS/MS.

(B) Téng hop hoa hoc

Phuong phép san xuét steviol glycosit theo sang ché bang cach tong hop hoa hoc
duoc mo ta chi tiét dudi day.

Céac steviol glycosit co cac cdu tric ma trong do céc gbc dudong khac nhau
(glucoza, ramnoza, xiloza, v.v.) dugc gén & vi tri aglycon, tirc 1a steviol, qua céc dang lién
két khac nhau (cac vi tri va hinh dang lién két). Vi vay, steviol glycosit mong mudn c6
thé thu duoc qua cac dudng tbng hop khic nhau phu thudc vao vét liu ban dau dugc
chon. Tuy nhién, nguoi ¢ hiéu biét trung binh trong linh vyc ma séng ché lién quan dén
hidu ring thoi gian va hiéu sudt dé thu duoc hop chit mong mudn thay ddi déng ké phu

thudc vao dudng tong hop.
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Thoi gian nay, cac tac gid sang ché phat hién ra ring phuong phép méi dé san
xuét steviol glycosit theo sang ché véi tinh chon loc cao hon va hiéu suét cao hon qua
duong tong hop cu thé. Theo phuong phap san xuét steviol glycosit theo sang ché, viéc
tdng hop hoa hoc steviol glycosit dién ra bang cach tach steviol glycosit thanh "steviol
glycosit" va "dang duong hemiaxetal" nhu dugc thé hién trong So db 1.

So dd 1: Phuong phép téng hop steviol glycosit méi

gle(1-3y—=gle-1—0

rha(1-2
o]
Rd'
glef{1-3)==glc-1=—0
glo(1-3)>gle-1 ha(1-2)
tha(1-2}
oF +
Qe
rha(1-2} H”
I Budrng hemiaxetal J Steviol glycosit

Steviol glycosit ¢co thé duge didu ché bang cach dan xudt tir chét ton tai trong tu
nhién (rebaudioside, dulcoside, steviosit, steviol biosit, rubusoside, v.v.). Trong khi do
duong hemiaxetal co thé duge didu ché hodc 14 tr chét tOn tai trong tu nhién hodc 1a bing
su tng hop héa hoc. Céc tac gia sang ché phat hién ra rang steviol glycosit mong mubn
¢6 thé thu duoc hiéu suét cao va tinh chon loc B cuc ky cao bang cach ngung tu steviol
glycosit va duong hemiaxetal qua phan g Mitsunobu.

Theo mdt khia canh cia sang ché, sang ché dé cap dén phuong phap san xuét hop
chét duoc thé hién boi cong thuc (1) trong d6 phuong phép nay bao gdm cac budc:

(A) didu ché chét trung gian 1 dugc thé hién boi cong thire (5):

p-glc(1-3)—p-glc-1—0
p-rha(1-2)

H™ (5)
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trong d6 p-glc 1a glucoza trong do it nhit mot nhém hydroxyl dugc bao vé bdi nhom bao
vé, va p-rha 1a ramnoza trong do it nhit mot nhém hydroxyl duge bao vé bdi nhom bao
ve,
tir rebaudioside C dugc thé hién béi cong thic (4):

glc(1-3)==glc-1=0

rha(1-2)

gle-17 © (4)
trong d6 glc 1a glucoza va rha la ramnoza;
(B) didu ché chét trung gian 2 dugc thé hién boi cong thirc (6) hoge chat trung
gian 3 duogc thé hién boi cong thic (7) tir ddn xuét glucopyranoside:
p-glc-1-
p-rha(1-2) (6)

p-glc(1-3)—p-glc-1-
p-rha(1-2) (7)

trong do p-glc 12 glucoza trong do it nhit mdt nhém hydroxyl duge bao vé béi nhom bao
vé, va p-rha 1a ramnoza trong do it nhit mot nhém hydroxyl dugc bao vé boi nhom bao
ve; va

(C) cho Chét trung gian 1 phan tng véi chét trung gian 2 hodc 3 voi sy c6 mit

cta chit phan tmg phosphin va hop chét azo dé thu dugc chét trung gian 4 dugc thé hién

badi cong thire (8):
p-glc(1-3)—p-glc-1—0O
p-rha(1-2)
o (o]
Ri” (8)

trong d6, R 1a chudi dudng c6 cong thirc (9) hodc (10); va
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p-glc-1-
p-rha(1-2) (9)

p-glc(1-3)—p-glc-1-
p-rha(1-2) (10)

p-glc 1a glucoza trong do it nh4t mot nhém hydroxyl duge bao vé boi nhoém bao vé, va p-
rha 13 ramnoza trong d6 it nhat mot nhém hydroxy! duoc bao vé bdi nhoém bao vé.

Trong ban md ta nay, cac vi du vé nhém bao vé bao gdbm nhém bdo vé axyl,
nhom silyl c6 ba nhom thé, nhom bao vé axetal va nhom bao v¢ ete. Cac vi du uu tién
bao gdbm nhém silyl c6 ba nhom thé (nhém trimetylsilyl, nhém trietylsilyl, nhom t-
butyldimetylsilyl, v.v.) va nhém bao vé axyl (nhom axetyl, nhém benzoyl, v.v.).

Sau day, mot khia canh cu thé cua phuwong phap san xuét steviol glycosit theo
sang ché dwgc md ta, tuy nhién phuong phép san xuét glycosit theo sang ché khong bi
gidi han ¢ khia canh nay.

(A) Budc dau tién (téng hop steviol glycosit)

Steviol glycosit co thé thu dugc, vi du, bing So dd 2 dudi day st dung
rebaudioside C (dulcoside B) c6 trong tu nhién 1am nguyén li€u tho.

So dd 2: Tong hop steviol glycosit

OH OH
H 0 HO o
HO:
H ]
uo?@i
Hi H |

al

OH
HO ] Q
n&:/
H

Rebaudioside C 1 2 Steviol glycosit 3

Piu tién, rebaudioside C dugc hoa tan trong dung moi nhu metanol va nudce,
dugc thém bazo manh nhu natri hydroxit, va dugc hdi lru & nhiét @6 60°C-120°C trong 2
gid hodc 14u hon sao cho phén tir glucoza dugc loai bo tlr vi tri C-19 cua rebaudioside C
dé tao ra Hop chit 2 néu trén. Pé thyuc hién quy trinh nay, dung moi ¢o thé dugc lam bay

hoi sau khi trung hoa dung dich phan ung bang nhya trao dbi cation hodc tuong tu.
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Hop chét 2 dugc hoa tan thém trong dung mdi nhu pyridin, va dugc thém
anhydrit axetic hoac tuong tu dé bao vé cac nhém hydroxyl dugc chira trong hop chét 2,
nho d6 thu duge hop chét 3 (Chét trung gian 1).

(B) Budc hai (tdng hop disaccarit hodc trisaccarit hemiaxetal)

Disaccarit hemiaxetal ho#c trisaccarit hemiaxetal co thé thu dugc, vi du, bing
cach st dung din xuét glucopyranoside c6 ban sin lam chit ban diu. Viéc tong hop
disaccarit hemiaxetal (Budc 2a) va trisaccarit hemiaxetal (Budc 2b) duge thé hién lan
luot trong So dd 3 va 4.

So dd 3 14 quy trinh tbng hop disaccarit hemiaxetal (Budc 2a) nhu dudi day.

So db 3: Tong hop disaccarit hemiaxetal

G, CF;
acoZplf W
A HPh
Qhe

5 11eq
Pl o Hs OH
PO\ o TfOH ?3&‘3\-'0"‘* Pd(OH), ”;?elé:{’»ow
Bngie:‘.\_..ow _— —_— o
OH CH-CI AcO—Lr2 Acom?’
2l Ac EtOH/THF AcO
MS A RT Ohc
4 RT 6 7

{1} AcO
Pyr.

OAc

o 2o
m,o$2Z
(2) CAN P

MeCN/H,0O
=2/1 disaccarit hemiaxetal g

RT

DPau tién, 4-metoxyphenyl 3-0O-benzyl-4,6-O-benzylidin-p-D-glucopyranoside
(Hop chét 4), Hop chat 5 va rdy phan tr (MS) dugc hoa tan trong dung mdi nhu
diclometan, dugc thém axit triflometansulfonic (chét xuc tac axit), va dugc khuéy 4]
25°C-80°C trong 2 gio hodc lau hon d8 tao ra hop chét 6.

Tiép theo, hop chit 6 dugc hoa tan trong dung mdi nhu etanol hodc THF, dugc
thém chit xuc tac nhu paladi hydroxit & nhiét do trong phong, va dugc khudy trong mdi
truong khi hydro & nhiét do trong phong trong 2 git hodc lau hon dé hoan thanh phéan
ung. Sau do, chét xuc tac duge loai bod bé‘mg cach loc dé tao ra hop chit 7. Hop chit 7
dugc hoa tan trong dung mdi nhu pyridin, dugc thém anhydrit axetic & nhiét do trong

phong, va duoc khudy & nhiét do trong phong trong 12-36 gid. Sau do, dung dich dugc co
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dudi 4p suat gidm, thém axetonitril va nudc, thém chét oxy hoa nhu xeri amoni nitrat, va
khudy trong 5 phut dén 2 gior dé tao ra hop chét 8 (Chét trung gian 2).
So dd 4 14 quy trinh tong hop trisaccarit hemiaxetal (Budc 2b) nhu dudi day.

So db 4: Tong hop trisaccarit hemiaxetal

CF
A

5 11eq
2 O a Hg OH
RO\ o TIOH Bro OMP  Pg(OH), ";?&émw
- QP =g . e————
H mo?&‘j N +
C';fg‘z ad Lo EtOH/THF ““"ﬁ QZM
RT RT
4 6 7
OAc
AcD
- o, _CEl
oac Tf, (1) Hy
10 Pd{OH};

PhCH{OM # Oh¢ PO
( &)z H;k» _ToH W‘ésv .&ﬁ, Et%'fm?
A
MGCM E i CHQC'Q ,“E i

1 (2) AcyO
MS Pyr.
0°C i1 RT

QAc Ihe

%“ﬁ& CAN “zeg_é:&fgﬁm
rmm—— Ohc (o]
&?ﬁ' MeCN/H,0 uoﬁ

=21 OAe

RT . .
trisaccarit hemiaxetal 13

Piu tién, 4-metoxyphenyl 3-0O-benzyl-4,6-0-benzylidin-p-D-glucopyranoside
(Hop chit 4), Hop chit 5 va ray phan td (MS) dugc hoa tan trong dung moi nhu
diclometan, thém axit triflometansulfonic (chét xuc tac axit), va khudy & 25°C-80°C trong
2 gio hodc 1au hon d8 tao ra hop chit 6.

Tiép theo, hop chét 6 duoc hoa tan trong dung mdi nhu etanol hodc THF, thém
chét xtc tac nhu paladi hydroxit ¢ nhiét d6 trong phong, va khudy trong mdi trudong khi
hydro & nhiét do trong phong trong 2 gio hogc lau hon dé hoan thanh phéan tmg. Sau do,
chit xuc tac duge loai bd bang cach loc dé tao ra hop chat 7. Hop chét 7 duge hoa tan
trong axetonitril, thém benzaldehyde dimetyl axetal & nhiét do trong phong, va dugc
khudy trong 2 gi® hodc 1au hon dé tao ra hop chit 9.

Hop chat 9 va 10 va rdy phan t¢ (MS) duogc hoa tan trong dung modi nhu
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diclometan, dugc thém axit triflometansulfonic ¢ nhiét do trong phong, va dugc khudy &
0°C trong 3-9 gio dé tao ra hop chét 11. Hop chit 11 tao thanh duoc hoa tan trong dung
mdi nhu etanol hodc THEF, thém chét xtc tac nhu paladi hydroxit ¢ nhiét do trong phong,
va khudy trong moi trudng khi hydro ¢ nhiét do trong phong trong 2 gio hodc lau hon dé
hoan thanh phan tng. Sau do, chét tao thanh duoc hoa tan trong dung mdi nhu pyridin,
thém anhydrit axetic ¢ nhiét do trong phong, va khudy & nhiét do trong phong trong 12-
36 gid dé tao ra hop chit 12. Sau d6, dung dich dugc cd dudi ap suit giam, thém
axetonitril va nuéc, thém chit oxy héa nhu xeri amoni nitrat, va khudy trong 5 phut dén 2
gid, tr d6 thu dugc hop chat 13 (Chét trung gian 3).

(C) Buéc ba (Tdng hop hop chit duge thé hién bdi cong thire (1))

Hop chit dugc thé hién boi cong thire (1) cd thé dugc téng hop, vi du, theo so )
5 hodic 6 dudi ddy st dung hop chét 3 (Chat trung gian 1) va hop chat 8 hoc 13 (Chat
trung gian 2 hodc 3) thu dugc trong Budc 1 va 2 (2a hogc 2b) ¢ trén.

So dd 5: Tong hop hop chét dugc thé hién boi cong thire (1) (Glycosit A)I

ohe PBuj
a:gg%‘m TMAD
———g_—-
“"o,,,:ﬁ ﬁ 1,4-dioxan
60 °C
1.5eq.
disaccarit hemiaxetal B Steviol glycosit 3
OH
ch—g ol Hﬁﬁog o
maz..f
NaOMe
——
MeOH/THF
RT

Glycoside A 15
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So db 6: Téng hop hop chit dugc thé hién boi cong thire (1) (Glycosit B)

Tae OAg
AeO—ie0 AcO o
Ole ane AED e 0
O A
Aetr o )
ke o Ax
O

Ohe Ohe PBu; #e0
Q AcO o :
“Ei';.%.f"oét\,‘w aco TMAD A
Ag [+] - Acdh
Zzef " 90
AE0D e L
acd Lo 1,4-dioxan o

A OAc ¥
B AR
[+ 127 3 g
1.0 dwong lrong “‘31;2?

520 Gae
Trisaccaril hemiaxetal 13 Steviol glycosit 3 16

OH OH
HO D WD a
Hg%—aoﬁpfo
H o
"o :%;2?' |
H

1,5 duang lvong

QH
NaOMe :
P e
MeQHITHF .
OH OH
RT d

Glycoside B 17

Paiu tién, disaccarit hodc trisaccarit hemiaxetal va steviol glycosit thu dugc trong
Buéc 1 va 2 (2a hodc 2b) dugc cho tham gia vao phan (mg Mitsunobu dé thu dugc
glycosit trong d6 disaccarit hodc trisaccarit hemiaxetal dugc lién két mot cach chon loc
v6i nhém carboxylic ¢ vi tri C-19 cua steviol. Cu thé 13, nhitng hop chét nay duogc hoa
tan trong 1,4-dioxan, duoc thém chét phan tmg phosphin nhu tributylphosphin hoac
triphenylphosphin va hop chit azo nhu 1,1’-azobis (N,N’-dimetylformamit) (TMAD) &
nhiét do trong phong, va dugc khqu & 50°C-80°C trong 2 gio hodc 1au hon dé tao ra hop
chit 14 hoic 16. Cudi cung, nhém bao vé cia hop chét 14 hoic 16 dugc khir bao vé dé
tao ra hop chit dugc thé hién boi cdng thic (1) (Glycosit A hodc B).

(C) Sinh tong hop

Steviol glycosit theo sang ché ciing c6 thé dugce tao ra bang céch chuyén dich sy
ma hoa polynucleotit cua protein dinh trudce dén t& bao chii c6 ngudn gbe tir vi khuén,
thuc vat, con trung, dong vat c6 va khong phai ngudi hodc tuong ty, va st dung steviol,
steviol glycosit, UDP-glucoza va/hodc UDP-ramnoza lam chit nén. Steviol, steviol
glycosit, UDP-glucoza hogc UDP-ramnoza ]am chit nén c6 thé hoic 1a duge tao ra hodc

1a duoc sinh tong hop trong té bao. Trong khi cac vi du vé protein dinh trudc bao gdm
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UGTS$5C2 (trinh tu axit amin cua n6 dugc thé hién bang SEQ ID NO:2), UGT74G1
(trinh tu axit amin cia n6 dugc thé hién bing SEQ ID NO:4), UGT91D2 (trinh ty axit
amin cta n6 dugc thé hién bang SEQ ID NO:6), UGT76G1 (trinh tu axit amin cua no
duoc thé hién biang SEQ ID NO:R) din xuét tor stevia vd UDP-ramnoza synthaza
AtRHM?2 (trinh ty axit amin cia n6 dugc thé hién béng SEQ ID NO:10) din xuét tir
Arabidopsis thaliana, n6 khong bi gi6i han & cac vi du nay mién 13 né c6 hoat tinh tuong
duong.

Protein néu trén la enzym c6 ngudn gdc tir Arabidopsis thaliana hodc stevia, ma
duoc ky vong la hoat héa cao trong mdi trudong bén ngoai té bao thuc vat nhu
Arabidopsis thaliana va stevia (vi du, trong mdi trudng ngoai bao, hodc bén trong té bao
chu khac ngoai stevia). Trong trudng hop nay, sy ma hoa polynucleotit cia protein néu
trén (vi du, gen UGT85C2 dugc thé hién bang SEQ ID NO:1, gen UGT74G1 dugc thé
hién bing SEQ ID NO:3, gen UGT91D2 duge thé hién béng SEQ ID NO:5, gen
UGT76G1 duoc thé hién bing SEQ ID NO:7 va gen AtRHM2 dugc thé hién bing SEQ
ID NO:9) duogc chuyén vao té bao chu co nguén géc tir vi khuén, ndm, thuc vat, con
tring ho#c dong vat c6 vu khong phai ngudi dé cho phép su biéu hién cta protein theo
sang ché, theo do steviol, steviol glycosit, UDP-glucoza hodc UDP-ramnoza & dang chat
nén dugc dé& xuét dé tao ra hop chét theo sang ché. Ngoai ra, tuy thudc vao vat chy,
protein dugc dé cap trén day duogc biéu hién trong té bao chi ma theo d6 chit nén thich
hop dugc dé xut dé tao ra hop chét theo sang ché.

Theo mot khia canh cua sang ché, phuong phép san xuét steviol glycosit méi
theo sang ché dugc dé cap, trong d6 phuong phap nay ddc trung ¢ chd sir dung thé bién
nap khong phai ngudi ma da dugc dua vao it nhét mot trong cac polynucleotit (a) dén (g).

(a) Polynucleotit md héa protein ma co sy tuong ddéng 90% hodc cao hon véi
trinh tu axit amin ctia SEQ ID NO:2 va c6 hoat tinh bd sung glucoza vao nhom hydroxyl
& vi tri C-13 cua steviol glycosit.

(b) Polynucleotit ma héa protein ma co sy tuong ddng 90% hodc cao hon véi
trinh tu axit amin ctia SEQ ID NO:4 va c6 hoat tinh bd sung glucoza vao axit cacboxylic
& vi tri C-19 cua steviol glycosit.

(c) Polynucleotit md hoa protein ma c6 sy tuong ddng 90% hodc cao hon véi
trinh ty axit amin cia SEQ ID NO:6 va ma c6 hoat tinh bd sung ramnoza vao glucoza

duoc gin & vi tri C-13 cia steviol glycosit qua lién két 1—2.
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(d) Polynucleotit ma hoa protein ma c6 sy tuong ddng 90% hodc cao hon véi
trinh ty axit amin cia SEQ ID NO:8 va c6 hoat tinh bd sung glucoza vao vi tri C-3 cua
glucoza & vi tri C-13 cua steviol glycosit qua lién két 1—-3.

(e) Polynucleotit md héa protein ma co sy tuong ddng 90% hodc cao hon véi
trinh tu axit amin cia SEQ ID NO:6 va c6 hoat tinh bd sung glucoza vao glucoza & vi tri
C-19 cua steviol glycosit qua lién két 1-2.

() Polynucleotit m&d hoa protein ma c6 sy tuong ddng 90% hogc cao hon véi
trinh tu axit amin ctia SEQ ID NO:8 va c6 hoat tinh bd sung glucoza vao glucoza & vi tri
C-19 cua steviol glycosit qua li€n két 1—-3.

(g) Polynucleotit m@ hoéa protein ma c6 sy tuong dbng 90% hodc cao hon vdi
trinh ty axit amin ctia SEQ ID NO:10 va co6 hoat tinh tao ra UDP-ramnoza tir UDP-

glucoza.

Theo khia canh uu ti€n cua sang ché, co thé st dung polynucleotit ddc 1ap cé su
tuong déng trinh tu so véi céac trinh ty nucleotit cua cac sb trinh tu duoc dé cap trong cac
muc (a) dén (g) néu trén 12 91% hodc cao hon, 92% hodc cao hon, 93% hodc cao hon,
94% hodc cao hon, 95% hodc cao hon, 96% hodc cao hon, 97% hodc cao hon, 98% hodc
cao hon, 99% hodc cao hon, 99,1% hodc cao hon, 99,2% hogc cao hon, 99,3% hodc cao
hon, 99,4% hoic cao hon, 99,5% hodc cao hon, 99,6% hodc cao hon, 99,7% hodc cao

hon, 99,8% hoic cao hon, hodc 99,9% hodc cao hon.

Theo mot khia canh khac cua sang ché, co thé sit dung protein ma doc 1ap co
trinh tu axit amin c6 su tuong déng trinh tu voi céc trinh ty axit amin cua b trinh tu
dugc dé cap trong muyc (a) dén (g) néu trén 12 91% hodc cao hon, 92% hodc cao hon, 93%
hodc cao hon, 94% hogc cao hon, 95% hodc cao hon, 96% hodc cao hon, 97% hodc cao
hon, 98% hodc cao hon, 99% hodc cao hon, 99,1% hodc cao hon, 99,2% hoéc cao hon,
99,3% hoic cao hon, 99,4% hodc cao hon, 99,5% ho#c cao hon, 99,6% hodc cao hon,
99,7% hodc cao hon, 99,8% hodc cao hon, hodc 99,9% hodc cao hon va ¢6 hoat tinh dinh
trude duge dé cap trong muc (a) dén (g) néu trén.

Tét hon 13, sy ma héa polynucleotit ciia protein dugc dé cap trén day dugc dua
vao vat chu khi dugc dua vao trong vecto biéu hién thich hop. Cac polynucleotit co thé

dugce chén mot cach riéng ré vao cac vecto riéng biét.

Vecto biéu hién thich hop thudng dugc tao ra dé bao gom:
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(i) gen khéi dau ma cho phép sy phién ma trong té bao chu;
(ii) polynucleotit theo sang ché lién két v6i gen khéi dau do; va

(iii) casset biéu hién ma c6 lién quan dén sy két thuc phién mi va polyadenyl hoa
cic phan tr ARN va chtra, & dang thanh phén cua né, tin hiéu ma c6 chirc nang trong té
bao chu.

Céc vi du vé phuong phap diéu ché vecto biéu hién bao gdm, nhung khong bi
gi6i han 6, phuong phap ma st dung plasmit, thuc khudn thé, cosmid hodc twong tu, va
cac phan tir ADN c6 cic thanh phin can thiét.

Loai vecto cu thé 12 khong bi gi6i han cu thé, va bét ky vecto ndo ma cho phép su
biéu hién trong t& bao chu ¢6 thé dugc chon mot cach thich hop. Cu thé 1a trinh tu gen
khéi ddu duoc chon mot cach thich hop theo loai té bao chi dé bao dam su biéu hién cia
polynucleotit theo sang ché, va vecto thu dugc bang cach tich hop trinh tu gen khoi dau
nay va polynucleotit theo sang ché vao plasmit hodc twong ty dugc st dung lam vecto
biéu hién.

Vecto biéu hién theo sang ché bao gdm cac ving kidm soat biéu hién (vi du, gen
khéi dau, ving gen két thiic va/hodc ngudn gbc cia sy sao chép va tuong tu) phu thudc
vao loai vat chi ma n6 dugc dua vao. Gen khoi dau dugc st dung trong vecto biéu hién
ctia vi khudn c6 thé 13 gen khoi dau chung (vi du, gen khoi dau trc, gen khoi dau tac, gen
khéi dau lac, v.v.), gen khoi dau dugc dung cho ndm men c6 thé 13, vi du gen khdi dau
glyxeraldehyt-3-phosphat dehydrogenaza, gen khdi dau PHOS, gen khéi dau GAL1/10
hodc twong tu, va gen khoi dAu cta nim soi vi du c6 thé 1a amilaza, trpC hogc tuong tu.
Ngoai ra, cac vi du vé gen khéi ddu dé biéu hién gen mong mudn & té bao thuc vat bao
gbm virut thé kham gen khéi déu cay sup lo 35S ARN, gen khéi dau gen rd29A, gen khoi
dAu rbcS, va gen khéi ddu mac-1 ma trong do trinh ty doan tang cuong cua virut thé
kham gen khoi dau cdy stp lo 35S ARN dugc bé tri & dAu 5' cua trinh tu gen khoi dau
cua mannopin synthaza co ngudn gdc tir khudn Agrovi. Gen khoi dau cua té bao chii dong
vat ¢b thé 1a gen khoi dau nhiém virut (vi du, gen khdi dau sém SV40, gen khoi dau
muodn SV40, v.v.). Céc vi du vé gen khéi ddu ma hoat héa cam tmg dap tng lai cc kich
thich bén ngoai bao gbém gen khoi dau virut u va & chuét (MMTV- mouse mammary
tumor virus), gen khéi d4u phan tmg véi tetraxyclin, gen khéi dau metallothionein va gen

khdi dau protein do soc nhiét.
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Tét hon 13, vecto biéu hién chira it nhit mot chit chi thi chon loc. Déi vai chét
chi thi nhu vay, c6 thé sir dung chét chi thi khuyét dudng (LEU2, URA3, HIS3, TRP1,
ura3, niaD), chit chi thi khéng thudc (hygromycin, zeocin), gen khang geneticin (G418r),
gen khang ddng (CUP1) (Marin et al., Proc. Natl. Acad. Sci. USA, tép 81, trang 337,
1984), gen khang cerulenin (fas2m, PDR4) (tuong Ung cic tai liéu Junji Inokoshi et al.,
Journal of Japanese Biochemical Society, tdp 64, trang 660, 1992; Hussain et al., Gene,
tap 101, trang 149-, 1991,) hodc tuong tu.

Pbi vi phuong phap chuyén héa té bao chi, ¢6 thé sir dung phuong phap da biét
ma thuong duge st dung. Vi du, c6 thé thuc hién phuong phép mé 16 bing dién
(Mackenxie, D. A. et al., Appl. Environ. Microbiol., tap 66, trang 4655-4661, 2000),
phuong phap chuyén hat (Cong bd don sang ché Nhat Ban chua qua thAm dinh s6 2005-
287403), phuong phap bién d6i t& bao (Proc. Natl. Acad. Sci. USA, tap 75, trang 1929,
1978), phwong phap lithi axetat (J. Bacteriology, tdp 153, trang 163, 1983), phuong phap
dugc mo ta trong tai liéu Methods in yeast genetics, xuit ban nam 2000: A Cold Spring
Harbor Laboratory Course Manual, hodc tuong tu, tuy nhién sang ché khéng bi gioi han
& do.

Ngoai ra, dbi voi cac quy trinh sinh hoc phén tir thong thuong, xem tai liéu
"Sambrook and Russell, Molecular Cloning: A Laboratory Manual Vol. 3, Cold Spring
Harbor Laboratory Press 2001", "Methods in Yeast Genetics, A laboratory manual (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY)" va tuong tu.

Th8 bién nap khong phai ngudi thu duge nhu dugc md ta trén day co thé dugc
nudi cdy dé cho thé bién nap khong phai ngudi san sinh ra steviol glycosit. Thé bién nap
khong phai nguoi nhu vay t5t hon 12 nAm men. Ngoai ra, thé bién nap khong phai ngudi
t6t hon 1a dugc nudi cdy trong mdi trudng chura steviol. Steviol glycosit tich tu c6 thé
duoc chiét/tinh ché dé thu dugc steviol glycosit theo sang ché.

Vi du thwe hién sang ché

Phan tach steviol glycosit méi

Dich chiét thu dugc tir 14 cla bdn loai than thuc vat stevia mdi (Mau 1 (EM3-4),
Mau 2 (EM2-27-8), Mau 3 (EM2-27-15) va Mau 4 (EM2-11)) do Suntory Global
Innovation Center (SIC) phéat trién dugc phan tach séc ky 1éng hiéu ning cao (HPLC)-do
khdi phd (MS) dé phan tich sang loc vé steviol glycosit ¢6 chtta trong than thuc vt stevia

dua trén cac trong luong phén tir ca steviol glycosit ma c6 chudi dudng tao thanh béi D-
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glucopyranosyl (Glc), L-thamnopyranosyl (Rha) va xylopyranosyl (Xyl). Trong ban mo
t4 ndy, mau 1 1a thuc vat Reb.C cao c6 dang da hinh gen A & kiéu dai duogc bién ddi thanh
T & nucleotit thir 60 cua trinh tu nucleotit dugce thé hién bai SEQ 1D NO:11 trong bd gen.
Phan tich thdng ké su twong quan giita kidu hinh c6 ndéng d6 RebC cao va dang da hinh
cia SEQ ID NO:11 cho thay dang da hinh nay c6 sy tuong quan theo théng ké véi kiéu
hinh ¢6 ndéng d6 RebC cao.

Quy trinh diéu ché chét 16ng thir nghiém la nhu sau: 10,0mg mdi trong sb cac 14
stevia da dugc lam kho lanh duoc can vao lo thuy tinh, thém vao d6 1,0mL nuéc/metanol
(1/1 thé tich/thé tich) 1am dung moi chiét, va sau dé chit tao thanh dugc cho chiéu xa
bing séng siéu 4m trong thiét bi lam sach bang séng siéu am (AS ONE, AS52GTU) &
nhiét do dugc thiét 1ap 1a 25°C trong 20 phut, nhd d6 thu dugc dich chiét long chtra
steviol glycosit tir 14 stevia. Chét tao thanh dugc pha lodng gép 10 ]an bang nudc/metanol
va dugc loc qua bd loc véi cd 16 13 0,45um (Nacalai tesque, Cosmonice filter S (dung
mdi)) trude khi duge cho tham gia HPLC-MS.

Déi v6i phan HPLC ctia HPLC-MS, Nexera LC-30AD (Shimadzu Corporation)
dugc sir dung lam bom LC véan chuyén don vi chét l6ng, va SM-C18 (4,6 x 250mm) (ttr
Imtakt) lam cdt tach. Véan chuyén chéit 16ng & pha dong LC dugc thyc hién bang cach sir
dung nuée Milli-Q chira axit axetic 0,2% lam pha dong A va metanol lam pha dong B,
trong do gradien nhi phan dé ndéng do cua pha dong B dugc duy tri 6n dinh & mirc 10%
trong 0-5 phut, dugc chuyén dich tir 10% dén 70% trong 15 phut tiép theo, va sau do
duoc dich chuyén tir 70% dén 100% trong 5 phut tiép theo, va gradien cubi cing dugc
két thuc bang cach duy tri ndéng d6 cia pha dong B ¢ 100% troﬁg 5 phut. Van tbc dong
chay cta pha dong 1a 0,4mL/phut, va dich chiét 1ong 14 stevia ma da dugc pha lodng va
loc bang bd loc dugc phun vai lugng SpL.

Pbi voi phin MS, khdi phd ké lai ghép ba tir cuc LCMS-8030 (Shimadzu
Corpoty 1én) dugc trang bi ngudn ion ion hoa tia dién (ESI) dugc s dung. Viéc do khdi
phé dugc thuc hién & ché do kidm soat ion dugc chon loc (SIM) béng cach chon ché do
do ion Am va cac tri s6 m/z. Céc tri s6 m/z dugce chon bé‘mg viéc tinh toan dua trén trong
lugng phén ti clia steviol glycosit ma co chudi duong dugc tao thanh boi D-
glucopyranosyl (glc), L-thamnopyranosyl (rha) va xylopyranosyl (xyl). Theo d6, m/z =
641,2 (Glc (2)), 773,2 (Gle (2), Xyl (1)), 787,2 (Gle (2), Rha (1)), 803,2 (Gle (3)), 935.,3
(Gle (3), Xyl (1)), 949,3 (Gle (3), Rha (1)), 9653 (Gle (4)), 1095,4 (Glc (3), Rha (2)),
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1097,4 (Gl (4), Xyl (1)), 1111,4 (Gle (4), Rha (1)), 1127,4 (Glc (5)), 1257.5 (Gle (4),
Rha (2)), 1259,5 (Glc (5), Xyl (1)), 1273,5 (Glc (5), Rha (1)), 1289,5 (Glc (6)), 1435,6
(Gle (6), Rha (1)) dugc chon. Ngoai ra, chét phan tmg d9 tinh khiét cao, cac rebaudioside
A, B, D, E, M, N va O, steviosit, va dulcoside A va B san ¢ cling dugc do dudi cac didu
kién tuong tu dé x4c nhan céc tri sb m/z ion am va thdi gian luu trong HPLC. Céc dién
tich dinh (don vi tlly y) cua céc steviol glycosit dugc phat hién chu yéu dugc thé hién

trong Bang 1.
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Fig. 2 thé hién sc phé ion dugc chon ciia mau 1 (EM3-4) ¢ m/z 1a 1095,4. Dinh
c¢6 trong luong phan tir ma chua timg dugc bao cdo duge quan sat trong sic phd ion duge
chon cua steviol glycosit (m/z 1095,4) trong do chudi dudong dugc cai bién chira ba gbc
glucoza (Glc) va hai gbc ramnoza (Rha). Cu thé 1a, dinh & Rt 28,73 phut thé hién trong
Fig. 2 12 chit chua biét. Déi v6i mAu 3 ma ham lugng rebaudioside C cua no 1a thap hon
ham luong cia rebaudioside A va sy gidn chudi duong cla noé 1a ngén hon cac mau khéc,
gia tri dinh & Rt 28,73 phut 1a thap hon gi6i han phat hién.

Fig. 3 thé hién séc phé ion dugc chon cia mau 1 (EM3-4) ¢ m/z 1a 1257,5. Dinh
c¢6 trong lugng phan ti ma chua timg dugc béo cdo dugc quan sat trong sdc phd ion dugc
chon cua steviol glycosit (m/z 1257,5) trong do chudi duong dugc cai bién chtra bén gbc
glucoza (Glc) va hai gbc ramnoza (Rha). Cu thé 13, dinh & Rt 28,50 phut thé hién trong
Fig. 3 la chit chua biét. Pi v6i miu 4 ma ham luong rebaudioside C ciia no la thip hon
ham lugng rebaudioside A va su kéo dai chudi dudng 1a thap hon cdc mau khac, gia tri
dinh & Rt 28,50 phut 14 thap hon gi6i han phat hién.

Phan tich ciu tric cua steviol glycosit méi

Theo sang ché, viéc phan tich cAu trac cia steviol glycosit 1 va 2 méi dugc phat
hién trong loai gidng cay trdng c6 ham lugng rebaudioside C cao dugc thyc hién theo
quy trinh nhu sau:

(i) Suy luan ciu tric bang phan tich phan doan thong qua sic ky long hiéu nang
cao (HPLC) - khbi phd d6 phan giai cao (MS), MS/MS, va phén doan ion ba giai doan
(phan doan MS?).

(ii) Téng hop hoéa hoc san phim steviol glycosit tiéu chudn dugc suy ra thong qua
phan ung hoa hoc. ‘

(iii) Xac nhan cAu tric bang cach khép véi san pham tiéu chuén duoc tong hop
hoéa hoc theo thoi gian luu va mau phén doan tir HPLC- MS d¢ phan giai cao va sy phan
doan MS’.

Sau ddy, mdi budc (i)-(iii) néu trén s& duge mo ta chi tiét.

(i) Suy luén cAu trac bang phan tich phan doan qua sic ky 16ng hiéu ning cao
(HPLC)- khéi phd c6 do phan giai cao (MS), MS/MS, va phén doan ion ba giai doan
(phan doan MS?)

Quy trinh diéu ché cac chit 1ong thit nghiém 1a nhu sau: 10,0mg mdi trong sb cac

14 stevia kho lanh dugc can vao lo thiy tinh, 1,0mL nuée/metanol (1/1 thé tich/thé tich)
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dugc thém vao d6 lam dung moi chiét, va sau d6 chét tao thanh dugc cho chiéu xa bing
song si€éu am trong thiét bi 1am sach béng séng siéu &m (AS ONE, AS52GTU) & nhiét do
dugc thiét 1ap 1a 25°C trong 20 phit, nhy d6 thu duge dich chiét long chura steviol
glycosit tir 14 stevia. Chét tao thanh dugc pha lodng thém 10 l4n v6i nudc/metanol va
duoc loc qua bd loc véi c& 16 12 0,45um (Nacalai tesque, Cosmonice filter S (dung moi))
trude khi dugce cho tham gia HPLC-MS.

Trong cdu hinh thiét bi dung cho séc ky long hiéu ning cao-ion hoa tia dién -
khéi phé phén gidi cao (HPLC-ESI-HRMS), thiét bi ding cho HPLC dugc thiét 14p chu
hinh bang cach sir dung Prominence LC-20AD (Shimadzu Corpoty 1én) lam bom LC vén
chuyén don vi chét 1ong va SM-C18 (4,6 x 250mm) (tir Imtakt) lam cot tach. Pha dong
LC dugc van chuyén st dung nudc Milli-Q chira axit axetic 0,2% lam pha dong A va
metanol 1am pha dong B, trong d6 gradien nhi phan dé ndng @6 cla pha dong B dugc duy
tri én dinh & mic 10% trong 0-5 phut, con duoc chuyén dich tir 10% dén 70% trong 15
pht tiép theo, va sau d6 dugce chuyén dich tir 70% dén 100% trong 5 phut tiép theo. Cubi
cung, ndng do ctia pha dong B dugc duy tri & 100% trong 5 phut dén két thuc. Van toc
dong chay cua pha dong la 0,4mL/phut, va dich chiét 16ng 14 stevia ma da duoc pha lodng
va duoc loc bang bd loc duge phun véi lugng 20uL. Déi v6i phan khoi phd, Orbitrap
Elite MS (tr Thermo Fisher Scientific) dugc trang bi nguén ion ESI dugc sir dung. Viéc
do khéi phé duoc thuc hién & ché d6 do ion 4m & m/z trong khoang tir 150-2000 vé&i do
phan giai dugc thiét 1ap dén 60000. Viée do MS/MS dugc thyc hién bang cach chon m/z
muc tiéu 1a 1095,4 hodc 1257,5 va ¢ ché dd CID trong d6 viéc phén doan la do su va
cham véi khi tro. Ion ¢6 cudong do cao nhét trong phé MS/MS 1a muc tiéu cho MS3. Su
chiéu xa nang luong can cho su phén doan dugc thyc hién & nédng luong va cham ti€u
chun chi lién quan dén thiét bi, tac 1 35.

Pé nghién ctru mau duge phén doan ctia steviol glycosit 1 va 2 méi, cac mau tiéu
chuin rebaudioside A, D va M véi cu tric da biét dugc cho tham gia cac phén tich mau
phan doan MS/MS va MS?. Két qua 1a MS/MS cuia steviol glycosit méi tao ra dir lidu thé
hién cuong dg ion cao nhéit xuét hién & dinh ma tat ca chudi duong dugc gin & vi tri C-19
qua lién két este dugc giai phong. Két qua nay thé hién tdng trong lugng phan tir cua
chudi duong duge gén & vi tri cacbon cua C-19 qua lién két este.

Khéi phd dugc phan doan MS/MS va MS3 cua steviol glycosit 1 mdi (twong ing
vai m/z 1095,4, Rt:28,73) duoc thé hién trong Fig. 4. Trong phé MS/MS cua steviol
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glycosit méi, dinh chinh dugc phét hién & m/z 1a 787,38 twong Gng Vi su giai phong mot
gde Gle va mot gbc Rha. Tur két qua trén, sb luong cua chudi duong dugc gén véi cacbon
& vi tri C-19 bang lién két este dugc phat hién 1a mot gbe Gle va mot gbc Rha. Pé thu
duoc thong tin cu tric 18 hon, thu dugc phd MS? bing cich phan doan dinh chinh & m/z
1a 7874 thu duoc bing MS/MS. Két qua 13, thu dugc phd c6 m3u dinh twong tw nhw phd
MS? cua rebaudioside C (949,4—787,4—). Theo do, chudi duong dugc gén o vitri C-13
duoc cho 1a giéng nhu rebaudioside C. CAu trac dugce suy luan ra dugc thé hién trong Fig.
4.

Khéi phé dugc phan doan MS/MS va MS? ctia steviol glycosit 2 mdi (twong tmg
v6i m/z 1257,5, Rt:28,50) duoc thé hién trong Fig. 5. Trong phé MS/MS cua steviol
glycosit méi, dinh chinh dugc phét hién & m/z 1a 787,38 tuong ing véi sy giai phong hai
gbc Glc va mot géc Rha. Tir két qua trén, s6 luong clia chudi duong duge gdn v6i cacbon
& vi tri C-19 bang lién két este duoc phat hién 13 hai gbc Glc va mot gbc Rha. Pé thu
dugce thong tin cAu trac 16 hon, thu duge phé MS? béng cach phan doan dinh chinh & m/z
1a 787,4 thu duoc bang MS/MS. Két qua 13, thu dugc phd c6 mau dinh twong tu nhu phd
MS?3 cua rebaudioside C (949,4—787,4—). Theo do, chudi duong dugc gén o vitri C-13
duoc cho 1a gibng nhu rebaudioside C. CAu tric duogc suy luan ra dugc thé hién trong Fig.
5.

(ii) Tong hop héa hoc san phim tiéu chuén steviol glycosit dugc suy luan bang
phan Gng héa hoc

Téng hop Steviol glycosit 1 mai

(1) So luge qua trinh tbng hop
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So dd 7: Cach thirc tbng hop Steviol glycosit 1 méi

| Disaccarlt hemlaxetal  (8) H,}z‘-" Steviol glycosit (3}
OH
C HO
m:o 0. c;, —ég\—ao%/
M T

Thé cho ramoza  (5) Thé nhén glucoza  (4) Ho OH

OH £
HO G FO
HO o Chéttrnhigén  [Rebaudioside (1)}

Nhu duge nhén thiy tir So dd 7, dbi vé6i viée tong hop Steviol glycosit 1 m&i
(Hop chét 15), steviol glycosit (Hop chét 3) va disaccarit hemiaxetal (Hop chét 8) duoc
ngung tu qua phan Gmg Mitsunobu dé thu dugc truc chinh cta Steviol glycosit 1 moi
(Hop chét 15). Déi véi viee tdng hop steviol glycosit, chét tu nhién da biét, rebaudioside
C (Hop chét 1), duoc mua tir Ark Pharm, lién két este & vi tri C-19 cua steviol dugce cho
tham gia thiy phan chit kiém va sau d6 nhom hydroxyl cia chudi duong dugc bao vé
bang nhom (Ac) axetyl dé thu dugc steviol glycosit. Péi véi viee tbng hop dang
disaccarit hemiaxetal, truc chinh disaccarit dugc tao ra bang phin ing ngung tu giita thé
nhén glucoza dugc bao vé thich hop (Hop chét 4) va thé cho ramnoza (Hop chét 5), va
nhém bao vé & anomer cacbon cua diu khtr dugc khir bao vé dé tao ra dang disaccarit
hemiaxetal. Steviol glycosit va dang disaccarit hemiaxetal tao thanh dugc cho tham gia
ngung tu qua phan ng Mitsunobu, trong do phan Gng duoc tién hanh v6i hiéu suét cao

va tinh chon loc B cao 12 75% (a/f= 1/20). Nhém bao v¢ cia hop chét tao thanh dugc khu
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bao v&, nhd d6 thu dugce Steviol glycosit 1 méi (15).
Tiép theo, mdi budc tdng hop duge mo ta.

(2) Tong hop steviol glycosit

So dd 8: Tong hop steviol glycosit

Rebaudioside C i 2 Staviol glycosit 3

Nhu duoc nhan thdy tir So dd 8, dbi voi viée tdng hop steviol glycosit (Hop chat
3), rebaudioside C (Hop chét 1) (1,0 g, 1,05 mmol) dugc mua tir Ark Pharm duoc hoa tan
trong metanol (10 mL) va nuéc (10 mL), dwgc thém 4 mol/L natri hydroxit (2,6 mL, 10,4
mmol) & nhiét do trong phong, va dugc hdi lru & 100°C trong 20 gid. Sau khi x4c nhén
hoan thanh phan ng bing TLC (cloform/metanol/nuéc = 5/4/0,1, tri sb Rf=0,9), dung
dich phan ung dugc trung hoa bang dang hydro Dowex MAC-3 nhua trao dbi cation
(SIGMA-ALDRICH) (pH 7). Sau khi nhya dwoc loai bo bing cach loc, chét tao thanh
duoc ¢o dudi ap suat giam. Xi rd tao thanh dwgc lam kho trong 18 gio bang cach st dung
bom chan khong dé tao ra hop chét 2 (828 mg, dinh lugng).

Hop chit 2 (828 mg, 1,05 mmol) dugc hoa tan trong pyridin (20 mL), duoc thém
anhydrit axetic (5 mL) & nhiét do trong phong va dugc khudy & nhiét do trong phong
trong 48 gid. Sau khi xac nhan hoan thanh phan Gmg bang TLC (etyl axetat/hexan = 2/1,
tri s6 Rf = 0,5), dung dich natri hydro cacbonat bdo hoa (5 mL) dugc thém vao, va dung
dich phan ung dugc cd dudi ap suét giam. Xi ro tao thanh dugc cho tham gia sic ky cot
silica gel va nudc rira giai (etyl axetat/hexan = 2/1) dugc su dung dé tao ra hop chét 3
(1,1 g, 92 %).

Hop chét 3

'H-NMR (CDCls, 400 MHz) § 0,81 (m, 2H), 0,83-1,45 (phuc hop, 19H), 1,39-
1,91 (phirc hop, 24H), 1,91-2,35 (s, 30H), 3,58 (m, 1H), 3,71-3,81 (phtrc hop, 4H), 3,95-
4,12 (phtrc hop, 7H), 4,34-4,46 (phirc hop, 3H), 4,56-4,66 (phuc hop, 4H), 4,69-4,92
(phtc hop, 7H), 5,05-5,14 (phutrc hop, 5H), 5,23-5,38 (phuc hop, 6H), 5,45 (s, 1H); 13C-
NMR (CDCls, 100 MHz) § 15,9, 17,3, 19,1, 20,5, 20,7, 20,8, 20,9, 21,1, 21,5, 21,7, 29,1,
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37,8, 38,0, 39,5, 40,7, 41,4, 42,2, 43,8, 48,4, 53,8, 56,8, 61,6, 63,0, 65,5, 66,8, 68,0, 63,6,
69.3, 69,6, 69,8, 70,5, 70,9, 71,6, 71,9, 72,4, 72,8, 73,9, 74,9, 81,3, 87,3, 96,6, 96,8, 99,2,
99.4, 125,4, 128,3, 129,1, 137,9, 151,9, 168.,9, 169,2, 169,5, 169,6, 169,8, 170,1, 170,2,
170,3, 170,6, 170,9, 176,8, 183.4.

(3) Téng hop disaccarit hemiaxetal

So db 9: Téng hop disaccarit hemiaxetal

s CF.
A0 Gae

5 1.1 dwong legng

PRG0N o Hs OH
PO\ o TOH BH&VW Pd(OH), “.?o‘ﬁé’:/ow
'&s\,ow ——— 9 ——
H

BnO
AcO-L s o
RT RT
4 6 7
81%

(1) Ac0
O
Pyr. Ac o
RT AcO OR
&2l
(2) CAN T,

MeCN/H,O
=92/1 disaccarit hemiaxetal 8

RT
66% (3 budc)

Nhu dugc thiy tir So db 9, d6i v6i viée tong hop disaccarit hemiaxetal (Hop chét
8), 4-metoxyphenyl 3-O-benzyl-4,6-O-benzylidin-B-D-glucopyranoside (Hop chét 4) (3,0
g, 6,46 mmol) dugc mua tir Tokyo Chemical Industry, Hop chit 5 (3,3 g, 7,10 mmol) va
rdy phan ti 4A (6,0 g) dugc hoa tan trong diclometan (136mL), dugc thém axit
triflometansulfonic (114 pL, 1,29 mmol) & nhiét do trong phong, va dugc khudy & nhiét
d6 trong phong trong 18 gid. Sau khi xdc nhén hoan thanh phan mg bing TLC (etyl
axetat/hexan = 1/2, tri s6 Rf = 0,5), chét tao thanh dugc trung hoa bang trietylamin (100
uL) (pH 8), ray phan tir 4A dugc loai b bang cach loc, va chat tao thanh duoc co dudi 4p
sudt giam. Xi ro tao thanh dugc cho tham gia sdc ky cot silica gel va nudc rira gidi (etyl
axetat/hexan = 1/1,5) duogc st dung dé tao ra hop chit 6 (3,9 g, 81%).

Hop chét 6

'H-NMR (CDCls, 400 MHz) & 1,18 (d, J = 6,4 Hz, 3H, H-6 ctia Rha), 1,96 (s, 3H,
OAc), 1,98 (s, 3H, OAc), 2,07 (s, 3H, OAc), 3,51 (m, 1H, H-5), 3,73-3,81 (phtre hop, 5H,
H-4, H-6, OMe), 3,83-3,96 (phtic hop, 2H, H-2, H-3), 4,28 (m, 1H, H-5 clia Rha), 4,36
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(m, 1H, H-6"), 4,70 (d, 1H, CH2Ph), 4,95 (d, 1H, CH2Ph), 4,99 (d, J = 7,2 Hz, 1H, H-1),
5,03 (t, 1H, H-4 cta Rha), 5,20 (dd, 1H, H-3 cua Rha), 5,32 (s, 1H, H-1 cua Rha), 5,34
(m, 1H, H-2 cua Rha), 5,57 (s, 1H, CHPh), 6,90 (dd, 4H, OMePh), 7,21-7,49 (phtrc hop,
10H, Ph); '3C-NMR (CDCls;, 100 MHz) § 14,2, 17.4, 20,8, 20,9, 21,0, 22,8, 31,7, 55,8,
66,2, 66,7, 68,8, 69,4, 69,5, 71,0, 75,2, 76,7, 77,5, 81,7, 81,8, 98,4, 100,8, 101,4, 114.8,
118,3, 126,1, 127.,9, 128.4, 128,5x2, 129,2, 137,2, 137,9, 150,8, 155,7, 169.,9, 170.1,
170,2.

Hop chét 6 (3,9 g, 5,29 mmol) dugc hoa tan trong etanol (27 mL) va THF (27
mL), dugc thém paladi hydroxit (2,0 g) & nhiét do trong phong, va dugc khudy trong moi
trudong khi hydro & nhiét d6 trong phong trong 18 gio. Sau khi x4c nhén hoan thanh phén
ung b%mg TLC (cloform/metanol = 10/1, Tri sb Rf = 0,2), paladi hydroxit duoc loai bo
bang cach loc va phan loc dugc cd dudi ap sudt giam dé tao ra hop chét 7 (2,9 g, dinh
lugng).

Hop chét 7 (1,1 g, 1,97 mmol) dugc hoa tan trong pyridin (20 mL), dugc thém
anhydrit axetic (740 pL, 7,88 mmol) & nhiét do trong phong, va dugc khqu O nhiét do
trong phong trong 24 gid. Sau khi x4c nhén hoan thanh phan Ung bang TLC (etyl
axetat/hexan = 1/1, tri s6 Rf = 0,6), viéc chung cit déng phi béng toluen (30 mL) duogc
1ap lai ba lan. Tiép theo, chét tao thanh duoc co dudi ap suét giém‘ va xi r6 tao thanh duogc
hoa tan trong axetonitril (14 mL) va nu6e (7,0 mL), duge thém xeri amoni nitrat (3,2 g,
5,91 mmol) & nhiét d6 trong phong, va dugc khudy & nhiét do trong phong trong 30 phut.
Sau khi x4c nhan hoan thanh phan Gng bang TLC (etyl axetat/hexan = 1,5/1, tri s6 Rf =
0,5), chit tao thanh dugc pha lodng bang etyl axetat, 16p hitu co duoc rira bing nudc va
dung dich nuéc natri hydro cacbonat bdo hoa, va 1am kho bing magie sulfat. Magie sulfat
duoc loai bo bﬁng cach loc va chét tao thanh dugc co dudi ap suét giam. Xi ro tao thanh
duoc cho tham gia séc ky cot silica gel va nudc rira giai (etyl axetat/hexan = 1/1) va
(toluen/etyl axetat = 3/1) duoc sir dung d8 tao ra hop chét 8 (721 mg, 66%, 3 budc).

Hop chét 8

IH-NMR (CDCls, 400 MHz) § 1,16-1,19 (phtc hop, 4,5H, H-6a. cua Rha, H-6
cta Rha), 1,97-2,34 (phic hop, 27 H, OAc), 3,58 (t, 0,5H, H-2), 3,72-3,75 (phure hop,
1,5H, H-2a, H-5p), 4,00 (m, 1H, H-40. ciia Rha), 4,05-4,16 (phtc hop, 1,5H), 4,21-4,27
(phirc hop, 3H), 4,76 (d, J = 7,6 Hz, 0,5H, H-1), 4,86 (s, 1H, H-1a cia Rha), 4,91 (s,
0,5H, H-1B ctia Rha), 4,98-5,08 (phuc hop, 4,6H), 5,23-5,26 (phirc hop, 2H), 5,34 (d,J =
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3,2 Hz, 1H, H-1a), 5,48 (t, 1H, H-3a); *C-NMR (CDCl3, 100 MHz) $ 17,2, 17,5, 20,7%2,
20,8x3, 20,9%2, 21,0, 21,6, 62,1, 62,2, 67,2, 67,3, 67,5, 68,5, 68,6, 68,7, 70,0, 70,4, 71,0,
742, 77,4, 77,9, 79,3, 92,0, 75,7, 98,4, 99,2, 125,4, 128,3, 129,1, 137,9, 169,8, 169,9%2,
170,0, 170,1x2, 170,2, 170,4, 170,9%2.

(4) Téng hop Hop chat 15

So dd 10: Téng hop Steviol glycosit 1 méi (hop chit mong mudn 15)
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Hop chét dich 15

Nhu duge nhén thdy tir So dd 10, ddi véi viée tong hop Hop chét 15, Hop chit 8
(291 mg, 0,503 mmol) va Hop chat 3 (391 mg, 0,335 mmol) dugc hoa tan trong 1,4-
dioxan (17 mL), dugc thém tributylphosphin (252 uL, 1,01 mmol) va 1,1°-azobis (N,N’-
dimetylformamit) (TMAD) (173 mg, 1,01 mmol) ¢ nhiét do trong phong, va dugc khudy
& 60°C trong 6 gio. Sau khi xac nhan hoan thanh phan ng bang TLC (toluen/etyl axetat
= 1/1, tri s6 Rf = 0,4), chét tao thanh dugc pha lodng bing etyl axetat, 16p hitu co dugc
rira bing nudce, dung dich nudce natri hydro cacbonat béo hoa va nude mubi bdo hoa, va
]Jam kho bing magie sulfat. Magie sulfat dugc loai bo bang cach loc, va chét tao thanh
duoc ¢d dudi 4p sudt giam. Xi rd tao thanh dugc cho tham gia sic ky cot silica gel va
nude rira giai (toluen/etyl axetat = 1,5/1) duge st dung dé tao ra hop chét 14 (435 mg,
75%, o/p= 1/20).

Hop chét 14
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IH-NMR (CDCl;, 400 MHz) § 0,50-1,18 (phtc hop, 7H), 1,15 (d, 3H, H-6 cua
Rham), 1,24 (s, 3H), 1,40-2,32 (phtc hop, 70H), 3,60 (m, 1H), 3,73 (m, 2H), 3,82-4,28
(phtre hop, 10H), 4,40-4,48 (phtc hop, 2H), 4,63 (d, J = 7,6 Hz, 1H), 4,72 (d, J = 8,0 Hz,
1H), 4,75-4,88 (phtc hop, 3H), 4,98 (s, 1H), 5,01-5,18 (phirc hop, 8H), 5,24-5,31 (phirc
hop, 4H), 5,32 (s, 1H), 5,71 (d, J = 7,6 Hz, 1H, H-1p), 6,31 (d, J = 3,0 Hz, 0,05H, H-1a);
BC-NMR (CDCls, 100 MHz) 8 16,6, 17,4, 17,6, 20,5, 20,7x2, 20,83, 20,9x3, 21,6, 29,0,
39.5, 42,5, 44,1, 53,8, 57,9, 61,7, 66,6, 67,4, 68,0, 68,3, 68,5, 68,7, 69,7, 69,8, 70,8, 71,1,
71,4, 71,9x2, 72,4, 72,9, 74,2, 75,1, 86,6, 92,2, 96,4, 96,9, 97,7, 99,3, 125.4, 128,3, 129,1,
152,9, 169,0, 169,5, 169,8x2, 169,9, 170,0, 170,1, 170,2x2, 170,3, 170,5, 170,6, 170,9%2,
174,6.

Hop chét 14 (435 mg, 0,252 mmol) dugc hoa tan trong metanol (2,0 mL) va THF
(2,0 mL), dugc thém natri metoxit (0,5M trong MeOH) (0,5 mL, 0,252 mmol) & nhiét do
trong phong, va dugc khudy & nhiét @9 trong phong trong 18 git. Sau khi x4c nhan hoan
thanh phan tng b?mg TLC (cloform/metanol/nude = 5/4/1, tri sb6 Rf=0,4), chét tao thanh
duoc co dudi ap suét giam. Xi rd tao thanh dugc cho tham gia ct tinh loc gel (GE
Healthcare, Sephadex LH-20, etanol) d8 tao ra hop chét 15 (220 mg, 80%, o/p= 1/20).
Tiép theo, dang P ctia Hop chat 15 dugc tach bang HPLC diéu ché (cot C18 YMC HPLC,
20 mM dung dich nudc amoni axetat/90% axetonitril/10% nudc = 70/30-10/90, 45 phut),
va dugc lam dong kho. Dit liéu phan tich chu trac cua Hop chét 15 bang phuong phap
cong hudng tir hat nhan (NMR) duge thé hién trong Fig. 6-9.

Hop chét 15 (dang B)

IH-NMR (pyridin-d5, 800 MHz) & 0,68 (m, 1H), 0,86 (m, 1H), 0,98 (m, 1H),
1,11-1,15 (phuc hop, 4H), 1,24 (m, 2H), 1,39 (m, 2H), 1,49 (s, 3H), 1,62 (m, 3H), 1,71 (d,
3H), 1,75 (d, 3H), 1,88 (m, 1H), 1,93 (m, 1H), 2,00 (m, 2H), 2,11 (m, 2H), 2,19 (m, 2H),
2,46 (m, 1H), 2,66 (m, 1H), 3,62 (m, 1H), 3,91 (m, 1H), 3,97-4,10 (phirc hop, 5H), 4,17-
4,42 (phuc hop, 11H), 4,49 (m, 1H), 4,51-4,59 (phirc hop, 3H), 4,73 (m, 1H), 4,82 (m,
1H), 4,87 (m, 1H), 4,98 (d, J = 8,0 Hz; 1H), 5,08 (s, 1H), 5,10 (d, 7= 7,2 Hz, 1H), 5,66 (s,
1H), 6,26 (d, J = 7,2 Hz, 1H), 6,41 (s, 1H), 6,47 (s, 1H); BC-NMR (pyridin-d5, 200
MHz) & 17,1, 19,22, 20,1, 20,9, 22,3, 29,6, 37,9, 38,2, 39,9, 40,9, 41,9, 42,8, 43,7, 44,5,
48,4, 54,1, 58,3, 62,3, 62,4, 62,5, 69,8x2, 70,2, 71,2, 71,6, 72,4, 72,5, 72,6, 74,0, 74,1,
75,2, 76,4, 76,8, 77,4, 78,5, 78,8, 79,0, 79,5, 86,9, 89,8, 94,0, 98,4, 1018, 101,9, 104.4,
105,3, 154,5, 176,2.
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[a]p = -46,3° (c 0,05, MeOH)

MALDI-TOF-MS m/z phét hién théy [M + Na]* 1119,5, CsoHsgoO26 dugc dy tinh
cho [M + Na]" 1119,5.

Téng hop Steviol glycosit 2 mdi

(1) So luge qua trinh tdng hop

So dd 11: Cach thirc tong hop Steviol glycosit 2 mdi
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Nhu dwge nhan thdy tir So dd 11, dbi véi viée tong hop Steviol glycosit 2 mdi
(Hop chét 17), steviol glycosit (Hop chét 3) va dang trisaccarit hemiaxetal (Hop chét 13)
duoc ngung tu qua phan ung Mitsunobu dé thu duoc truc chinh cta Steviol glycosit 2
méi. Dbi véi viée tdng hop steviol glycosit, chét tu nhién da biét, rebaudioside C (Hop
chét 1), dugc mua tr Ark Pharm, lién két este & vi tri C-19 cua steviol dugc cho tham gia
thiy phan chit kiém va sau d6 nhom hydroxyl cla chudi duong dugc bao vé bing nhom
(Ac) axetyl dé thu dugc steviol glycosit. Péi véi viée tong hop dang trisaccarit
hemiaxetal, thé nhan disaccarit (Hop chit 9) duoc tong hop bang phan ung ngung tu gitra
thé nhan glucoza dugc bao vé thich hop (Hop chét 4) va thé cho ramnoza (Hop chét 5),
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ma duoc cho tham gia phan Gng ngung tu véi thé cho glucoza (Hop chét 10) dé tao ra
truc chinh trisaccarit. Nhom bao v€ & anomer cacbon cua dau khir cta trisaccarit tao
thanh dugc khir bao vé dé tao ra dang trisaccarit hemiaxetal. Steviol glycosit va dang
trisaccarit hemiaxetal dugc cho tham gia ngung tu qua phan ing Mitsunobu, trong dé
phan ung duoc tién hanh voi hiéu sudt cao va tinh chon loc B cao & 44% (o/B= 1/10).
Nhom bao vé ctia hgp chét tao thanh duoc khir bdo vé, nho d6 thu duge Steviol glycosit 2
moi.

Tiép theo, mdi budc tbng hop dugc mo ta.

(2) Tong hop steviol glycosit

Steviol glycosit dugc tbng hop theo cich twong tu nhu "Tdng hop Steviol
glycosit 1 méi".

(3) Tong hop dang trisaccarit hemiaxetal

So db 12: Téng hop dang trisaccarit hemiaxetal
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Nhu dugce nhan théy tir So d6 12, hop chét 6 va 7 thu dugc theo cich tuong tu

nhu "Téng hop Steviol glycosit 1 mai".

Hop chit 7 (1,7 g, 3,04 mmol) dugc hoa tan trong axetonitril (30 mL), dugc thém
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benzaldehyt dimetyl axetal (681 uL, 4,57 mmol) & nhiét d trong phong, va dugc khudy
& nhiét do trong phong trong 2 gid. Viéc hoan thanh phin ing dugce xac nhan bing TLC
(etyl axetat/hexan = 1/1, tri $6 Rf = 0,7). Chét tao thanh dugc trung hoa bang trietylamin
(2 mL) (pH 8), va sau d6 dugc cd dudi ap sut giam dé tao ra hop chat 9 (2,0 g).

Hop chét 9 (2,0 g, 3,04 mmol), Hop chét 10 (1,6 g, 3,34 mmol) va riy phén ti
4A (4,0 g) dugc hoa tan trong diclometan (64 mL), dugc thém axit triflometansulfonic
(114 pL, 1,29 mmol) & nhiét do trong phong, va dugc khudy & 0°C trong 6 gid. Sau khi
xac nhan hoan thanh phan tmg bing TLC (etyl axetat/hexan = 1/1, Tri s& Rf = 0,4), chit
tao thanh dugc trung hoa bang trietylamin (100 uL) (pH 8), rdy phan t 4A duoc loai bd
bing cach loc, va chét tao thanh dugc cd dudi ap sudt giam. Xi rd tao thanh dugc cho
tham gia sdc ky cot silica gel va nudc rira giai (etyl axetat/hexan = 1/2) dugc str dung dé
tao ra hop chat 11 (650 mg, 22%, 3 budc).

Hop chét 11

IH-NMR (CDCls, 400 MHz) § 1,16 (d, J = 6,0 Hz, 1H, H-6 clia Rha), 1,94-2,19
(phtre hop, 21H, OAc), 3,43-3,52 (phuc hop, 2H), 3,62-3,81 (phirc hop, 5H, OMe), 3,96-
4,04 (phuc hop, 2H), 4,07-4,18 (phurc hop, 3H), 4,28-4,35 (phure hop, 2H), 4,86 (d,J =
8,0 Hz, 1H, H-1), 4,94-4,98 (phuc hop, 2H, H-1), 5,01-5,11 (phttc hop, 2H), 5,16-5,21
(phuc hop, 2H), 5,28 (s, 2H, H-1 cta Rha), 5,52 (s, 1H, PhCH), 6,90 (dd, 4H, PhOMe),
731-7,49 (phirc hop, SH, Ph); BC-NMR (CDCl3, 100 MHz) § 14,3, 17,3, 20,4, 20,7,
20,9x3, 21,0, 21,1, 55,8, 60,5, 62,0, 66,3, 66,9, 68,3, 68,7, 69,3, 69,4, 70,7, 71,6, 71,9,
72,9, 78.9, 81,0, 97,7, 99,3, 100,7, 101,6, 114,8, 118,4, 126,2, 128,4, 129,4, 137,1, 150,7,
155,8, 169,4, 169,5, 170,0, 170,2, 170,4, 170,5, 170,8, 171,2.

Hop chét 11 (627 mg, 0,642 mmol) dugc hoa tan trong etanol (3 mL) va THF (3
mL), duoc thém paladi hydroxit (1,0 g) & nhi¢t d6 trong phong, va dugc khudy trong moi
truong khi hydro & nhiét d¢ trong phong trong hai gio. Sau khi x4c nhin hoan thanh phan
ung béng TLC (etyl axetat/hexan = 2/1, Tri s& Rf = 0,2), paladi hydroxit dugc loai bd
bang cach loc, va phan loc dugc ¢d dudi ap suit giam. Tiép theo, chét tao thanh dugc hoa
tan trong pyridin (6,4 mL), dugc thém anhydrit axetic (182 pL, 1,93 mmol) & nhiét do
trong phong, va dugc khudy & nhiét do trong phong trong 18 git. Sau khi xac nhan hoan
thanh phan Ung bang TLC (etyl axetat/hexan = 2/1, Tri s6 Rf = 0,7), viéc chung cit déng
phi bang toluen (20 mL) dugc ldp lai ba lan. Tiép theo, chét tao thanh dugc co dudi ap

sudt giam. Xi rd tao thanh duoc hoa tan trong axetonitril (4 mL) va nudc (2 mL), dugc
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thém xeri amoni nitrat (1,0 g, 1,87 mmol) & nhiét d trong phong, va dugc khuéy & nhiét
d6 trong phong trong 30 phut. Sau khi x4c nhan hoan thanh phan {ng bang TLC
(toluen/etyl axetat = 1/1, tri s6 Rf = 0,3), chit tao thanh dugc pha loang bang etyl axetat,
16p hitu co dugce rira bang nudc va dung dich nudce natri hydro cacbonat bdo hoa, va lam
kho bang magie sulfat. Magie sulfat duoc loai bo bang cach loc, va chét tao thanh dugc
o dudi ap suét giam. Xi rd tao thanh duge cho tham gia sic ky cot silica gel va nudc ria
giai (toluen/etyl axetat = 1/1) dugc st dung d8 tao ra hop chét 13 (468 mg, 84%, 3 budc).

Hop chat 13

IH-NMR (CDCls, 400 MHz) § 1,18 (d, J = 6,4 Hz, 1H, H-6 cua Rha), 1,93-2,19
(phtre hop, 27H, OAc), 3,60 (t, 1,6H, H-2p), 3,68 (m, 1,2H, H-58), 3,78 (m, 1,4H, H-5’B),
3,97 (t, 1H, H-3p), 4,03 (dd, 1H, H-6°B), 4,15 (m, 2,3H, H-6B, H-6p), 4,22 (m, 1,2H, H-
5B ctia Rha), 4,43 (dd, 1,2H, H-6"B), 4,67 (d, ] = 7,6 Hz, 1H, H-1p), 4,77 (d, ] = 8,0 Hz,
1H, H-1°B), 4,82-4,91 (phirc hop, 2,4H, H-4p, H-2°p), 5,06-5,14 (phirc hop, 2,3H, H-4°p,
H-4p cua Rha), 5,16 (s, 1H, H-1 cta Rha), 5,26-5,33 (phuc hop, 2,4H, H-3’f, H-3f cua
Rha), 5,39 (m, 1,1H, H-2p cua Rha); “C-NMR (CDCl;, 100 MHz) $ 17,3, 17.5, 20,6,
20,7x2, 20,83, 20,9%2, 21,6, 29,8, 31,1, 61,7, 61,8, 62,4, 67,4, 67,6, 67,9, 68,0, 68,1x2,
68,3, 68,8x2, 69,5, 69,9, 70,6x2, 71,5, 71,8, 71,9, 72,1, 72,3, 72,8, 73,0, 75,5, 79,9, 80,1,
80.5, 91,9, 95,8, 98,1, 98,9, 99,6, 99,8, 1254, 128,4, 129,2, 169,1, 169.4, 169.5, 169,06,
169,7, 170,0x3, 170,1, 170,4, 170,5%2, 170,7.

(4) Téng hop Hop chit 17
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So dd 13: Tng hop Steviol glycosit 2 méi (Hop chit 17)
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Hop chatdich 17

Nhur duge nhan thiy tir So dd 13, dbi v6i viéc tong hop Hop cht 17, Hop chét 13
(468 mg, 0,540 mmol) va Hop chit 3 (420 mg, 0,360 mmol) dugc hoa tan trong 1,4-
dioxan (18 mL), dugc thém tributylphosphin (270 pL, 1,08 mmot) va 1,1°-azobis (N,N’-
dimetylformamit) (TMAD) (186 mg, 1,08 mmol) & nhi¢t d¢ trong phong, va dugc khudy
& 60°C trong 6 gid. Sau khi xac nhén hoan thanh phén tng bang TLC (toluen/etyl axetat
= 1/1, tri s6 Rf = 0,4), chét tao thanh duoc pha lodng b??mg etyl axetat, 16p hitu co dugc
rira bing nudc, dung dich nude natri hydro cacbonat béo hoa va nudc mudi bio hoa, va
lam kho béng magie sulfat. Magie sulfat duoc loai bo béng cach loc, va chét tao thanh
duoc ¢d dudi ap suat giam. Xi 16 tao thanh dugc cho tham gia sdc ky cot silica gel, va
nudc rira giai (toluen/etyl axetat = 1,5/1) va (toluen/axeton = 3/1) dugc sir dung dé tao ra
hop chit 16 (320 mg, 44%, o/p= 1/10).

Hop chit 16

IH-NMR (CDCls, 400 MHz) 8 0,45-1,18 (phtc hop, 8H), 1,28 (d, 3H, H-6 cua
Rham), 1,40-1,81 (phic hop, 20H), 1,81-2,35 (phtc hop, 54H, OAc), 3,60 (m, 1,2H),
3,71-3,78 (phuc hop, 3H), 3,81-3,91 (phirc hop, 2,4H), 3,98-4,20 (phirc hop, 10H), 4,40-
4,50 (phirc hop, 3,4H), 4,62 (d, J = 8,0 Hz, 1,1H, H-1), 4,73 (d, J = 8,0 Hz, 1H, H-1),
4,75-4,91 (phirc hop, 7H), 4,96-5,12 (phurc hop, 7H), 5,17 (s, 1H, H-1 cua Rha), 5,21-
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5,31 (phtrc hop, 6H), 5,32 (s, 1H, H-1 cua Rha), 5,38 (t, 1,1H), 5,60 (d, ] = 8,0 Hz, 1H,
H-1pB), 6,22 (d, T = 3,0 Hz, 0,1H, H-1a); *C-NMR (CDCls, 100 MHz) § 16,7, 17.5, 20,5,
20,7x2, 20,8x2, 20,9%x2, 21,0, 21,6, 29,0, 39,6, 42,5, 44,0, 53,9, 58,1, 61,7, 66,7, 67,6,
68,0, 68,1, 68,3, 68,5, 69,8, 70,2, 70,7, 71,2, 71,4, 71,8, 71,9, 72,2, 72,4, 72,8,72,9, 15,2,
80,3, 81,4, 86,6, 92,2, 96,4, 96,9, 99,3, 99,8, 125,4, 128,4, 129,2, 138,0, 152,9, 169,0,
169,3, 169,5%2, 169,6x2, 169,8, 170,13, 170,2, 170,5, 170,6, 170,9x2, 174,7.

Hop chét 16 (300 mg, 0,149 mmol) dugc hoa tan trong métanol (2,0 mL) va THF
(2,0 mL), dugc thém natri metoxit (0,5 M trong MeOH) (0,3 mL, 0,149 mmol) & nhiét do
trong phong, va dugc khudy & nhiét do trong phong trong 3 gio. Sau khi xdc nhén hoan
thanh phéan tmg bang TLC (cloform/metanol/nuéc = 5/4/1, tri s6 Rf = 0,5), chét tao thanh
duoc ¢o dudi ap suét giam. Xi ro tao thanh dugc cho tham gia cgt tinh loc gel (GE
Healthcare, Sephadex LH-20, etanol) @8 tao ra hop chét 17 (188 mg, 96%, o/p= 1/10).
Tip theo, dang B ctia Hop chét 17 dugc tach bing HPLC diéu ché (cot C18 YMC HPLC,
20 mM dung dich nuéc amoni axetat/90% axetonitril/10% nude = 70/30-10/90, 45 phut),
va duge 1am déng kho. Dit liéu phan tich cu tric ctia Hop chit 17 bing phuong phép
cong hudng tir hat nhan (NMR) dugc thé hién trong Fig. 10-13.

Hop chét 17 (dang B)

'H-NMR (pyridin-d5, 800 MHz) § 0,67 (m, 1H), 0,86 (m, 1H), 0,96 (m, 1H),
1,07 (m, 1H), 1,14 (s, 3H), 1,26 (m, 1H), 1,36 (m, 1H), 1,41 (m, 1H), 1,48 (s, 3H), 1,61
(m, 3H), 1,70 (m, 6H), 1,87-2,21 (phirc hop, 11H), 2,46 (m, 1H), 2,57 (m, 1H), 3,63 (m,
1H), 3,85 (m, 1H), 3,95-4,09 (phuc hop, 8H), 4,14-4,31 (phirc hop, 14H), 4,33 (m, 1H),
4,45 (m, 2H), 4,55 (m, 3H), 4,78 (m, 1H), 4,82 (m, 1H), 4,86 (m, 1H), 4,98 (d, J= 8,0 Hz,
1H), 5,05-5,11 (phirc hop, 3H), 5,66 (s, 1H), 6,17 (d, J = 8,0 Hz, 1H), 6,24 (s, 1H), 6,46
(s, 1H); BC-NMR (pyridin-d5, 200 MHz) § 17,0, 19,2, 20,1, 20,9, 22,3, 29,6, 37,8, 38,3,
39,9, 40,8, 41,9, 42,7, 43,7, 44,5, 48,4, 54,2, 58,4, 61,9, 62,4, 62,5, 69,1, 69,8x2, 70,5,
71,6, 71,7, 72,3, 72,4, 72,5%2, 73,9, 74,1, 75,2, 76,4, 76,5, 7.5, 78,3, 78,4, 78,5, 78,8x2,
86,9, 88.8, 89,8, 93,8, 98,4, 101,8, 101,9, 104,4, 104,5, 105,3, 154,4, 176,0.

[a]p = -44,5° (¢ 0,1, MeOH)

MALDI-TOF-MS m/z phat hién thdy [M + Na]* 1281,4, Cs¢HooOs1 dugc du tinh
cho [M + Na]* 1281,5.

(iii) Xéc dinh cAu trac bang cach khép véi san phim tiéu chuén duoc tong hop

héa hoc theo thoi gian luu va mAu duge phan doan tr HPLC- MS/MS d¢ phén giai cao va
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phan doan MS?

San phim duoc tdng hop héa hoc cta steviol glycosit 1 méi (dang B clia hop chét
15) va dich chiét long 14 stevia dugc so sanh bang HPLC- MS/MS d¢ phan giai cao va
phan doan MS® trong clng didu kién nhu (i). Két qua 13, cac dinh cla san phadm dugc
tbng hop héa hoc va dich chiét l1ong 14 stevia dugc phét hién & dinh véi thoi gian luu 12
29,1 phut (Fig. 14). Hon nita, chung ciing phit hop v6i khéi phd dwgc phan doan MS/MS
va MS?® trong tng (Fig. 15). Tu két qua nay, Steviol glycosit 1 méi thu dugc tir dich chiét
16ng ctia thyc vat duge xac nhén la ¢6 cung ciu tao nhu dang P ctia hop chét 15.

Ngoai ra, san phim duoc tdng hop hoa hoc cta steviol glycosit 2 méi (dang B cta
hop chit 17) va dich chiét 16ng 14 stevia dugc so sanh bang HPLC- MS/MS phén giai cao
va phan doan MS? trong cing didu kién nhu (i). Két qua 13, dinh cla san phim dugc tong
hop hoa hoc va dich chiét 16ng 14 stevia dugc phat hién ¢ dinh v6i thoi gian luu 12 28,9
phut (Fig. 16). Hon nita, chung ciing pht hop véi khéi phd dugc phan doan MS/MS va
MS? twong tng (Fig. 17). Tk két qua nay, Steviol glycosit 2 méi thu duogce tir dich chiét
16ng cta thuc vat duge xéac nhén 1a ¢6 cung c4u tao nhu dang B cua hop chét 17.

Sinh tdng hop ctia steviol glycosit méi

Steviol glycosit méi dugc tao ra tir steviol trong nAm men. Dau tién, ndm men c6
thé cung biéu hién bdn loai gen enzym dugc glycosyl hoa cé ngudn gbc tir stevia
UGTS85C2, UGT91D2, UGT74G1 va UGT76G1 va gen synthaza UDP-ramnoza co6
ngudn gbc tir Arabidopsis thaliana- ARRHM2 dugc gy gidng.

Trr khi ¢6 quy dinh khéc, cac quy trinh sinh hoc phén tir dugc sir dung trong vi
du nay tuin theo cédc phuong phip dugc mod td trong tai liu Molecular Cloning
(Sambrook et al., Cold Spring Harbour Laboratory Press, 2001).

D& nhan ban bén loai gen enzym dugc glycosyl hoa, cac bd doan mdi dugc tong

hop dé dong vai trd PCR sir dung cDNA duoc didu ché tir 14 stevia lam mau.

B0 doan mdi dung cho su khuéch dai gen UGTR5C2
CACC-Ndel-SrUGT85C2-Fw (Vi tri nhin biét Ndel duogc gach chan):
5°.CACCCATATGGATGCAATGGCTACAACTGAGAA-3’ (SEQ ID NO:12)
Bglll-SrtUGT85C2-Rv (Vi tri nhén biét BglIT dugc gach chan):

5. AGATCTCTAGTTTCTTGCTAGCACGGTGATTT-3" (SEQ ID NO:13)
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Bo doan méi ding cho sy khuéch dai gen UGT91D2

SrUGT91D2-pET15b-FW

5'-TGCCGCGCGGCAGCCATATGTACAACGTTACTTATCATC-3’ (SEQ ID
NO:35)

SrUGT91D2-pET15b-RV

5'.GTTAGCAGCCGGATCCTTAACTCTCATGATCGATGGCAA-3’ (SEQ ID
NO:36)

B6 doan mdi dung cho sy khuéch dai gen UGT74G1

CACC-Ndel-SrtUGT74G1-Fw (Vi tri nhan biét Ndel duogc gach chan):

5. CACCCATATGGCGGAACAACAAAAGATCAAGAAAT-3> (SEQ ID
NO:14)

BamHI-SrUGT74G1-Rv (Vi tri nhan biét BamHI duoc gach chéan):

5'-.GGATCCTTAAGCCTTAATTAGCTCACTTACAAATT-3’ (SEQ ID NO:15)

B6 doan mdi dung cho su khuéch dai gen UGT76G1
CACC-Ndel-SrtUGT76G1-Fw (Vi tri nhan biét Ndel dugc gach chan):

5. CACCCATATGGAAAATAAAACGGAGACCA-3’ (SEQ ID NO:16)
BamHI-SrUGT76G1-Rv (Vi tri nhan biét BamHI duoc gach chan):

5" GGATCCTTACAACGATGAAATGTAAGAAACTA-3’ (SEQ ID NO:17)

L4 stevia cDNA thu dugc bing cich chiét téng s6 ARN tur 14 stevia sir dung
RNeasy Plant Mini kit (QIAGEN), va cho 0,5pug luong nay tham gia phan ung phién ma
nguoc (RT) st dung doan mdi Random Oligo-dT.

Dung dich phan tmg PCR (50ul) ¢6 thanh phan nhu sau: 1ul cDNA c6 ngudn gbc
tur 14 stevia, 1 x chit dém duong KOD (TOYOBO), 0,2mM dNTPs, 0,4pmol/pl mdi doan
mdi, ImM MgSOs va 1U polymeraza KOD duong chiu nhiét. Phéan tng PCR bao gbdm
phan tng & nhiét do 95°C trong 5 phit, sau do la su khuéch dai bang téng s6 30 chu ky
phan tmg & nhiét 4o 94°C trong 0,5 phut, 50°C trong 0,5 phut va 68°C trong 2 phut. Mbi
san phim PCR dugc cho tham gia dién di voi 0,8% gel agaroza va su bién mau ethidi
bromua, nhr d6 thu duoc dai khuéch dai gin 1,4 kb vé ¢& nhu gia dinh tir mi mau ADN.

San phdm PCR nay dugc phan dong trong vecto pENTR-TOPO Directional
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(Invitrogen) theo phuong phap dugc khuyén nghi bdi nha san xuit. DNA Sequencer
model 3100 (Applied Biosystems) dugc sit dung cho trinh tr béi quy trinh doan moi truc
tiép voi doan moi oligonucleotit dugc tbng hop, nho d6 xé4c nhén tht ca cac gen UGT wa
thich, tirc 1 UGT85C2, UGT91D2, UGT74G1 va UGT76G1 dugc tach dong.

Cau truc cua vecto bi€u hién ndam men

Céc bd doan mdi sau diy dugc thiét ké dé tich hop cac gen UGT nay va gen
ramnoza synthaza UDP AtRHM?2 c¢6 ngudn gbc tir Arabidopsis thaliana (J Biol Chem

2007, Oka et. al) vao vecto biéu hién nim men.

B6 SrUGT85C2

Bgl2-UGT85C2-F (Vi tri nhan biét BglII dugc gach chan):

5_ ACAGATCTATGGATGCAATGGCTACAACTGAGA-3’ (SEQ ID NO:18)
Sal-UGT85C2-R (Vi tri nhan biét Sall dugc gach chén):

5 .-TAGTCGACTAGTTTCTTGCTAGCACGGTGATTTC-3’ (SEQ ID NO:19)

Bo SrtUGT91D2

Notl-UGT91DIL3-F (Vi tri nhan biét NotI duge gach chan):

5-AAGCGGCCGCATGTACAACGTTACTTATCATCAAAATTCAAA-3’ (SEQ
ID NO:20)

Pac-UGT91D1L3-R (Vi tri nhan biét Pacl duoc gach chan):

5°.CGTTAATTAACTCTCATGATCGATGGCAACC-3’ (SEQ ID NO:21)

B6 SrtUGT74G1

Not-UGT74G1-F (Vi tri nhan biét Notl dugc gach chan):

5" AAGCGGCCGCATGGCGGAACAACAAAAGATCAAG-3’ (SEQ ID
NO:22)

Pac-UGT74G1-R (Vi tri nhan biét Pacl duoc gach chan): |

5 .CGTTAATTAAGCCTTAATTAGCTCACTTACAAATTCG-3’ (SEQ ID
NO:23)

B6 SrUGT76G1
Bam-UGT76G1-F (Vi tri nhin biét BamHI dugc gach chén):
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5-AAGGATCCATGGAAAATAAAACGGAGACCACCG-3’ (SEQ ID NO:24)

Sal-UGT76G1-R (Vi tri nhan biét Sall dugc gach chan):

5°-GCGTCGACTTACAACGATGAAATGTAAGAAACTAGAGACTCTAA-3’
(SEQ ID NO:25)

Bo AtRHM?2

Bam-AtRHM2-F (Vi tri nhén biét BamHI dugc gach chén):
5°.GGATCCATGGATGATACTACGTATAAGCCAAAG-3’ (SEQ ID NO:26)
Xho-AtRHM2-R (Vi tri nhin biét Xhol duoc gach chan):
5-CTCGAGTTAGGTTCTCTTGTTTGGTTCAAAGA-3’ (SEQ ID NO:27)

Céc céch két hop cac mAu va doan mdi, tre 1a bd UGT85C2 va StUGT85C2 mau,
b6 UGT91D2 va SrtUGT91D2 méau, bd UGT74G1 va StUGT74Gl mau, bd UGT76GI va
STUGT76G1 mAu, va bo AtAHM2 va AtAHM2 mAu, duge sir dung dé khuéch dai PCR
sir dung KOD ADN polymeraza chju nhiét (TOYOBO) va cheén céc vi tri enzym gidi han
& ca hai diu ctia mdi ORF. Phan doan ADN tao thanh dugc phan dong st dung kit tach
dong Zero Blunt-TOPO PCR (Invitrogen), va dugc tao trinh tu st dung DNA Sequencer
model 3100 (Applied Biosystems) bang quy trinh doan mdi truc tiép v6i doan moi
oligonucleotit dugc tbng hop dé xac nhan rang mdi gen UGT wa thich dugc nhén ban.

DPé co su biéu hién cta cac gen néu trén ¢ cac ndm men béng cach st dung hé
biéu hién ndm men pESC (Stratagene), cac vecto biéu hién sau day duoc cAu tao thanh.

(1) Chu tréc cia plasmit pESC-URA-UGT56

UGT85C2 dugc phan cét bing cc enzym gi6i han BglII va Sall, va duoc lién két
v6i vecto pESC-URA (Stratagene) ma dd dugc phan cat boi cac enzym gi6i han BamHI
va Sall dé tao ra plasmit pESC-URA-UGT-5. Plasmit pESC-URA-UGT-5 nay duoc phan
cét bing cac enzym gi6i han NotI va Pacl trong khi UGT91D2 ciing duoc phén cit bang
cac enzym gidi han Notl va Pacl. Cac chét tao thanh dugc lién két dé tao ra pESC-URA-
UGTS56.

(2) CAu tric cua plasmit pESC-HIS-UGT78

UGT76G1 dugc phan cét bang cac enzym giéi han BamHI va Sall, va dugc lién
két voi vecto pESC-HIS (Stratagene) ma dd duge phan cit bang cic enzym gidi han
tuong tu dé tao ra plasmit pESC-HIS-UGT-8. Plasmit pESC-HIS-UGT-8 nay dugc phan
cét bing cac enzym gidi han NotI va Pacl trong khi UGT74G]1 ciing dugce phan cit biang
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Notl va Pacl. Cac chét tao thanh duoc lién két dé tao ra pESC-HIS-UGT78.

(3) Chu tric ciia plasmit pESC-TRP-AtRHM?2

AtAHM?2 duoc phan cit bing cic enzym gi6i han BamHI va Xhol trong khi
vecto pESC-TRP (Stratagene) duoc phan c4t bang cac enzym gi6i han tuong tu. Céc chét
tao thanh dugc lién két dé tao ra plasmit pESC-TRP-AtAHM2.

Su bién nap cua ndm men

Cac plasmit dugc thé hién trong bang 2 dugc dua vao chung Saccharomyces
cerevisiae YPH499 (ura3-52 lys2-8012mrade2-101°" trp1-A63 his3-A200 leu2-Al a)
lam vat chi bang k¥ thuat lithi axetat. Déi v6i cac chung dugc bién nap, nhitng loai ma
sdng s6t trong mdi trudong thach aga SC-Trp-Ura-His (6,7g ndm men nito bazo khong ¢
axit amin, 20g glucoza, 1,3g bot axit amin mix-Trp-Ura-His va 20g thach aga Bacto moi

1L) dugc chon logc.

Béang 2

Ching duoc bién | Céc plasmit duge dwa vao Céc gen dugc dua vao

nap

A-5678 pESC-URA-UGT-56 SrUGT85C2, SrtUGT91D2
pESC-HIS-UGT-78 SrUGT74G1, StUGT76G1
pESC-TRP-AtAHM?2 AtAHM?2

Trong ban md ta nay, hdn hop bdt axit amin Trp-Ura-His dugc diéu ché bing
cach tron adenine sulfat (2,5g), L-acginin hydroclorua (1,2g), axit L-aspartic (6,0g), axit
L-glutamic (6,0g), L-leuxin (3,6g), L-lizin (1,8g), L-methionin (1,2g), L-phenylalanin
(3,0g), L-serin (22,5g), L-threonin (12g), L-tiroxin (1,8g) va L-valin (9,0g).

Cam tng va phan tich biéu hién ctua gen chuyén

Ching dugc bién nap thu duge duge nudi chy nhu sau.

Dau tién, ddi véi viéc nudi céy so bd, mdi ching duge bién nap dugc céy Vao
10ml mdi trudong 1éng SC-Trp-Ura-His (mdi truong thach aga SC-Trp-Ura-His khong c6
thach aga Bacto) va dugc nudi cdy trong ti l4c & nhiét dd 30°C trong mot ngay. Tiép theo,
dbi v6i viéc nudi cdy chinh, 1ml dung dich nuoi chy so bd dugc chy vao 10ml mdi truong
l6ng SG-Trp-Ura-His (6,7g nim men nito bazo khong c6 axit amin, 20g galactoza, va
1,3g hdn hop bot axit amin Trp-Ura-His mdi 1L) va dugce nudi cdy trong tu lic & nhiét do
30°C trong hai ngay.

P& x4c nhan liéu rang gen dugc chuyén vao c6 dugce biéu hién & ching dugc bién
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nap hay khong, céac té bao duoc thu hoach tir dung dich nu6i céy dé tinh ché ARN téng
bang kit RNeasy Mini.

Vé6i lug ARN tong, cDNA dugc tbng hop st dung k§ thut phién mi ngugc
SuperScript II (Thermo Fischer Scientific) va hexamer ngau nhién lam doan moi.

Dé x4c nhén su biéu hién cua gen chuyén, cac doan mdi sau day dugc diéu ché.

Pé xac nhan su biéu hién ctia UGT85C2

UGT85C2-rl:

5°-CAAGTCCCCAACCAAATTCCGT-3’ (SEQ ID NO:28)

D& xé4c nhan sy biéu hién cia UGT91D2
UGT91D1L3-rl:
5. CACGAACCCGTCTGGCAACTC-3’ (SEQ ID NO:29)

D& x4c nhan sy biéu hién cia UGT74G1
UGT74Gl1-rl:
5°.CCCGTGTGATTTCTTCCACTTGTTC-3’ (SEQ ID NO:30)

D& x4c nhén sy bidu hién cia UGT76G1
UGT76G1-r1:
5° . CAAGAACCCATCTGGCAACGG-3’ (SEQ ID NO:31)

Pé xac nhan su biéu hién cia AtAHM?2

AtAHM2-rl

5’-GCTTTGTCACCAGAATCACCATT-3’ (SEQ ID NO:32)

Vung GAL10p (vung gen khoi dau)

PGALI10-13:

5°-GATTATTAAACTTCTTTGCGTCCATCCA-3’ (SEQ ID NO:33)

Vung GAL1p (vung gen khéi dau)
PGALI1-f3:
5°.CCTCTATACTTTAACGTCAAGGAGAAAAAACC-3’ (SEQ ID NO:34)

Sy biéu hién ctia mdi gen chuyén duoc xac nhan bang cach thuc hién PCR bang
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cach sir dung ExTaq (Taraka Bio) vé6i su két hop cac doan mdi sau day va cDNA da téng
hop trude d6 1am miu va cho san pham tao thanh tham gia dién di gel agaroza.
UGT85C2: UGT85C2-r1 (SEQ ID NO:28) va PGAL1-f3 (SEQ ID NO:34)
UGT91D2 hoic UGT91D2L3: UGT91D1L3-r1 (SEQ ID NO:29) va PGAL10-3
(SEQ ID NO:33)
UGT74G1: UGT74G1-r1 (SEQ ID NO:30) va PGAL1-f3 (SEQ ID NO:34)
UGT76G1: UGT76G1-rl (SEQ ID NO:31) va PGAL10-f3 (SEQ ID NO:33)
AtAHM2: AtAHM2-r1 (SEQ ID NO:32) va PGAL10-13 ('SEQ ID NO:33)

Theo d6, su biéu hién ciia gen chuyén trong ching dugc bién nap dugc xac nhén.

San xuét steviol glycosit mgi

Viéc nudi cdy dugc thuc hién dudi cing cac diéu kién nhu duge md ta trén day
ngoai trir viéc 0,5ug hodc 2ug steviol (ChromaDex Inc.) duge thém vao moi truong 1ong
dung cho viéc nudi cAy chinh mdi 1ml mdi truong. Sau khi nudi cdy, dung dich nudi chy
dugc tach thanh dich ndi nuodi cdy va cac té bao bang céach ly tim. Dich ndi nudi cdy dugc
rtra bang axetonitril, sau d6 dugc cho tham gia cot Sep-Pak C18 dugc can bing bing
nudc, dugc rua béng axetonitril 20%, dugc rira giai bé'lng axetonitril 80%, dugc lam kho
dé hoa rén, va sau d6 dugc hoa tan trong mot luong nho axetonitril 80% dé didu ché mau
glycosit. MAu glycosit nay dugc cho tham gia phén tich sau day.

Phan tich bing LC-MS

Phan tich béng LC-MS duoc thuc hién nhu dugc md ta trong vi du "Phén tach
steviol glycosit mai".

Két qua dugc thé hién trong Fig 18 va 19. Sy tao ra steviol glycosit 1 va 2 méi 6
ching A-5678 dugc x4c nhén. Két qua nay twong ung vdi steviol glycosit tao ra tir su
tdng hop hoa hoc duge mo ta & trén.

Déanh gid do ngot cua steviol glycosit méi

DPé danh gia do ngot cla steviol glycosit mdi, cac maiu dugc didu ché bang cach
thém sucroza vao nuéc tinh khiét dé tao ra Brix 12 0,5 dén 3 trong 0,5 lugng gia tang.
Mau duoc didu ché bang cach thém Hop chit 17 ¢6 ciu tric twong ty nhu Steviol
glycosit 2 méi vao nuéc tinh khiét dén 1700 ppm. O day, ti 1é dang o va dang B chira
trong Hop chét 17 1a 1: 10 (a: B, ti 1& mol).

Viéc danh gia duge thyc hién bang cach chon mau dugce thém sucroza c6 do ngot
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trong duong véi do ngot clia mau dugc thém steviol glycosit méi, trong d6 danh gia cam
quan dugc thyc hién boi cac thir nghiém vién dugc dao tao vé céc thudc tinh cam quan
cla c4c chét tao ngot (5 thanh phan). Két qua 12 miu duge didu ché bang cach thém
glycosit 2 mgi dugce phat hién théy 14 ¢6 do ngot trong duong v6i do ngot clia mau dugc
thém sucroza vé6i Brix 14 1. Do d9, steviol glycosit méi theo sang ché dugc phat hién 1a
c6 d0 ngot 1a 14,7 tinh theo sucroza. Mic di khong doi héi dd ngot chinh xac cua steviol
glycosit 1 mé&i do né khong hoa tan hoan toan trong nudc, steviol glycosit 1 moi cling
duoc x4c nhan 1a ¢6 d6 ngot nhu duge mo ta dudi day.

Panh gi4d cdm quan steviol glycosit méi (Hop chét 17)

Dé danh gia chat lugng mui vi cla céc steviol glycosit, Reb.A, Reb.D va hop
chét 17 ¢6 ciu tric twong tu nhu Steviol glycosit 2 méi dugc thém vao nude tinh khiét
v6i lugng nhu thé hién trong Fig. 20 @ didu ché mAu dd udng. Tét ca cac miu d6 udng
duoc diéu chinh dé c6 Brix cubi cung 1a 2 tinh theo sucroza, véi diéu kién 13 cac muc dd
ngot 1a Reb.A: 300, Reb.D: 250 va glycosit 2 méi (Hop chét 17): 14,7.

Céac mau dd udng tao thanh dugc cho tham gia danh gié cam quan dé danh gia
cac thudc tinh, nhu, do ngot ban dau, du vi ngot kéo dai, 40 ngot téng quan, vi tu nhién,
va du vi ty nhién kéo dai. Vi tu nhién nhu dugc st dung trong ban mo ta nay dung dé chi
vi khong mong mudn khong phai 12 vi ngot, vi du vi ding va vi gat. Cac thir nghiém vién
dugc dao tao vé céc thudc tinh cdm quan cla cic chét tao ngot (7 thanh ph?m: Suntory
Beverage and Food Ltd.) danh gia dua trén céc ti€u chudn danh gia sau. RAt it (-3), it (-2),
kha it (-1), binh thuong (0), kha nhidu (+1), nhiéu (+2) va rat nhiéu (+3). Két qua dugc
thé hién trong Fig. 20. Diém danh gia thé hién trong biéu dd 1a diém trung binh cla cac
diém cua 7 thi nghiém vién.

Két qua danh gid cam quan, Hop chat 17 ¢ céu tric twong ty nhu Steviol
glycosit 2 m&i dugce phat hién 1a ¢6 do ngot ban diu nhanh hon chét tao ngot Reb.A va
Reb.D thong thuong va du vi ngot kéo dai tdt nhu duong. N6 ciing duge phat hién 1a c6
d6 ngot tong quan so v6i Reb.D.

Péanh gia vi cua steviol glycosit méi (Hop chit 15 va 17) & dang bot

Vi cua steviol glycosit méi 1 va 2 ¢ dang bot duge dénh gia. Cu thé 1a, hop chét
15 (twong tmg v&i Steviol glycosit 1 mai) va 17 (twong tng voi Steviol glycosit 2 m6i)
thu duge bang cach tdng hop hoéa hoc dugc cho tham gia sic ky long hiéu ndng cao

(HPLC) dé phan tach chi dang B, ma dugc lam thanh dang bot va dua di danh gia vi. Thu
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nghiém vién dugc dao tao vé céc thudc tinh cam quan cla chét tao ngot (3 thanh phé‘m:
Suntory Beverage and Food Ltd.) danh gia. Két qua duogc thé hién trong bang 3.
Bang 3: K&t qua dénh gia vi cia steviol glycosit mdi (chi dang p) & dang bot

bo ngot Cac dac tinh vé vi
Steviol glycosit 1 méi | Co ‘D0 ngot it hon steviol glycosit 2 méi
(Hop chét 15) ‘Du vi ngot kéo dai nhiéu hon steviol
glycosit 2, nhung véi do ngot cudi tét
Steviol glycosit2 méi | Co *Vi gidng hdn hop
(Hop chét 17) ‘Khéng c6 vi déng

Tir két qua trén, c hai steviol glycosit 1 va 2 méi c6 vi ngot va dugc phat hién la
hitu ich lam chét tao ngot. Hon nita, ca hai steviol glycosit ¢6 it vi khong mong mudn
nhu vi déng. Hop chit 17 ¢6 vi gidng hdn hop c6 dang a va B dugc st dung dé danh gia
do ngot.
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YEU CAU BAO HQ
1. Hop chat dugc thé hién boi cong thie (1):

glc(1-3)=—glc-1-0O
rha(1-2)

(o)
,O

R (1)

hodc muoi hodc hydrat cua no,

trong d6 R 1a chudi dudng c6 cong thire (2) hodc (3); va

glc-1—
rha(1-2) (2)
glc(1-3)—glc-1—
rha(1-2) (3)

glc 1a glucoza, va rha 1a ramnoza.

2. Hop chét theo diém 1, trong d6 hop chit nay 1a san phim c6 ngudn gbc tir thuc vat, san
phém duoc téng hop héa hoc hodc san phém sinh hoc téng hop.

3. Hop chét dugc thé hién béi cong thice (11), (12), (13) hodc (14):
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hodc mudi hodic hydrat cia no.

4. Thyc phdm chira hop chét theo didm bat ky trong sd céc diém tir 1 dén 3 hodc mubdi
hodc hydrat cua no.

5. Db ubng chira hop chit theo diém bt ky trong s6 cac diém tir 1 dén 3 hogc mudi hodc
hydrat cua no.

6. Ché phim tao ngot chtra hop chit theo diém bét ky trong s6 cac diém tir 1 dén 3 hoic
mudi hodc hydrat ctua né.

7. Ché phém tao ngot theo diém 6, trong do ché phém nay con chira mot hodc nhiéu loai
steviol glycosit dugc chon tir nhém bao gom rebaudioside A, rebaudioside B,
rebaudioside C, rebaudioside D, rebaudioside E, rebaudioside F, rebaudioside I,
rebaudioside J, rebaudioside K, rebaudioside N, rebaudioside M, rebaudioside O,
rebaudioside Q, rebaudioside R, dulcoside A, dulcoside C, rubusoside, steviol, steviol
monosit, steviol biosit va steviosit.

8. Thuc phim chira ché pham tao ngot theo diém 6 hodc 7.

9. D) udng chira ché pham tao ngot theo diém 6 hodc 7.

10. Dich chiét cta thuc vat chira hop chét theo diém 1 hoic 3, hodc mudi hodc hydrat cta
nd, trong do dich chiét nay chura hop chét theo diém 1 hoic 3, hodc mudi hodc hydrat cta
no.

11. Thuc phém chtra dich chiét cua thuc vat theo diém 10.

12. Db ubng chira dich chiét cua thuc vat theo diém 10.

13. Phuong phap san xuét hop chét theo diém 1, trong d6 phuong phap nay bao gbm cac
budc:

(A) diéu ché chét trung gian 1 dugc thé hién boi cong thire (5):
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p-glc(1-3)==p-glc-1=0
p-rha(1-2)

-0 ©
H (5)
trong d6 p-gle 1a glucoza, trong do it nhét mot nhém hydroxyl duge bao vé béi nhom bao
vé, va p-rha l1a ramnoza, trong do it nhit mdt nhém hydroxyl dugc bao vé bdi nhém béo
Ve,
tir rebaudioside C duoc thé hién béi cong thire (4):

gle(1-3)=—glc-1-0
rha(1-2)

o (o]
gle-17 (4)
trong do glc 1a glucoza va rha la ramnoza;
(B) diéu ché chét trung gian 2 dugc thé hién bdi cong thire (6) hodc chét trung

gian 3 dugc thé hién béi cong thuc (7) tir dan xuét glucopyranosit:

p-glc-1-
p-rha(1-2) (6)

p-glc(1-3)—p-glc-1-
p-rha(1-2) (7)

trong d6 p-glc 1a glucoza, trong do it nh4t mot nhoém hydroxyl duge bao vé bdi nhom bao
vé, va p-rha 1a ramnoza, trong do it nhat mot nhém hydroxyl dugc bao vé béi nhém bao
ve; va

(C) cho chat trung gian 1 phén umg véi chét trung gian 2 hodc 3 véi sy c6 mat
cta chit phan tng phosphin va hop chét azo dé thu duogc chit trung gian 4 dugc thé hién

bdi cong thice (8):
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p-glc(1-3)—p-glc-1—=0
p-rha(1-2)

o)
Rq (8)

trong d6 Ry 1 chudi dudng c6 cong thie (9) hodc (10): va

p-glc-1-
p-rha(1-2) (9)

p-glc(1-3)—p-glc-1-
p-rha(1-2) (10)

p-glc 1a glucoza, trong do it nhit mot nhém hydroxyl duge bao vé béi nhom bao vé, va p-
rha 1a ramnoza, trong do it nhit m6t nhom hydroxyl dugc bao vé béi nhom bao ve.

14. Phuong phép san xuét hop chat theo diém 1, trong d6 phuong phap nay dac trung &
chd stt dung thé bién nap khong phai nguodi ma duge dua vao it nhéit mot trong céc
polynucleotit (a) dén (g):

(a) polynucleotit md hoéa protein ma cd sy tuong ddng 90% hodc cao hon véi
trinh tu axit amin ciia SEQ ID NO:2 va c¢6 hoat tinh bd sung glucbza vao nhom hydroxyl
& vi tri C-13 cua steviol glycosit;

(b) polynucleotit ma hoa protein ma c6 su tuong ddng 90% hodc cao hon voi
trinh ty axit amin cia SEQ ID NO:4 va c6 hoat tinh bd sung glucoza vao axit cacboxylic
& vi tri C-19 cua steviol glycosit;

(¢) polynucleotit ma hoa protein ma c6 sy tuong ddng 90% hodc cao hon véi
trinh ty axit amin cia SEQ ID NO:6 va ma c6 hoat tinh bd sung ramnoza vao glucoza
duoc gan & vi tri C-13 cia steviol glycosit qua lién két 1-2;

(d) polynucleotit md héa protein ma co sy twong ddng 90% hodc cao hon véi
trinh ty axit amin ctia SEQ ID NO:8 va c6 hoat tinh bd sung glucoza vao C-3 cua glucoza
& vi tri C-13 cua steviol glycosit qua lién két 1—3;

(e) polynucleotit ma hoéa protein ma co6 sw tuong ddng 90% hodc cao hon véi
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trinh ty axit amin ctia SEQ ID NO:6 va c6 hoat tinh bd sung glucoza vao glucoza & vi tri
C-19 cua steviol glycosit qua lién két 1—2;

(f) polynucleotit ma hoéa protein ma co sy tuong ddng 90% hodc cao hon véi
trinh tu axit amin ciia SEQ ID NO:8 va c6 hoat tinh bd sung glucoza vao glucoza & vi tri
C-19 cua steviol glycosit qua lién két 1-3; va

(g) polynucleotit ma héa protein ma c6 su tuong ddng 90% hodc cao hon véi
trinh ty axit amin cia SEQ ID NO:10 va c6 hoat tinh tao ra UDP-ramnoza tr UDP-
glucoza.

15. Phuong phép theo diém 14, trong d6 thé bién nap khong phai hgu’bi 13 nAm men.
16. Phuong phép theo diém 14 hogc 15, trong do thé bién nap khong phéi ngudi dugc

nudi cdy trong méi trudng chira steviol.
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<220>
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<400> 1

atg gat gca atg gct

483

Met Asp Ala Met Ala

1 5

cca ttt cca gca caa

96

Pro Phe Pro Ala Gln

20

ctt ctc cac cac aaa

144

Leu Leu His His Lys

35

atc cac aac cag ttt

192

Ile His Asn Gln Phe
50

tca ccg ggt ttc cgg

240

Ser Pro Gly Phe Arg
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aca

Thr

agc

Ser

gga

Gly

ctt

Leu

ttc

Phe
70

act

Thr

cac

His

ctc

Leu

gaa

Glu
55

gaa

Glu

gag

Glu

att

Ile

cag

Gln
40

tca

Ser

acc

Thr

aag

Lys

aaa

Lys
25

ata

Ile

tcg

Ser

atc

Ile

aaa

Lys
10

gcc

Ala

acc

Thr

ggc

Gly

ccg

Pro
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Cca

Pro

atg

Met

ttc

Phe

cca

Pro

gat

Asp
75

cac

His

ctc

Leu

gtc

Val

cat

His
60

ggt

Gly

gtc

Val

aaa

Lys

aac

Asn
45

tgt

Cys

gtt

Val

atc

Ile

cta

Leu
30

acc

Thr

ttg

Leu

tct

Ser

ttc

Phe
15

gca

Ala

gac

Asp

gac

Asp

cac

His

ata

Ile

caa

Gln

ttc

Phe

ggt

Gly

agt

Ser
80
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ccg
288
Pro

acc
336
Thr

cct
384
Pro

gac
432
Asp

gct
480
Ala
145

aaa
528
Lys

ttg
576
Leu

aag
624
Lys

atg
672
Met

att
720
Ile
225

tca
768

gaa

Glu

aac

Asn

ccg

Pro

gct

Ala
130

gcc

Ala

gga

Gly

gac

Asp

gat

Asp

ttc

Phe
210

ttc

Phe

ttg

gcg

Ala

ttc

Phe

act

Thr
115

gca

Ala

tgt

Cys

ttt

Phe

acc

Thr

ttc

Phe
195

act

Thr

cac

His

agg

agc

Ser

ttg

Leu
100

tgt

Cys

aaa

Lys

999

Gly

gca

Ala

gtc

Val
180

ccg

Pro

aca

Thr

acg

Thr

tat

atc

Ile
85

gat

Asp

att

Ile

aag

Lys

ttc

Phe

cca

Pro
165

att

Ile

ctg

Leu

gaa

Glu

ttc

Phe

aat

cca

Pro

cgt

Arg

atc

Ile

ctt

Leu

atg

Met
150

ctt

Leu

gat

Asp

gac

Asp

gct

Ala

gat

Asp
230

cac

atc

Ile

ttc

Phe

tca

Ser

gga

Gly
135

ggt

Gly

aaa

Lys

tgg

Trp

tgg

Trp

cct

Pro
215

gag

Glu

att

aga

Arg

att

Ile

gat

Asp
120

att

Ile

ttt

Phe

gat

Asp

gtt

Val

agc

Ser
200

Ccaa

Gln

ttg

Leu

tac
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gaa

Glu

gat

Asp
105

999

Gly

ccg

Pro

tac

Tyr

gca

Ala

ccg

Pro
185

act

Thr

agg

Arg

gag

Glu

acc

tca

Ser
90

ctt

Leu

ttc

Phe

gtc

Val

cat

His

agt

Ser
170

gga

Gly

gac

Asp

tca

Ser

cct

Pro

atc
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ctc

Leu

gta

Val

ttg

Leu

atg

Met

att

Ile
155

tac

Tyr

atg

Met

ctc

Leu

cac

His

agt

Ser
235

ggc

ttg

Leu

acc

Thr

tcg

Ser

atg

Met
140

cat

His

ttg

Leu

gaa

Glu

aat

Asn

aag

Lys
220

att

Ile

ccCa

aga

Arg

aaa

Lys

gtt

Val
125

tat

Tyr

tct

Ser

aca

Thr

ggc

Gly

gac

Asp
205

gtt

Val

ata

Ile

ctg

tcc

Ser

ctt

Leu
110

ttc

Phe

tgg

Trp

ctc

Leu

aat

Asn

atc

Ile
190

aaa
Lys

tca

Ser

aaa

Lys

caa

att

Ile
95

ccg

Pro

aca

Thr

aca

Thr

att

Ile

gg9g9

Gly
175

cgt

Arg

gtt

Val

cat

His

act

Thr

tta

gaa

Glu

gat

Asp

att

Ile

ctt

Leu

gag

Glu
160

tat

Tyr

ctc

Leu

ttg

Leu

cat

His

ttg

Leu
240

ctt

60/109



Ser

ctt
816
Leu

cat
864
His

cag
912
Gln

aca
960
Thr
305

aat

1008

Asn

999

1056

Gly

aga

1104

Arg

cct

1152

Pro

gag

1200

Glu
385

gac

1248

Asp

Leu

gat

Asp

gga

Gly

tct

Ser
290

gta

Val

agc

Ser

gaa

Glu

ggc

Gly

tcg

Ser
370

agc

Ser

cag

Gln

Arg
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Gln

tac

Tyr
275
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Lys

atg

Met
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Asn

aat
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ttt

Phe
355

gtt

Val

ttg

Leu

ctg

Leu

Tyr

ata
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260

agt

Ser
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Glu

tct

Ser

cat

His

gca

Ala
340

att

Ile

gga

Gly

tct

Ser

acc

Thr

Asn
245

CccCcC

Pro

tta

Leu

CCa

Pro

tta

Leu

tat

Tyr
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gtt

Val

gct

Ala

ggg

Gly

gct

Ala

aac

Asn
405

His

gaa

Glu

gta

Val

aat

Asn

gaa

Glu
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ttc

Phe

ttg

Leu
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Ser
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ggg

Gly
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tgt
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Ile
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tcc

Ser
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Leu
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Pro
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Trp
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gtg

Val
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Arg
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gaa

Glu
280

gtc

Val

atg

Met
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Trp
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Pro

Cys
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act

Thr

Cca

Pro

tat

Tyr
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Thr

aag

Lys
265

gaa

Glu

gtt

Val
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Thr
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Glu
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His
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Met

ata
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ata
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Gly

act

Thr

gag

Glu

gta

val
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Phe
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cga
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Gly
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ata

Ile
350

ttg

Leu
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Trp
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ctc

1296

Leu

Caa

1344
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gat
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Asp
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gag
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63/109



Gln

Thr

305

Asn

Gly

Arg

Pro

Glu

385

Asp
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Trp
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Arg

455

Met

Val

Met

Trp

Pro

Cys

360

Thr

Pro

Tyr

Lys

Gly

440

Ile

Val

47313

Val

Thr

Ile

Glu

345

Ser

His

Met

Ile

Arg

425

His

Ala

Lys

Tyr

Glu

Ile

330

Leu

Gln

Cys

Ile

Cys

410

Asp

Lys

Ile

Glu
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Val

Phe

315

Arg

Glu

Glu

Gly

Cys

395

Lys

Glu

Met

Ala

Ile
475

Asn

300

Gly

Ser

Glu

Lys

Trp

380

Trp

Glu

Val

Arg

Pro

460

Thr

Phe

Trp

Asn

His

Val

365

Gly

Pro

Trp

Lys

Asn

445

Asn

Val

Gly

Gly

Leu

Ile

350

Leu

Ser

Tyr

Glu

Arg

430

Lys

Gly

Leu

Ser

Leu

Val

335

Lys

Lys

Thr

Ser

Val

415

Leu

Ala

Ser

Ala

Thr

Ala

320

Ile

Lys

His

Ile

Trp

400

Gly

Val

Lys

Ser

Arg
480
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<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
atg gcg gaa

48
Met
1

cca
96
Pro

cga
144
Arg

acc
192
Thr

gaa
240
Glu
65

gca
288
Ala

cta
336
Leu

gca
384
Ala

Ala

ttc

Phe

tta

Leu

tta

Leu
50

atc

Ile

gga

Gly

gct

Ala

atc

Ile

3
1

383

DNA

Stevia rebaudiana

CDS

(

3

1).

Glu

cct

Pro

atc

Ile
35

aac

Asn

caa

Gln

gaa

Glu

gac

Asp

att

Ile
115

Caa

Gln

tta

Leu
20

tcc

Ser

tca

Ser

gca

Ala

tca

Ser

tta

Leu
100

tat

Tyr

. (1383)

caa

Gln

caa

Gln

aaa

Lys

acc

Thr

att

Ile

tat

Tyr
85

atc

Ile

gat

Asp

aag

Lys

ggce

Gly

ggt

Gly

cta

Leu

tcc

Ser
70

ttg

Leu

aag

Lys

tct

Ser

atc

Ile

cat

His

gtc

Val

aac

Asn
55

gat

Asp

gaa

Glu

aag

Lys

atg

Met

aag

Lys

ata

Ile

aaa

Lys
40

cac

His

ggt

Gly

aca

Thr

ctt

Leu

act

Thr
120

47313

aaa

Lys

aac

Asn
25

aca

Thr

agt

Ser

tgt

Cys

ttc

Phe

caa

Gln
105

gaa

Glu

tca

Ser
10

cct

Pro

aca

Thr

aac

Asn

gat

Asp

aaa

Lys
90

agt

Ser

tgg

Trp
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CCa

Pro

ttc

Phe

ctt

Leu

acc

Thr

gaa

Glu
75

Caa

Gln

gaa

Glu

gtt

Val

cac

His

atc

Ile

gtt

Val

acc

Thr
60

ggc

Gly

gtt

Val

gga

Gly

tta

Leu

gtt

Val

cag

Gln

acc

Thr
45

acc

Thr

ggt

Gly

999

Gly

acc

Thr

gat

Asp
125

cta

Leu

ttt

Phe
30

acc

Thr

acc

Thr

ttt

Phe

tct

Ser

aca

Thr
110

gtt

Val

ctc

Leu
15

ggc

Gly

atc

Ile

tcc

Ser

atg

Met

aaa

Lys
95

att

Ile

gca

Ala

atc

Ile

aaa

Lys

cac

His

atc

Ile

agt

Ser
80

tca

Ser

gat

Asp

att

Ile
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gag
432
Glu

aac
480
Asn
145

ggt
528
Gly

aca
576
Thr

cag
624
Gln

ttc
672
Phe

aga
720
Arg
225

tac
768
Tyr

tac
816
Tyr

aag
864
Lys

ttt

Phe
130

agc

Ser

gaa

Glu

ccg

Pro

atg

Met

aca

Thr
210

aag

Lys

ctt

Leu

aaa

Lys

gaa

Glu

gga

Gly

tta

Leu

act

Thr

tta

Leu

ttg

Leu
195

aat

Asn

ata

Ile

gac

Asp

gca

Ala

tca

Ser
275

atc

Ile

tat

Tyr

gtt

Val

att

Ile
180

ttt

Phe

agt

Ser

tgg

Trp

aaa

Lys

aac

Asn
260

gtt

Val

gat

Asp

tat

Tyr

tcg

Ser
165

ttg

Leu

ggt

Gly

ttt

Phe

aac

Asn

cga

Arg
245

cat

His

gtt

Val

ggt

Gly

cat

His
150

gtt

Val

cag

Gln

cag

Gln

tac

Tyr

ttg

Leu
230

ctt

Leu

cat

His

tac

Tyr

ggt

Gly
135

gtt

Val

cct

Pro

aat

Asn

ttt

Phe

aag

Lys
215

aag

Lys

gat

Asp

gag

Glu

gta

Val

tcg

Ser

cat

His

gga

Gly

cat

His

gct

Ala
200

ctc

Leu

gta

Val

gat

Asp

tgc

Cys

gca

Ala
280

47313

ttt

Phe

aag

Lys

ttt

Phe

gag

Glu
185

aat

Asn

gag

Glu

atc

Ile

gat

Asp

atg

Met
265

ttt

Phe

ttc

Phe

ggt

Gly

CcCa

Pro
170

caa

Gln

att

Ile

gaa

Glu

999

Gly

aaa

Lys
250

aac

Asn

ggt

Gly
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act

Thr

ttg

Leu
155

gag

Glu

ata

Ile

gat

Asp

gag

Glu

CCa

Pro
235

gat

Asp

tgg

Trp

agc

Ser

caa

Gln
140

att

Ile

ctt

Leu

cag

Gln

caa

Gln

gta

Val
220

aca

Thr

aac

Asn

tta

Leu

ctg

Leu

gct

Ala

tct

Ser

caa

Gln

agc

Ser

gca

Ala
205

ata

Ile

ctt

Leu

gga

Gly

gac

Asp

gtg

Val
285

tgt

Cys

ttg

Leu

cgg

Arg

cct

Pro
190

cgt

Arg

gag

Glu

cca

Pro

ttt

Phe

gat

Asp
270

aaa

Lys

gtt

Val

Ccca

Pro

tgg

Trp
175

tgg

Trp

tgg

Trp

tgg

Trp

tcc

Ser

aat

Asn
255

aag

Lys

cat

His

gta

Val

ttg

Leu
160

gag

Glu

tct

Ser

gtc

Val

acg

Thr

atg

Met
240

ctc

Leu

CcCa

Pro

gga

Gly

66/109



ccc gaa

912

Pro Glu
290

aac ttc
960
Asn Phe
305

aat ctt
1008
Asn Leu

tgc aaa
1056
Cys Lys

aca cat
1104
Thr His

ccc gtt

1152

Pro Val
370

ctt cta
1200
Leu Leu
385

aat ggg
1248

Asn Gly

atg gag
1296
Met Glu

aag gat
1344
Lys Asp

gat att
1383

Caa

Gln

ttg

Leu

tcg

Ser

caa

Gln

tgt

Cys
355

gtt

Val

gat

Asp

ata

Ile

gag

Glu

ttg

Leu
435

gtc

gtg

Val

tgg

Trp

gaa

Glu

ttg

Leu
340

gg99

Gly

gca

Ala

gaa

Glu

gtg

Val

gaa

Glu
420

gct

Ala

gaa

gaa

Glu

gtt

Val

gta

vVal
325

gat

Asp

ttc

Phe

atg

Met

att

Ile

aga

Arg
405

aga

Arg

aaa

Lys

ttt

gaa

Glu

atc

Ile
310

ata

Ile

gtg

Val

aac

Asn

cct

Pro

ttg

Leu
390

aga

Arg

gga

Gly

gta

Val

gta

atc

Ile
295

aaa

Lys

aaa

Lys

tta

Leu

tca

Ser

caa

Gln
375

ggt

Gly

gga

Gly

gta

Val

gcc

Ala

agt

aca

Thr

cat

His

acc

Thr

gca

Ala

act

Thr
360

Tttt

Phe

gtt

Val

aat

Asn

ata

Ile

gtt

Val
440

gag

47313

cgg

Arg

aaa

Lys

gga

Gly

cac

His
345

ctt

Leu

tcg

Ser

gga

Gly

ctt

Leu

atc

Ile
425

cat

His

cta

gct

Ala

gaa

Glu

aag

Lys
330

gaa

Glu

gaa

Glu

gat

Asp

gtt

Val

gcg

Ala
410

cga

Arg

gaa

Glu

att
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tta

Leu

gag

Glu
315

ggt

Gly

tca

Ser

gca

Ala

caa

Gln

aga

Arg
395

tca

Ser

aag

Lys

ggt

Gly

aag

ata

Ile
300

gga

Gly

ttg

Leu

gta

Val

ata

Ile

act

Thr
380

gtt

Val

tgt

Cys

aat

Asn

ggt

Gly

gct

gat

Asp

aag

Lys

att

Ile

gga

Gly

agt

Ser
365

aca

Thr

aag

Lys

att

Ile

gcg

Ala

agc

Ser
445

taa

agt

Ser

ctc

Leu

gta

Val

tgc

Cys
350

ctt

Leu

aat

Asn

gct

Ala

aag

Lys

gta

Val
430

tca

Ser

gat

Asp

ccCa

Pro

gca

Ala
335

ttt

Phe

gga

Gly

gcc

Ala

gat

Asp

atg

Met
415

aaa

Lys

gac

Asp

gtc

Val

gaa

Glu
320

tgg

Trp

gtt

Val

gtc

Val

aag

Lys

gag

Glu
400

att

Ile

tgg

Trp

aat

Asn
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47313 68/109

Asp Ile Val Glu Phe Val Ser Glu Leu Ile Lys Ala

450 455 460
<210> 4
<211> 460
<212> PRT

<213> Stevia rebaudiana

<400> 4

Met Ala Glu Gln Gln Lys Ile Lys Lys Ser Pro His Val Leu Leu Ile
1 5 10 15

Pro Phe Pro Leu Gln Gly His Ile Asn Pro Phe Ile Gln Phe Gly Lys
20 25 30

Arg Leu Ile Ser Lys Gly Val Lys Thr Thr Leu Val Thr Thr Ile His
35 40 45

Thr Leu Asn Ser Thr Leu Asn His Ser Asn Thr Thr Thr Thr Ser Ile
50 55 60

Glu Ile Gln Ala Ile Ser Asp Gly Cys Asp Glu Gly Gly Phe Met Ser
65 70 75 80

Ala Gly Glu Ser Tyr Leu Glu Thr Phe Lys Gln Val Gly Ser Lys Ser
85 90 95

Leu Ala Asp Leu Ile Lys Lys Leu Gln Ser Glu Gly Thr Thr Ile Asp
100 105 110

Ala Ile Ile Tyr Asp Ser Met Thr Glu Trp Val Leu Asp Val Ala Ile
115 120 125

Glu Phe Gly Ile Asp Gly Gly Ser Phe Phe Thr Gln Ala Cys Val Val
130 135 140

Asn Ser Leu Tyr Tyr His Val His Lys Gly Leu Ile Ser Leu Pro Leu
145 150 155 . 160

Gly Glu Thr Val Ser Val Pro Gly Phe Pro Glu Leu Gln Arg Trp Glu

10/37



Thr

Gln

Phe

Arg

225

Tyr

Tyr

Lys

Pro

Asn

305

Asn

Cys

Thr

Pro

Pro

Met

Thr

210

Lys

Leu

Lys

Glu

Glu

290

Phe

Leu

Lys

His

Val

Leu

Leu

195

Asn

Ile

Asp

Ala

Ser

275

Gln

Leu

Ser

Gln

Cys

355

Val

Ile

180

Phe

Ser

Trp

Lys

Asn

260

Val

vVal

Trp

Glu

Leu

340

Gly

Ala

165

Leu

Gly

Phe

Asn

Arg

245

His

Val

Glu

Val

vVal

325

Asp

Phe

Met

Gln

Gln

Tyr

Leu

230

Leu

His

Tyr

Glu

Ile

310

Ile

Val

Asn

Pro

Asn

Phe

Lys

215

Lys

Asp

Glu

Val

Ile

295

Lys

Lys

Leu

Ser

Gln

His

Ala

200

Leu

Val

Asp

Cys

Ala

280

Thr

His

Thr

Ala

Thr

360

Phe

47313

Glu

185

Asn

Glu

Ile

Asp

Met

265

Phe

Arg

Lys

Gly

His

345

Leu

Ser

170

Gln

Ile

Glu

Gly

Lys

250

Asn

Gly

Ala

Glu

Lys

330

Glu

Glu

Asp

11/37

Ile

Asp

Glu

Pro

235

Asp

Trp

Ser

Leu

Glu

315

Gly

Ser

Ala

Gln

Gln

Gln

vVal

220

Thr

Asn

Leu

Leu

Ile

300

Gly

Leu

Val

Ile

Thr

Ser

Ala

205

Ile

Leu

Gly

Asp

vVal

285

Asp

Lys

Ile

Gly

Ser

365

Thr

Pro

190

Arg

Glu

Pro

Phe

Asp

270

Lys

Ser

Leu

Val

Cys

350

Leu

Asn

175

Trp

Trp

Trp

Ser

Asn

255

Lys

His

Asp

Pro

Ala

335

Phe

Gly

Ala

Ser

Val

Thr

Met

240

Leu

Pro

Gly

Val

Glu

320

Trp

Val

Val

Lys

69/109



370

Leu Leu
385

Asn Gly

Met Glu

Lys Asp

Asp Ile
450

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
atg tac
48

Met Tyr
1

gac tcc
96
Asp Ser

tgg ctt
144
Trp Leu

ata gct
192
Ile Ala

375

Asp Glu Ile Leu Gly
390

Ile Val Arg Arg Gly
405

Glu Glu Arg Gly Val
420

Leu Ala Lys Val Ala
435

Val Glu Phe Val Ser
455

5

1458

DNA

Stevia rebaudiana

CDsS
(1) ..(1458)

5
aac gtt act tat cat

Asn Val Thr Tyr His

ata gtt gac gac cgt

Ile Val Asp Asp Arg
20

gct ttc ggt cac atc

Ala Phe Gly His Ile
35

gaa aag ggt cac aaa

Glu Lys Gly His Lys

Val

Asn

Ile

Val
440

Glu

caa

Gln

aag

Lys

ctc

Leu
40

gtc

Val

47313

Gly

Leu

Ile
425

His

Leu

aat

Asn

cag

Gln
25

cct

Pro

tcg

Ser

Val

Ala
410

Arg

Glu

Ile

tca

Ser
10

ctt

Leu

tac

Tyr

Tttt

Phe

12/37

Arg
395

Ser

Lys

Gly

Lys

aaa

Lys

cat

His

ctt

Leu

ctt

Leu

380

Val

Cys

Asn

Gly

Ala
460

gca

Ala

gtt

vVal

cag

Gln

tct

Ser

Lys

Ile

Ala

Ser
445

atg

Met

gcg

Ala

ctt

Leu
45

acc

Thr

Ala

Lys

Val
430

Ser

gct

Ala

acg

Thr
30

tcg

Ser

acc

Thr

Asp

Met
415

Lys

Asp

acc

Thr
15

ttc

Phe

aaa

Lys

aga

Arg

Glu
400

Ile

Trp

Asn

agt

Ser

CcCa

Pro

ttg

Leu

aac

Asn

70/109



att
240
Ile
65

ctc
288
Leu

act
336
Thr

ggt
384
Gly

tgg
432

Trp

agc
480
Ser
145

att
528
Ile

ggt
576
Gly

ttt
624
Phe

cct
672
Pro

50
caa

Gln

aca

Thr

gac

Asp

ctt

Leu

att

Ile
130

ctc

Leu

gct

Ala

cga

Arg

ccg

Pro

tac

Tyr
210

cgt

Arg

ctt

Leu

gtc

Val

caa

Gln
115

att

Ile

ggt

Gly

tat

Tyr

acc

Thr

acc

Thr
195

aaa

Lys

ctc

Leu

CCa

Pro

cac

His
100

ccg

Pro

tat

Tyr

atc

Ile

atg

Met

acg

Thr
180

aaa

Lys

gct

Ala

tct

Ser

cgt

Arg
85

cct

Pro

gag

Glu

gat

Asp

tca

Ser

gga

Gly
165

gtt

Val

gta

Val

ccg

Pro

tct

Ser
70

gtc

Val

gaa

Glu

gtc

Val

tat

Tyr

cga

Arg
150

Cccc

Pro

gag

Glu

tgc

Cys

999

Gly

55
cat

His

caa

Gln

gat

Asp

acc

Thr

act

Thr
135

gcc

Ala

tca

Ser

gat

Asp

tgg

Trp

ata

Ile
215

atc

Ile

gag

Glu

att

Ile

cgg

Arg
120

cac

His

cac

His

gct

Ala

ctc

Leu

cgg

Arg
200

tct

Ser

47313

tcg

Ser

ctg

Leu

CCa

Pro
105

Tttt

Phe

tac

Tyr

ttc

Phe

gac

Asp

acg

Thr
185

aag

Lys

gat

Asp

cca

Pro

ccg

Pro
90

tat

Tyr

cta

Leu

tgg

Trp

tcc

Ser

gcc

Ala
170

aca

Thr

cat

His

gga

Gly

13/37

ctc

Leu
75

gag

Glu

ctc

Leu

gaa

Glu

ttg

Leu

gtc

Val
155

atg

Met

ccg

Pro

gat

Asp

tac

Tyr

60
ata

Ile

gat

Asp

aag

Lys

caa

Gln

cca

Pro
140

acc

Thr

ata

Ile

CcccC

Pro

ctt

Leu

cgt

Arg
220

aat

Asn

gca

Ala

aag

Lys

cac

His
125

tcc

Ser

act

Thr

aat

Asn

aag

Lys

gcc

Ala
205

atg

Met

gtt

Val

gag

Glu

gct

Ala
110

tct

Ser

atc

Ile

CcCa

Pro

ggt

Gly

tgg

Trp
190

cga

Arg

gg9

Gly

gtt

Val

gcg

Ala
95

tct

Ser

ccg

Pro

gcg

Ala

tgg

Trp

tca

Ser
175

ttt

Phe

ctg

Leu

ctg

Leu

Ccaa

Gln
80

acc

Thr

gat

Asp

gac

Asp

gct

Ala

gcc

Ala
160

gat

Asp

ccc

Pro

gtg

Val

gtt

Val
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ctt aag
720
Leu Lys
225

act caa
768
Thr Gln

ccg gtg
816
Pro Val

aca tgg
864
Thr Trp

gtg gtg

912

vVal Val
290

gtt gtt
960
Val Val
305

tgg gct
1008

Trp Ala

ttg cca
1056
Leu Pro

acg agt
1104
Thr Ser

ggt ttc

1152

Gly Phe
370

ttt ggt
1200

gga

Gly

tagg

Trp

gga

Gly

gtg

Val
275

tac

Tyr

gag

Glu

tat

Tyr

gac

Asp

tgg

Trp
355

ttg

Leu

cac

tct

Ser

cta

Leu

tta

Leu
260

tca

Ser

gtt

Val

tta

Leu

aga

Arg

999

Gly
340

gca

Ala

act

Thr

cct

gat

Asp

cct

Pro
245

ctg

Leu

atc

Ile

gca

Ala

gca

Ala

aaa

Lys
325

ttc

Phe

cct

Pro

cat

His

cta

tgt

Cys
230

ctt

Leu

CcCa

Pro

aag

Lys

tta

Leu

ttg

Leu
310

cca

Pro

gtg

Val

cag

Gln

tgt

Cys

atc

ttg

Leu

ttg

Leu

ccg

Pro

aaa

Lys

gga

Gly
295

ggt

Gly

aaa

Lys

gaa

Glu

tta

Leu

ggt

Gly
375

atg

ctt

Leu

gag

Glu

gaa

Glu

tgg

Trp
280

agc

Ser

ctc

Leu

ggt

Gly

cga

Arg

cga

Arg
360

tct

Ser

cta

47313

tcc

Ser

aca

Thr

ata

Ile
265

ctc

Leu

gag

Glu

gag

Glu

cccC

Pro

act

Thr
345

ata

Ile

gga

Gly

ccg

aaa

Lys

cta

Leu
250

CcCcC

Pro

gat

Asp

gtt

Val

ctt

Leu

gcg

Ala
330

cgt

Arg

ctg

Leu

tca

Ser

att

14/37

tgt

Cys
235

cac

His

gga

Gly

ggt

Gly

ttg

Leu

tct

Ser
315

aag

Lys

gac

Asp

agc

Ser

att

Ile

ttt

tac

Tyr

Caa

Gln

gac

Asp

aaa

Lys

gtg

Val
300

999

Gly

tca

Ser

cgt

Arg

cat

His

gtg

Val
380

g99

cat

His

gta

Val

gag

Glu

caa

Gln
285

agc

Ser

ttg

Leu

gac

Asp

999

Gly

gag

Glu
365

gaa

Glu

gac

gag

Glu

ccg

Pro

aaa

Lys
270

aaa

Lys

caa

Gln

CcCa

Pro

tcg

Ser

ttg

Leu
350

tcg

Ser

ggg

Gly

caa

Tttt

Phe

gtg

Val
255

gat

Asp

ggc

Gly

acc

Thr

ttt

Phe

gtg

Val
335

gtc

Val

gtt

Val

cta

Leu

cct

gga

Gly
240

gtt

Val

gaa

Glu

agt

Ser

gag

Glu

gtt

Val
320

gag

Glu

tgg

Trp

tgt

Cys

atg

Met

ctg
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Phe Gly
385

aat gct
1248
Asn Ala

aat gag
1296
Asn Glu

agg tcc
1344
Arg Ser

agg gag

1392

Arg Glu
450

gta agc
1440
Val Ser
465

atc gat
1458
Ile Asp

<210>
<211>
<212>
<213>

<400>

6
4

His

cga

Arg

gaa

Glu

gtt

Val
435

ctg

Leu

caa

Gln

cat

His

85

PRT

Stevia rebaudiana

6

Pro

tta

Leu

gat

Asp
420

gtt

Val

agt

Ser

ttc

Phe

gag

Glu

Leu

ctg

Leu
405

ggt

Gly

gtg

Val

aaa

Lys

gta

Val

agt

Ser
485

Ile
390

gag

Glu

tgc

Cys

gaa

Glu

atc

Ile

gac

Asp
470

taa

Met

gac

Asp

ttg

Leu

aaa

Lys

tat

Tyr
455

tat

Tyr

Met Tyr Asn Val Thr Tyr His

1

5

Asp Ser Ile Val Asp Asp Arg

20

Trp Leu Ala Phe Gly His Ile

35

Leu

aaa

Lys

acc

Thr

gaa

Glu
440

aac

Asn

ttg

Leu

Gln

Lys

47313

Pro Ile

cag gtg

Gln Val
410

aag gag

Lys Glu
425

gg9g9 gag

Gly Glu

gac act

Asp Thr

gaa aag

Glu Lys

Phe
395

gga

Gly

tcg

Ser

atc

Ile

aag

Lys

aat

Asn
475

Gly

atc

Ile

gtt

Val

tac

Tyr

gtt

vVal
460

gcg

Ala

Asn Ser Lys Ala

10

Gln Leu His Val

25

Leu Pro Tyr Leu Gln

40

15/37

Asp

gag

Glu

gct

Ala

aag

Lys
445

gaa

Glu

cgt

Arg

Met

Ala

Leu
45

Gln

ata

Ile

aga

Arg
430

gcg

Ala

aaa

Lys

gcg

Ala

Ala

Thr
30

Ser

Pro

Ccca

Pro
415

tca

Ser

aac

Asn

gaa

Glu

gtt

Val

Thr
15

Phe

Lys

Leu
400

aga

Arg

ctg

Leu

gcg

Ala

tat

Tyr

gcc

Ala
480

Ser

Pro

Leu
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Ile

Ile

65

Leu

Thr

Gly

Trp

Ser

145

Ile

Gly

Phe

Pro

Leu

225

Thr

Ala

50

Gln

Thr

Asp

Leu

Ile

130

Leu

Ala

Arg

Pro

Tyr

210

Lys

Gln

Glu

Arg

Leu

Val

Gln

115

Ile

Gly

Tyr

Thr

Thr

195

Lys

Gly

Trp

Lys

Leu

Pro

His

100

Pro

Tyr

Ile

Met

Thr

180

Lys

Ala

Ser

Leu

Gly

Ser

Arg

85

Pro

Glu

Asp

Ser

Gly

165

Val

Val

Pro

Asp

Pro
245

His

Ser

70

Val

Glu

Val

Tyr

Arg

150

Pro

Glu

Cys

Gly

Cys

230

Leu

Lys

55

His

Gln

Asp

Thr

Thr

135

Ala

Ser

Asp

Trp

Ile

215

Leu

Leu

Val

Ile

Glu

Ile

Arg

120

His

His

Ala

Leu

Arg

200

Ser

Leu

Glu

47313

Ser Phe

Ser Pro

Leu Pro
90

Pro Tyr
105

Phe Leu

Tyr Trp

Phe Ser

Asp Ala

170

Thr Thr
185

Lys His

Asp Gly

Ser Lys

Thr Leu

250

16/37

Leu

Leu

75

Glu

Leu

Glu

Leu

vVal

155

Met

Pro

Asp

Tyr

Cys

235

His

Ser

60

Ile

Asp

Lys

Gln

Pro

140

Thr

Ile

Pro

Leu

Arg

220

Tyr

Gln

Thr

Asn

Ala

Lys

His

125

Ser

Thr

Asn

Lys

Ala

205

Met

His

Val

Thr

Val

Glu

Ala

110

Ser

Ile

Pro

Gly

Trp

190

Arg

Gly

Glu

Pro

Arg

vVal

Ala

95

Ser

Pro

Ala

Trp

Ser

175

Phe

Leu

Leu

Phe

Val
255

Asn

Gln

80

Thr

Asp

Asp

Ala

Ala

160

Asp

Pro

Val

Val

Gly

240

Val
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Pro

Thr

Val

Val

305

Trp

Leu

Thr

Gly

Phe

385

Asn

Asn

Arg

Arg

Val

Trp

Val

290

Val

Ala

Pro

Ser

Phe

370

Gly

Ala

Glu

Ser

Glu
450

Gly

vVal

275

Tyr

Glu

Tyr

Asp

Trp

355

Leu

His

Arg

Glu

Val

435

Leu

Leu

260

Ser

Val

Leu

Arg

Gly

340

Ala

Thr

Pro

Leu

Asp

420

Val

Ser

Leu

Ile

Ala

Ala

Lys

325

Phe

Pro

His

Leu

Leu

405

Gly

Val

Lys

Pro

Lys

Leu

Leu

310

Pro

Val

Gln

Cys

Ile

390

Glu

Cys

Glu

Ile

Pro

Lys

Gly

295

Gly

Lys

Glu

Leu

Gly

375

Met

Asp

Leu

Lys

Tyr
455

Glu

Trp

280

Ser

Leu

Gly

Arg

Arg

360

Ser

Leu

Lys

Thr

Glu

440

Asn

47313

Ile

265

Leu

Glu

Glu

Pro

Thr

345

Ile

Gly

Pro

Gln

Lys

425

Gly

Asp

Pro

Asp

Val

Leu

Ala

330

Arg

Leu

Ser

Ile

Val

410

Glu

Glu

Thr

17/37

Gly

Gly

Leu

Ser

315

Lys

Asp

Ser

Ile

Phe

395

Gly

Ser

Ile

Lys

Asp

Lys

Val

300

Gly

Ser

Arg

His

Val

380

Gly

Ile

Val

Tyr

Val
460

Glu

Gln

285

Ser

Leu

Asp

Gly

Glu

365

Glu

Asp

Glu

Ala

Lys

445

Glu

Lys
270
Lys
Gln
Pro
Ser
Leu
350
Ser
Gly
Gln
Ile
Arg
430

Ala

Lys

Asp

Gly

Thr

Phe

Val

335

Val

Val

Leu

Pro

Pro

415

Ser

Asn

Glu

Glu

Ser

Glu

Val

320

Glu

Trp

Cys

Met

Leu

400

Arg

Leu

Ala

Tyr
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47313

Val Ser Gln Phe Val Asp Tyr Leu Glu Lys Asn Ala Arg Ala Val Ala

465

Ile Asp His Glu Ser

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
atg gaa aat

48
Met
1

tta
96
Leu

gcc
144
Ala

aac
192
Asn

ttc
240
Phe
65

act
288
Thr

gga
336

Glu

ttc

Phe

aat

Asn

ttc

Phe
50

atc

Ile

cat

His

gct

7
1377
DNA

Stevia rebaudiana

CDS

485

(1) ..(1377)

9

Asn

ccg

Pro

gtg

Val
35

aac

Asn

ctc

Leu

ggt

Gly

gac

aaa

Lys

gta

Val
20

ttg

Leu

aaa

Lys

gac

Asp

ccg

Pro

gaa

acg

Thr

CccCa

Pro

tac

Tyr

cccC

Pro

aac

Asn

ctc

Leu
85

tta

470

gag

Glu

Tttt

Phe

tct

Ser

aaa

Lys

gac

Asp
70

gct

Ala

cga

acc

Thr

caa

Gln

aaa

Lys

aca

Thr
55

cca

Pro

ggt

Gly

cgc

acc

Thr

ggc

Gly

gga

Gly
40

tct

Ser

caa

Gln

atg

Met

gaa

gtt

Val

cac

His
25

ttc

Phe

aat

Asn

gac

Asp

cgg

Arg

ctg

cgc

Arg
10

att

Ile

agt

Ser

tac

Tyr

gaa

Glu

att

Ile
90

gaa

18/37

475

cgg

Arg

aac

Asn

atc

Ile

cct

Pro

cgc

Arg
75

ccg

Pro

ctg

cgc

Arg

CcCa

Pro

acc

Thr

cac

His
60

att

Ile

att

Ile

ttg

cgg

Arg

att

Ile

atc

Ile
45

ttc

Phe

tcc

Ser

atc

Ile

atg

aga

Arg

ctt

Leu
30

ttt

Phe

act

Thr

aat

Asn

aac

Asn

tta

ata

Ile
15

cag

Gln

cac

His

ttc

Phe

cta

Leu

gaa

Glu
95

gct

480

ata

Ile

cta

Leu

acc

Thr

aga

Arg

ccg

Pro
80

cac

His

tct

76/109



Gly

gaa
384
Glu

ttc
432
Phe

atg
480
Met
145

Tttt
528
Phe

gaa
576
Glu

gcg
624
Ala

aaa
672
Lys

ctc
720
Leu
225

agt
768
Ser

tta
816
Leu

Ala

gaa

Glu

gcg

Ala
130

aca

Thr

gat

Asp

caa

Gln

tat

Tyr

Ccaa

Gln
210

gaa

Glu

ttc

Phe

cta

Leu

Asp

gat

Asp
115

caa

Gln

agc

Ser

gag

Glu

gcg

Ala

tcg

Ser
195

aca

Thr

gag

Glu

ttg

Leu

gac

Asp

Glu
100

gaa

Glu

tct

Ser

agc

Ser

ctt

Leu

agt

Ser
180

aac

Asn

aaa

Lys

tct

Ser

ata

Ile

cac

His
260

Leu

gag

Glu

gtt

Val

ttg

Leu

ggt

Gly
165

999

Gly

tgg

Trp

gca

Ala

gag

Glu

CcCa

Pro
245

gat

Asp

Arg

gta

Val

gct

Ala

ttt

Phe
150

tac

Tyr

ttt

Phe

caa

Gln

tct

Ser

ctc

Leu
230

ctc

Leu

cga

Arg

Arg

tcg

Ser

gac

Asp
135

aat

Asn

ctc

Leu

cct

Pro

ata

Ile

tca

Ser
215

gaa

Glu

CccC

Pro

acc

Thr

Glu

tgt

Cys
120

agt

Ser

ttt

Phe

gat

Asp

atg

Met

ctc

Leu
200

gga

Gly

act

Thr

aag

Lys

gtt

Val

47313

Leu
105

tta

Leu

ctt

Leu

cat

His

cct

Pro

cta

Leu
185

aaa

Lys

gtc

Val

gtt

Val

cat

His

ttt

Phe
265

Glu

atc

Ile

aac

Asn

gca

Ala

gat

Asp
170

aaa

Lys

gag

Glu

atc

Ile

atc

Ile

ttg

Leu
250

caa

Gln

19/37

Leu

acg

Thr

ctc

Leu

cat

His
155

gac

Asp

gtg

vVal

ata

Ile

tgg

Trp

cgt

Arg
235

aca

Thr

tgg

Trp

Leu

gat

Asp

cga

Arg
140

gtt

Val

aaa

Lys

aaa

Lys

tta

Leu

aac

Asn
220

gag

Glu

gcc

Ala

tta

Leu

Met

gct

Ala
125

ccg

Pro

tca

Ser

acc

Thr

gac

Asp

999

Gly
205

tca

Ser

atc

Ile

tct

Ser

gac

Asp

Leu
110

ctt

Leu

ctt

Leu

ctt

Leu

cgt

Arg

atc

Ile
190

aag

Lys

Tttt

Phe
ccg
Pro
tcc

Ser

caa

Gln
270

Ala

tgg

Trp

gtt

Val

cct

Pro

ttg

Leu
175

aag

Lys

atg

Met

aag

Lys

gct

Ala

agc

Ser
255

caa

Gln

Ser

tac

Tyr

ttg

Leu

cag

Gln
160

gaa

Glu

tct

Ser

ata

Ile

gaa

Glu

CCa

Pro
240

agc

Ser

ccg

Pro
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cca agt
864
Pro Ser

gag aaa

912

Glu Lys
290

tcg ttt
960
Ser Phe
305

gtc gaa
1008
Val Glu

aaa tgg
1056
Lys Trp

ttc tgg
1104
Phe Trp

ggt gtt

1152

Gly Val
370

gct aga
1200
Ala Arg
385

ggg tgg
1248

Gly Trp

gat gaa
1296
Asp Glu

tcg

Ser
275

gat

Asp

tta

Leu

ccg

Pro

gtt

Val

act

Thr
355

cct

Pro

tac

Tyr

gaa

Glu

gaa

Glu

gta

Val

ttc

Phe

tgg

Trp

ttg

Leu

cca

Pro
340

cat
His

atg

Met

atg

Met

aga

Arg

gga

Gly
420

ctg

Leu

ttg

Leu

gtg

Val

CcCa

Pro
325

cag

Gln

agc

Ser

att

Ile

agt

Ser

gga

Gly
405

gaa

Glu

tat

Tyr

gaa

Glu

gtt

val
310

gat

Asp

Caa

Gln

gga

Gly

ttc

Phe

gat

Asp
390

gag

Glu

tac

Tyr

gtt

Val

ata

Ile
295

cga

Arg

gg99

Gly

gaa

Glu

tgg

Trp

tcg

Ser
375

gtt

val

ata

Ile

att

Ile

agt

Ser
280

gct

Ala

cct

Pro

ttc

Phe

gtg

Val

aac

Asn
360

gat

Asp

ttg

Leu

gca

Ala

aga

Arg

47313

ttt

Phe

cgt

Arg

999

Gly

ttg

Leu

cta

Leu
345

tct

Ser

Tttt

Phe

aag

Lys

aat

Asn

cag

Gln
425

ggt

Gly

999

Gly

ttt

Phe

ggt

Gly
330

gct

Ala

acg

Thr

999

Gly

gta

vVal

gca

Ala
410

aat

Asn
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agt

Ser

ttg

Leu

gtc

Val
315

gaa

Glu

cat

His

ttg

Leu

ctc

Leu

ggg

Gly
395

ata

Ile

gca

Ala

act

Thr

gtt

Val
300

aag

Lys

aga

Arg

gga

Gly

gaa

Glu

gat

Asp
380

gtg

Val

aga

Arg

aga

Arg

agt

Ser
285

gat

Asp

ggt

Gly

gga

Gly

gca

Ala

agc

Ser
365

Caa

Gln

tat

Tyr

aga

Arg

gtt

Val

gaa

Glu

agc

Ser

tcg

Ser

cgt

Arg

ata

Ile
350

gtt

Val

ccg

Pro

ttg

Leu

gtt

Val

ttg

Leu
430

gtg

Val

aag

Lys

acg

Thr

att

Ile
335

ggc

Gly

tgt

Cys

ttg

Leu

gaa

Glu

atg

Met
415

aaa

Lys

gat

Asp

cag

Gln

tgg

Trp
320

gtg

Val

gca

Ala

gaa

Glu

aat

Asn

aat

Asn
400

gtg

Val

caa

Gln
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47313 79/109

aag gca gat gtt tct ttg atg aag ggt ggt tcg tct tac gaa tca tta
1344

Lys Ala Asp Val Ser Leu Met Lys Gly Gly Ser Ser Tyr Glu Ser Leu

435 440 445

gag tct cta gtt tct tac att tca tcg ttg taa
1377
Glu Ser Leu Val Ser Tyr Ile Ser Ser Leu

450 455
<210> 8
<211> 458
<212> PRT

<213> Stevia rebaudiana
<400> 8

Met Glu Asn Lys Thr Glu Thr Thr Val Arg Arg Arg Arg Arg Ile Ile
1 5 10 15

Leu Phe Pro Val Pro Phe Gln Gly His Ile Asn Pro Ile Leu Gln Leu
20 25 30

Ala Asn Val Leu Tyr Ser Lys Gly Phe Ser Ile Thr Ile Phe His Thr
35 40 45

Asn Phe Asn Lys Pro Lys Thr Ser Asn Tyr Pro His Phe Thr Phe Arg
50 55 60

Phe Ile Leu Asp Asn Asp Pro Gln Asp Glu Arg Ile Ser Asn Leu Pro
65 70 75 80

Thr His Gly Pro Leu Ala Gly Met Arg Ile Pro Ile Ile Asn Glu His
85 90 95

Gly Ala Asp Glu Leu Arg Arg Glu Leu Glu Leu Leu Met Leu Ala Ser
100 105 110

Glu Glu Asp Glu Glu Val Ser Cys Leu Ile Thr Asp Ala Leu Trp Tyr
115 120 125

Phe Ala Gln Ser Val Ala Asp Ser Leu Asn Leu Arg Pro Leu Val Leu
130 135 140
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Met

145

Phe

Glu

Ala

Lys

Leu

225

Ser

Leu

Pro

Glu

Ser

305

Val

Lys

Thr

Asp

Gln

Tyr

Gln

210

Glu

Phe

Leu

Ser

Lys

290

Phe

Glu

Trp

Ser

Glu

Ala

Ser

195

Thr

Glu

Leu

Asp

Ser

275

Asp

Leu

Pro

Val

Ser

Leu

Ser

180

Asn

Lys

Ser

Ile

His

260

Val

Phe

Trp

Leu

Pro
340

Leu

Gly

165

Gly

Trp

Ala

Glu

Pro

245

Asp

Leu

Leu

Val

Pro

325

Gln

Phe

150

Tyr

Phe

Gln

Ser

Leu

230

Leu

Arg

Tyr

Glu

Val

310

Asp

Gln

Asn

Leu

Pro

Ile

Ser

215

Glu

Pro

Thr

val

Ile

295

Arg

Gly

Glu

Phe

Asp

Met

Leu

200

Gly

Thr

Lys

Val

Ser

280

Ala

Pro

Phe

Val

47313

His

Pro

Leu

185

Lys

Val

Val

His

Phe

265

Phe

Arg

Gly

Leu

Leu
345

Ala

Asp

170

Lys

Glu

Ile

Ile

Leu

250

Gln

Gly

Gly

Phe

Gly

330

Ala
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His

155

Asp

Val

Ile

Trp

Arg

235

Thr

Trp

Ser

Leu

Val

315

Glu

His

Val

Lys

Lys

Leu

Asn

220

Glu

Ala

Leu

Thr

vVal

300

Lys

Arg

Gly

Ser

Thr

Asp

Gly

205

Ser

Ile

Ser

Asp

Ser

285

Asp

Gly

Gly

Ala

Leu

Arg

Ile

190

Lys

Phe

Pro

Ser

Gln

270

Glu

Ser

Ser

Arg

Ile
350

Pro

Leu

175

Lys

Met

Lys

Ala

Ser

255

Gln

Val

Lys

Thr

Ile

335

Gly

Gln

160

Glu

Ser

Ile

Glu

Pro

240

Ser

Pro

Asp

Gln

Trp

320

Val

Ala
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Phe Trp

Gly Val
370

Ala Arg
385

Gly Trp

Asp Glu

Lys Ala

Glu Ser
450

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
atg gat
48

Met Asp
1

gct gga
96
Ala Gly

Thr
355

Pro

Tyr

Glu

Glu

Asp

435

Leu

9
2004
DNA

His

Met

Met

Arg

Gly

420

Val

vVal

Ser

Ile

Ser

Gly

405

Glu

Ser

Ser

Gly

Phe

Asp

390

Glu

Tyr

Leu

Tyr

Trp

Ser

375

Val

Ile

Ile

Met

Ile
455

Arabidopsis thaliana

CDS

(1) ..

9
gat

Asp

ttt

Phe

(2004)

act

Thr

att

Ile
20

acg

Thr

gct

Ala

tat

Tyr

tct

Ser

aag

Lys

cat

His

Asn
360

Asp

Leu

Ala

Arg

Lys

440

Ser

cca

Pro

gtt

Val

47313

Ser

Phe

Lys

Asn

Gln
425

Gly

Ser

aag

Lys

gcc

Ala
25

Thr

Gly

Val

Ala

410

Asn

Gly

Leu

aac

Asn
10

aac

Asn

23/37

Leu

Leu

Gly

395

Ile

Ala

Ser

att

Ile

aga tta

Arg Leu

Glu

Asp

380

Val

Arg

Arg

Ser

ctc

Leu

Ser
365

Gln

Tyr

Arg

vVal

Tyr
445

att

Ile

atc

Ile

Val

Pro

Leu

Val

Leu
430

Glu

act

Thr

cgt

Arg
30

Cys

Leu

Glu

Met

415

Lys

Ser

gga

Glu

Asn

Asn

400

Val

Gln

Leu

gct

Gly Ala

15

aac tat

Asn Tyr
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cct
144
Pro

ctg
192
Leu

aaa
240
Lys
65

gaa
288
Glu

aac
336
Asn

act
384
Thr

ttt
432
Phe

gct
480
Ala
145

tac
528
Tyr

aga
576
Arg

999
624

gat

Asp

aag

Lys
50

gga

Gly

aac

Asn

tct

Ser

cat

His

atc

Ile
130

gct

Ala

tct

Ser

tca

Ser

cct

tac

Tyr
35

aat

Asn

gat

Asp

att

Ile

Tttt

Phe

gtt

Val
115

cat

His

gta

Val

gca

Ala

tat

Tyr

aac

aag

Lys

ctt

Leu

atc

Ile

gat

Asp

ggt

Gly
100

ctt

Leu

gtg

Val

gga

Gly

act

Thr

gga

Gly
180

cag

atc

Ile

gat

Asp

gcg

Ala

acg

Thr
85

aat

Asn

ttg

Leu

agt

Ser

aac

Asn

aag

Lys
165

ttg

Leu

ttt

gtt

Val

cct

Pro

agt

Ser
70

ata

Ile

agc

Ser

gaa

Glu

acc

Thr

cat

His
150

gct

Ala

cct

Pro

cct

gtt

vVal

tct

Ser
55

gat

Asp

atg

Met

Tttt

Phe

gcc

Ala

gat

Asp
135

gaa

Glu

ggt

Gly

gtt

Val

gaa

ctt

Leu
40

Tttt

Phe

gat

Asp

cat

His

gag

Glu

tgt

Cys
120

gaa

Glu

gct

Ala

gct

Ala

att

Ile

aaa

47313

gac

Asp

tct

Ser

ctc

Leu

ttt

Phe

ttt

Phe
105

aaa

Lys

gtc

Val

tct

Ser

gag

Glu

acg

Thr
185

atg

aag

Lys

tca

Ser

gtt

Val

gct

Ala
90

acc

Thr

gtt

Val

tat

Tyr

cag

Gln

atg

Met
170

act

Thr

att

24/37

ctt

Leu

Cca

Pro

aac

Asn
75

gct

Ala

aag

Lys

aca

Thr

gga

Gly

ctg

Leu
155

ctt

Leu

cgc

Arg

cct

gat

Asp

aat

Asn
60

tac

Tyr

caa

Gln

aac

Asn

gga

Gly

gaa

Glu
140

tta

Leu

gtg

Val

999

Gly

aag

tac

Tyr
45

ttc

Phe

ctt

Leu

act

Thr

aat

Asn

cag

Gln
125

acc

Thr

ccg

Pro

atg

Met

aac

Asn

ttc

tgt

Cys

aag

Lys

ctc

Leu

cat

His

att

Ile
110

atc

Ile

gat

Asp

acg

Thr

gct

Ala

aat

Asn
190

atc

tca

Ser

ttt

Phe

atc

Ile

gtt

Val
95

tat

Tyr

agg

Arg

gag

Glu

aat

Asn

tat

Tyr
175

gtt

Val

ttg

gat

Asp

gtc

Val

act

Thr
80

gat

Asp

ggt

Gly

agg

Arg

gat

Asp

cct

Pro
160

ggt

Gly

tat

Tyr

ttg
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Gly

gct
672
Ala

cgg
720

Arg
225

ctt
768
Leu

gaa
816
Glu

aaa
864
Lys

gat
912
Asp

caa
960
Gln
305

tac

1008

Tyr

cct

1056

Pro

tct

1104

Ser

Pro

atg

Met
210

agt

Ser

cac

His

agg

Arg

gac

Asp

Caa

Gln
290

gag

Glu

act

Thr

cat

His

agt

Ser

Asn
195

agt

Ser

tac

Tyr

aaa

Lys

aga

Arg

cct

Pro
275

agg

Arg

cga

Arg

cag

Gln

ccg

Pro

gag

Glu
355

Gln

999

Gly

ttg

Leu

gga

Gly

gtg

Val
260

gag

Glu

tac

Tyr

aca

Thr

aat

Asn

aga

Arg
340

aag

Lys

Phe

aag

Lys

tac

Tyr

gaa

Glu
245

atc

Ile

tca

Ser

ttc

Phe

aat

Asn

cct

Pro
325

atg

Met

aaa

Lys

Pro

ccg

Pro

tgc

Cys
230

atc

Ile

gat

Asp

agc

Ser

ctt

Leu

tgg

Trp
310

gag

Glu

ctt

Leu

gac

Asp

Glu

ctt

Leu
215

gaa

Glu

ggt

Gly

gtg

Val

att

Ile

gat

Asp
295

gaa

Glu

tgg

Trp

atg

Met

gtt

vVal

Lys
200

cccC

Pro

gac

Asp

cat

His

gct

Ala

cag

Gln
280

gat

Asp

gat

Asp

tgg

Trp

atg

Met

tca

Ser
360

47313

Met

atc

Ile

gtt

vVal

gtc

Val

aga

Arg
265

ttt

Phe

cag

Gln

gga

Gly

ggt

Gly

ccceC

Pro
345

agc

Ser

Ile

cat

His

gct

Ala

tac

Tyr
250

gac

Asp

gtg

Val

aag

Lys

ttg

Leu

gat

Asp
330

ggt

Gly

aac

Asn

25/37

Pro

gga

Gly

gag

Glu
235

aat

Asn

atc

Ile

gag

Glu

ctg

Leu

aag

Lys
315

gtt

Val

gga

Gly

acg

Thr

Lys

gat

Asp
220

gct

Ala

gtc

val

tgc

Cys

aac

Asn

aag

Lys
300

aag

Lys

tct

Ser

aga

Arg

gtc

Val

Phe
205

gga

Gly

Tttt

Phe

ggc

Gly

aaa

Lys

cgg

Arg
285

aaa

Lys

aca

Thr

gga

Gly

ctt

Leu

cag

Gln
365

Ile

tct

Ser

gag

Glu

ctt

Leu
270

cccC

Pro

ttg

Leu

atg

Met

gct

Ala

tct

Ser
350

aca

Thr

Leu

aat

Asn

gtt

Val

aaa

Lys
255

ttc

Phe

ttt

Phe

999

Gly

gac

Asp

ttg

Leu
335

gat

Asp

ttt

Phe

Leu

gtc

Val

gtt

Val
240

aga

Arg

999

Gly

aat

Asn

tgg

Trp

tgg

Trp
320

ctt

Leu

gga

Gly

acg

Thr
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gtt gta

1152

Val Vval
370

ttt ttg
1200
Phe Leu
385

cta tgt
1248
Leu Cys

gag gat
1296
Glu Asp

cat gtg
1344
His Val

tgt gaa

1392

Cys Glu
450

ttg act
1440
Leu Thr
465

ttc gcc
1488
Phe Ala

tcg ggt
1536

Ser Gly

ttc tac
1584
Phe Tyr

aca

Thr

atc

Ile

gag

Glu

aga

Arg

ttt

Phe
435

tct

Ser

cta

Leu

acc

Thr

ata

Ile

tcg

Ser
515

cct

Pro

tat

Tyr

aag

Lys

gct

Ala
420

aat

Asn

cac

His

gct

Ala

ggt

Gly

ggt

Gly
500

aaa

Lys

aag

Lys

ggt

Gly

caa

Gln
405

tct

Ser

gct

Ala

aaa

Lys

gat

Asp

tgc

Cys
485

ttc

Phe

acc

Thr

aat

Asn

aag

Lys
390

999

Gly

ctt

Leu

gct

Ala

CCa

Pro

gtt

Val
470

atc

Ile

aag

Lys

aaa

Lys

ggt

Gly
375

act

Thr

att

Ile

gtg

Val

ggt

Gly

gag

Glu
455

tgc

Cys

ttt

Phe

gaa

Glu

gcc

Ala

gat

Asp

ggt

Gly

aca

Thr

gcg

Ala

tta

Leu
440

acc

Thr

aga

Arg

gag

Glu

gaa

Glu

atg

Met
520

47313

tct

Ser

tgg

Trp

tat

Tyr

gat

Asp
425

act

Thr

att

Ile

gag

Glu.

tat

Tyr

gac

Asp
505

gtt

Val

ggt

Gly

ctt

Leu

gag

Glu
410

att

Ile

ggc

Gly

cgt

Arg

aat

Asn

gac

Asp
490

aag

Lys

gag

Glu

26/37

gac

Asp

ggt

Gly
395

tat

Tyr

cgt

Arg

aga

Arg

gta

Val

gat

Asp
475

gct

Ala

Ccca

Pro

gag

Glu

aaa

Lys
380

ggt

Gly

999

Gly

agc

Ser

CccC

Pro

aat

Asn
460

ctc

Leu

aca

Thr

aat

Asn

ctc

Leu

gct

Ala

ctt

Leu

aaa

Lys

atc

Ile

aac

Asn
445

gtc

Val

ttg

Leu

cat

His

ttc

Phe

ttg

Leu
525

tcg

Ser

cta

Leu

gga

Gly

aaa

Lys
430

gtt

Val

gca

Ala

atg

Met

cct

Pro

ttt

Phe
510

aga

Arg

ttg

Leu

999

Gly

cgt

Arg
415

cct

Pro

gac

Asp

ggt

Gly

atg

Met

gag

Glu
495

ggt

Gly

gaa

Glu

aag

Lys

aaa

Lys
400

ctg

Leu

act

Thr

tgg

Trp

act

Thr

aac

Asn
480

ggt

Gly

tct

Ser

ttt

Phe

84/109



gac aat

1632

Asp Asn
530

aac aac
1680
Asn Asn
545

gtg gac
1728
Val Asp

tct atc
1776
Ser Ile

aac cca
1824
Asn Pro

tac atc

1872

Tyr Ile
610

gca aag
1920
Ala Lys
625

aaa cta
1968
Lys Leu

ctc aaa
2004
Leu Lys

<210>
<211>
<212>
<213>

<400>

gta

Val

ccg

Pro

atc

Ile

gag

Glu

999

Gly
595

gag

Glu

gtc

Val

agc

Ser

tac

Tyr

10
667
PRT

tgt

Cys

aga

Arg

ccg

Pro

atg

Met
580

gtg

val

cca

Pro

att

Ile

aag

Lys

gtc

Val
660

acc

Thr

aac

Asn

aac

Asn
565

gcg

Ala

gtg

Val

ggt

Gly

gtt

Val

gag

Glu
645

ttt

Phe

ttg

Leu

ttc

Phe
550

agc

Ser

aag

Lys

agc

Ser

ttt

Phe

gct

Ala
630

ttc

Phe

gaa

Glu

aga

Arg
535

atc

Ile

atg

Met

aga

Arg

cac

His

aaa

Lys
615

gct

Ala

CccCa

Pro

CCa

Pro

Arabidopsis thaliana

10

gtc

Val

acg

Thr

acc

Thr

aac

Asn

aac

Asn
600

tgg

Trp

cga

Arg

gag

Glu

aac

Asn

47313

cgg

Arg

aag

Lys

gta

Val

cta

Leu
585

gag

Glu

tcc

Ser

agc

Ser

atg

Met

aag

Lys
665

atg

Met

atc

Ile

cta

Leu
570

aga

Arg

ata

Ile

aac

Asn

aac

Asn

ctc

Leu
650

aga

Arg

27/37

ccCa

Pro

tcg

Ser
555

gac

Asp

ggc

Gly

ttg

Leu

ttc

Phe

aac

Asn
635

tcc

Ser

acc

Thr

atc

Ile
540

cgc

Arg

gag

Glu

ata

Ile

gag

Glu

aca

Thr
620

gaa

Glu

atc

Ile

taa

tcc

Ser

tac

Tyr

ctt

Leu

tgg

Trp

atg

Met
605

gtg

Val

atg

Met

aaa

Lys

tca

Ser

aac

Asn

ctc

Leu

aat

Asn
590

tac

Tyr

gaa

Glu

gat

Asp

gag

Glu

gac

Asp

aaa

Lys

ccCa

Pro
575

ttc

Phe

aag

Lys

gaa

Glu

gga

Gly

tca

Ser
655

cta

Leu

gtg

Val
560

atc

Ile

acc

Thr

aat

Asn

caa

Gln

tct

Ser
640

ctg

Leu
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Met

Ala

Pro

Leu

Lys

65

Glu

Asn

Thr

Phe

Ala

145

Tyr

Arg

Gly

Asp

Gly

Asp

Lys

50

Gly

Asn

Ser

His

Ile

130

Ala

Ser

Ser

Pro

Asp

Phe

Tyr

35

Asn

Asp

Ile

Phe

Val

115

His

Val

Ala

Tyr

Asn
195

Thr

Ile

20

Lys

Leu

Ile

Asp

Gly

100

Leu

Val

Gly

Thr

Gly

180

Gln

Thr

Ala

Ile

Asp

Ala

Thr

85

Asn

Leu

Ser

Asn

Lys

165

Leu

Phe

Tyr

Ser

Val

Pro

Ser

70

Ile

Ser

Glu

Thr

His

150

Ala

Pro

Pro

Lys

His

Val

Ser

55

Asp

Met

Phe

Ala

Asp

135

Glu

Gly

Val

Glu

Pro

Val

Leu

40

Phe

Asp

His

Glu

Cys

120

Glu

Ala

Ala

Ile

Lys
200

47313

Lys Asn
10

Ala Asn
25

Asp Lys

Ser Ser

Leu Val

Phe Ala
90

Phe Thr
105

Lys Val

Val Tyr

Ser Gln

Glu Met
170

Thr Thr
185

Met Ile

28/37

Ile

Arg

Leu

Pro

Asn

75

Ala

Lys

Thr

Gly

Leu

155

Leu

Arg

Pro

Leu

Leu

Asp

Asn

60

Tyr

Gln

Asn

Gly

Glu

140

Leu

Val

Gly

Lys

Ile

Ile

Tyr

45

Phe

Leu

Thr

Asn

Gln

125

Thr

Pro

Met

Asn

Phe
205

Thr

Arg

30

Cys

Lys

Léu

His

Ile

110

Ile

Asp

Thr

Ala

Asn

190

Ile

Gly

15

Asn

Ser

Phe

Ile

Val

95

Tyr

Arg

Glu

Asn

Tyr

175

Val

Leu

Ala

Tyr

Asp

Val

Thr

80

Asp

Gly

Arg

Asp

Pro

160

Gly

Tyr

Leu
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Ala

Arg

225

Leu

Glu

Lys

Asp

Gln

305

Tyr

Pro

Ser

Val

Phe

385

Leu

Met

210

Ser

His

Arg

Asp

Gln

290

Glu

Thr

His

Ser

Val

370

Leu

Cys

Ser

Tyr

Lys

Arg

Pro

275

Arg

Arg

Gln

Pro

Glu

355

Thr

Ile

Glu

Gly

Leu

Gly

Val

260

Glu

Tyr

Thr

Asn

Arg

340

Lys

Pro

Tyr

Lys

Lys

Tyr

Glu

245

Ile

Ser

Phe

Asn

Pro

325

Met

Lys

Lys

Gly

Gln
405

Pro

Cys

230

Ile

Asp

Ser

Leu

Trp

310

Glu

Leu

Asp

Asn

Lys

390

Gly

Leu

215

Glu

Gly

Val

Ile

Asp

295

Glu

Trp

Met

Val

Gly

375

Thr

Ile

Pro

Asp

His

Ala

Gln

280

Asp

Asp

Trp

Met

Ser

360

Asp

Gly

Thr

47313

Ile

Val

Val

Arg

265

Phe

Gln

Gly

Gly

Pro

345

Ser

Ser

Trp

Tyr

His

Ala

Tyr

250

Asp

Val

Lys

Leu

Asp

330

Gly

Asn

Gly

Leu

Glu
410

29/37

Gly

Glu

235

Asn

Ile

Glu

Leu

Lys

315

Val

Gly

Thr

Asp

Gly

395

Tyr

Asp

220

Ala

Val

Cys

Asn

Lys

300

Lys

Ser

Arg

Val

Lys

380

Gly

Gly

Gly

Phe

Gly

Lys

Arg

285

Lys

Thr

Gly

Leu

Gln

365

Ala

Leu

Lys

Ser

Glu

Thr

Leu

270

Pro

Leu

Met

Ala

Ser

350

Thr

Ser

Leu

Gly

Asn

Val

Lys

255

Phe

Phe

Gly

Asp

Leu

335

Asp

Phe

Leu

Gly

Arg
415

Val

Val

240

Arg

Gly

Asn

Trp

Trp

320

Leu

Gly

Thr

Lys

Lys

400

Leu
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Glu

His

Cys

Leu

465

Phe

Ser

Phe

Asp

Asn

545

vVal

Ser

Asn

Tyr

Asp

Val

Glu

450

Thr

Ala

Gly

Tyr

Asn

530

Asn

Asp

Ile

Pro

Ile
610

Arg

Phe

435

Ser

Leu

Thr

Ile

Ser

515

Val

Pro

Ile

Glu

Gly

595

Glu

Ala

420

Asn

His

Ala

Gly

Gly

500

Lys

Cys

Arg

Pro

Met

580

Val

Pro

Ser

Ala

Lys

Asp

Cys

485

Phe

Thr

Thr

Asn

Asn

565

Ala

Val

Gly

Leu

Ala

Pro

Val

470

Ile

Lys

Lys

Leu

Phe

550

Ser

Lys

Ser

Phe

Val

Gly

Glu

455

Cys

Phe

Glu

Ala

Arg

535

Ile

Met

Arg

His

Lys
615

Ala

Leu

440

Thr

Arg

Glu

Glu

Met

520

Val

Thr

Thr

Asn

Asn

600

Trp

47313

Asp

425

Thr

Ile

Glu

Tyr

Asp

505

Val

Arg

Lys

Val

Leu

585

Glu

Ser

Ile

Gly

Arg

Asn

Asp

490

Lys

Glu

Met

Ile

Leu

570

Arg

Ile

Asn
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Arg

Arg

Val

Asp

475

Ala

Pro

Glu

Pro

Ser

555

Asp

Gly

Leu

Phe

Ser

Pro

Asn

460

Leu

Thr

Asn

Leu

Ile

540

Arg

Glu

Ile

Glu

Thr
620

Ile

Asn

445

Val

Leu

His

Phe

Leu

525

Ser

Tyr

Leu

Trp

Met

605

Val

Lys

430

Val

Ala

Met

Pro

Phe

510

Arg

Ser

Asn

Leu

Asn

590

Tyr

Glu

Pro

Asp

Gly

Met

Glu

495

Gly

Glu

Asp

Lys

Pro

575

Phe

Lys

Glu

Thr

Trp

Thr

Asn

480

Gly

Ser

Phe

Leu

Val

560

Ile
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Asn
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Ala Lys Val Ile Val Ala Ala Arg Ser Asn Asn Glu Met Asp Gly Ser
625 630 635 640

Lys Leu Ser Lys Glu Phe Pro Glu Met Leu Ser Ile Lys Glu Ser Leu
645 650 655

Leu Lys Tyr Val Phe Glu Pro Asn Lys Arg Thr
660 665

<210> 11

<211> 60

<212> DNA

<213> Stevia rebaudiana

<400> 11

gagtaaaatc tataacgaca ctaaggtgga aaaagaatat gtaagccaat tcgtagactt
60

<210> 12
<211> 33
<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhén tao

<400> 12

cacccatatg gatgcaatgg ctacaactga gaa
33

<210> 13

<211> 32

<212> DNA

<213> ©Nhén tao

<220>
<223> Axit nucleic nhén tao

<400> 13

agatctctag tttcttgcta gcacggtgat tt
32

<210> 14

<211> 35

<212> DNA
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<213> Nhan tao

<220>
<223> Axit nucleic nhén tao

<400> 14

cacccatatg gcggaacaac aaaagatcaa gaaat
35

<210> 15
<211> 35
<212> DNA

<213> Nhén tao

<220>
<223> Axit nucleic nhén tao

<400> 15
ggatccttaa gccttaatta gctcacttac aaatt
35

<210> 16
<211> 29
<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhan tao

<400> 16
cacccatatg gaaaataaaa cggagacca
29

<210> 17
<211> 32
<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhan tao

<400> 17
ggatccttac aacgatgaaa tgtaagaaac ta
32

<210> 18
<211> 33
<212> DNA

32/37
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<213>

<220>
<223>

<400>

47313

Nhéan tao

Axit nucleic nhan tao

18

acagatctat ggatgcaatg gctacaactg aga

33

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

34

DNA
Nhan tao

Axit nucleic nhén tao

19

tagtcgacta gtttcttgct agcacggtga tttc

34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

aagcggccgc atgtacaacg ttacttatca tcaaaattca aa

42

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

42

DNA
Nhan tao

Axit nucleic nhédn tao

20

21

31

DNA
Nhé&n tao

Axit nucleic nhén tao

21

cgttaattaa ctctcatgat cgatggcaac c

31

<210>
<211>
<212>

22
34
DNA
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<213>

<220>
<223>

<400>

47313

Nhan tao

Axit nucleic nhé&n tao

22

aagcggccgce atggcggaac aacaaaagat caag

34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

cgttaattaa gccttaatta gctcacttac aaattcg

37

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

37

DNA
Nhén tao

Axit nucleic nhén tao

23

24

33

DNA
Nhan tao

Axit nucleic nhén tao

24

aaggatccat ggaaaataaa acggagacca ccg

33

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gcgtcgactt acaacgatga aatgtaagaa actagagact ctaa

44

<210>
<211>
<212>

25

44

DNA
Nhé&n tao

Axit nucleic nhén tao

25

26
33
DNA

34/37
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<213> Nhéan tao

<220>
<223> Axit nucleic nhén tao

<400> 26

ggatccatgg atgatactac gtataagcca aag
33

<210> 27
<211> 32
<212> DNA

<213> ©Nhén tao

<220>
<223> Axit nucleic nhén tao

<400> 27

ctcgagttag gttctcttgt ttggttcaaa ga
32

<210> 28
<211> 22
<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhén tao

<400> 28

caagtcccca accaaattcc gt
22

<210> 29

<211> 21

<212> DNA

<213> Nhén tao

<220>
<223> Axit nucleic nhén tao

<400> 29

cacgaacccg tctggcaact c
21

<210> 30

<211> 25

<212> DNA

35/37
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<213> Nhén tao

<220>
<223> Axit nucleic nhan tao

<400> 30

ccecgtgtgat ttcttccact tgttc
25

<210> 31

<211> 21

<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhé&n tao

<400> 31

caagaaccca tctggcaacg g
21

<210> 32

<211> 23

<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhén tao

<400> 32

gctttgtcac cagaatcacc att
23

<210> 33

<211> 28

<212> DNA

<213> Nhéan tao

<220>
<223> Axit nucleic nhan tao

<400> 33
gattattaaa cttctttgcg tccatcca
28

<210> 34
<211> 32
<212> DNA

36/37
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<213>

<220>
<223>

<400>

47313

Nhan tao

Axit nucleic nhan tao

34

cctctatact ttaacgtcaa ggagaaaaaa cC

32

<210>
<211>
<212>
<213>

<220>
<223>

<400>

tgccgecgegg cagccatatg tacaacgtta cttatcatc

39

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gttagcagcc ggatccttaa ctctcatgat cgatggcaa

39

35

39

DNA
Nhan tao

Axit nucleic nhén tao

35

36

39

DNA
Nhéan tao

Axit nucleic nhan tao

36
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Fig.1
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S#c phd ion dugc chon cda co thé thuc vét stevia moii phat trién tw SIC (M&u 1) 0 m/z 1095,4
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Fig.3

el lonam R1:28,50
w»y m/z 1257,5 Int:242 070 '
Glc (4), Rha (2) (Steviol glycosit 2 moi)

T T T T T T T T T T T T T T T T 7 ) 5
2590 25 %3 255 210 .5 8 B X2 8% 00 5 no a5 44 as 333 us a0 345 mn

S&c phé ion dugc chon cua co thé thuyc vét stevia mai phat trién tw SIC (Mau 1) 0 m/z 1257,5
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Fig.4
Méu la duoc phat trién
tw SIC 1
787,38
1003
3 MS/MS
1 m/z 1095,5 —
508
3 Ho ZL
3 HO on
= 3
s 3 6%5,32 9?9.43
3 10 625,32
s iMS
@ im/z 10955 — 7874
503
3 641,32
: 479,27607,31 1
| | |1
%0 400 s0 600 700 sbg‘ " 900 1000 1100 1200 1300
m/z

Khéi phd MS/MS va MS3 duoc phan doan cla steviol glycosit 1 méi (twong ng véi m/z 1095,4, Rt:28,73)
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Fig.5
Mau la dugc phat trién
tw SIC 1
0 787,38
% Ms/MS
i m/iz1257,5—
503
] 625,32
E, 479,27 }6i4[,32 10|95,49
5 l ‘ '
= 100] 625,32
’% MS3
é. m/z 1257,5 — 787,4
50
E 641,32
479,27 607,31
1 | |
%00 400 . e T00 Um0 %00 | 1000 1100 1200
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Khéi phd MS/MS va MS? duoc phan doan cla steviol glycosit 1 méi (twong &ng v&i m/z 1257,5, Rt:28,50)
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Fig.6
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Fig.7
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Fig.9
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Fig.10
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Fig.11
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Fig.12
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Fig.13
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11/14



M&u Ia dwoc phat trién tw SIC 1 (Rt: 29,1)
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Fig.15
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Fig.16
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Mau 14 dwoc phat trién tr SIC 1 (Rt: 28,9)
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Fig.17
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Hop chét dwoc tdng hep héa hoc cla steviol glycosit méi
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Fig.20

N=7
(a ) Du’dng Reb.A Reb.D Steviol glycosit 2 moii
oonee 1 300 250 14,7
Lugng dwgc thém
(g/100 ml) 2 0,0067 0.008 0,136
2,5

~

L5
1
05
5 |
B 0 g . B= e
dwong Reb.C Steviol glycosit 2 moi
0.5
-1
-L5
D% ngot ban dau B3 Dw vingot kéo dai & D3 ngottdng quan = Vit nhién B Vit nhién kéo dai
Cac dac tinh vj clia steviol glycosit 2 méi
(C) Do ngot ban dau D0 ngot ban dau twong ty nhuw duong va sém hon Reb. A va Reb.D
Du vi ngot kéo dai Duw vj ngot kéo dai 5t nhw dwong
Do ngot tdng quan D% ngot tdng quan twong tw nhw Reb.D
Vj ty nhién Vi tw nhién hoi manh hon Reb.A véi hwong vi cd
Vi tw nhién kéo dai Vij tw nhién kéo dai lau hon Reb. A
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