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N GHIEN CUU PIEU KIEN THICH HOP
CHO QUA TRINH CHUYEN HOA VA TONG HOP
TREHALOSE TU TINH BOT SAN
BANG PHUONG PHAP ENZYME
Dé Thi Thanh Huyén!, Nguyén Mgmhf)qtz, Biii Thi Hong Phwong?
Do Thi Thuy Lé* Lé Pirc Manh’

Phuong phép san xuét trehalose tir tinh bot sin bang cach sir dung hé enzyme maltooligosyl tre-
halose synthase (MTSase) va maltooligosyl trehalose trehalohydrolase (MTHase) mang lai hiéu qua
cao va co kha ning san xuét qui mo 16n. Trong nghién ctru nay, stir dung ché phdm enzyme tir ching
Saccharolobus solfataricus DSM 1616 ¢ hoat tinh enzyme MTSase va MTHase dé chuyén héa va
tong hop trehalose tir tinh bot sén. Dich thuy phén tinh bot sén chira maltooligosaccharit dugc phan
g & diéu kién thich hop: pH 6,0 va nhiét d6 t6i uu la 55°C; MTSase-MTHase & ndng do 300 U/g
tinh bot; thoi diém bd sung CGTase sau 8 gid phan tng, thdi gian 24 gio. P& ning cao hiéu suit
chuyén héa tinh bot thanh trehalose, sir dung enzyme thity phan isoamylase (1000 U/g tinh bot) va
enzyme CGTase (20 U/g tinh bdt) vao hdn hop phan tmg da lam ting ham luong trehalose. Két qua
cho thdy, sau qua trinh thuy phan va chuyén hoa tinh bot sén bang phuong phép enzyme ham luong
trehalose dat 86,2% (so voi dudng téng). Nhu véy, c6 thé sir dung enzyme maltooligosyl trehalose
synthase, maltooligosyl trehalose trehalohydrolase dé san xuét trehalose tir ngudn tinh bt san sin ¢6
tai Viét Nam.

T khéa: Maltooligosyl trehalose synthase, maltooligosyl trehalose trehalohydrolase, maltooligo-
saccharit, tinh bot san.

I. PAT VAN PE

Trehalose (a-D-glucopyranosyl oxy hoa tu do...do do, dugc str dung
a-D-glucopyranoside) 1a mot duong nhiéu 1 thanh phan phuy gia thyc pham,
khong khu duge cau tao tir hai phan tir dugc pham...[9].
glucoza lién két véi nhau theo lién ket:t Trong cOng nghé san xuét trehalose bién
a-1,1-glycosit. Treahlose co tinh chat d6i sinh hoc bang phuong phép enzyme
on dinh va la chat bao v¢ chong lai hién duogc coi 1a phuong phép tiép can méi
tuong soc qhiét bien tinh protein trong duoc vu tién str dung hon so v6i phuong
qua trinh sdy kho/lam lanh hoac chirc phap chiét xuét tir sinh khéi vi sinh vat
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hay thuc vat. Mot trong nhitng enzyme
ding dé san xuét trehalose quy mé 16n
1a hé enzyme gdm maltooligosyl treha-
lose synthase (MTSase, EC 5.4.99.15)
va maltooligosyl trehalose trehalo-
hydrolase (MTHase, EC 3.2.1.141).
MTSase xtc tac cho phan ung thiy phan
maltooligosaccharit (mtrc dg trung hop
phan tir glucoza >3) thanh maltooligo-
syl trehalose bang chuyén doi glycosyl
hoa ndi phan tir, sau d6 MTHase thuy
phan dac hi¢u maltooligosyl trehalose
thanh trehalose [9].

Enzyme MTSase va MTHase xtc tac
lap lai trén lién két-1,4-glucosit va bi
dung lai ¢ cac vi tri mach nhanh tinh
bot (lién két a-1,6), do d6 dé phan g
xay ra hoan toan véi tinh bot, can thiét
phai bo sung enzyme thuy phan cdu trac
phan nhanh cua tinh bot vao giai doan
duong hoéa nhu isoamylase hay pullu-
lanase [5]. Mat khac, trong giai doan
cudi cua phan tng, mot sb oligosacarit
¢6 trong lugng phan tir thap nhu gluco-
za, maltose, maltotriose va cac dextrin
mach ngin ludn dugc tich lity, bd sung
cyclomaltodextrin glucanotransfer-
ase (CGTase) nham tring hop cac oli-
gosacarit co trong lwong phan tir thap
thanh oligosacarit c6 trong lugng phan
tir cao boi phan img thuan nghich CG-
Tase, san pham 1a co chat cho MTSase
va MTHase hoat dong [10]. Do do, dé
taing hiéu sudt qua trinh chuyén hoa,
can bd sung enzyme phan cit mach
nhanh cua tinh bot va enzyme tong hop
cac oligosacharit c6 trong luong phan
tir thap thanh hop chét co trong luong
phan tur cao, tor d6 enzyme MTSase va
MTHase c6 thé dé dang dé chuyén hoa,
tong hop trehalose [10].
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IL. POITUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Enzyme va co chit va nguyén liéu

2.1.1. Enzyme: Enzyme MTSase-
MTHase tir chiing Saccharolobus solfatar-
icusDSM 1616 (DSMZ-brc),daduoctinh
sach (bdo cdo két qua dé tai nghién ciru chua
cong bé), hoat lyc enzyme dat >35000 U/
ml, pH t8i wru 5,5, nhiét do ti uu 55-60°C.
Enzyme thuong mai: SEBrew HT chua
o-amylase 120 KNS/g tir Bacillus sp. (An
D0); Gluco-amylase chira B-amylase >260
U/ml tr Aspergillus niger (Novozyme);
Isoamylase chira f-amylase > 3,000,000
U/ml tr Pseudomonas sp. (Novozyme);
Toruzyme 3.0L chira cyclomaltooligo-
sacharit glucanotransferase > 3 KNU/g tur
Bacillus licheniformis (Novozyme).

2.1.2. Tinh bt: Tinh bot san mua trén
thi truong, bot co mau tréng, nhé min,
mui thom, khéng c6 mui, vi la, ham
lugng tinh bot dat > 80%, do am 12-14%.

2.2. Phwong phap cong nghé

2.2.1. Phuwong phap thiy phan tinh
bot sin thanh dwong maltooligosac-
charit

X 1y nguyén liéu: Phéi tron tinh bot
san hoa véi nude theo ty 18 1:4, khu-
4y dao lién tuc, khudy manh dé nudc
hoa tan dich tinh bt r6i dé yén. Dén
khi tinh bot da lang gan hét xudng day
thanh mot 16p thi ta gan bo phan nudc
phia trén, thém nudc méi sach, khudy
manh va dé yén, qua trinh xtr 1y 1ap lai
4 1an [1].

Qua trinh dich hoa: Nong do tinh bot:
25%, nong d6 enzyme SEBrew HT 6
KNS/g tinh bot (twong duong 0,05%),
pH = 6,5, nhiét do: 80°C, thoi gian: 30
phut. Két thic phan tmg bang cach nang
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nhiét 1én 1000C trong 15 phut [1].
Qua trinh duong hoa: Nong do dich thuy
phan: 220Bx, st dung Isoamylase &
nong do thich hgp va thoi gian phan ing
16 gio, nhiét do: 55°C, pH = 6,0 [3, 6].
2.2.2. Phwong phap chuyén héa,
tong hgp duwong trehalose
Dich tinh bot sin sau qua trinh dich hoa,
dugc 6n dinh ¢ pH, nhiét do thich hop,
tién hanh gdu trinh duong hoda va bo sung
MTSase -MTHase va phan ung & cac
diéu kién xac dinh [5, 6]. K&t thic toan
bd qué trinh, nang nhiét d6 95°C trong 10
phut dé bat hoat enzyme. Phan tich ham
luong dudng trehalose tao thanh.
2.3. Phwong phap phan tich

OH
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2.3.1. Phuong phap xac dinh ham
lwgng trehalose

Xéc dinh ham lugng trehalose theo phuong
phap Kit-Trehalose K-TREHO07/17 [7],
trehalose duoc thuy phan va chuyén hoa
bdi mdt loat phan tng enzyme (hinh 2.1),
san pham cudi cting 1 gluconate-6-phos-
phate va nicotinamide-adenine dinucle-
otide phosphate dang khi (NADPH).
Luong NADPH hinh thanh trong phan
g nay c6 hé sé ti luong bang lugng
D-glucoza va gip hai lan lugng trehalose.
NADPH hép thu anh sang cuc tim va xac
dinh ham lugng trehalose thong qua lugng
NADPH bang do d6 héap thu quang & budc
song 340nm.

glucose-6- OH OH

o

NADPH
dehydrogenase OH OH O +2NAD

gluconate-6-
phosphate

Hinh 2.1. Qua trinh thiy phdn trehalose theo phwong phap Kit-Trehalose (Megazyme)

2.3.2. Phwong phap xac dinh ham
lwgng dwong khir va dwong téng

Xac dinh ham lugng duong khir, duong
tong theo phuong phap Miller, 1959
[8]. Lay 5ml dich méu bd sung H2SO4
6,5%, thuy phan 1 gio ¢ 1000C. Trung
hoa vé pH 6,0 bang Na2CO3 tinh thé.
Lay 0,5ml dich miu b6 sung 0,5ml
dung dich DNS (6,5g 3,5 — dinitro-
salicytic axit + 325ml dung dich 2M
NaOH + 45g glycerol hoa tan va dinh
murc v6i nude cat thanh 1000 ml) thay
phan & 100°C trong thoi gian 5 phuat, két
thiic phan trng lam ngui nhanh va do
d6 hap thu quang & budc séng 575nm.

Luong duong khir ¢6 trong dich sau do
duoc xac dinh nhd dudng chuan gluco-
za. Luong duong téng duoc tinh theo
cong thuc sau:

TS =RS x 0,88
Trong d6: TS: duong tong; RS: lugng
duong khtr ¢6 trong dich phan tich.

III. KET QUA VA BAN LUAN

3.1. Ngl}ién ciru diéu kién chuyén
tinh bt san thanh trehalose

3.1.1. Anh hwéng cia nhiét do va pH

Tinh bot san sau khi thily phan (qua cac
giai doan: xu ly tinh bot, dich hoa, duong

37



TC.DD & TP 15 (5,6) - 2019

hoéa) thu dich thiy phan chira maltooli-
gosaccharit. Pé xac dinh khoang pH
thich hop cho qué trinh chuyén héa dich
thily phan tinh bot sin thanh trehalose,
tién hanh ¢ diéu kién: ndng d6 MTSase-
MTHase la 200 U/g co cht, néng do
tinh bot sin ban dau la 20 g/l, nhiét do
tir 45 — 65°C, pH tir 4,5 - 7,5, thoi gian
24 gio, khuay 100 vong/phut, bat hoat
enzyme & 100°C trong 15 phut. Chi tiéu
danh gia la ham lugng dudng trehalose
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duong tong)
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Ham lugng trqhalose (%
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Hinh 1. Po6 thi miéu ti dnh huéng
ciia nhiét do va pH toi qua trinh
chuyén héa tinh bét sin thanh
trehalose

3.1.2. Anh huéng ciia ndng do enzyme
MTSase -MTHase

DPé xac dinh dugc mot néng do en-
zyme thich hop, tién hanh thi nghiém
v6i cac diéu kién: nong do tinh bot 20
g/l, nhiét d6 50°C, pH 6,0, thoi gian
24 gid. B sung enzyme véi ty 1¢ khac
nhau tir 100 dén 400 U/g co chit, khudy
100 vong/pht.

Qua hinh 2 thay rang: Khi ting
MTSase-MTHase tir 100 U/g dén 300
U/g co chét, hiéu suat chuyén hoa treha-
lose ting, khi ting ndng d6 enzyme 16n
hon 300 U/g co chat ham lugng treha-
lose giam nhiéu. C6 thé do nong do co
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Ham luong trehalose (%
dudng tong)
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so v6i duong tong, két qua dugc miéu ta
tai hinh 1.

Qua db thi hinh 1 thy rang, khi nhiét
d6 ting 40-55°C téc do phan ung ting
dat cuc dai tai 55°C, sau d6 nhiét do ting
60 — 66°C lai kim him qu4 trinh chuyén
hoéa trehalose; pH thich hgp trong khoang
6,0-6,5. Nhu vay, tai nhiét d6 55°C va pH
6,0 luong trehalose dat cao nhét khoang
70,8% so voi duong tong.
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Hinh 2. Po6 thi miéu ti dnh huéng
ciia nong dp enzyme MTHase-
MTSase toi qua trinh chuyén hoa
tinh bgt san thanh trahalose

chat ting dén muc bao hoa thi luc nay
toc do ctia phan ung khong phu thudc
vao nong do co chat, chat e ché hoic
chat cam ung hoat dong cua enzyme.
Qua hinh 2 thay rang viéc sir dung en-
zyme MTSase-MTHase thich hop ¢
noéng d6 300 U/g co chat. Ham luong
trehalose duoc tao thanh dat 73,7% so
v6i dudng tong.

3.1.3. Anh hudng ciia nong d9 co chat

Theo tai li€u ctia cac nghién ctru trude
cho thay, enzyme MTSase-MTHase
hoat dong dong thoi dé chuyén hoa
duong trehalose va chiu anh huéng rat
16n cua ndng do co chét [2, 4]. Bé xac
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dinh nong do co chat thich hop, thi ng-
hiém duoc tién hanh vé6i dich thay phan
tinh bot sin né)ng dd co chit ban dau
khac nhau tir 20% dén 40%, phan tng &
diéu kién pH 6,0, nhiét 6 55°C, bd sung
enzyme voi ty 1¢ MTSase-MTHase 300
Ul/g co chat, khudy 100 vong/phut, thoi
gian 24 gid. Sau mdi 4 tiéng mdi lan 1y
mau dé phan tich ham luong dudng tre-
halose va duong téng.

Hiéu sut chuyén hoa dudng trehalose
tang nhanh theo sy ting ctia nong do co
chat tir 10-30%, tuy nhién khi nong do
co chat ting 1én 35% s& lam cho mdi
truong chuyén hoa c6 do nhét qua 16n,

han ché su khuéch tan trong dich, han
ché su lién két giita co chét va enzyme,
do do lam gidam kha nang xuc tac cua
enzyme. Tir két qua nghién ctru ta nhan
thiy, nong d6 co chat cua phan tng
thich hop nhéat 30%, ham lugng treha-
lose dat 76,8% so véi dudng tong. Két
qua nay phu hop véi nghién ctu Itur-
riaga cho rang enzyme xtic tac chuyén
hoa maltooligosacharit thanh trehalose
trong diéu kién néng dd co chat dam
dic, néu ndng do co chat thap, hoat tinh
ctia enzyme s& chuyén sang huéng thuy
phan, san pham thu dugc khi d6 chu yéu
la glucoza va oligosacharit khac [4].
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Hinh 3. Do thi miéu ti dnh huwéng
ciia nong do co chdat toi quda trinh
chuyén héa trehalose

3.2. Nghién ciru ning cao hiéu suat
chuyén hoa tinh bjt sin thanh trehalose

3.2.1.Nghién ctru dnh hudéng cua
m“mg d¢ enzyme isoamylase

Tién hanh nghién ctru anh hudng cia
noéng do enzyme isoamylase tir 600-
1500 U/g tinh bot, nhiét 6 55°C, pH =
6,0, thoi gian 16 gio. Két thiic phan tGng
xéac dinh trehalose va duong khir tong.
Két qua phén tich duoc thé hién ¢ hinh 3.
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Hinh 4. Biéu do minh hoa dnh
hwong ciia nong dp Isoamylase

Pbi véi san xuat trehalose thi iso-
amylase dugc wu tién st dung hon pu-
lullanase do su hinh thanh maltose va
maltotriose han ché, san pham chil yéu
gdm cac maltoooligosacharit c6 mirc
do trung hop phan ti glucoza 16n hon
3 s& thuan loi cho qud trinh chuyén
hoéa thanh trehalose [9]. Két qua ¢ hinh
4 ciing thiy rang khi st dung enzyme
isoamylase cho qua trinh duong hoa da
tang ham lugng maltooligosacharit, 1a
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co chat & MTSase - MTHase chuyén
hoa thanh treahalose (mau d6i chimg
khong st dung c6 két qua khac biét).
Mit khéc, v6i ndong do enzyme isoam-
ylase tr 1000-1500 U/g tinh bot, hi¢u
qua thuy phan cao hon tuong ing voi
cac chudi glucoza dai hon trong co chat
va ham lugong treahalose thu dugc dat
>76%, xét vé mat kinh té chiing t6i lya
chon st dung isoamylase & nong do
1000 U/g tinh bdt, ham lugng trehalose
dat 76,5%.

3.2.2.Nghién ciru dnh hwdéng cua
ndng do enzyme cyclodextrin glycano-
transferase

CGTase da duogc ap dung cho qua
trinh san xuat dé ting san luong cua tre-

halose. Enzyme duoc bd sung cung giai
doan voi qua trinh chuyén hoa treha-
lose. Tién hanh nghién ctru anh huong
ctia ndng d6 enzyme CGTase ¢ nong do
10 U, 15 U, 20 U, 25 U, 30 U/g tinh
bot, qua trinh dich hoa, duong hoa va
chuyén hoa trehalose & cac diéu kién da
xac dinh. Két qua xac dinh ham luong
trehalose va duong khur tong dugc thé
hién & hinh 5.

Nhu thé hién trong hinh 5, viéc bd
sung CGTase vao hon hgp phan tng
da giam lugng duong khur va tang ham
lugng trehalose tao thanh. ¢ néng do
enzyme CGTase 20 U/g tinh bot, ham
lugng trehalose dat cao nhét 80,4% sau
24 gio phan Ung.
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Ham luong duong (% dudng tong)

Hinh 5. Biéu do minh hoa inh
hwong ciia nong dp CGTase

3.2.3.Nghién ctru dnh hwéng cua
thoi diém bo sung enzyme cyclodex-
trin glycanotransferase

Thoi diém bd sung CGTase co anh
huong nhidu téi viéc ting ning suat
thu nhéan trehalose, tién hanh nghién
ctru thoi diém bd sung CGTase tai
0,4,6,8,10 gid sau khi phan tng chuyén
hoa trahalose bét dau, két qua phan tich
ham luong trehalose dugc trinh bay tai
hinh 6.
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Hinh 6. Biéu do minh hoa dnh
hwong ciia thoi diéem bo sung CGTase

Qua hinh 6 thiy rang, thoi diém bd
sung CGTase trong giai doan dau phan
mg khong co6 su khac biét nhiéu, sau
4-6 gio phan ung trehalose tao thanh co
tang so v4i thoi diém bd sung ngay ban
dau phan tmg, sau 4 gid, 6 gid phan tng
(tang 2% va 6% tuong ung). Tai thoi
diém bd sung CGTase sau 8 gio phan
tmg ham luong trehalose dat cao nhét
la 86,2% (tang 14% so v&i so véi thoi
diém bo sung ngay ban dau phan ung).
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Theo céc tac gia thi thoi diém bd sung
CGTase phu hop trong khoang tir 6-10
gid sau khi phan tmg chuyén hoa tre-
halose bét dau, thoi diém bo sung CG-
Tase phu thudc vao muc do thuy phan
cua giai doan duong hoa, phu thudc vao
noéng do enzyme va co chat chuyén hoa
trehalose [5, 9].

IV. KET LUAN

Két qua nghién ctru cho thdy sir dung
két hgp enzyme MTSase-MTHase cling
voi isoamylase va CGTase da tang
hiéu qua tong hop trehalose tir tinh bot
san. Céc diéu kién thich hop: giai doan
duong hoa (isoamylase nong do 1000
U/g tinh bot; nhiét do 55°C; pH 6,0;
thoi gian 16 gio, khudy 100 rpm); giai
doan chuyén hoa tong hop trehalose
(MTSase-MTHase néng do 300 Ul/g
tinh bot; nhiét do 55°C; pH 6,0, bd sung
CGTase sau 8 gio phan ung, thoi gian
24 gid). Két thiic qua trinh chuyén hoa
ham lugng trehalose dat 86,2% so voi
duong tong.

Loi cam on: Két quad thwc hién la
mot phan két quad cua dé tai BT, 03.17/
CNSH CB, kinh phi tdi tro béi Bé dn
phat trién va img dung CNSH trong
linh vure CN ché bién dén nam 2020.
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Summary
RESEARCH ON OPTIMAL CONDITIONS FOR THE CONVERSION
AND SYNTHESIS OF TREHALOSE FROM CASAVA STARCH BY EN-
ZYMEATIC METHOD

The method of producing trehalose from cassava starch using maltooligosyl trehalose syn-
thase (MTSase) and maltooligosyl trehalose trehalohydrolase (MTHase) was highly effective
and could be applied in large-scale production. This research used MTSase and MTHase
enzymes obtained from Saccharolobus solfataricus DSM 1616 strain to convert and synthe-
size trehalose from cassava starch. Cassava starch solution containing maltooligosaccharide
was hydrolyzed under appropriate conditions: optimum pH of 6.0 and temperature of 550C;
MTSase-MTHase at 300U / g starch; adding CGTase after 8 hours of reaction, time of me-
tabolism 24 hours. To improve the conversion efficiency of starch into trehalose, hydrolytic
enzyme as isoamylase (1000U / g starch) and CGTase enzyme (20U / g starch) were added.
The results showed that, after the hydrolysis and conversion of cassava starch by enzyme
method, the content of trehalose reached 86.2% of the total sugar. In conclusion, maltooligo-
syl trehalose synthase and maltooligosyl trehalose trehalohydrolase could be used to produce
trehalose from available cassava starch sources in Vietnam.

Keywords: Maltooligosyl trehalose synthase, maltooligosyl trehalose trehalohydrolase,
maltooligosaccharit, cassava starch.
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