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ABSTRACT

Endo-(1—4)-p—D-xylanases (EC 3.2.1.8), shortly called xylanases, are the most
important enzymes involved in the hydrolysis of arabinoxylan. To obtain more insight into
the properties of the xylanases, the xylanases were isolated from germinated wheat
kernels. Different wheat xylanase isoforms were purified in one pool from a crude extract
of wheat germinated for 24 days. Soluble wheat proteins were fractionated by ammonium
sulfate precipitation and anion exchange chromatography. Then the wheat xylanases
were selectively isolated by affinity chromatography with anti-barley xylanase antibodies.
The N-terminal sequences of the different isoforms of wheat xylanases were determined
by Edman degradation. Based on the alignment of the N-termini with the amino acid
sequence of wheat xylanase, theoretical molecular masses ranging from approximately
60 kDa to 20 kDa and theoretical pl values ranging from 4,69 to 5,75 were calculated for
the different xylanase isoforms.

Keywords: Xylanase, arabinoxylan, wheat, Anion exchange chromatography, Affinity
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Title: Isolation and characterization of endogenous wheat xylanases from germinated
wheat

TOM TAT

Enzyme néi sinh 1—4-p-D-xylanase, goi tdit la xylanase, la enzyme déng vai tro quan
trong nhdt trong qud trinh thiy phan arabinoxylan. Pé hiéu sdu hon vé tinh chdt cia
xylanase, xylanase dwoc phan lap va xac dinh mgt sé dac diém sinh hoc tir hat liia mi nay
mam 24 ngdy. Cdc dang dong dang xylanase khdc nhau duogc tinh ché tir dich chiét.
Protein hoa tan dwoc tia phan doan véi ammonium sulfate va sdc ky trao doi ion. Sau dé
xylanase dwoc phén ldp c¢é lwa chon béi sdc ky Gi liec voi khdng thé ciia xylanase twr lua
mach. Trinh ty sdp xép cua cdc acid amin trong chudi polypeptide ¢ dau N tdn cing cia
cdac dang dong ding xylanase digc quyét dinh béi phurong phap Edman. Dua vao trinh tir
sdp xép acid amin ¢ dau N ciia xylanase, trong lirong phan tu ly thuyét nam trong khodng
60 kDa dén 20 kDa va diém dang dién pl twr 5,75 dén 4,69 duoc xac dinh cho céc dang
dong dang xylanase tir liia mi.

Tir khéa: Xylanase, liia mach, liia mi, sic ky trao déi ion, sic ky ai luc, SDS-PAGE

1 GIOI THIEU

Arabinoxylan thugc polysaccharide khong tiéu hoa nam & thanh té bao cua cac loai
ngii céc nhu 1aa mi, lta mach, yén mach, lta mach den, bap, laa gao v.v...(Fincher

! Khoa Néng nghiép & Sinh hoc tmg dung, Tmbpg Pai hoc Cin Thp
2Phong thi nghiém Ho4 hoc va Sinh hpa thuc pham, B mon Hé thong phan tir va vi sinh, Khoa K¥ thuat
sinh hoc, Pai hoc Leuven, Vuong Qudc Bi.
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va Stone, 1986; Andersson va Aman, 2001). Miac du arabinoxylan chiém mot phan
rat nho trong hat ngii cdc nhung arabinoxylan c6 anh huéng dang ké dén churc
ning cua ltia mi trong cac qua trinh k¥ thuét sinh hoc duoc biét nhu qua trinh 1am
banh mi, phan tach gluten - tinh bot, qué trinh 1am bia va trong cong nghé ché bién
thirc an gia stc.

Thuy phin hoan toan arabinoxylan yéu cdu nhiéu loai enzyme ndi sinh va ngoai
sinh lam vi¢c mot cach hiép luc voi nhau (Biely, 1985; Poutanen va cong su, 1991;
Biely va cong sy, 1992). Theo quan diém vé k¥ thuat sinh hoc, enzyme ndi sinh
1—4-B-D-xylanase (goi tit 1a xylanase) 13 enzyme thuy phan arabinoxylan quan
trong nhit. Xylanase thuy phan lién két B-1,4 cua mach xylose dé tao ra
oligosaccharide, xylobiose va xylose (Dekker va Richards, 1976) va c6 kha ndng
1am thay doi tinh chét Iy héa cta arabinoxylan (Biely va cong sy, 1992).

Xylanase duoc biét nhidu nhat dén ngay nay cé ngudn gbc tir vi sinh vat. Vi sinh
vat st dung enzyme nay dé thuy phén thanh té bao thyc vat va phong thich cac loai
carbohydrate chuyen hoa nhu nguén nang luong cho ching (Simpson va cong su,
2003). Hau hét xylanase c6 nguén gdc tir vi sinh ¢ thé duoc tim thay trong gia
dinh enzyme thuy phéan glycoside 10, 11 va chung duoc ung dung trong cac qua
trinh ky thuét sinh hoc khac nhau. Trong d6 mot s6 duoc sir dung trong ché bién
ngi coc dé cai thién chét luong ctia cic san pham tir ngi cde. Nguoc lai xylanase
c6 ngudn goc tir thue vat it duoc nghién ciru. Mot s déa duge tinh ché tir bot lua
mi, lia mach nidy mam, bap, du du va cay keo. Xylanase tir lta mach di c6 nhiéu
nghién ctru béi vi su anh hudng cia chung trong cong nghé ché bién bia, tir d6
nhiing tinh chét sinh hoa, 1i hod va cac chirc nang da duogc hiéu 6. Nguoc lai voi
xylanase c6 ngudn gdc tir lia mach, kién thirc vé xylanase tir 1da mi c6 nhiéu gi6i
han, vi thé nhirng tinh chét, chirc nang cua ching it duoc hiéu biét nhiéu.

Trong hat lta mi, hoat d cua xylanase rat thép. Trong qua khtr, Corder va Henry
(1989) da chirg minh hoat d6 cua xylanase gia ting trong sudt qua trinh ndy mam
ctia hat lta mi. Vi thé trong nghién ctru nay, cac dang dong dang khac nhau cia
xylanase tir 1aa mi s& dugc phan lap tir hat 1da mi ndy mam. Viéc phan lap nay co
tinh chat can thiét dé hiéu sau hon vé tinh chét, chtic ning cta xylanase va dap tng
cho céac nghién ctru sau nay.

2 PHUONG TIEN VA PHUONG PHAP THi NGHIEM
2.1 Phuong tién

Lda mi dugc thu hoach tir Clovis Matton (Avelgem, Bi) vao nam 2005. Vién
Azurine cross-linked wheat Xylazyme-arabinoxylan tir Megazyme (Bray, Ai Nhi
Lan). Tat ca moi truong dién di duoc cung cip tir Bio-Rad (Nazareth, Bi). Bing
protein chuan c6 trong luong phan tir thap (GE Healthcare, Uppsala, Thuy Dién)
bao gdm phosphorylase b (94,0 kDa), bovine serum albumin (67,0 kDa),
ovalbumin (43,0 kDa), carbonic anhydrase (30,0 kDa), soybean trypsin inhibitor
(20,1 kDa), va a-lactalbumin (14,4 kDa). Tit ca cac hoa chit khac duoc cung cip
tu Sigma-Aldrich (Bornem, Bi).
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2.2 Phwong phap

X4c dinh hoat do xylanase bang phuwong phap so mau quang phd Xylazyme-
arabinoxylan (Megazyme, Bray, Ai Nhi Lan) & budc séng 590 nm. Ham luong
protein duoc quyét dinh béi phuong phap Bradford (1976), st dung bovine serum
albumin (BSA) 1am duong chuan va do & budc song 595 nm (Ultraspec III
UV/visible spectrophotometer -GE Healthcare, Uppsala, Thuy Dién).

Lua mi ndy mam 24 ngay duoc siy thing hoa va nghién thanh bot. Protein duoc
trich ly trong dung dich 50 mM sodium phosphate pH 7,0, 6 °C va chét @c ché
enzyme protease dugc bd sung vao dich chiét. Theo sau, protein dugc tia phan
doan ¢ 6 °C v4i ammonium sulfate vdi cac mirc do bao hoa khac nhau 0-20 % (FO-
20), 20-40 % (F20-40), 40-60 % (F40-60), 60-80 % (F60-80) va trén 80 % (F>80).
Hon hop duoc ly tam, phan ling dugc thim tach, sy thing hoa va chuan bi cho
cac budc tinh ché tiép theo. Dich chiét enzyme xylanase tho dugc tinh ché bang
sac ky trao d6i ion 4m trén cot Q-sepharose (Anion exchange chromatography) va
sic ky ai lyc v6i khang thé (Affinity chromatography). Kiém tra do tinh khiét cta
protein va nhan dién enzyme xylanase bang sy dién di trén gel SDS-PAGE
(Sodium dodecyl sulfate polyacrylamide gel electrophoresis) va kiém tra voi
khang thé anti-barley xylanase. Xac dinh trinh ty acid amin & dau N tan cing bang
phuong phap Edman.

3 KET QUA THAO LUAN
3.1 Két tha véi ammonium sulfate

Hau hét protein két tua tap trung & mau duogc tia phan doan v&i ammonium sulfate
c6 mirc d6 bio hoa 1a 20-40 % va 40-60 %. Protein két tia phuc hoi 23 % trong
téng sd protein tir dich chiét tho. Protein bi mat do bi bién tinh tré' nén khong hoa
tan va bj ton that trong qua trinh tia phan doan. Hoat d6 dic trung xylanase, duoc
dlen ta nhu la hoat d6 xylanase (mEU) trén ham luong protein (mg), cao nhit &
mau 20-40 % khoang 2364,2 mEU/mg (bang 1). Kiém tra do tinh khiét cua
enzyme xylanase trong mau 20-40 % trén gel SDS-PAGE v&i khang thé anti-
barley xylanase cho thdy xylanase c6 trong lwong phan tir khoang 20 kDa, 30 kDa,
40 kDa va 60 kDa. Mau 20-40 % dugc chon cho cic budc phan lap enzyme

xylanase tiép theo.
94.0 kDa
67.0 kDa

43.0 kDa —
30.0 kDa  —
20.1 kDa

144 kDa =
Marker F20-40 F40-60

Hinh 1: Nhan di¢n enzyme xylanase véi khang thé anti-barley xylanase trén gel SDS-PAGE
trong mau 20-40 % va 40-60 %
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3.2 Sic ky trao doi ion 4m

Séc ky trao doi ion 1a k¥ thuat rat phu hop dua trén sy khac nhau trong tinh tich
dién cua protein dé phan tach protein trong mot hon hop protein. Phuong phap nay
thuong duoc sir dung nhu la budce dau tién trong qua trinh tinh ché enzyme. Hon
hop protein trong mau 20- 40% thong qua sac ky trao d6i ion trong cot Q-

Sepharose. Sic ky dd duoc thu hdi va hoat dé xylanase thé hién ¢ hinh 2. Cac phan
doan thu hdi c6 hoat d6 xylanase cao dugc gom chung voi nhau (F-AEC) va dugc
kiém tra do tinh khiét bang cach nhudém véi bac va nhan dién enzyme voi khang
thé trén gel SDS-PAGE (hinh 3). Hoat d6 dac trung xylanase gia tang gan 6 lan
sau khi phan tach bang sic ky trao doi ion so vl mau sau khi két tia véi
ammonium sulfate & muc do bao hoa 20- 40% va gan 60 1an so v6i dich chiét tho
(bang 1). Ttr hai gel SDS-PAGE (hinh 3), r6 rang van con nhiéu protein bi nhiém
trong mau sau sic ky trao d6i ion. Tuy nhién, bing protein thé hién rd hon so véi
mau sau khi tua phan doan véi ammonium sulfate & mirc d§ bao hoa 20- 40%. Tat
ca cac dang ddng dang xylanase hién dién trong mau F20-40 thi déu hién hién
trong mau F-AEC.
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Hinh 2: Séc ky d6 ciia miu F20-40 trong phwong phap sic Ky trao ddi ion va do thi biéu
di€én hoat do xylanase
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Hinh 3: (a) Gel SDS-PAGE dwgc nhudm véi bac va (b) nhin dién enzyme vé6i khang thé
anti-barley xylanase ciia mau F20-40 va F-AEC
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3.3 Sic ky ai lwe véi khang thé anti-barley xylanase

Pé tinh ché enzyme xylanase mot cach cé lua chon tir dich chiét xylanase da dugc
tinh ché mot phan, cot ai luc bao gdm khang thé anti- -barley xylanase lién két cong
hoa tri véi protein A dugc St dung. Khang thé duogc biét phan ung rat dic biét voi
protein ma c6 trinh ty acid amin giong nhau. Khang thé anti-barley xylanase trong
cot 4i luc phan ng voi enzyme xylanase trong lua mi. Diéu nay khong co gi ngac
nhién boi vi trinh ty acid amin cta xylanase ¢ lia mach va & laa mi rat gidng nhau
(Simpson va cong sy, 2003). Hon hop protein sau khi phan tach bang k¥ thuat sic
ky trao ddi ion (F-AEC) duoc tiép tuc tinh sach trong ¢t ai lyc. Nho vao tinh dac
biét trong phan tng cia khang thé voi enzyme xylanase, chi c6 nhitng protein nay
duogc giir lai trong cot va tat ca protein khac chay thong qua cot ai lyc. Sic ky dd
bao gém 3 dinh thé hién & hinh 4. Tét ca protein dugc phan doan, thu hdi va chi ¢6
protein ¢ dinh 1 dugc gom chung véi nhau (F-AB) va xac dinh hoat d§ xylanase.
Ham lugng protein trong F-AB giam dang ké so voi F-AEC. Tuy nhién, hoat do
dic trung xylanase trong F-AB gia ting so véi F-AEC 1a 37 1an (bang 1). Nhan
dién enzyme xylanase v6i khang thé anti-barley xylanase cho thy 5 biang protein.
Bing trén dinh cua gel chira khang thé bi 1o ri tir cot ai lyc. Cac bang con lai ¢o
trong luong phan tir xap xi 60 kDa, 40 kDa va 30 kDa. Cu thé c6 2 bing khoang
40 kDa, mot bang thap hon 30 kDa va mét bang khoang 20 kDa (hinh 5).
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Hinh 4: Sic ky d6 ciia miu F-AEC trong phwong phap sic ky 4i lwe v6i khang thé anti-
barley xylanase

Bang 1: Tinh ché enzyme xylanase béi tiia phan doan v6i ammonium sulfate, sic ky trao doi
ion am va sac ky ai lwc véoi khang thé anti-barley xylanase
Ham luong Hoatdd  Hoatdd dic Hésdtinh  Phuyc hoi
protein xylanase trung xylanase sach 2

(mg) (EV) (mEU/mQ) (lan) (%)
Dich chiét  8625,0 1886,3 218,7 1 100
F20-40 545,7 1290,2 2364,2 11 68,4
F-AEC 88,8 1166,4 13135,1 60 61,8
F-AB 0,7 318,8 486190,0 2223 0,17

& Hoat d¢ ddc trung cua tumg phan doan chia cho hoat d¢ ddc trung cua dich chiét
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F-AB  Marker

Hinh 5: Nhan dién enzyme xylanase sau’sz"lc ky 4i lwe véi khang thé. Sy khac nhau ciia
nhirng bing protein dwgc danh so tir 1-5 trong phan wng Edman

3.4 Trinh tw acid amin & dau N trong chudi polypeptide

Hon hop xylanase sau khi phan tach bang sic ky ai lyc voi khang thé duge thuc
hién phan tng phan giai Edman dé xac dinh trinh tu acid amin & dau N tan cung
va dé xac dinh c6 phai protein di duoc tinh sach 1a enzyme xylanase. Mau F-AB
dugce ¢ dic nhicu lan voi Microcon. Cac dang ddng dang xylanase khac nhau
dugc phan doan bang dién di trén gel SDS-PAGE va c6 dinh trén mang
polyvinylidene fluoride (PVDF) cho viéc giai trinh ty acid amin. Sy khac nhau cua
cac bang protein duoc danh s6 nhu hinh 5. Trinh ty acid amin & dau N chi ra ¢
bang 2. Nhirng trinh tu nay dugc so sanh véi trinh tu acid amin dugc miéu ta trong
tai liéu cia Simpson va céac cong su (2003).

Trinh tu acid amin thr 1 1a DVSMDGSLVDYAPFGSSTT voi trong lwong phan tir
khoang 60259,9 va pl 1a 5,47. Trong lugng phan tir nay khdp voi trong lugng phan
tor 60 kDa trén hinh 5.

Hai trinh ty acid amin tha 2 va th¢ 3 la DHKARFRQLKDKTDKAR va
DKTDKARKRDVILKLGAGAAASV. Trong luong phén tir lan luot 1a 43816,4
va 42535,9 véi diém dang dién 1a 5,75 va 5,37 dugc cho & bang 2. Két qua nay
cling trung khop voi trong lugng phan tir trén hinh 5.

Bing protein thit 4 bao gom 19 acid amin LDNAFPFGTCINTSVIQKP c¢é trong
lugng phan tir 1a 39687,6 va pl 1a 5,05. Trong khi d6 trén hinh 5 xylanase nay
khoang 30 kDa. Ly do cho su khong tring khép ndy cé thé duge giai thich do mot
phan acid amin ¢ dau C bi loai bo trong suét qua trinh niy mam ma diéu nay
khong duogc xac dinh trong phan rng Edman. Caspers va cac cong sy (2001) ciling
d3 miéu ta hién tuong ndy cua xylanase trong ltia mach trong sudt qua trinh nay
mam.

Dbi v6i bang protein thir 5, trinh ty acid amin 12 PEPALFVNDYNVERAN c6
trong lugng phan tir 1a 22221,0 va pl 1a 4,69. Trong lugng phan tr nay khong trung
voi trong luong trén hinh 5 1a khoang 28 kDa. Ly do cho su khéc bi¢t nay chua rd
va cling chua c¢6 tai li€éu nao miéu ta hién tugng nay.
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Bang 2: Trinh ty acid amin ciia 5 biing protein trong miu F-AB dwoc quyét dinh béi phéan

irng Edman. Trong lwgng phan tir va di¢n dang dién pl

Trinh tu acid amin Trong higng phan pl
Biangl DVSMDGSLVDYAPFGSSTT 60259,9 5,47
Bang2 DHKARFRQLKDKTDKAR 43816,4 5,75
Bang3 DKTDKARKRDVILKLGAGAAASV 42535,9 5,37
Bing4 LDNAFPFGTCINTSVIQKP 39687,6 5,05
Bing5 PEPALFVNDYNVERAN 22221,0 4,69

4 KET LUAN

Dua vao phuong phap tua phan doan v6i amonium sulfate, ky thuat sic ky trao d6i

ion

va sac ky 4i luc voi khang thé, enzyme xylanase 14 enzyme déng vai trd quan

trong nhat trong qua trinh thuy phan duong arabinoxylan da duoc phan 1ap va tinh
sach. C6 4 dang dong dang enzyme xylanase voi trong lugng phan tur khoang 60,

40,

30 va 20 kDa va diém ding dién pl tur 5,47 dén 4,69. Pay 1a budc khoi dau

quan trong trong viéc hiéu duoc mot phan dic diém cua enzyme xylanase, 1a tién
de cho cac budc nghién ctru tiép theo d€ hoan thi¢n céc tinh chat li, sinh hoé cta
enzyme cling nhu vi¢c ap dung chung trong cac qua trinh k¥ thuat sinh hoc.
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