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Linh vwe k¥ thuat dwee dé cap

Sang ché dé cap dén phuong phép san xuét chét chiét ca phé nho su hd trg clia

enzym.
Tinh trang ky thuit ciia sing ché

Chét chiét ca phé, tic 1a, dung dich nudc chira cac chit rén hoa tan chiét duoc
tir hat ca phé, co nhiéu tmg dung khac nhau trong cong nghiép. Chét chiét nay duoc sir
dung, vi dy, trong san xuét ca phé hoa tan; trong cic san pham ca phé ubng lién nhu d6
ubng ca phé dong lon va ca phé dong chai; va trong cic ing dung khdng phai d6 udng

nhu cdc moén trang miéng dung ngay, san pham banh keo va huong liéu.

Céc chét chiét ca phé dugc ban trén thi trudng thuong duge san xuét bang cach
xir Iy nhiét theo ting giai doan, két hop giai doan thAm u6t, chiét va thiy phan, ma lam
tan cc chit rin trong ca phé d4 rang va xay voi ty 16 phén trim cao. Cén phai c6 nhiét
do6 rit cao dé co tac dung 1én qud trinh thity phén nhiét va didu nay c6 thé tao ra cic vi

la va chi phi cao va tap trung nhi€u von.

Viéc st dung cdc enzym khéac nhau trong phwong phap san xuét chat chiét ca
phé dé cai thién chit lwong san phdm va giam chi phi san xuit d& duoc dé xuat (tham
khao, vi du, US4,983,408, W0O2007/011531, US57,141,83). Vigc st dung mananaza
trong phuong phéap san xult chét chiét ca phé hoa tan di dugc md ta trong, vi du,
W02007/011531 va US5,714,183.

EP1600461A1 md ta viéc chiét arabinogalactan tir hat ca phé sach va da duoc
rang st dung enzym, trong d6 arabinogalactan bi phén ra rét it.

Viéc tach dong va biéu hién exo-beta-1,3-galactanaza tir Irpex lacteus trong
Pichia pastoris 43 dugc mo ta trong tai liéu: Kotake et al. (2009), Biosci. Biotech.

Biochem., 73:2303-23009.
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Ban chit k§ thuit clia sang ché
Muc dich cua sang ché 1a thu duogc chét chiét ca phé chtra cac chét rdn hoa tan

v&i ham lugng cao.

Cac tac gia sang ché da chi ra rang phuong phap chiét ca phé nho sy hd tro cia
enzym cO thé 1am tan cac hydrat cacbon mdt cach chon loc va hiu qua hon so v§i cac
phuong phép thong thuong. Phuong phap nay c6 kha ning tiét kiém sd lugng hat va
lam giam chi phi vAn hanh. Hon nita, ba thai bi enzym lam phén rd co thé khién cho
chiing c6 kha ning dugc st dung trong qué trinh san xuét etanol hodc 1am co chét cho
duong/polyme. Do d6, phuong phap chiét ca phé nho su hd trg cia enzym cling ¢6 kha

nang nang cAp céc san pham phy thu dugce tir phuong phép chiét nay.

Céc tac gid sang ché da phéat hién ra rang, viéc G cdc hat ca phé xay da rang hodc
cac hat ca phé da chiét mot phén bang p-1,3-galactanaza s€ gidi phong héu hét cac chit
rin tan trong hat ca phé. Két qua thu dugc chi ra ring, hiéu suét thu cac chat rin hoa
tan cao hon dang ké khi st dung B-1,3-galactanaza so v6i B-1,4-galactanaza. Hiu suét
thu cac chét rin hoa tan it nhét 13 bang nhau khi u véi B-1,3-galactanaza so véi khi U
v6i enzym mananaza, va dbi v6i hau hét cac enzym B-1,3-galactanaza dugc thu

nghiém, hiéu suét thu céc chat rdn hoa tan cao hon so voi khi 01 v6i enzym mananaza.

Céc tac gid sang ché da phat hién ra rang, viéc U voi enzym B-1,3-galactanaza
giai phong nhidu chit mau hon trong mdi chét khd so véi viéc i véi enzym mananaza,
tirc 12 cac chét chiét c6 vé bén ngoai sim mau hon. Diéu nay c6 thé cho thdy cac hop
chét tao huong vi khi st dung enzym B-1,3-galactanaza so v4i enzym mananaza thi s&
giai phong nhiéu hon. Khong bi rang budc bdi ly thuyét, didu nay c6 thé 1a do viée giit
lai cac hop chit nay bén trong ma tran galactan hodc do su c6 mit clia ching trong cac
phuc chit melanoidin dugc giai phong vao phan dich ndi trén bé mit bing beta-1,3-
galactanaza. Su khac nhau vé viéc gidi phong céc chit mau do cach xir ly bang céc
enzym khéc nhau dugc x4c dinh bang cich do muc do hép thu & budc soéng 361nm.
Nhung sy khac nhau vé& mau séc cling c6 thé nhin thdy dugc mot cach rd rang trong

chét chiét ca phé va co thé d& dang dugc phat hién bing mat thuong.

Téng thanh phén dudng trong chét chiét dugc phan tich va két qua cho thay,
viéc 0 v6i enzym B-1,3-galactanaza 1am tan hau hét luong oligosacarit chira galactoza.

Khi st dung enzym [-1,3-galactanaza c6 hoat tinh chu yéu 1 endo-B-1,3-galactanaza,
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phén 16n galactoza dugc giai phong dudi dang oligosacarit. Lugng oligosacarit cao hon
so véi monosacarit trong chat chiét ca phé gop phan tao d6 nhét va vi cao hon. Hon

nita, arabinogalactan oligosacarit trong chét chiét ca phé c6 thé c6 tac dung loi khuan.

Oligosacarit d dugc hoa tan thu dugc tir qué trinh 1 ba ca phé da qua sir dung
bing cach st dung beta-1,3-galactanaza dugc chirala coty 1¢ giira galactoza v6i arab-

inoza cao.

Su phan bd theo phan tir lwrong clia cc chét chiét ca phé dugc phan tich. Chét
chiét ca phé thu dugce tir bot ca phé dugc u v6i enzym beta-1,3-galactanaza tao ra cac
chit rén trong ca phé c6 phan tir lwgng trung binh cao hon so v6i bot ca phé dugc U voi

enzym mananaza.

Céc tac gia sang ché ciing phét hién ra rang, viéc loai bd mach nhénh cla co
chét arabinogalactan khién cho hoat tinh beta-1,3-galactanaza dugc st dung. Tuc 1a,
giam s6 luong cac mach nhanh cta co chit 1am ting hoat tinh beta-1,3-galactanaza.
Diéu nay lién quan dén qua trinh x@ 1y ca phé rang bing enzym do viéc rang nay sé&
loai bo cac mach nhanh clia arabinogalactan trong hat ca phé.

Sang ché dé cap dén phuong phéap san xuét chit chiét ca phé, phuong phéap nay
bao gbdm cic budc:

a. chudn bi hat ca phé rang va xay;

b. thém nudc va enzym cé hoat tinh B-1,3-galactanaza vao cac hat ca phé

nay;

c. 1 dé tao ra chét chiét ca phé chira nudc; va

d. tach riéng chét chiét ca phé khoi cac hat ca phé da chiét.

Céc tac gid sang ché d3 phét hién ra rang, hiéu suit thu c4c chét rin hoa tan vé
co ban 16n hon khi bt ca phé dugc G voi ca enzym B-1,3-galactanaza va enzym
mananaza. Hiéu suét thu cao hon so v6i hiéu suit cong lai khi 1an luot 4 véi hai enzym
nay cho thiy tac dung hiép ddng. Khong bi gioi han boi Iy thuyét, tac dung hiép dong
quan sat duogc cd thé duoc giai thich 1a do galactomannan dugc két hop vao phirc hop

galactan-protein-melanoidin trong c4c hat ca phé.
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Do d6, theo mdt phuong an dugc uu tién ctia phuong phép theo sang ché, buée

b. con bao gom viéc bd sung enzym c6 hoat tinh mananaza.

Theo mot phuong an duge uu tién khac, hat ca phé rang va xay da chiét mot

phan. Céc hat ca phé nay con dugc goi 1a ba ca phé.
Séang ché con dé cap dén chét chiét ca phé, trong d6 chét chiét ca phé nay:

a.  chira it nhit 20% téng galactoza tinh theo tdng khéi lwong céc chét ran hoa

tan trong chét ran tan trong ca phé;

b. ¢6 ham luong galactoza ty do nho hon 50% khdi lwong cua tong luong

galactoza;
c. c¢otylé khéi Iugng gifta tbng galactoza va tbng arabinoza 16n hon
3:1; va
d. dic trung & chd it nhét 45% khéi lugng ctia phan doan hydrat cacbon

cia n6 13 oligosacarit c6 mitc 9 polyme héa 16n hon 5.

Theo mot phuong an duge uu tién, chét chiét ca phé con dugc dic trung & chd,
it nhét 15% khdi lwong ciia phan doan hydrat cacbon cia n6 14 oligosacarit c6 mirc 4o

polyme héa nho6 hon 55.

Theo mot phuong an duge wu tién khac, chét chiét ca phé chira arabinogalactan
oligosacarit c6 mitc do polyme hoa cao hon 2 va thip hon 55 véi lugng it nhét bing
15% tinh theo tong khéi lugng clia cac chét rdn tan trong hat ca phé.

Mb ta chi tiét sang ché

Thuét ngit “B-1,3-galactanaza” hodc “enzym ¢6 hoat tinh B-1,3-galactanaza” co
nghia 13 enzym thiy phan dac hiéu beta-1,3-galactan va beta-1,3-galactooligosacarit.
Enzym nay cé thé ¢6 hoat tinh cht yéu 1a endo-B-1,3-galactanaza (EC 3 .2.1.181) hodc
n6 c6 thé c6 hoat tinh exo (EC 3.2.1.145). DA&i voi cac muc dich cia sang ché, hoat tinh
B-1,3-galactanaza dugc xac dinh theo cac phuong phép duoc mo ta trong cac vi du.
Theo mdt khia canh, B-1,3-galactanaza cAn sir dung trong phuong phap theo sang ché
¢ it nhdt 20%, vi du, it nhat 40%, it nhat 50%, it nht 60%, it nhét 70%, it nhat 80%,
it nhat 90%, it nhat 95%, hodc it nhit 100% hoat tinh B-1,3-galactanaza ctia polypeptit
trudng thanh cia SEQ ID NO: 2. Hoat tinh B-1,3-galactanaza co thé duogc dinh lugng
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bing cach sir dung thir nghiém duong khir (thir nghiém PAH-BAH) dugc mo ta trong
Vi du 7 v&i gdbm arabic phan rd Smith hogc gom arabic duoc xur Iy bang axit dé lam co

chét.

r
A ¢¢

Trong ngit canh cia sang ché, “mananaza” 1a beta-mananaza. N6 ¢6 thé 1a enzym
dugc dinh nghia theo linh vyc nay 1a mannan endo-1 ,4-beta-mannosidaza (EC 3.2.1.78)
ma xuc tac su thily phan cua cic lién két 1,4-B-D-mannosidic trong mannan, galac-
tomannan va glucomannan, enzym nay c6 cac tén khac la 1,4-B-D-mannan mannano-
hydrolaza; endo-1,4-B-mananaza; endo-B-1,4-mannaza; f-mananaza B; B-1,4-mannan
4-mannanohydrolaza; endo-B-mananaza; va -D-mananaza. P6i v6i cac muc dich cua
sang ché, hoat tinh mananaza c6 thé duoc x4c dinh bang cach st dung thir nghiém hoat
tinh dwgc mo ta trong tai liéu: Staalbrand et al. (1993), Purification and characterization
of two B-mannanases from Trichoderma reesei, J. Biotechnol., 29:229-42. Theo mot
khia canh, mananaza can st dung trong phuong phap theo sang ché c6 it nhat 20%, vi
du, it nhit 40%, it nhét 50%, it nhit 60%, it nhét 70%, it nhét 80%, it nhat 90%, it nhét
95%, hoic it nhat 100% hoat tinh mananaza cla polypeptit co s6 truy cap GENESEQP
AXU66990 duge thé hién & day 1a SEQ ID NO:15.

Thuat ngit “polypeptit truong thanh” c6 nghia 14 polypeptit & dang cubi ciing sau
dich mi va céc cai bién sau dich ma bat ky, nhu xt Iy d4u tan cing N, cit bo dau tan
cing C, glycosyl hoa, phosphoryl héa, v.v.. Theo mot phuong an, polypeptit truong
thanh ctia SEQ ID NO: 2 1a céac axit amin & vi tri 21 dén vi tri 256 trong SEQ ID NO:
2 dua trén du doan peptit tin hi¢u c6 20 gbc bang chuong trinh SignalP (Nielsen et al.,
1997, Protein Engineering 10: 1-6). Theo m¢t phuong an, polypeptit truéng thanh ctia
SEQ ID NO: 4 14 c4c axit amin & vi tri 26 dén vi tri 258 trong SEQ ID NO: 4 dua trén
du doéan peptit tin hiéu ¢6 25 gbc bang chuong trinh SignalP (Nielsen et al., 1997,
Protein Engineering 10: 1-6). Theo mdt phuong an, polypeptit trudng thanh cia SEQ
ID NO: 8 13 cac axit amin & vi tri 28 dén vi tri 265 trong SEQ ID NO: 8 dya trén du
doan peptit tin hiéu c6 27 gbc bang chuong trinh SignalP (Nielsen et al., 1997, Protein
Engineering 10: 1-6). Theo mdt phuong an, polypeptit trudng thanh ctia SEQ ID NO:
10 13 céac axit amin & vi tri 21 dén vi tri 448 trong SEQ ID NO: 10 dua trén dy doan
peptit tin hiéu ¢6 20 gbe bang chuong trinh SignalP (Nielsen et al., 1997, Protein En-
gineering 10: 1-6). Da biét trong linh vyc nay la t& bao chu ¢6 thé tao ra hdn hop cua

hai trong nhiéu polypeptit truéng thanh khac nhau (tc 13, v4i axit amin du tan cung
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C va/hodc diu tan cing N khac nhau) dugc biéu hién bdi cing mot polynucleotit. Cling
da biét trong linh vuc nay 1a cac té bao chu khac nhau c6 cac polypeptit theo cach khac
nhau, va do d6, mét té bao chu biéu hién polynucleotit c6 thé san sinh polypeptit trudng
thanh khac (vi du, ¢6 axit amin dau tan cung C va/hodc d4u tan cung N khac nhau) so
v6i mot té bao chi khac biéu hién cliing polynucleotit do.

Thuét ngit “trinh ty ma héa polypeptit truéng thanh” c6 nghia 1a polynucleotit ma
hoa polypeptit truéng thanh.

Do tuong déng trinh tu: mbi lién hé gitta hai trinh ty axit amin dugc mo ta bdi
thong sd “Do tuong ddng trinh tu”. Pbi vai cac muc dich cia sang ché, d6 twong dong
trinh ty gitta hai trinh ty axit amin dugc xéc dinh bang cach st dung thudt todn
Needleman-Wunsch (Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453) nhu
duoc thuc hién trong chuong trinh Needle cua goi phan mém EMBOSS (EMBOSS:
The European Molecular Biology Open Software Suite, Rice et al., 2000, Trends
Genet. 16: 276-277), tbt hon 13 phién ban 5.0.0 hodc phién ban cao hon. Cac thong sd
duoc st dung 13 diém phat mé khoang trong 13 10, diém phat kéo dai khoang trong 1a
0,5, va ma tran thay thé EBLOSUMSG62 (phién ban EMBOSS cua BLOSUMSG62). Két
qua ctia chuong trinh Needleman “D giéng nhau dai nhét” dugc danh ddu Needle (thu
duoc bing cach st dung tiy chon nobrief) dugc st dung dé 1am phén tram gidng nhau
va dugc tinh nhu sau:

(Gbc giéng nhau x 100)/(chiéu dai khi sip thang hang — tbng s6 lugng khoang
trong khi sip thing hang)

Séang ché & cap dén phuong phap san xuét chat chiét ca phé, bao gdm cac buéc:
a. chuin bi hat ca phé rang va xay;

b. thém nudc va enzym c6 hoat tinh p-1,3-galactanaza vao cac hat ca phé nay;
c. 1 dé tao ra chét chiét ca phé chira nudc; va

d. tach riéng chét chiét ca phé khoi cic hat ca phé da chiét.

Phuong phap theo sang ché co thé duoc 4p dung vao hat ca phé rang va xay mdi

hozc bot ca phé da rang ma dugc chict bang nude tir trude do.

Theo mdt phuong 4n dugc uu tién, hat ca phé rang va xay da duoc chiét mot phan.
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Phuong phép theo sang ché c6 thé duge 4p dung vao hat ca phé da xay thu dugc
bang cach xir Iy ca phé hoa tan thong thuong. Trong d6, ca phé rang thuong dugc xay
va chiét (bing nhiét) v6i nude trong nhidu giai doan. Qua trinh thyre hién theo hai giai
doan 12 dién hinh trong linh vuc nay, trong d6 giai doan thir nhit bao gdm budc thAm
udGt bot ca phe, thu hdi huwong vi va chiét cac thanh phan hoa tan sdn (nhu cafein, khoéng
chét va cic monosacarit). Giai doan tht hai thudng 12 giai doan thiy phén, trong do6 ca
phé dang polyme sinh hoc 16n va cac thanh phan lién két bi pha v& thanh cac polyme
hoa tan dugc trong nudc nhd hon. Trong giai doan thir nhét, ca phé rang thuong dugc
chiét bang nuéc & nhiét 4o 100°C hodc thip hon. Bot tur chét chiét nay, c6 thé duoc goi
1 "b6t trong moi trudong”, sau do6 duge chiét bing nu6c duge dun qua nhiét & nhiét do
n3m trong khoang tir 140°C dén 180°C hogc tham chi cao hon. Bot duge chiét mot

phan tir chat chiét qua nhiét c6 thé dugc goi 1a "bot qua nhiét".

Néu phuong phép theo sdng ché duoc ap dung vao bot duge chiét mot phan, 1an
chibt thtr nhit c6 thé dwoc tién hanh bang cach bd sung ca phé rang va xay ma ¢ thé
¢6 ¢& hat trung binh 1a khoang 900 micron vao binh da khudy c6 vé boc chira nudc,
trong d6 ty 1€ gitra cac chét rén v6i nude 1a khoang 1:5. Huyén phi ddc nay dugc khudy,
lam néng giadn tiép dén nhiét 4o nho hon khoang 140°C, t5t hon 12 nim trong khoang
tr 85 dén 90°C, va duy tri & nhiét do ndy trong thoi gian khoang 30 phut. Huyén phu
dic nay sau do duge loai bd khoi binh va ba va chat chiét thu duoc duge tach riéng
bing cach st dung bd loc. Ba dugc chiét mot phin dwgc dua vao phuong phap theo
sang ché va chét chiét dugc tao ra trong 1an chiét tht nhét co thé dugc tron voi chét

chiét th hai duge tao ra bang cich st dung phuong phap theo sang ché.

Trong ngit canh cuia sang ché, hat ca phé xay dugc chiét mot phan hodc b ca phé
duge chiét mot phin c6 nghia 14 hat ca phé da xay dugc dua vao qua trinh chiét it nhét
mot 1an. Hat ca phé xay da chiét mot phan nhu vay ciing c6 thé dugc goi 1a ba ca phé.

Phuong phép theo sang ché c6 thé, noi chung 13, duge ap dung vao ca phé rang
va xay bao gbm cé4c hat d4 rang ma dugc xay dén c& hat trung binh ndm trong khoang
tr 0,3 dén 5 mm, t5t hon 1a ndm trong khoang tir 0,4 dén 0,9 mm.

Ngoai ra, bude xir Iy so bd kiém soat huong vi ¢6 thé duoc thém vao phuong
phéap theo sang ché d& thu hdi cac hop chit thom hodc thanh phan thom cua ca phé

trudc giai doan chiét va/hoic thuy phan. Cac phuong phép xir 1y hiru dung bao gbm,
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nhung khong chi gii han &, cdc phuong phap duge mo ta trong tai liéu EP 0489 401.
Qua trinh thyc hién trén thyuc té bao gdbm budc thdm udt ca phé rang va xay bang nuéc
trong binh véi ty 1¢ 1a khoang 1:0,5 khéi lugng. Ap dung chan khong vao binh (vi du,
khoang 150mbar) va sau d6 ap dung hoi ap suét thap vao tang bot da thim wét trong
thoi gian 1én dén 4 dén 8 phut dé 1am bay hoi cac hop chét thom khai ca phé rang va
xay. Cac hop chét d& bay hoi da hat duge ngung tu, vi dy, ¢ nhiét do khoang 5°C va

duy tri dé dugc bo sung trd lai vao chat chi€t hodc cac chit rin dugc chiét.

Phuong phép theo sang ché c6 thé dugc thuc hién trén ca phé rang ma da xong
hoi vao-xa hoi ra & 4p suét thip d8 chiét cac thanh phin huong vi d& bay hoi, nhu néu

trén.

Phuong phap theo sang ché c6 thé duge ap dung vao loai bot ca phé bt ky véi
chét thiy phan da biét dbi v6i chuyén gia trong linh vyc nay, nhu bdt ca phé da khir

déu, bot ca phé da khir cafein, bot ca phé duoc nghién uét, v.v..

Qua trinh x1r Iy hat ca phé rang va xay bing enzym can dugc tién hanh & nhiét do

ma cac enzym ndy c6 hoat tinh va trong thoi gian da lau dé cho phép phan ung enzym.

Theo mot kiéu van hanh theo mé ¢6 thé c6, sau khi phan (ng enzym gin nhu
dugc hoan thanh, hdn hop nay dugc dua vao tach toan phﬁn, dé, vi dy, ly tm hodc loc
béng dai, ma loai bd hau hét cac chit rin khong hoa tan. Chét chiét da tach, van chira
c4c hat min, dau va protein enzym, dugc tai tuén hoan qua thiét bi mang chay chéo, ma
loai bo tat ca cac chét khong hoa tan va cling c6 thé loai b enzym. Phan 16n hodc tat
c4 enzym van con trong chét khong thAm qua mang va co thé duoc tai st dung vao

phan Ung.

Theo mot kiéu van hanh theo mé c6 thé co, chét thim qua mang ban thdm dugc
rat ra lién tuc trong phan Gng enzym, tirc 1a mot phan ctia hdn hgp phan ng tiép tuc
dugc tudn hoan thong qua té bao tach mang ban thAm chay chéo. Phuong phap nay c6
thé dugc van hanh theo kiéu nira lién tuc, trong d6 cac chét thim qua mang dugc rit ra
cho dén khi thé tich trong binh phéan Gng giam di dén diém ma mirc d6 lam giam do
nhét hodc ap suét ciia né trd nén cao. Tai diém nay, mot s6 chit khong thAm dugc thai
ra va tAng huyén phu dic chira ca phé sach va mét sb enzym moi duge bd sung. Chét

khong thdm d3 thai c6 thé duoc loai boé hodc co thé dugc rira dé thu hdi enzym ma sau
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d6 dugec tai sit dung. Enzym trong chit khong thdm con lai (khong duoc thai) dugc gitt

lai va tai st dung.

Theo mot cach khéc, huyén phil dic lam nguyén li¢u mdi co thé tiép tuc dugc
thém vao binh nguyén liéu cing véi mot s6 enzym v6i b phén hut thai tir dong tai s
dung co thé tich bang nhau.

Trong mot s& su kién, viéc van hanh phuong phap nay theo kiéu van hanh lién
tuc hodc nira lién tuc cho phép thAm cé4c thanh phan dugc hoa tan ra khéi viung phan

g trude khi ching cd thé bi pha htly hon nita.

Néu phuong phap theo sdng ché duoc st dung dé xur Iy b3 tr ca phé rang va xay
ma da dugce chiét trude do bang nude va/hodc thily phén bang nhiét, chét chiét thu dugc

tr phuong phap theo sang ché nay c6 thé duoc két hop véi chét chiét thu dugc tir trude.

Néu bot trong moi truong duge sit dung dé 1am nguyén liéu cho phuong phap
theo sang ché, chét chiét dugc tao ra c6 thé duoc Két hop véi chét chiét thu dugc trong
giai doan chiét trong mdi truong. Cac chét chiét duoc két hop dua trén ty 1€ gitta sén
lugng rang da chiét tir ting giai doan. Chét chiét da két hop sau d6 dugc co, tao mui

thom va 1am khé nhu thong thudng trong linh vuc nay.

Chét chibt ca phé c6 thé dugce tach nude, nhu ca phé hoa tan hodc hén hop ché
phim kho, hodc né c6 thé 12 san phdm ca phé ubng lién, ché phdm hén hop dang long,
ché pham dong lanh hodc ché phdm c6 dang long. Chét chiét ca phé theo sang ché ciing
¢6 thé duge st dung trong cac ung dung khong phai d6 ubng, nhu mon trang miéng

dung ngay hodc san phim banh keo v.v..

Céc phuong phap tao ra cac ché phdm ca pheé tir chét chiét ca phé hoa tan nhu vay
1a d3 biét dbi voi chuyén gia trong linh vuc nay.

Trong phuong phap theo sang ché, nudc va enzym dugc bd sung vao hat ca phé
ma c6 thé da chiét mot phan.

Nuéc 6 thé, vi du, dugc bd sung sao cho ndng do cudi cing clia chét kho 14 nam
trong khoang tir 2% dén 30% (thé tich/thé tich), t6t hon 1a nam trong khoang tir 5%
dén 20% (thé tich/thé tich), nhu khoang 10% (thé tich/thé tich).

Enzym c6 hoat tinh B-1,3-galactanaza c6 thé duoc bd sung & ndng dd it nhét 13

0,001g protein enzym/kg hat ca phé, t8t hon 13 it nhat 0,005g protein enzym/kg hat ca
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phé, nhu & ndng d6 nim trong khoang tir 0,001 dén 0,5g protein enzym/kg hat ca phé,
t5t hon 12 nim trong khoang tir 0,005 dén 0,2g protein enzym/kg hat ca pheé.

Enzym 6 hoat tinh B-1,3-galactanaza tot hon 1a dugc b6 sung dé 1am ché phim
enzym dac trung & chd, it nhét 5%, t6t hon 1a it nhét 10% hodc it nhét 20%, téng protein
trong ché phim 13 enzym c6 hoat tinh B-1,3-galactanaza lam hoat tinh enzym chu yéu
ctia no.

Theo mdt phuong an, enzym c6 hoat tinh B-1,3-galactanaza c6 hoat tinh & nhiét
d6 60°C ma it nhit bing 50%, t5t hon 1a it nhét bang 60% hodc t nhét bang 70%, hoat
tinh cta né & nhiét d6 40°C. Hoat tinh nay & cac nhiét d6 khac nhau c6 thé dugc xac

dinh nhu dugc md ta trong Vi du 11.

Theo mdt phurong 4n, enzym cé hoat tinh B-1,3-galactanaza c6 hoat tinh tuong
db6i dé 1am phén ra gdm arabic phan rd Smith ma it nhét 12 cao hon 10 14n so vé6i hoat
tinh twong dbi dé 1am phan rd gdbm Arabic cua no. Hoat tinh twong ddi dé 1am phan ra
cac co chat c6 mirc dd phan nhanh khac nhau nay co thé dugc xac dinh nhu duge md

ta trong Vi du 6-7.

Theo mdt phuwong an, enzym c6 hoat tinh B-1,3-galactanaza la B-1,3-galactanaza,
t6t hon 1a endo-p-1,3-galactanaza (EC 3.2.1.181) hodc exo-B-1,3-galactanaza (EC
3.2.1.145). Theo mdt phwong 4n, enzym c6 hoat tinh B-1,3-galactanaza la endo-p-1,3-
galactanaza (EC 3.2.1.181). Theo mot phuong an khac, enzym c6 hoat tinh B-1,3-ga-
lactanaza la exo-f-1,3-galactanaza (EC 3.2.1.145).

Theo mdt phuong an, enzym ¢ hoat tinh B-1,3-galactanaza chu yéu ¢6 hoat tinh

endo-B-1,3-galactanaza.

Theo mot phurong an, enzym c6 hoat tinh B-1,3-galactanaza la B-1,3-galactanaza

cua ho GH16.

Theo mdt phurong 4n, enzym c6 hoat tinh B-1,3-galactanaza co trinh ty axit amin
ma c6 do tuong ddng trinh ty it nhét 13 60% so v&i trinh tu truéng thanh cla trinh tu
bét k¥ trong s cac trinh tw SEQ ID NO: 2, 4 hogc 8. Tét hon 13, enzym c6 hoat tinh p-
1,3-galactanaza c6 trinh tu axit amin ma c6 dd tuong dong trinh ty it nhét 65%, vi dy,
it nhit 70%, it nhat 75%, it nhat 80%, it nhit 85%, it nhat 90%, it nhét 91%, it nhat
92%. it nhAt 93%, it nhét 94%, it nhét 95%, it nhét 96%, it nhét 97%, it nhat 98%, it
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nhit 99%, hoic 100%, so véi trinh ty trudng thanh cua trinh tu bat ky trong s6 cac trinh
tw SEQ ID NO: 2, 4 hodc 8. Theo mét phwong dn khéc, enzym ¢6 hoat tinh B-1,3-
galactanaza khéac 1én dén 10 axit amin, viduy, 1, 2, 3,4, 5, 6, 7, 8,9, hodc 10 axit amin,
so voi polypeptit trrdng thanh cia trinh tu bét ky trong sb céc trinh ty SEQ ID NO: 2,
4 hodc 8.

Theo mot phwong 4n, enzym c6 hoat tinh B-1,3-galactanaza c6 trinh tu axit amin
ma c6 d6 twong ddng trinh ty it nhét 60% so véi trinh tu trudéng thanh ciia SEQ ID NO:
2. Tét hon 13, enzym c6 hoat tinh p-1,3-galactanaza c6 trinh tu axit amin ma c6 do
twong ddng trinh tu it nhdt 65%, vi dy, it nhit 70%, it nhit 75%, it nhat 80%, it nhét
85%, it nhit 90%, it nhit 91%, it nhit 92%, it nhit 93%, it nhit 94%, it nhat 95%, it
nhét 96%, it nhit 97%, it nhit 98%, it nhit 99%, hodc 100%, so Vv6i trinh tu truc"mg.
thanh cta trinh tu bit k¥ SEQ ID NO: 2. Theo mdt phwong 4n khéc, enzym c6 hoat
tinh B-1,3-galactanaza khac 1én dén 10 axit amin, vidu, 1,2, 3,4, 5, 6,7, 8,9, hodc 10
axit amin, so v6i polypeptit truéng thanh cia SEQ ID NO: 2.

Theo mot phuong 4n, enzym c6 hoat tinh B-1,3-galactanaza c6 trinh tu axit amin
ma c6 do twong ddng trinh ty it nhét 60% so voi trinh tu trudng thanh ctia SEQ ID NO:
4. Tbt hon 13, enzym c6 hoat tinh B-1,3-galactanaza c trinh tu axit amin ma c6 do
twong ddng trinh ty it nhdt 65%, vi du, it nhét 70%, it nhét 75%, it nhat 80%, it nhét
85%, it nhit 90%, it nhit 91%, it nhit 92%, it nhit 93%, it nhit 94%, it nhat 95%, it
nhét 96%, it nhit 97%, it nhit 98%, it nhit 99%, hodc 100%, so véi trinh tu truong
thanh cia SEQ ID NO: 4. Theo mdt phwong an khéc, enzym c6 hoat tinh B-1,3-galac-
tanaza khéc 1én dén 10 axit amin, vi dy, 1, 2, 3, 4, 5, 6, 7, 8, 9, hodc 10 axit amin, so

véi polypeptit trudng thanh ctia SEQ ID NO: 4.

Theo mdt phwong 4n, enzym c6 hoat tinh p-1,3-galactanaza c6 trinh ty axit amin
ma c6 do twong dong trinh tu it nhét 60% so véi trinh tu trudng thanh ctia SEQ ID NO:
8. T6t hon 13, enzym c6 hoat tinh B-1,3-galactanaza c6 trinh tu axit amin ma c6 do
tuong ddng trinh ty it nhat 65%, vi du, it nhdt 70%, it nht 75%, it nht 80%, it nhat
85%, it nhat 90%, it nhat 91%, it nht 92%, it nhAt 93%, it nht 94%, it nhat 95%, it
nhét 96%, it nhit 97%, it nhit 98%, it nhat 99%, hodc 100%, so v6i trinh tu truong
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thanh cia SEQ ID NO: 8. Theo mdt phuong an khac, enzym c6 hoat tinh B-1,3-galac-
tanaza khéc 1én dén 10 axit amin, vidy, 1, 2, 3, 4, 5, 6, 7, 8, 9, hodc 10 axit amin, so

véi polypeptit truéng thanh ctia SEQ ID NO: 8.

Theo mot phwong 4n, enzym c6 hoat tinh B-1,3-galactanaza 13 B-1,3-galactanaza
cua ho GH43.

Theo mdt phwong 4n, enzym c6 hoat tinh p-1,3-galactanaza c6 trinh tu axit amin
ma c6 do tuong d?)ng trinh tu it nhét 60% so véi trinh tu trudng thanh cia SEQ ID NO:
10. T4t hon 13, enzym c6 hoat tinh B-1,3-galactanaza c6 trinh tu axit amin ma c6 do
twong ddng trinh tu {t nhét 65%, vi du, it nhét 70%, it nhat 75%, it nhit 80%, it nhét
85%, it nhét 90%, it nhét 91%, it nhit 92%, it nht 93%, it nhit 94%, it nhat 95%, it
nhét 96%, it nhit 97%, it nhit 98%, it nhat 99%, hodc 100%, so v4i trinh tu truong
thanh ctia SEQ ID NO: 10. Theo mot phwong an khac, enzym c6 hoat tinh B-1,3-galac-
tanaza khac 1én dén 10 axit amin, viduy, 1,2, 3,4, 5, 6,7, 8, 9, hodc 10 axit amin, SO

v6i polypeptit trudng thanh ciia SEQ ID NO: 10.

B-1,3-galactanaza can st dung trong phuong phép theo sing ché ¢6 thé thu dugc
tir cac vi sinh vét cua loai bét ky. DPéi voi cac muc dich cua sang ché, thuat ngit “thu
duoc tir” nhu dugc st dung & day két hop véi ngudn duge néu c6 nghia 13 polypeptit
duoc ma hoa béi polynucleotit dugc san sinh tur ngudn nay hodc tir chung ma trong d6
polynucleotit tir ngudn ndy di xen vao. Theo mdt phuong an, B-1,3-galactanaza thu

duoc tir ngudn duge néu dugc tict ngoai te bao.

B-1,3-galactanaza cé thé 1a p-1,3-galactanaza cia vi khudn. Vi du, p-1,3-galac-
tanaza c6 thé 1a B-1,3-galactanaza ctia vi khuén Gram duong nhu -1,3-galactanaza cua
Bacillus, Clostridium, Enterococcus, Geobacillus, Lactobacillus, Lactococcus,
Oceanobacillus, Staphylococcus, Streptococcus, hodc B-1,3-galactanaza cua Strepto-
myces, hodc vi khudn Gram &m nhu B-1,3-galactanaza cua Campylobacter, E. coli,
Flavobacterium, Fusobacterium, Helicobacter, Ilyobacter, Neisseria, Pseudomonas,

Salmonella, hoac Ureaplasma.

B-1,3-galactanaza c6 thé 1 B-1,3-galactanaza cia ndm. Vi dy, B-1,3-galactanaza
c6 thé 1a p-1,3-galactanaza cla ndm men nhu B-1,3-galactanaza ciia Candida, Kluyve-
romyces, Pichia, Saccharomyces, Schizosaccharomyces, hodc Yarrowia; hogc B-1,3-

galactanaza cia nam s¢i nhu B-1,3-galactanaza ctia Acremonium, Agaricus, Alternaria,
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Aspergillus, Aureobasidium, Botryospaeria, Ceriporiopsis, Chaetomidium, Chryso-
sporium, Claviceps, Cochliobolus, Coprinopsis, ~Coptotermes, Corynascus,
Cryphonectria, Cryptococcus, Diplodia, Exidia, Filibasidium, Fusarium, Gibberella,
Holomastigotoides, Humicola, Irpex, Lentinula, Leptospaeria, Magnaporthe, Melano-
carpus, Meripilus, Mucor, Myceliophthora, Neocallimastix, Neurospora, Paecilomy-
ces, Penicillium, Phanerochaete, Piromyces, Poitrasia, Pseudoplectania, Pseudo-
trichonympha, Rhizomucor, Schizophyllum, Scytalidium, Talaromyces, Thermoascus,
Thielavia, Tolypocladium, Trichoderma, T richophaea, Verticillium, Volvariella, hodc

Xylaria.

Theo mét phuong 4n, B-1,3-galactanaza thu dugc tr Auricularia, tt hon 13 tr

Auricularia delicata.

Theo mdt phuong 4n, B-1,3-galactanaza thu dugc tir Magnaporthe, t5t hon 13 tir

Magnaporthe oryzae.

Theo mét phuong 4n, B-1,3-galactanaza thu dugc tir Neurospora, t6t hon 13 tir

Neurospora crassa.

Theo mot phuong 4n, B-1,3-galactanaza thu dugc tir Irpex, t6t hon 1a tr Irpex

lacteus.

Nén hiéu réng, ddi vé6i cac loai néu trén, sang ché bao gé)m cé trang thai hoan
hao va khong hoan hao, va cic sang ché twong duong theo phén loai khdc, vi du, cac
dang tiém bién, bat ké tén cac loai ma chung da biét nho cac tén nay. Cac chuyén gia
trong linh vuc nay d& dang nhén ra tinh twong ddng ctia cac don tuong duong thich
hop.

Céc gibng ctia cac loai ndy d& dang tiép cén cong khai trong mot s6 bo suu tap
gidng, nhu b suu tap gibng chudn cia My (American Type Culture Collection)
(ATCC), Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSMZ), Centraalbureau Voor Schimmelcultures (CBS), va bo suu tap gidng gbc theo
dich vu nghién ctru ndng nghiép (Agricultural Research Service Patent Culture Collec-

tion), Trung tdm nghién ctu mién Bic (Northern Regional Research Center) (NRRL).

B-1,3-galactanaza c6 thé duoc nhan biét va thu dugc tir cac ngudn khac nhau

bao gém cac vi sinh vat dugc phan 14p tir tu nhién (vi du, dat tréng, phéan trdn, nudc,
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v.v..) hodc cac miu ADN thu dugc truc tiép tlr cac vat liéu ty nhién (vi du, d4t trong,
phan trdn, nuéc, v.v..) bing cach st dung cac dau do thich hgp. Cac k¥ thudt dé phan
14p vi sinh vat va ADN truc tiép tir cac moi truong ty nhién da biét rd trong linh vuc
nay. Polynucleotit ma hoa B-1,3-galactanaza sau d6 c6 thé thu duoc bang cich sang loc
mot cach twong tu thu vién ADN hodc ADN b6 trg ciia hé gen cia mot vi sinh vat khac
hodc miu ADN da tron. Mot khi da phathién ra polynucleotit ma hoa B-1,3-galactanaza
bing (cic) dau do, polynucleotit o thé dugc phan 18p hodc tach dong bang céach st
dung cac k¥ thuat da biét @i v6i ngudi c6 trinh d§ trung binh trong linh vye nay (tham
khao, vi du, Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, 2nd
edition, Cold Spring Harbor, New York).

Theo mdt phuong an vé phuong phép theo séng ché, budc b. con bao gdm viée

bd sung enzym c6 hoat tinh mananaza.

Mananaza dugc st dung trong phuong phap theo sang ché c6 thé thu duge tir
cac vi sinh vt cta loai bét ky. Mananaza d3 nhan biét, vi du, trong mt vai sinh vat
Bacillus. Vi duy, Talbot et al. (1990), Appl. Environ. Microbiol., Vol. 56, No. 11, pp.
3505-3510, md ta beta-mananaza c0 ngudn gbc tir Bacillus stearothermophilus ¢6 dd
pH t8i wu 12 ndm trong khoang tir 5,5 dén 7,5. Mendoza et al. (1994), World J. Micro-
biol. Biotech., Vol. 10, No. 5, pp. 551-555, md ta beta-mananaza cO nguén géc tr Ba-
cillus subtilis c6 hoat tinh tdi wu & @6 pH = 5,0 va nhiét do 55°C. JP-03047076 mo ta
beta-mananaza c6 ngudn gbc tir Bacillus sp., ¢6 46 pH t6i wu tir 8 dén 10. JP-63056289
md ta phuong phép san xuét beta-mananaza kiém On dinh nhiét. JP-08051975 mo ta
beta-mananaza kidm c6 ngudn gbc tir Bacillus sp. AM-001 ua kiém. Mananaza da tinh
ché tir Bacillus amyloliquefaciens dwgc md ta trong tai litu WO 97/11164. WO
94/25576 md ta enzym tu Aspergillus aculeatus, CBS 101.43, biéu hién hoat tinh

mananaza va WO 93/24622 md t4 mananaza dugc phén lap tir Trichoderma reesei.

Ché pham mananaza ban trén thi truong thich hgp 1a Mannaway® dugc san Xuét

b&i Novozymes A/S.

Theo mét phuong an, enzym c6 hoat tinh mananaza ¢6 trinh tu axit amin ma c6
6 twong dong trinh ty it nhat 60% so voi SEQ ID NO: 15. T4t hon 13, enzym c6 hoat
tinh mananaza c6 trinh tu axit amin ma c6 do tuong ddng trinh ty it nhat 65%, vi du, it

nhét 70%, it nhét 75%, it nhit 80%, it nhat 85%, it nhét 90%, it nhat 91%, it nhit 92%,
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it nhat 93%, it nhit 94%, it nhAt 95%, it nhat 96%, it nhit 97%, it nht 98%, it nht
99%, hodc 100%, so v6i SEQ ID NO: 15. Theo mot phuong an khac, enzym c6 hoat
tinh mananaza khéc 1én dén 10 axit amin, vi du, 1, 2, 3, 4, 5, 6, 7, 8, 9, hodc 10 axit

amin, so v&i polypeptit cia SEQ ID NO: 15.
Theo mdt phuong 4n, mananaza thu duoc tir chiing cua loai Bacillus.

Theo mot phuong 4n, mananaza la mananaza co trinh tu axit amin GENE-

SEQP:AXU66990 duge md ta trong tai liéu W02010000858.

Theo mot phuong an vé phuong phép theo sang ché, enzym c6 hoat tinh p-1,3-
galactanaza va enzym co hoat tinh mananaza tac dung theo cach hiép dong dé 1am ting

lugng cac chit rin tan trong ca phé.

Trong phuong phép theo sang ché, sau khi nudc va enzym dugce thém vao hat
ca phé rang va xay, ché pham chira cac hat ca phé, nuéce va enzym dugc U dé tao ra

chat chiét ca phé chura nude.

Viéc 4 dugce tién hanh & nhiét 46 ma cac enzym c6 hoat tinh, thuong 1a trong
khoang nhiét d tir 25°C dén 90°C, tét hon 1 tir 35°C dén 70°C trong khoang thoi gian
tir khoang 1 dén 24 gio, t6t hon 13 tir khoang 4 dén 24 gio dé cho phép enzym phan
ung.

Sau khi @, chit chiét ca phé dugc tich riéng khoi cac hat ca phé da chiét bang

phuong tién bat ky da biét trong linh vuc nay.

Theo mdt phuong an, chét chiét ca phé thu duoc bang phuong phép theo sang ché
chira it nhit 20% tdng galactoza tinh theo tdng khéi lwgng céc chét rin tan trong ca
phé. Tét hon 13, chét chiét ca phé chua it nhit 25% tong galactoza tinh theo tdng khéi
lugng cac chét rén tan trong ca phé.

Tbng galactoza trong chét chiét ca phé trong ngit canh cua sing ché c6 nghia 1a
galactoza ty do dugc hoa tan cong vdi galactoza lién két trong oligosacarit dugc hoa
tan.

Theo mdt phwong 4n, ham luong galactoza tu do trong chét chiét ca phé thu duoc
bing phuong phép theo sang ché 14 nho hon 50% khéi luong ciia tong ham lugng
galactoza. Tét hon 13, ham luong galactoza tu do 1a nhé hon 40% khéi lugng, t6t hon

14 nho hon 30% hodc nho hon 25% khéi lugng, ciia tong ham lugng galactoza. Theo
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mdt phuong 4n, ham lugng galactoza tu do la nho hon 20% khdi lugng, tot hon 1a nho

hon 15% hodc nho hon 10% khéi lugng, cua tbng ham Iuong galactoza.

Theo mét phuong an, chét chiét ca phé thu dugc bang phwong phap theo sang ché
coty 1é khéi luong gitta tbng galactoza véi tbng arabinoza 16n hon 3:1, t6t hon 1a 16n

hon 4:1 hodc 16n hon 5:1.

Tbng arabinoza trong chat chiet ca phé trong ngit canh ctia sang ché c6 nghia 1a
arabinoza tu do duogc hoa tan cdng véi arabinoza lién két trong oligosacarit dugc hoa

tan.

Theo mdt phuong an, chét chiét ca phé thu dugc bang phuong phap theo sang ché
dwoc dic trung & chd it nhit 45% khéi lugng clia phan doan hydrat cacbon ctia n6 la
oligosacarit ¢c6 mirc d0 polyme héa 16n hon 5. Tét hon 13, it nhit 50% khéi luong, vi
du, it nhit 55% hodc it nhit 60% khéi lugng, ciia phan doan hydrat cacbon cia nd 1a

oligosacarit c6 mirc d6 polyme hoa lon hon 5.

Theo mot phuong an, chét chiét ca phé thu duoc bang phwong phap theo sdng ché
dic trung & chd, it nhit 15% khéi lugng ciia phan doan hydrat cacbon clia n6 1a oligo-
sacarit c6 mitc d6 polyme héa nhé hon 55. Tét hon 13, it nhét 15% khdi lugng cia phan
doan hydrat cacbon ctia n6 la oligosacarit c6 muc do polyme héa nh6 hon 45, vi du,
nho hon 35 hozc nhd hon 25.

Theo mét phuong an, chét chiét ca phé thu dugc bang phuong phap theo sang ché
chira arabinogalactan oligosacarit c6 mirc do polyme héa cao hon 2 va thap hon 55 v6i
luong it nhét bing 15% tinh theo tdng khdi lwong cac chét rén tan trong ca phé.

Theo mét khia canh khéc, sang ché d& cap dén chat chiét ca pheé:

a. chua it nhit 20% tdng galactoza tinh theo tdng khdi lugng cua chét ran
ca phé hoa tan,;

b. c6 ham lugng galactoza ty do nho hon 50% khdi lugng cta tdng luong
galactoza,

c. cotylé khéi luong gilta tdng galactoza véi tdng arabinoza 16n hon 3:1; va

d. duogc dic trung & chd, it nhit 45% khdi luong cua phan doan hydrat

cacbon ciia n6 12 oligosacarit c6 mirc dd polyme hoa 16n hon 5.
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Theo mdt phuong an, chét chiét ca phé chua it nhét 20% tdng galactoza tinh
theo tdng khdi lwong cac chét rdn tan trong ca phé. Tét hon 13, chét chiét ca phé chira

it nhat 25% tdng galactoza tinh theo tdng khéi luong céc chét rén tan trong ca phé.

Theo mdt phuong 4n, ham lugng galactoza tu do trong chét chiét ca phé nho hon
40% khéi luong, t6t hon 12 nhé hon 30% hogc nhé hon 25% khoi lugng, cla tbng ham
lwong galactoza. Theo mot phwrong an, ham luong galactoza tu do 1a nh6 hon 20% khéi
luong, t&t hon 13 nhé hon 15% hodc nhé hon 10% khéi luong, cta tong ham lugng

galactoza.

Theo mét phuong an, chét chiét ca phé c6 ty 18 khéi luong gitra tdng galactoza

v6i tng arabinoza 16n hon 4:1 hodc 16n hon 5:1.

Theo mét phuong an, chét chiét ca phé dic trung & chd it nhét 50% khéi lugng,
vi dy, it nhét 55% hodc it nhét 60% khéi lugng, phan doan hydrat cacbon ctia nd la
oligosacarit c6 mirc dd polyme héa 16n hon 5.

Theo mot phuong an duge uu tién, chét chiét ca phé con dugc dic trung & chd it
nhit 15% khéi luong ctia phan doan hydrat cacbon cta nd 1a oligosacarit c6 muc dd
polyme héa nhé hon 55. Tét hon 1a, it nhat 15% khéi lwong cia phan doan hydrat
cacbon ctia n6 12 oligosacarit ¢6 mirc dd polyme hoa nhé hon 45, vi dy, nhé hon 35

hodc nho hon 25.

Theo mot phuwong an duge wu tién khac, chét chiét ca phé chtra arabinogalactan
oligosacarit c6 mirc do polyme hoa cao hon 2 va thap hon 55 v6i luong it nhit bang

15% dya trén tong khdi luong céac chét rén tan trong ca phé.
Vi du thwe hién sang ché
Vat liéu va phuong phap

Trong cac vi du dudi ddy, cdc enzym galactanaza sau dugc stir dung:

SEQID Vidu MBS ta Ngudn gbe GH
NO:
2 Vidul Endo-p-1,3-galactanaza  Awricularia delicata ~ GHI16
4 Vidu2  Endo-p-1,3-galactanaza Magnaporthe oryzae ~ GHI16
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8 Vidu3  Endo-B-1,3-galactanaza Neurospora crassa GH16
10 Vidu4 Exo-B-1,3-galactanaza Irpex lacteus GH43

12 Vidu5  Endo-p-1,4-galactanaza Ignisphaera aggregans GHS3

Enzym mananaza dugc st dung trong céc vi du 14 Mannaway® 25L.
Vit liéu
Céc hoéa chit duoc st dung 1am dung dich dém va co chét 1a c4c san phdm ban

trén thi trudng c6 phim cép it nhit 1a dung lam cht th.
Mbi truong va dung dich

YP+moi trudng glucoza 2% gbm c6 1% chét chiét nAm men, 2% pepton va 2%

glucoza.

Céc dia thach PDA gdm dich ngdm khoai tay (dich ngdm khoai tdy dugc tao ra
bang cach ludc 300g khoai tay c4t 14t (rira nhung khong got vo) trong nudc trong thoi
gian 30 phut va sau d6 gan hodc loc nudc ludc qua vai thua. Sau do, bd sung nuée cht
vao cho dén khi tdng thé tich cta hon dich 12 mot lit, tiép theo 1a bd sung 20g dextroza
va 20g bt thach. Moéi truong duge vo trung bang cach hép & 15psi trong thoi gian 15
phut (Bacteriological Analytical Manual, 8th Edition, Revision A, 1998).

Céc dia LB goém c6 10g Bacto-Trypton, 5g chét chiét nAm men, 10g natri clorua,
15g thach Bacto, va nuéc dugc khir ion xubng thé tich con 1 lit. M6i trudng dugc vO
tring bang cach hép tiét tring & ap suét 15psi trong thoi gian 15 phut (Bacteriological
Analytical Manual, 8th Edition, Revision A, 1998).

Céac dia sucroza COVE gdm c6 342¢g sucroza (Sigma S-9378), 20g bot thach,
20ml dung dich mubi Cove (26g MgS04.7H20, 26g KCl, 26g KH2POs, 50ml dung dich
kim loai vi luong Cove) va nudc duge khir ion xubng thé tich con 1 lit), va nude duge
khir ion xudng thé tich con 1 lit). M6i truong dugc vo tring bang cich hép tiét tring &
ap suit 15psi trong thoi gian 15 phut (Bacteriological Analytical Manual, 8th Edition,
Revision A, 1998). Moi truong duogc lam ngudi xubng nhiét do 60°C va bb sung ax-

etamit 10mM, CsCl 15mM, Triton X-100 (50u1/500ml)).
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Dung dich kim loai vi lugng Cove gdbm c¢6 0,04g NaB4O7.10H20, 0.4g
CuS04.5H0, 1,2g FeS04.7H20, 0,7g MnSO4.H,0, 0,8g NaxMo04.2H,0, 10g

7nS04.7H;0, va nuéce duge khir ion xudng thé tich con 1 lit.

Vi du 1: Tach dong, biéu hién va tinh ché endo-B-1,3-galactanaza clia Auricularia del-

icata (GALACTANAZAL)

T hop hé gen cua Auricularia delicata SS-5 (DOE Joint Genome Institute,
Walnut Creek, CA 94598, My) dugc 14y ra tir NCBI, Bethesda MD, MY, cung véi cac
mb hinh gen twong tmg va dugc sit dyng dé 1am didm bit dAu dé phat hién cac chat
tuong dong GH16 trong hé gen. Cac md hinh gen chinh x4c hon dugc xay dung thu

cong bang cach sir dung céc trinh tu protein GH16 da biét @& 1am chi dan.

Xay dung cAu triic vecto bidu hién Aspergillus oryzae chia trinh tw ADN bd tro cua

Auricularia delicata ma hoa polypeptit ho GH16 c6 hoat tinh endo-B-1,3-galactanaza

Dua trén trinh ty nucleotit cta trinh tur hé gen SS-5 cua Auricularia delicata
(DOE Joint Genome Institute, Walnut Creek, CA 94598, My), gen tbng hop P24GUG
(SEQID NO: 1) thu dugc tix GeneArt (Invitrogen, Carlsbad, CA, M§) ma héa ADN bd
trg ctia endo-beta-1,3-galactanaza trong Auricularia delicata c6 vi tri gioi han bd sung

BamHI va Xhol dé hd tro viée tach dong vio vecto biéu hién.

Chu trac GeneArt chira P24GUG dugc xit ly bang enzym gi6i han BamHI va
Xhol va cac san phdm phan tmg dugc phan lép bang phuong phap dién di gel agaroza
1,0% bﬁng céach stt dung bazo Tris 40mM, natri axetat 20mM, dung dich dém dinatri
EDTA 1mM (TAE), trong d6 dai san phim 780bp dugc cat ra tir gel nay va dugc tinh
ché bang cach st dung bd kit tinh ché dai gel va ADN illustra GFX® PCR (GE
Healthcare Life Sciences, Brondby, Pan Mach) theo céac chi dan cta nha san XUAt.
Manh nay sau d6 dugc tach dong bang cach ndi vao pDaul09 dugc phan cat bang Bam
HI va Xho I biang cach sit dung T4 ADN ligaza (Roche Diagnostics A/S, Hvidovre,
Pan Mach) theo céac chi din ctia nha san xuét dé tao ra plasmit pP24GUG. Viéc tach
dong gen P24GUG vao pDaul09 dugc phin cht bing Bam HI-Xho I dan dén su phién
ma gen P24GUG cua Auricularia delicata duéi sy diéu khién cta doan khdi dau kép
NA2-tpi. NA2-tpi la doan khdi diu duoc cai bién tir gen mé hoa alpha-amylaza trung
tinh cta Aspergillus niger ma trong do trinh ty dan khong duge dich ma dugce thay thé
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béng trinh ty din khong dugc dich ma tlr gen mé hoa trioza phosphat isomeraza cua

Aspergillus nidulans.

Plasmit pP24GUG da ndi duge bién nap vao céc té bao E. coli canh tranh héa
hoc One Shot® TOP10F” (Invitrogen, Carlsbad, CA, M§) theo phuong phép chuén ctia
nha san xuét va dugc chuyén 1én c4c dia LB da dugc bd sung 0,1mg ampixilin cho mdi
ml. Sau khi 0 & nhiét d0 37°C qua dém, cac khuén lac dugc thdy 14 sinh trudng chon
loc trén cac dia LB ampixilin. Hai khuén lac duoc bién nap bing cAu trac P24GUG
GH16 dugc nudi ciy trong mdi truong LB da dugc bd sung 0,1mg ampixilin cho moi
ml va plasmit dugc phan 14p bang bd kit QIAprep Spin Miniprep (QIAGEN Inc.,
Valencia, CA, MJ) theo phuong phap chuén cta nha san xuat.

Plasmit d3 phan 1ap dugc giai trinh tu sit dung cac doan mdi vecto va cac doan
mdi dic hidu gen P24GUG dé xac dinh dong vo tinh biéu hién plasmit dién hinh ma

khong c6 sai sO.

Phan tich dic tinh cua trinh ty ADN bd trg ctia Auricularia delicata ma héa polypeptit
GH16 ¢6 hoat tinh endo-p-1,3-galactanaza

Viéc giai trinh ty ADN ctia dong vo tinh ADN bd trg GH16 P24GUG cua
Auricularia delicata dugc thuc hién bang may doc trinh ty ADN ty dong Applied
Biosystems 3700 Model sir dung phién ban 3.1 BIG-DYE™ terminator chemistry
(Applied Biosystems, Inc., Foster City, CA, My) va phuong phap di chuyén doan moi.
Dit liéu v& trinh tu nucleotit dugc nghién ciu k¥ vé chét luong va tAt ca céc trinh tu
duoc so sanh v4i nhau nho sy hd tro ciia phan mém PHRED/PHRAP (University of
Washington, Seattle, WA, M¥).

Trinh tu nucleotit va trinh ty axit amin dugc suy ra cua gen P24GUG cua
Auricularia delicata 13n Tuot dugc thé hién trong SEQ ID NO: 1 va SEQ ID NO: 2.
Trinh ty ma hoa gém 771 cap bazo bao gé)m codon két thuc. Protein du doan dugc ma
hoéa 1a 256 axit amin. Bang cach sit dung chuong trinh SignalP (Nielsen et al., 1997,
Protein Engineering 10: 1-6), peptit tin hiéu c6 20 gbc dugce du doan. Protein trudng
thanh duoc du doan chira 236 axit amin v6i phén tir luong duge dy doan 1a 26 kDa va

d6 pH déng dién1a 7,3.
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Su bidu hién endo-p-1,3-galactanaza GH16 cia Auwricularia delicata (GALAC-
TANAZAL)

Plasmit biéu hién pP24GUG dugc bién nap vao MT3568 clia Aspergillus
oryzae. MT3568 cua Aspergillus oryzae 1a dan xuét dugc pha vod AMDS (axetamidaza)
ciia JaL355 (WO 02/40694), trong d6 hién tuong dinh dudng thu dong pyrG duogc khoi
phuc trong qué trinh bét hoat gen axetamidaza (AMDS) clia Aspergillus oryzae. Cac
thé nguyén sinh MT3568 duoc chuin bi theo phuong phép néu trong patent chiu Au
s6 0238023, trang 14-15, ma dugc két hop vao day dé tham khao.

Céc thé bién nap dugc tinh ché trén cac dia chon loc sucroza COVE qua hat dinh
duy nhét truée khi tao bao tir ching trén céc dia PDA. Viéc san xuét polypeptit GH16
ctia Auricularia delicata nhd céc thé bién nap nay duoc phan tich tir cac phan dich néi
nudi ciy ctia moi truong nudi cAy tinh c6 96 16 sdu 1ml ¢ nhiét d 30°C trong YP+moi
truong glucoza 2%. Vige biéu hién dugc xac nhan trén gel 48 16 E-Page 8% SDS-
PAGE (Invitrogen, Carlsbad, CA, M¥) br?lng cach nhudm Coomassie. Mot thé bién nap

duoc chon dé nghién ctru thém va dugc ky hiéu la Aspergillus oryzae 99.1.

Pé san xut trén quy md 16n, cc bao tir Aspergillus oryzae 99.1 dugc dan trén
dia PDA va U trong nam ngay & nhiét do 37°C. Dia bao tir hop dong dugc rira hai lan
bing 5ml TWEEN® 20 0,01% dé tbi da héa s6 lugng céc bao tir dugc gom. Hn dich
chira bao tir sau d6 dwoc sir dung dé cdy truyén mudi 1dm binh dung tich 500ml chira
150ml méi trudong Dap-4C (WO 2012/103350). Mdi truong nudi cdy nay duogc U &
nhiét d6 30°C véi the @0 lac khong dbi 1a 100 vong/phit. Vao ngay thir tu sau khi chy
truyén, moi trudong nudi chy dugc gom bang cach loc qua may loc bottle top MF75
Supor MachV 0,2um PES (Thermo Fisher Scientific, Roskilde, Dan Mach). Moi
trrong nudi cdy méi tir thé bién nap nay tao ra dai protein GH16 khoang 26 kDa. bo
tuong dong cua dai nhu polypeptit GH16 cua Auricularia delicata dugc xac nhan bang
cach giai trinh ty peptit.

Tinh ché endo-B-1,3-galactanaza ctia Auricularia delicata (GALACTANAZAL)

MBoi trudng nudi chy té bao duoc thu hoach cia GALACTANAZA1 cua Auric-
ularia delicate dugc bd sung amoni sulphat dén ndng do cudi cung 1a 2M va do6 pH
duogc didu chinh dén 7,5. Sau do, mau nay dugc nap lén cot ky nude (tﬁng dugc dong

g6i chira vién butyl Toyo; gradien: 0-100% B trong 10 thé tich cot; dung dich dém A:

-2



36947

Mes 50mM va amoni sulphat 2M; dung dich dém B: Mes 50mM). SDS-PAGE (cac
didu kién khir) x4c nhan ring galactanaza khong dugc rira gidi qua cdt trong phan doan
chay qua hoic phan doan rira. Dya trén SDS-PAGE, cac phén doan chtra protein ¢
Mw dugc mong doi 1a 27,7kDa (phan doan 30-50) dugc gop lai, dugc c6 va duge trao
d6i dung dich dém thanh dung dich dém natri axetat 20mM co do pH=6,5 bang cach
ly tm trong mang MWCO cot xoay vivaspin 3kDa (ly tAm xoay & toc do 30000 m/s?).

Vi du 2. Tach dong, biéu hién va tinh ché endo-p-1,3-galactanaza ctia Magnaporthe
oryzae (GALACTANAZA?2)

Xay dung ciu triic vecto biéu hién cta Aspergillus oryzae chira trinh tw ADN bd tro
clia Magnaporthe oryzae ma hoa polypeptit ho GH16 ¢ hoat tinh endo-f-1,3-galac-

tanaza

T4 hop so bod clia hé gen ciia Magnaporthe oryzae 70-15 (DOE Joint Genome
Institute, Walnut Creek, CA 94598, M) dugc phén tich bang cach sir dung GeneMark
v2.3¢ (Georgia Tech's Center for Bioinformatics and Computational Genomics,
Atlanta, Georgia, M§). Cac md hinh gen dugc xdy dung bang phin mém nay dugc st
dung dé lam didm bat diu dé phat hién cac chét twong ddng GH16 trong hé gen. Cac
md hinh gen chinh x4c hon duogc xiy dung thi cong bang cach st dung céc trinh tu
protein GH16 da biét dé 1am chi din. Mot trinh ty thu duoc la gidng véi Swissprot
entry A4QYM3 dugc chi thich la protein khong dugc dic trung gia dinh cia GH16.

Dua trén trinh tu nucleotit cia trinh ty hé gen 70-15 Magnaporthe oryzae
(Wellcome Trust Genome Campus, Cambridge, United Kingdom), gen tong hop
P24HNK (SEQ ID NO: 3) thu duoc tir GeneArt (Invitrogen, Carlsbad, CA, My) ma
héa ADN bd tro ctia endo-beta-1,3-galactanaza ctia Magnaporthe oryzae c6 vi tri gidi

han bd sung BamHI va Xhol dé hd tro viéc tach dong vao vecto biéu hién.

Chu trac GeneArt chira P24HNK duoc xtr ly bing enzym gi6i han BamHI va
Xhol va cac san phidm phan tng dugc phén 1ap bang phuong phap dién di gel agaroza
1,0% béng cach st dung bazo Tris 40mM, natri axetat 20mM, dung dich dém dinatri
EDTA 1mM (TAE) ma dai san phim 790bp dugc cit ra tlr gel va dugc tinh ché bang
cach st dung bd kit tinh ché dai gel va ADN illustra GFX® PCR (GE Healthcare Life
Sciences, Brondby, Dan Mach) theo céc chi din cta nha san xuit. Manh nay sau do

duoc tach dong bang cach ndi vao pDaul09 dugc phan cit bang Bam HI va Xho 1 bang
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c4ch st dung T4 ADN ligaza (Roche Diagnostics A/S, Hvidovre, Dan Mach) theo céac
chi din ctia nha san xuét dé tao ra plasmit pP24HNK. Viéc tich dong ctia gen P24HNK
thanh pDaul09 dugc phin cét bing Bam HI-Xho 1 dan dén su dich ma gen P24HNK
ctia Magnaporthe oryzae dudi su didu khién cua doan khéi dau kép NA2-tpi. NA2-tpi
12 doan khéi dau dugc cai bién tir gen mi héa alpha-amylaza trung tinh cla Aspergillus
niger, trong do trinh tu din khong dugc dich ma di dugc thay thé bang trinh tw dan

khong dugc dich ma tir gen mé hoa trioza phosphat isomeraza cta Aspergillus nidulans.

Plasmit da ndi pP24HNK dugc bién nap vao té bao E. coli canh tranh hoa hoc
One Shot® TOP10F” (Invitrogen, Carlsbad, CA, M¥) theo phuong phép chuin ctia nha
san xuét va dugc chuyén 1én céc dia LB di duoc bd sung 0,1mg ampixilin cho mdi ml.
Sau khi 0 & nhiét d6 37°C qua dém, cac khuin lac dugc thiy 1a sinh trudng chon loc
trén cac dia LB ampixilin. Hai khuén lac duoc bién nap bang cAu trac P24HNK GH16
duge nudi cdy trong moi trudng LB da dugc bd sung 0,1mg ampixilin cho mdi ml va
plasmit dugc phan lap bing bd kit QIAprep Spin Miniprep (QIAGEN Inc., Valencia,
CA, M¥) theo phuong phap chuén cia nha san xut.

Plasmit d& phén 1ap duoc giai trinh tw sir dung cac doan mdi vecto va cac doan
mdi dic hidu gen P24HNK dé x4c dinh dong vo tinh biéu hién plasmit dién hinh ma
khong c6 sai sd.
Phan tich dic tinh cda trinh tw ADN bd tro ctia Magnaporthe oryzae ma héa Polypeptit
P24HNK GH16 c6 hoat tinh endo-p-1,3-galactanaza

Viéc giai trinh twy ADN cua dong vo tinh ADN bd trg P24HNK GH16 cua
Magnaporthe oryzae dugc thuc hién bing may doc trinh tw ADN ty dong Applied
Biosystems Model 3700 sir dung phién ban 3.1 BIG-DYE™ terminator chemistry
(Applied Biosystems, Inc., Foster City, CA, My¥) va phuong phép di chuyén doan moi.
Dit liéu v& trinh tu nucleotit duoc nghién ciu k¥ vé chét lugng va tit ca céc trinh tu
duogc so sanh vdi nhau nho sy hd tro cia phﬁn mém PHRED/PHRAP (University of
Washington, Seattle, WA, M¥).

Trinh tu nucleotit va trinh ty axit amin suy ra cua gen P24HNK cua
Magnaporthe oryzae 1an lugt duge thé hién trong SEQ ID NO: 3 va SEQ ID NO: 4.
Trinh tw ma héa gdbm 777 cdp bazo bao gbm codon két thic. Protein du doan dugc ma

hoéa 12 258 axit amin. Bing cach st dung chuong trinh SignalP (Nielsen et al., 1997,
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Protein Engineering 10: 1-6), peptit tin hiéu c6 25 gbc duge dy doan. Protein trudng
thanh duoc du doan chira 233 axit amin c6 phan tir luong dugc du doan 1a 26kDa va

d6 pH déang dién 1a 4,9.

Su biéu hién cta endo-B-1,3-galactanaza GH16 cua Magnaporthe oryzae GALAC-
TANAZA2

Plasmit bidu hién pP24HNK dugc bién nap vao MT3568 cua Aspergillus
oryzae. MT3568 cla Aspergillus oryzae 1a dan xuit dd pha v& AMDS (axetamidaza)
ctia JalL355 (WO 02/40694), trong d6 hién twong dinh dudng thu dong pyrG dugc khoi
phuc trong qué trinh bét hoat gen axetamidaza (AMDS) ctia Aspergillus oryzae. Cac
thé nguyén sinh MT3568 dugc chuén bi theo phuong phép néu trong patent Chéau Au
s6 0238023, trang 14-15, ma dugc két hop vao day dé tham khéo.

Cac thé bién nap dugc tinh ché trén dia chon loc sucroza COVE thong qua hat
dinh duy nhét truéc khi tao bao tir chung trén cac dia PDA. Viéc san xuét polypeptit
GH16 ctua Magnaporthe oryzae bang cac thé bién nap dugc phan tich tlr cac phan dich
ndi nudi cdy clia moi trudng nudi ciy tinh c6 96 15 sdu 1ml & nhiét d6 30°C trong
YP+moi truomg glucoza 2%. Viéc biéu hién duge xac nhén trén gel 48 16 E-Page 8%
SDS-PAGE (Invitrogen, Carlsbad, CA, M) bang cach nhudm Coomassie. Mot thé

bién nap duge chon dé nghién ctru thém va duoc ky hiéu 1a Aspergillus oryzae 100.3.

Pé san xuit trén quy md 16n, cac bao tir Aspergillus oryzae 100.3 dugc dan lén
trén dia PDA va u trong nim ngdy & nhiét do 37°C. Dia bao tu hop dong dugc rira hai
14n bing 5ml TWEEN® 20 0,01% dé ti da hoa sb lugng cdc bao tir dugc gom. Hdn
dich chtra bao tir sau d6 dugc su dung dé ciy truyén mudi 1am binh dung tich 500ml
chira 150ml moi trudng Dap-4C (WO 2012/103350). Mai truong nudi ciy nay dugc u
& nhidt d6 30°C véi te do lic khong ddi la 100 vong/phit. Vao ngay thir tu sau khi
cay truyén, mdi truong nudi ciy dugc gom béng cach loc qua may loc bottle top ME75
Supor MachV 0,2pm PES (Thermo Fisher Scientific, Roskilde, Pan Mach). Moi
trudng nuodi cy moi tir thé bién nap nay tao ra dai protein GH16 khoang 26kDa. B0
tuong ddng clia dai nhu polypeptit GH16 cla Magnaporthe oryzae dugc xac nhan bang
cach giai trinh tu peptit.
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Tinh ché endo-p-1,3-galactanaza ctia Magnaporthe oryzae (GALACTANAZA2)

Mbi trudng nudi ciy té bao dugc thu hoach ctia Magnaporthe oryzae dugc bd
sung amoni sulphat 1,5M dén néng dd cubdi cung 1a 1,5M va d6 pH duogc diéu chinh
dén 7. Sau d6, mau nay duge nap lén cot ky nude (ting dugc dong goi chira vién butyl
Toyo; gradien: 0-100% B trong 10 thé tich cot; dung dich dém A: Mes 50mM va amoni
sulphat 1,5M; dung dich dém B: Mes 50mM). SDS-PAGE (céac diéu kién khir) xéc
nhén rang galactanaza khong dugc rira giai qua cdt trong phéan doan chdy qua hodc
phan doan rira. Dya trén SDS-PAGE, cac phén doan chtra protein c6 Mw dugc mong
doi 1a 28,5kDa (phan doan 33 - 46) dugc gop lai, duoc ¢6 va dugc trao dbi dung dich
dém thanh dung dich dém natri axetat 20mM c6 d6 pH = 6,5 bing cach ly tAm trong
mang MWCO cdt xoay viva 3kDa (ly tam xoay & tbe d6 30000 m/s?).

Vi du 3. Téach dong, biéu hién va tinh ché endo-B-1,3-galactanaza ctia Neurospora

crassa (GALACTANAZA3)
Chiét ADN cua hé gen FGSC987 chung Neurospora crassa

Dé tao ra ADN hé gen d8 khuéch dai PCR, FGSC987 ching Neurospora crassa
(ATCC 24698, LGC Standards AB, Boras, Thuy Dién) dugc nhan giéng trén cac dia
thach PDA bang cach cho sinh trudng & nhiét do 26°C trong thoi gian 7 ngay. Céc bao
ttr duge thu hoach tir cdc dia PDA dugc st dung dé cAy truyén 25ml YP+moi truong
glucoza 2% trong binh l4c ¢6 vach ngin va dugce G 6 nhiét do 26°C trong thoi gian 72

gio ¢ khudy & téc do 1a 85 vong/phut.

ADN hé gen dugc phan l4p theo phuong phap chuén cta bo kit dugc cai bién
DNeasy Plant Maxi (Qiagen Danmark, Copenhagen, Pan Mach). Nguyén liéu ném tir
moi truong nudi cAy néu trén dugc thu hoach bang cach ly tAm & tbc do 140000 m/s?
trong thoi gian 2 phut. Phan dich ndi trén bé mat duoc loai bo va 0,5g vién nho duoc
lam dong lanh trong nito 1ong v6i cét thach anh va duoc nghién thanh bdt min trong
cbi gid duge 1am lanh trude. Bot nay duge chuyén vao éng ly tim 15ml va bd sung Sml
dung dich dém AP1 (dugc lam néng so bo dén nhiét 6 65°C) va 10ul dung dich gbe
RNaza A (100mg/ml), sau d6 1a khudy manh. Sau khi U trong thoi gian 10 phit & nhiét
d6 65°C voi su chuyén hoa binh thudng ciia ong, 1,8m! dung dich dém AP2 dugc bd
sung vao dich thiy phén bang cach tron nhe, sau d6 1a G trén da trong thoi gian 10 phut.

Dich thity phan nay sau d6 dugc ly tdm & tdc d6 30000 m/s? trong thoi gian 5 phut ¢
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nhiét d6 trong phong va phan dich ndi trén bé mit dugc gan vao cdt xoay QIAshredder
maxi duoc dit trong dng gom 50ml. Sau budc nay la bude ly tdm & tbc @6 30000 m/s?
trong thoi gian 5 phut ¢ nhiét d trong phong. Dong chay qua dugc chuyén vao éng
50ml m&i va bd sung 1,5 thé tich dung dich dém AP3/E, sau do la khuéy. 15ml mau
nay dugc chuyén vao cot xoay DNeasy Maxi dugc dit trong dng gom dung tich 50ml
valy tam & téc d 30000 m/s? trong thoi gian 5 phit & nhiét 4o trong phong. Dong chay
qua dugc loai bé va 12ml dung dich dém AW duoc bd sung vao cdt xoay DNeasy Maxi
dwoc dit trong dng gom dung tich 50ml va ly tam & toc d6 30000 m/s? trong thoi gian
10 phit & nhiét do trong phong. Sau khi loai bd dong chay qua, 13p lai viée ly tam aé
loai bo ruou con lai. Cot xoay DNeasy Maxi dugc chuyén vao 6ng 50ml mai va 0,5ml
dung dich dém AE (dugc 1am néng so bo dén 70°C) duoc bd sung vao. Sau khi u trong
thoi gian 5 phit ¢ nhiét do trong phong, mau nay dugc rira giai bang cach ly tAm & tbe
d6 30000 my/s? trong thoi gian 5 phut & nhiét do trong phong. Lap lai viéc rira giai bang
0,5ml dung dich dém AE bd sung va céc chét rtra giai dugc két hop. Nong do cia ADN
da thu hoach dugc do bang phd quang ké UV & 260nm.

Xay dung cAu triic vecto biéu hién Aspergillus oryzae chira trinh tu hé gen Neurospora
crassa ching FGSC987 ma hoa polypeptit ho GH16 c6 hoat tinh endo-p-1,3-galac-

tanaza

Dua trén trinh ty hé gen cua Swissprot entry Q7RZX8 duogc cht thich 1a protein
dugc du doan cia GH16 co ngudn gbc tir trinh ty hé gen Neurospora crassa (Broad
Institute, Cambridge, MA, M¥), hai doan mdi oligonucleotit tbng hop duge thé hién
dué6i day dugc thiét ké dé khuéch dai PCR gen FGSC987 P24HN2 gibng Neurospora
crassa tt ADN hé gen duoc chuén bi trén day. Bo kit tdch dong IN-FUSION™ (BD
Biosciences, Palo Alto, CA, M¥) dugc st dung dé tach dong manh nay truc tiép vao

vecto biéu hién pDaul09 (WO 2005/042735).
F-P24HN2 (SEQ ID NO: 5)

5 -ACACAACTGGGGATCCACCATGAGGAGGTCCTTCCAACAACCC -3’

R-P24HN2 (SEQ ID NO: 6)

5’-CCCTCTAGATCTCGAGTGGACATCTTGAAGGGACAACTCCT -3’
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Céc chit c4i in d4m 14 trinh tu gen. Trinh ty duoc gach chén 1a dong nhét véi cac vi tri

xen vao cia pDaul09.

Dung cu MJ Research PTC-200 DNA duoc st dung dé tién hanh phan tng PCR.
Bb kit Phusion® High-Fidelity PCR (Finnzymes Oy, Espoo, Finland) dugc sir dung dé
khuéch dai PCR. Phan tmg PCR bao gbm 10ul 5X dung dich dém HF (Finnzymes Oy,
Espoo, Finland), 1pl dNTPs (10mM), 0,5pl Phusion® ADN polymeaza (2 don vi/ul)
(Finnzymes Oy, Espoo, Finland), 2ul doan modi F-P24HN2 (2,5uM), 2pul doan mdi R-
P24HN2 (2,5uM), 2l ADN hé gen cuia Neurospora crassa (100ng/pul), va 32,5ul nude
dwoc khir ion trong tdng thé tich 1a 50pl. Céc diéu kién PCR 1a 1 chu ky & nhiét do
95°C trong thoi gian 2 phut. 35 chu ky, mdi chu ky & nhiét do 98°C trong 10 gidy, nhiét
d6 60°C trong 30 gidy, va nhiét do 72°C trong thoi gian 2 phut; va 1 chu ky & nhiét d§
72°C trong thoi gian 10 phut. MAu nay sau d6 dugc gitt & nhiét 6 12°C cho dén khi
dugec loai bé khéi méy PCR.

Céc san pham phan Gng duoc phan 18p bang phuong phap dién di gel agaroza
1,0% béng cach st dung bazo Tris 40mM, natri axetat 20mM, dung dich dém dinatri
EDTA 1mM (TAE), trong d6 dai san pham gbm 1077 cdp bazo dugc cit ra tir gel va
duoc tinh ché bang cach st dung b kit tinh ché dai gel va ADN illustra GFX® PCR
(GE Healthcare Life Sciences, Brondby, Dan Mach) theo céc chi d3n ctia nha sén xuét.
Manh nay sau d6 duoc tach dong thanh pDaul09 dugce phan cat bang Bam HI va Xho
I bing céch st dung bo kit tach dong IN-FUSION™ @8 tao ra plasmit pP24HN2. Viéc
tach dong gen P24HN2 thanh pDaul09 dugc phan c&t bang Bam HI-Xho | dan dén su
phién ma gen P24HN2 cua Neurospora crassa duéi su diéu khién cta doan khdi dau
kép NA2-tpi. NA2-tpi 1a doan khoi dAu dugc cai bién tir gen ma hoa alpha-amylaza
trung tinh cta Aspergillus niger, trong do trinh ty dan khong duoc dich ma da duge
thay thé bang trinh tu dAn khong dugc dich ma tir gen ma hoa trioza phosphat isomeraza

cua Aspergillus nidulans.

Phuong phép tich dong duoc thyc hién theo cac chi din cua bo kit tach dong
IN-FUSIONTM tao ra cu tric P24HN2 GH16. Plasmit da xu ly va qué trinh xen vao
duogc bién nap vao t& bao E. coli canh tranh hoa hoc One Shot® TOP10F" (Invitrogen,
Carlsbad, CA, My) theo phuong phap chudn ctia nha san xuit va duoc chuyén 1én cic

dia LB da duge bd sung 0,1mg ampixilin cho mdi ml. Sau khi 0 ¢ nhiét do 37°C qua
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dém, cac khuén lac dugc thiy 1a sinh truéng chon loc trén cac dia LB ampixilin. Hai
khuén lac duoc bién nap voi ciu trac P24HN2 GH16 dugc nudi céy trong mdi truong
LB di dugc bd sung 0,1mg ampixilin cho mdi ml va plasmit dugc phén 1ap bang bb kit
QIAprep Spin Miniprep (QIAGEN Inc., Valencia, CA, M§) theo phuong phéap chuén

cua nha san xuat.

Plasmit da phan 1ap duoc gidi trinh ty st dung cac doan mdi vecto va cac doan
mdi dic hiéu gen P24HN2 dé xac dinh dong vo tinh biéu hién plasmit dién hinh ma

khong c6 sai s6 PCR.

Phén tich dic tinh cta trinh tw hé gen FGSC987 cuia Neurospora crassa ma hoa poly-
peptit GH16 c6 hoat tinh endo-p-1,3-galactanaza

Viéc giai trinh ty ADN cuia dong vo tinh hé gen FGSC987 P24HN2 GH16 cia
Neurospora crassa dugc thuc hién v6i may doc trinh tu ADN tu dong Applied
Biosystems Model 3700 st dung phién ban 3.1 BIG-DYE™ terminator chemistry
(Applied Biosystems, Inc., Foster City, CA, M¥) va phuong phap di chuyén doan moi.
Dit liéu vé trinh tu nucleotit dugc nghién ctru k¥ vé chét lugng va tAt ca céc trinh tu
duoc so sanh v4i nhau nho sy hd trg cia phﬁn mém PHRED/PHRAP (University of
Washington, Seattle, WA, MY).

Trinh ty nucleotit va trinh ty axit amin suy ra ciia gen P24HN2 cua Neurospora
crassa 1an lugt dugc thé hién trong SEQ ID NO: 7 va SEQ ID NO: 8. Trinh ty ma hoa
gdm 1025 cdp bazo bao gbém codon Kkét thic va duge lam gidn doan béi hai intron.
Protein du dodn dugc md hda gbm 265 axit amin. Bang cach sit dung chuong trinh
SignalP (Nielsen et al., 1997, Protein Engineering 10: 1-6), peptit tin hidu ¢6 27 gbc
dugc du doén. Protein truong thanh dugc du doan chia 238 axit amin v6i phén tu

luong duge dy doan 1a 26kDa va do pH déng dién 13 9,3.

Su sép xép toan cAu ting cip so sanh cua cac trinh ty axit amin dugc xac dinh
bang cach st dung thudt toan Needleman va Wunsch (Needleman and Wunsch, 1970,
J. Mol. Biol. 48: 443-453) v6i diém phat m& khoang trbng bang 10, diém phat kéo dai
khoang trong bang 0,5, va ma tran EBLOSUM62. Viéc sép xép nay chira rang, trinh
ty axit amin suy ra clia gen Neurospora crassa mi hoéa polypeptit P24HN2 GH16 ¢6

hoat tinh endo-beta-1,3-galactanaza chiém 97% d6 twong ddng (loai trir khoang trbng)
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s0 V6i trinh ty axit amin suy ra ciia protein ho GH16 gia dinh khong dugc biét hoa
Neurospora tetrasperma (sb truy cap SWISSPROT: FSMMRO).

Sy biéu hién cta endo-B-1,3-galactanaza GH16 ciua Neurospora crassa GALAC-
TANAZA3

Plasmit biéu hién pP24HN2 dugc bién nap vao MT3568 cua Aspergillus oryzae.
MT3568 cua Aspergillus oryzae 1a dAn xuét d3 pha v& AMDS (axetamidaza) cua
Jal.355 (WO 02/40694), trong d6 hién tuong dinh dudng thu dong pyrG duoc khoi
phuc trong qud trinh bét hoat gen axetamidaza (AMDS) clia Aspergillus oryzae. Cac
thé nguyén sinh MT3568 dugc chuén bi theo phuong phéap néu trong patent Chau Au
s6 0238023, trang 14-15, ma duoc két hop vao day dé tham khao.

Céc thé bién nap dugc tinh ché trén dia chon loc sucroza COVE qua hat dinh
duy nhét truée khi tao bao tir ching trén cac dia PDA. Su san sinh polypeptit GH16
ctia Neurospora crassa bdi cac thé bién nap dugc phan tich tir cac phan dich ndi nudi
ciy ciia moi trudng nudi chy tinh c6 96 16 sau 1ml ¢ nhi¢t 4o 30°C trong YP-+mbi
truong glucoza 2%. Viéc biéu hién duoc x4c nhén trén gel 48 16 E-Page 8% SDS-
PAGE (Invitrogen, Carlsbad, CA, M) bang cach nhuom Coomassie. Mot thé bién nap

dugc chon dé nghién ctru thém va dugc ky hiéu la Aspergillus oryzae 90.1.

Pé san xuét trén quy md 16n, cac bao tir 90.1 Aspergillus oryzae dugce dan lén
trén dia PDA va @ trong ndm ngdy & nhiét do 37°C. Dia bao tir hop dong duogc rira hai
14n bang Sml TWEEN® 20 0,01% dé t6i da hoa s lugng cac bao tir duge gom. Hon
dich chira bao tr sau d6 duoc sir dung dé cly truyén muoi 1dm binh dung tich 500ml
chtra 150ml moi truong Dap-4C. Mai trudng nudi chy nay dugc U & nhiét do 30°C voi
téc @6 14c khong ddi 1a 100 vong/phut. Vao ngay thir tu sau khi cdy truyén, moi truong
nudi cdy dugc gom bing céach loc qua may loc bottle top ME75 Supor MachV 0,2um
PES (Thermo Fisher Scientific, Roskilde, Dan Mach). Mdi trudng nudi cdy méi tir thé
bién nap nay tao ra dai protein GH16 khoang 26kDa. Do tuong ddng cua dai ndi bat
nhu polypeptit GH16 cua Neurospora crassa dugc xac nhan bang céach giai trinh ty

peptit.

-30-



36947

Phuong phép thay thé @& san xuit endo-B-1,3-galactanaza GH16 cia Neurospora
crassa GALACTANAZA3

Dua trén trinh tu nucleotit duoc nhan biét 1a SEQ ID NO: 7, gen tbng hop c6
thé thu dugc tir mot s6 nha cung cip nhu Gene Art (GENEART AG BioPark, Josef-
Engert-Str. 11, 93053, Regensburg, Puc) hoic DNA 2.0 (DNA2.0, 1430 O'Brien
Drive, Suite E, Menlo Park, CA 94025, M§). Gen tong hop nay ¢6 thé duoc thiét ké dé
két hop cac trinh tw ADN bd sung nhu céc vi tri gidi han hodc cac vung t4i td hop dong

nhét @ hd trg viée tach dong vao vecto bicu hién.

Bing cach st dung hai doan mdi oligonucleotit tbng hop F-P24HN2 va F-
P24HN2 néu trén, phan tmg PCR don gian c¢6 thé dugc st dung dé khuéch dai khung
doc m& c6 do dai day da tir gen ctia SEQ ID NO: 7. Gen nay sau d6 c6 thé duoc tach
dong vao vecto biéu hién, vi du, nhu néu trén va dugc biéu hién trong té bao chu, vi

du, trong Aspergillus oryzae nhu néu trén.
Tinh ché endo-B-1,3-galactanaza clia Neurospora crassa (GALACTANAZA3)

Mboi trudng nudi cay té bao dugc thu hoach ctia Neurospora crassa duge bd
sung amoni sulphat 1,5M dén néng dod cudi cung 1a 1,5M va d6 pH dugc diéu chinh
dén 8. Sau d6, maiu nay duoc nap lén cot ky nudc (tAng dugc dong goi chira vién butyl
Toyo; gradien: 0-100% B trong 10 thé tich cot; dung dich dém A: Mes S0mM va amoni
sulphat 1,5M; dung dich dém B: Mes 50mM). SDS-PAGE (céac diéu kién khir) xac
nhén rang galactanaza khong dugc ria giai qua ct trong phan doan chay qua hodc
phan doan rira. Dya trén SDS-PAGE, cac phéan doan chira protein c6 Mw dugc mong
doi bang 28,9kDa (phén doan 34 - 48) dugc gop lai, dugc c6 va dugc trao dbi dung
dich dém thanh dung dich dém natri axetat 20mM c6 d6 pH = 6,5 bang cach ly tdm
trong mang MWCO cot xoay vivaspin 3kDa (ly tAm xoay & tdc @6 30000 m/s?).

Vi du 4. Téch dong, bidu hién va tinh ché exo-B-1,3-galactanaza GH43 cua Irpex lac-
teus (GALACTANAZA4)

Xay dung cAu triic vecto bidu hién Aspergillus oryzae chira trinh ty ADN bd trg ching

Irpex lacteus ma hoa polypeptit ho GH43 ¢6 hoat tinh exo-f-1,3-galactanaza

Dua trén trinh tu nucleotit EMBL:AB461394, gen téng hop P24QQC (SEQ ID
NO: 9) thu dugc tir GeneArt (Invitrogen, Carlsbad, CA, My$) md héa ADN bd tro cua
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exo-beta-1,3-galactanaza cua Irpex lacteus Vi Vi tri gigi han bd sung BamHI va Xhol

dé hd trg viée tich dong vao vecto bicu hién.

Chu triic GeneArt chira P24QQC dugc xu ly bing enzym gi6i han BamHI va
Xhol va céc san phim phan tmg dugc phan 18p bang phuong phap dién di gel agaroza
1,0% bﬁng cach sir dung bazo Tris 40mM, natri axetat 20mM, dung dich dém dinatri
EDTA 1mM (TAE), trong d6 dai san phim gdm 1360 cap bazo dugc cit ra tir gel va
duoc tinh ché bing cach st dung b kit tinh ché dai gel va ADN illustra GFX® PCR
(GE Healthcare Life Sciences, Brondby, Pan Mach) theo cac chi dAn ctia nha san xuat.
Phan doan nay sau d6 dugc tach dong thanh pDaul09 dugc phan cit bing Bam HI va
Xho 1 bing cach st dung bd kit tich dong IN-FUSION™ dé thu duogc plasmit
pP24QQC. Viéc tach dong gen P24QQC thanh pDaul09 dugc phan cit bang Bam HI-
Xho I dan dén su dich ma gen P24QQC ctia Irpex lacteus dudi su didu khién ctia doan
khéi dhu kép NA2-tpi. NA2-tpi 1a doan khoi dau duoc cai bién tir gen ma hoa alpha-
amylaza trung tinh ctia Aspergillus niger, trong d6 trinh tu d4n khong dugc dich ma da
dugc thay thé bang trinh tu din khong dugc dich ma tir gen md hoa trioza phosphat

isomeraza clia Aspergillus nidulans.

Phuong phap tach dong dugc thuc hién theo cac chi dan cta bo kit tach dong
IN-FUSIONTM tao ra cdu trac P24QQC GHA43. Plasmit d3 xtr Iy va qué trinh xen vao
dugc bién nap vao té bao E. coli canh tranh héa hoc One Shot® TOP10F” (Invitrogen,
Carlsbad, CA, M$) theo phuong phap chuén ctia nha san xuét va dugc chuyén 1én céac
dia LB di dugc bd sung 0,1mg ampixilin cho mdi ml. Sau khi u & nhiét d6 37°C qua
dém, cac khun lac duogc théy 1a sinh trudng trong diéu kién chon loc trén cac dia LB
ampixilin. Hai khuén lac duge bién nap véi chu tric P24QQC GH43 dugc nudi cay
trong mdi truong LB da duge bd sung 0,1mg ampixilin cho mdi ml va plasmit dugc
phén lap bing bd kit QIAprep Spin Miniprep (QIAGEN Inc., Valencia, CA, My¥) theo

phuong phap chuin ctia nha san Xuat.

Plasmit d3 phan 18p dugc giai trinh tu st dung cac doan mdi vecto va cac doan
mdi dic hidu gen P24QQC & xac dinh dong vo tinh biéu hién plasmit dién hinh ma
khong c6 sai s6 PCR.
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Phéan tich dic tinh cida trinh ty ADN b trg Irpex lacteus ma hoa polypeptit GH43 c6

hoat tinh exo-B-1,3-galactanaza

Viéc giai trinh ty ADN ctia dong v tinh ADN bd trg P24QQC GH43 cua Irpex
lacteus dugc thuc hién béng may doc trinh tw ADN tu dong Applied Biosystems Model
3700 st dung phién ban 3.1 BIG-DYE™ terminator chemistry (Applied Biosystems,
Inc., Foster City, CA, M¥) va phuong phéap di chuyén doan mdi. Dir liéu vé trinh ty
nucleotit duge nghién ctru k¥ vé chét lugng va tat ca cac trinh ty dugc so sinh v6i nhau
nho su hd trg ciia phén mém PHRED/PHRAP (University of Washington, Seattle, WA,
My).

Trinh tw nucleotit va trinh tu axit amin suy ra cia gen P24QQC cua Irpex lacteus
14n luot duogc thé hién trong SEQ ID NO: 9 va SEQ ID NO: 10. Trinh ty ma hoa gdm
1347 cap bazo bao gdm codon két thuc. Protein du doan dugc ma hoa gdm 448 axit
amin. Bing cach st dung chwong trinh SignalP (N ielsen et al., 1997, Protein
Engineering 10: 1-6), peptit tin hiéu c6 20 gbc dugc du doan. Protein truéng thanh
dugce du doan chira 428 axit amin v6i phan t luong dugc dy doan 1a 46kDa va do pH

dAng dién bing 6,1. Céc axit amin ¢ vi tri 337 dén vi trf 448 1a CBM35 gié dinh.
Su biéu hién ctia exo-B-1,3-galactanaza GH43 cua Irpex lacteus (GALACTANAZA4)

Plasmit biéu hién pP24QQC dugc bién nap vio MT3568 ctia Aspergillus oryzae.
MT3568 cua Aspergillus oryzae la dAn xuét d3 pha v AMDS (axetamidaza) cua
JaL355 (WO 02/40694), trong d6 hi¢n tugng dinh dudng thu dong pyrG dugc khoi
phuc trong qud trinh bat hoat gen axetamidaza (AMDS) cua Aspergillus oryzae. Cac
thé nguyén sinh MT3568 dugc chuén bi theo phuong phéap néu trong patent Chéu Au
s6 0238023, trang 14-15, ma dugc két hop vao day dé tham khao.

Céc thé bién nap dugc tinh ché trén céac dia chon loc sucroza COVE qua hat dinh
duy nhit trude khi tao bao tir chung trén cac dia PDA. Sy séan sinh polypeptit GH43
cua Irpex lacteus boi cac thé bién nap dugc phén tich tir phan dich ndi nudi ciy cla
modi truong nudi cdy tinh c6 96 15 sau 1ml & nhiét do 30°C trong YP+mdi truong
glucoza 2%. Vigc biéu hién dugc xac nhén trén gel 48 16 E-Page 8% SDS-PAGE
(Invitrogen, Carlsbad, CA, MY) béng cach nhudm Coomassie. Mot thé bién nap duoc

chon dé nghién ctru thém va dugc ky hiéu 1a Aspergillus oryzae 433.1.
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D& san xuét trén quy mo 16n, cac bao tir Aspergillus oryzae 433.1 dugc dan 1én
trén dia PDA va u trong ndm ngay ¢ nhiét 4o 37°C. Dia bao tir hop dong dugc rira hai
1in bang 5Sml TWEEN® 20 0,01% d8 t6i da hoa sb lugng cac bao tir duge gom. Hén
dich chtra bao t sau d6 dugc st dung d8 cAy truyén muoi 1dm binh dung tich 500ml
chira 150ml mdi trudng Dap-4C (WO 2012/103350). Moi truong nudi cdy nay dugc i
& nhiét do 30°C véi tde do Iic khong ddi 1a 100 vong/phut. Vao ngdy thir tr sau khi
cy truyén, moi truong nudi cdy duge gom bing cach loc qua may loc bottle top MF75
Supor MachV 0,2pm PES (Thermo Fisher Scientific, Roskilde, Pan Mach). Moi
truong nudi ciy méi tir thé bién nap nay tao ra dai protein GH43 khoang 46kDa. Do
twong ddng cua dai nhu polypeptit GH43 cua Irpex lacteus duge xac nhan bang cach

giai trinh ty peptit.
Tinh ché exo-B-1,3-galactanaza GH43 clia Irpex lacteus

MBoi truong da loc duge didu chinh dén do pH béng 7.5 va duge loc trén bo loc
PES 0,22pm (Nalge Nunc International, Nalgene labware cat#595-4520). Sau do, dich
loc dugc bd sung amoni sulphat 1,8M. Dich loc nay dugc nap 1én trén cdt chay nhanh
6 Phenyl Sepharose™ (thay thé mirc d6 cao) (GE Healthcare, Piscataway, NJ, My)
dwoc cin bang v6i amoni sulphat 1,8M, HEPES 25mM c6 @6 pH = 7,5. Sau khi rtra
bang amoni sulphat 1,0M, cac protein lién két duoc rira giai theo mé véi HEPES 25mM
¢6 do pH = 7,5. Céc phan doan dugc gom va dugc phan tich bang SDS-PAGE. Cac
phan doan nay dugc gdp lai va ap dung vao cdt Sephadex™ G-25 (moi truong) (GE
Healthcare, Piscataway, NJ, M¥) dugc can bé“mg trong HEPES 25mM ¢6 dopH=17.5.
Céc phan doan ndy dugc dp dung vao c6t SOURCE™ 15Q (GE Healthcare, Pisca-
taway, NJ, My) dugc can bang trong HEPES 25mM c¢6 d6 pH = 7.5 va cac protein lién
két duoc rira giai bang gradien tuyén tinh tir natri clorua 0-1000 mM trén 20CV. Protein
nay khong lién két v6i cot, va chit rira giai dugc co bang cach st dung phuong phap
siéu loc trén bo loc 30000 MWCO PES Vivaspin 20 (Sartorius Stedim Biotech GmbH,
Goettingen, Dtrc), va chét cd dugc phén tich bang SDS-PAGE.
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Vi du 5: Tach dong, biéu hién va tinh ché endo-B-1,4-galactanaza GH53 cta Ig-
nisphaera aggregans (BETA-1,4-GALACTANAZA)

Xay dung chu truc vecto biéu hién Aspergillus oryzae chira trinh tw ADN Ignisphaera

aggregans ma hoa polypeptit ho GH53 ¢6 hoat tinh endo-B-1,4-galactanaza

Dua trén trinh ty nucleotit UNIPROT:EOSSW8, gen duoc ti vu hoa codon dé
bidu hién A. oryzae ma héa endo-B-1,4-galactanaza dugc cit bo dau tan ciing C (SEQ
ID NO: 11) dugc tao ra dua trén thuét toan tuong tu dugc phat trién bai Gustafsson et
al, 2004*. Gen tong hop (SEQ ID NO: 11) bao phu nucleotit 1 dén 1221 cua trinh tu
nucleotit UNIPROT:E0SSWS8 thu dugc tir GeneArt (Invitrogen, Carlsbad, CA, M§) ma
héa ADN cua endo-p-1,4-galactanaza duogc cit bo dau tan cung C cua Ignisphaera
aggregans v6i vi tri gidi han BamHI mdi 5°, vi tri giéi han HindIII codon két thuc mdi
3°, va trinh tu lién tmg Kozac (CACC) dugc bb tri gitta codon khdi dau va vi tri gi6i

han BamHI.

CAu tric GeneArt chira gen endo--1,4-galactanaza tbng hop dugc xtr ly bing
c4c enzym gi6i han BamHI va HindIII va cac san phdm phan tmg duoc phan 1ap bang
phuong phép dién di gel agaroza 1,0% bang cach sit dung bazo Tris 40mM, natri axetat
20mM, dung dich dém dinatri EDTA 1mM (TAE), trong d6 dai san phdm 1239 cap
bazo duoc cét ra tir gel va duge tinh ché bang cach sir dung b kit tinh ché dai gel va
ADN illustra GFX® PCR (GE Healthcare Life Sciences, Brondby, Pan Mach) theo
cac chi din cta nha san xuit. Manh gbm 1239 cap bazo sau do dugc tach dong thanh
pDaul09 (WO 2005/042735) dwoc phén cét bing BamHI va HindIll bang cach st dung
T4 ADN ligaza (New England Biolabs, Ipswich, MA, M¥). pDaul09 dugc phan cét
bang BamHI-HindIII va phan doan BamHI/Hindlll chtra trinh ty ma hoéa endo-f-1,4-
galactanaza dugc tron theo ty 16 mol 1a 1:3 (tuc 13, ty 1€ khdi lugng khoéang 2,5:1 hodc
20ng:50ng) va duoc ndi v6i 50U T4 ADN ligaza trong dung dich dém 1X T4 ADN
ligaza (New England Biolabs, Ipswich, MA, M§) véi ATP 1mM ¢ nhiét 46 16°C qua
dem theo céc chi din ctia nha san xuat.

Viéc tach dong gen endo-f-1,4-galactanaza tbng hop thanh pDaul09 dugc phin
cat bang BamHI-Hindlll din dén su dich md gen endo-B-1,4-galactanaza cia Ig-
nisphaera aggregans dudi su didu khién ctia doan khoi dau kép NA2-tpi. NA2-tpi la

doan khoi dau dugce cai bién tir gen ma héa alpha-amylaza trung tinh Aspergillus niger,
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trong do6 trinh tu din khong dugc dich ma da dugc thay thé bang trinh tu din khong

duoc dich ma tir gen ma hoa trioza phosphat isomeraza Aspergillus nidulans.

Plasmit d& xir Iy va qua trinh xen vao dugc bién nap vao té bao E. coli canh
tranh hoa hoc One Shot® TOP10F " (Invitrogen, Carlsbad, CA, M¥) theo phuong phap
chuén ctia nha san xuét va dugc chuyén 1én cac dia LB da dugc bd sung 0,1mg ampix-
ilin cho mdi ml. Sau khi U qua dém & nhiét do 37°C, cac khuédn lac duge théy sinh

truéng trong mdi trudng chon loc trén cac dia LB ampixilin.

Viéc xen gen endo-B-1,4-galactanaza cta Ignisphaera aggregans vao pDaul09
dwogc x4c nhan bing PCR trén cic khudn lac nhu dugc mo ta dudi day bang céch st

dung cac doan mdi sau.

DPoan mdi F-pDaul09 (SEQ ID NO: 13):
5°_.CCCTTGTCGATGCGATGTATC-3’
Poan mdi R-pDaul09 (SEQ ID NO: 14):
5. ATCCTCAATTCCGTCGGTCGA-3

Hbn hop nude cai 1.1X REDDYMIX® (Thermo Fisher Scientific, Roskilde,
Pan Mach) dugc st dung d8 khuéch dai PCR. Phan tng PCR gdm c6 10pl hdn hop
nuée cai 1.1X REDDYMIX®, 0,51 doan mdi F-pDau109 (10 pM), va 0,5ul doan moi
R-pDaul09 (10 uM). Str dung tdm dé chuyén mot lugng nhd cac té bao vao dung dich
PCR. PCR dugc thyc hién bﬁng cch st dung dung cu PTC-200 DNA dugec 14p trinh 1
chu ky & nhiét do 94°C trong thoi gian 2 phut 30 gidy; 30 chu ky, mdi chu ky & nhiét
d6 94°C trong 15 gidy, nhiét do 60°C trong 30 gidy, va nhiét do 68°C trong 1 phut 30
gidy; va 1 chu ky & nhiét do 68°C trong 7 phut. MAu nay sau d6 dugc gitt ¢ nhiét do
10°C cho dén khi duoc loai bo khoi may PCR.

Céc san pham phan tng PCR dugc phén tich bing phuong phap dién di gel
agaroza 1,0% bang cach st dung dung dich dém TAE, trong d6 dai san phim PCR
1541 cip bazo dugc quan sat x4c nhan sy xen trinh ty mé hoa endo-fB-1,4-galactanaza

clia Ignisphaera aggregans vao pDaul09.

Thé bién nap E. coli chira chu trac endo-p-1,4-galactanaza GHS3 cua Jg-
nisphaera aggregans dugc nudi ciy trong moi truong LB da bd sung 0,1mg ampixilin

cho mdi ml va plasmit dugc phén 1ap bang bd kit QIAprep Spin Miniprep (QIAGEN

-36-



36947

Inc., Valencia, CA, M¥) theo phuong phap chuin ctia nha sén xuét. Plasmit nay dugc
ky hiéu pPBETA-1,4-GALACTANAZA.

Phén tich dic tinh cta trinh ty ADN ma hoéa polypeptit GH53 endo-fB-1,4-galactanaza

cua Ignisphaera aggregans

Trinh tu nucleotit va trinh ty axit amin suy ra cua gen endo-B-1,4-galactanaza
cua Ignisphaera aggregans 14n luot duge thé hién trong SEQ ID NO: 11 va SEQ ID
NO: 12. Trinh tw ma hoa gdm 1224 cdp bazo bao gbm codon két thiic. Protein dy doan
dwoc ma héa gdm 407 axit amin. Bang cach st dung chuong trinh SignalP (Nielsen ez
al., 1997, Protein Engineering 10: 1-6), peptit tin hiéu c6 26 gdc duge du doan. Protein
truéng thanh dugce du doan chira 381 axit amin v6i phan tir luong dugc du doan la

43kDa va d6 pH déng dién 12 4.8.

Su bidu hién cta endo-B-1,4-galactanaza GH53 cua Ignisphaera aggregans (BETA-
1,4-GALACTANAZA)

Plasmit bidu hién dugc bién nap vao MT3568 Aspergillus oryzae. MT3568 As-
pergillus oryzae 1a din xudt da pha v& AMDS (axetamidaza) cua J alL.355 (WO
02/40694), trong d6 hién twong dinh dudng thu dong pyrG dugc khoi phuc trong qua
trinh bt hoat gen axetamidaza (AMDS) Aspergillus oryzae. Cac thé nguyén sinh
MT3568 dugc chuén bi theo phuong phap néu trong patent Chau Au s6 0238023, trang
14-15, ma duogc két hop vao day dé tham khao.

CAc thé bién nap dugc tinh ché trén cac dia chon loc sucroza COVE qua hat dinh
duy nhét trude khi tao bao tir ching trén cac dia PDA. Sy san sinh polypeptit GH53
ctia Ignisphaera aggregans boi cac thé bién nap duge phan tich tir phan dich ndi nuodi
cdy clia moi trudong nudi ciy tinh c6 96 16 sau 1ml & nhiét d@d 30°C trong YP+mobi
truong glucoza 2%. Viéc biu hién duoc x4c nhan trén gel 48 16 E-Page 8% SDS-
PAGE (Invitrogen, Carlsbad, CA, My) bang cach nhudm Coomassie. Mot thé bién nap
dugc chon dé nghién ctru thém va dugc ky hiéu 1a KHINO0032-3.

Pé san xuit trén quy md 16n, cac bao tu KHIN0032-3 duoc dan lén trén dia
PDA va U trong ndm ngay & nhiét d6 37°C. Dia bao tir hgp dong duoc rira hai 14n bang
5ml TWEEN® 20 0,01% dé t6i da héa sé lwong céc bao tir duge gom. Hon dich chtra

bao ti sau d6 dugc str dung dé chy truyén muoi 1am binh dung tich 500ml chira 150ml

-37-



36947

mdi trudng Dap-4C (WO 2012/103350). Mdi truong nudi ciy nay dugc U & nhiét do
30°C véi to d6 I4c khong ddi 1a 100 vong/phit. & ngdy tht nam sau khi cdy, moi
truong nudi ciy dugc gom bang cach loc qua may loc bottle top ME75 Supor MachV
0,2um PES (Thermo Fisher Scientific, Roskilde, Pan Mach). Méi truong nudi ciy méi
tir thé bién nap nay tao ra dai protein GH43 khoang 43kDa.

Tinh ché endo-B-1,4-galactanaza GH53 cla Ignisphaera aggregans (BETA-1,4-GA-
LACTANAZA)

MBoi trudong dd loc dugc didu chinh dén do pH bang 7,0 va loc trén bd loc PES
0,22pum (Nalge Nunc International, Nalgene labware cat#595-4520). Sau do, dich loc
duge bd sung amoni sulphat 1,0M. Dich lgc duge nap 1én trén cdt chay nhanh 6 Phenyl
Sepharose™ (thay thé mitc d cao) (GE Healthcare, Piscataway, NJ, My) dugc can
bing v&i amoni sulphat 1,0M, HEPES 25mM c6 d6 pH = 7,0. Céc protein lién két duogc
rtra giai theo mé voi HEPES 25mM c6 d6 pH = 7,0, sau d6 1a EtOH 50%. Cac phan
doan duogc gom va phén tich bing SDS-PAGE. Céc phan doan ndy dugc gOp lai va ap
dung vio cot Sephadex™ G-25 (m6i truomg) (GE Healthcare, Piscataway, NJ, MY)
dugc can bang trong HEPES 25mM c6 d pH = 7,0. Cac phan doan nay dugc ap dung
vao cot SOURCE™ 15Q (GE Healthcare, Piscataway, NJ, My) dugc can b%mg trong
HEPES 25mM c6 d6 pH = 7,0 va céc protein lién két duoc rira giai bing gradien tuyén
tinh tir natri clorua 0-500mM. Cac phan doan dugc gom va phan tich bang SDS-PAGE.

Vi du 6. Téng hop co chét B-1,3-galactan

Céc hydrat cacbon khac nhau dugc sir dung d8 1am co chét dé dic trung hoa B-1,3-
galactanaza:

a) GOm arabic

C6 thd mua dugce trén thi truong (Merck). Phire hop polysacarit gbm c6 D-galactoza
(44%); L-arabinoza (24%); axit D-glucuronic (14,5%); L-rhamnoza (13%); axit 4-O-
metyl-D-glucuronic (1,5%). B-1,3 lién két galactoza tao ra mach chinh.

b) Gom arabic dugc xu ly bang axit

Gom Arabic duoc xt Iy bang TFA 0,1M trong thoi gian 1 gio & nhiét do 90°C. Phan
tmg dugc dung bang cich didu chinh do pH dén 7 bang NaOH 4M. MAu nay sau d6
duoc khtr bing NaBHs (2mg trong mdi mg polysacarit) trong thoi gian 3 gio & nhiét
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dd trong phong, sau do la thdm tach qua dém. Chét rin dugc thu hdi bang cach lam

dong khd. TLC x4ac nhan sy gidm arabinoza trong polysacarit.
¢) Gom arabic phén rd Smith

Gom Arabic dugc 1am phén ri theo phuong phap phan rd Smith dugc mo ta trong tai
liéu (Tsumuraya et al., Carbohydrate Research, 1984, 134, 215-228). Chudi bén gdom
arabic (arabinoza va galactoza lién két & B-1,6) trude tién duge phén tach bang periodat
(lwgng du dugce pha huy bang etylen glycol), sau d6 dugc khir bang natri borohydrua,
va thiy phan bing axit lodng trong cac diéu kién nhe nhang. Phuong phép nay dugc
lap lai 3 14n. NMR x4c nhan su gidm arabinoza va galactoza lién két & B-1,6 tir cac
chudi bén. Qua trinh oxy hoa gdm arabic (Ién dén 5g) v6i natri metaperiodat 50mM
(1én dén 500mL) dugc tién hanh trong bong tdi & nhiét do 4°C trong thoi gian tir 48
dén 96 gid. Phan tmg nay dugc két thiic bang cach bd sung etylen glycol (Ién dén 4mL)
va khudy trong 2 gid & nhiét do trong phong. Sau khi thAm tach qua dém (3,5kDa
MWCO, nudc cat), qua trinh khir san phim @3 oxy héa dugc thyc hién bang NaBHs
(2mg trong mdi mg polysacarit) trong thdi gian 3 gid. Phan tng nay duge két thiic bang
cachtao @ pH="7 bang AcOH 10% va thAm tach qua dém. Sau khi 1am bay hoi xubng
thé tich nho, mAu duge thuy phan bing TFA di pha loang (0,5M) trong cac diéu kién
nhe nhang trong thoi gian 24 gid & nhiét do trong phong. Sau khi lam bay hoi héu hét
axit va diéu chinh do pH dén 7 bang cach bd sung NaOH 1M, co chat dugc két tia
bang 3 thé tich etanol va thu hdi bing cach ly tim va lam dong khd. Phuong phéap nay
dugc ldp lai 3 14n dé tao ra 3 loai gdm arabic phan rd Smith.

Vi du 7: Thtr nghiém duong khir (thtr nghiém PAH-BAH) dé dinh lugng hoat tinh B-
1,3-galactanaza

Hoat tinh B-1,3-galactanaza dugc xac dinh trong hai budc. Budc thir nhét 13
buéc enzym hoa, trong do co chét hydrat cacbon dugc thiy phan bing tac dong xuc
tac cua galactanaza. Budc thr hai 1a bude phat hién khong enzym hoa, trong d6 nhom
aldehyt cia mono- va oligosacarit dugc khur dé tao ra hop chit dugc nhudm mau vang.

a) Thir nghiém hoat tinh — sy phan ra ciia polysacarit

o 50uL dung dich enzym 0,08g/L (nuéc MilliQ ding cho mu trdng) duoc tron
v6i 50uL dung dich dém hoat tinh (dung dich dém natri axetat 20mM c6 d6 pH
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= 5) va 50pL dung dich co chét (5-10 g/L dugc hoa tan trong nudc MilliQ) trong
PCR-MTP c6 96 16

o Phan tng dugc tién hanh & nhiét do 40°C trong thoi gian 45 phut trong may
PCR

o Phan tng dugc dung bang cach 1am ting nhiét do dén 95°C trong thoi gian 10
phut

b) Thir nghiém hoat tinh — phat hién cac duong khir (PAHBAH — thir nghi¢m)

o 25uL mAu & trén duge pha loang véi 100pL NaOH IM trong PCR-MTP ¢6 96
16 méi

° 75uL dung dich ding méi dugc bd sung vao 15 (hydrazit cla axit 4-hydroxy
benzoic dugc hoa tan trong 15g/L trong NaOH 2% (khéi luong/thé tich) va K-
Na-tartrat 5% (kh6i lugng/thé tich))

e Hdn hop phéan tng dugc U trong thoi gian 10 phit & nhiét 6 70°C

° Mirc d6 hip thu diém cudi dugc do & bude song 405nm
Tinh toan hoat tinh:

Duong cong ti€u chuin dbi vai cac dudong khir dugce tao ra co cac ndng do galac-
toza khac nhau nim trong khoang tir 0,05g/L dén 3 g/L theo phuong phap trén. Thu
dugc dang thirc tiéu chudn sau: lugng dudng duge giai phong (do duge theo ug duong
luong galactoza): Mduong hrong galactoza = (A405 — 0,0061)/0,016. Mtrc do hép thu quan sat
duoc cia mau trong ludn duge 14y muc do hép thy thu duge trir di cho phép so sanh tat
ca céc két qua. Lugng dudng khir duoc giai phong sau phan ung (45 phit & nhiét do
40°C) dugc tinh theo duong cong ti€u chun. Hoat tinh enzym (%) dugc tinh dudi dang
phan trim ctia cac dwong lugng galactoza dugc giai phong so voi tdng khdi lugng co
chét polysacarit (Bang 1).

Vi du: DJi voi thir nghiém voi 5g/L gom arabic phan rd Smith, tong lwong polysacarit
1 250ug. Sau phdn g hai bude, mikc d hap thu ciia méu 1a 2,26 véi mike @6 hdp thu
ciia méu tréng 1 0,16 tuong vmg véi 131ug duong lwong galactoza cho hoat tinh quan
sdt dwoce la 52%.

Bang 1. Hoat tinh tuwong d6i (% duong lugng cudi khtr galactoza dugc gidi phong trén

mdi khéi luong co chat) dé 1am phan rd gom arabic va cac san pham lién quan
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GOm Arabic phAn  GOm arabic dugc Gom Arabic
Enzym .
rd Smith Xt Iy bang axit
GALACTANAZA1 52,7 9,2 2,6
GALACTANAZA2 43,6 0,5 0,2
GALACTANAZA3 46,2 9,3 2,7
GALACTANAZA4 25,6 17,7 2.4

Su giam chudi bén trén co chit 1am ting hoat tinh galactanaza.
Vi du 8: Thtr nghiém TLC dé phat hién hoat tinh p-1,3-galactanaza

H3n hop phan tmg da bét hoat bang nhiét (Vi du 7a) dugc phan tich bang TLC
(Silica gel 60 F254) dé dic trung hoa enzym vé hoat tinh endo va hoat tinh exo. Chét
rira giai 12 butan-1-ol, etanol va nuéc (5/5/4 thé tich/thé tich). Céc hop chét dbi chiéu
14 arabinoza (Rfara= 0,56); galactoza (RfGa = 0,53); B-1,4-galactobioza (Rfgaz = 0,50)
va B-1,6-galactotetraoza (Rfcais = 0,44). San phim phén (mg mong mubn p-1,3-galac-
tobioza dugc mong dgi di chuyén vé6i Rf twong tuy nhu B-1,4-galactobioza, va B-1,3-
galactotetraoza duoc cho 1a di chuyén vé6i Rf twong tu nhu B-1,6-galactotetraoza. Céc
két qua dugc thé hién trong Béang 2.

Bang 2: Hoat tinh tuong d6i (% duong lugng cudi cung khir galactoza dugc giai phong
trén mdi khdi luong co chét) va thanh phan san pham dé 1am phan ra B-1,3-Galactan

(gbm arabic phan rd gép ba 1in Smith) bang 4 galactanaza

GOm arabic dugc phan rd Smith

GALAC- GALAC- GALAC- GALAC-
Fozym TANAZA1  TANAZA2 TANAZA3 TANAZA4
% hoat tinh 52,7 43,6 46,2 25,6
Arabinoza - - - -
Galactoza ++ ++ ++ +++
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Galactobioza +++ +++ +++ +

Galactotetraoza ++ ++ ++ -

Sy giai phong arabinoza, galactoza, galactobioza va galactotetraoza duoc phat
hién bing TLC. () c6 nghia 12 khong c6 dém nao trén dia, va (+), (), (+++) cho biét
dém c6 cac cudng do khac nhau (+ cang nhiéu, thi cang nhiéu d6m). Thanh phén san
pham chu yéu chimg minh hoat tinh ndi sinh cia GALACTANAZA1, GALAC-
TANAZA2 va GALACTANAZA3 va hoat tinh ngoai sinh cia GALACTANAZAA4.

Vidu9: Do pH tbi wu va d6 dn dinh pH cla galactanaza

Do 4n dinh pH cia GALACTANAZAL va GALACTANAZAA4 (0,08g/L) dugc
danh gia bing cach xac dinh hoat tinh enzym bang thir nghiém duong khir (Vi du 7)
sau khi 0 v6i dung dich co chét (2,5g/L gdm arabic phén ra Smith hodc 15g/L gdm
arabic dugc xtt Iy bang axit) trong thoi gian 45 phut & nhiét do 40°C & cac gia tri pH
duoc chon nam trong khoang tlr 1,5 dén 10. Hoat tinh cla cac galactanaza duoc thu
nghiém ngay sau khi didu chinh do pH (t0), hodc sau khi i enzym & do pH cho trude
trong thoi gian 24 gid trong t lanh trudce khi bd sung co chit (24 gio) (Bang 3 va 4).
Do pH duge do trude va sau phan ting dé x4ac nhan rang d6 pH 1a khong dbi trong qua

trinh 1.

Bang 3: Thanh phan dém c6 hoat tinh, d0 pH dugc diéu chinh theo dd pH mong mudn

pH Dung dich dém dugc st dung
1,5;2;2,5 KCI/HCI 60mM
3:3,6;3,9;4,3; 4,7, 5;5,2; 5,7 natri axetat 20mM

6 Mes 50mM

7vasd HEPES 50mM
9valo Tris HC1 50mM

-42-



36947

Bang 4: Hoat tinh quan sét dugc (%) 6 cac gia tri pH khac nhau

Hoat tinh GALACTANAZAI1 Hoat tinh GALACTANAZA4

Co | Gom arabic phin | Gdm arabic dugc GOm arabic GOm arabic dugc
chit rd Smith xtr 1y bang axit phéan rd Smith xtr Iy bang axit
pH t0 24 gi¢ t0 t0 24 gio t0

1,5 0,9 0,0 0,0 0,5 0,0 0,0

2 27,4 1,5 2,3 1,6 0,6 1,8
2,5 40,2 31,4 2,6 6,1 2,0 8,8

3 42,5 32,9 6,8 13,6 8,3 17,1
3,6 42,6 27,2 10,0 19,1 8,5 18,3
3,9 445 37,6 10,2 19,2 9,4 18,0
43 40,9 45,1 9,7 19,5 9.4 17,2
4,6 43,6 43,0 9,5 18,8 8,0 16,4

5,1 45,7 38,4 83 19,3 8,3 13,9

5,7 40,8 36,9 7,5 16,6 8,6 9,1

6 39,4 40,7 6,8 15,2 8,2 8,6

7 36,3 39,8 3.3 9,5 4,5 2,1

8 19,1 20,9 0,2 0,5 0,1 0,0

9 2,6 2,3 0,0 0,8 0,2 0,0

10 0,0 0,5 0,0 0,4 0,1 0,0
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Vidu 10: b6 4n dinh nhiét ciia galactanaza dugc danh gia bé‘mg DSC

Po én dinh nhiét cia GALACTANAZAI, GALACTANAZAL, GALAC-
TANAZA3 va GALACTANAZA4 dugc danh gia bang phép do nhiét luong quét vi sai
Differential Scanning Calorimetry (DSC) trong dung dich dém thich hop (natri axetat
20mM c6 @ pH = 6,5). Nhiét do twong tmg v6i dinh cia dinh trong biéu @6 nhiét nhu
dwgc ghi lai 1am diém trung binh chuyén tiép nhiét (Tm (°C)) dbi véi enzym.

Bang 5: Nhiét 6 diém trung binh

Enzym Nhiét do °C
GALACTANAZAI1 66,2
GALACTANAZA2 58,0
GALACTANAZA3 62,3
GALACTANAZA4 43,1

Vi du 11: Do 6n dinh nhiét cia galactanaza dugc danh gi4 bang thi nghiém dudng Khir
& cac nhiét do khac nhau

Do 4n dinh nhiét cia GALACTANAZAL va GALACTANAZA4 (0,04 g/L)
dugc danh gia bang cich xac dinh hoat tinh enzym bang thir nghiém duong kht (Vi du
7) sau khi 0 v6i 2,5g/L dung dich co chét (Gom arabic phén rd Smith) trong thoi gian
45 phit & d pH = 5 & cac nhiét do da chon ndm trong khoang tir 20°C dén 90°C.
Enzym dugc bd sung vao tht nghiém sau khi mau (dung dich dém va dung dich co
chit) dugc 1am néng dén nhiét do da chon. Nhigt do t5i wu 12 60°C (GALAC-
TANAZA1) va 30°C (GALACTANAZA4) dugc quan sat (Bang 6).

Bang 6: Hoat tinh quan sét dugc (%) ¢ cac nhiét dd khac nhau

Nhiét do (°C) Hoat tinh GALACTANAZAL Hoat tinh GALACTANAZA4

20 44,1 19,9
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30 42,9 20,2
40 41,5 20,2
50 38,0 18,5
60 50,1 16,6
70 44.8 13.4
80 47,9 4,5
90 17,3 0,3

Vi du 12: X Iy so bd nguyén liu ca phé

800mL nudc soi duge bd sung viao 155g hat ca phé Arabica dd rang va xay voi
¢& hat 13 0,5mm. Sau khi u trong bé nuéc & nhiét d6 95°C trong thoi gian 30 phut bing
cach tron bang tay mdi 5 phut, huyén phu dic duge 1am ngudi xudng nhiét do trong
phong. Sau khi loc chén khong ban dau qua bd loc Whatman GF/D, © 150mm, ca phé
da qua sir dung khong hoa tan trén bo loc duoc rira bang cach bd sung 500 - 1000 mL
nude MilliQ. Ca phé da qua st dung duoc loai bo khéi bo loc va dan ra trén tAm 16n va
dé kho qua dém. Phan chiét ndy duoc goi 1a ba ca phé va dugc str dung trong Vi du 14.

B3 ca phé da qua str dung con dugc tach béo bang butanol bdo hoa trong nude.
Phan doan butanol nay dugc tach béng cach loc va ba ca phé dd qua str dung duogc tach
béo duoc lam kho trong didu kién chan khong trude khi sir dung. Ba ca phé da qua st
dung duoc tach béo nay duge str dung trong Vi du 13.
Vi du 13: Qua4 trinh thuy phén dugc xuc tac bang enzym cua ba ca phé da qua sir dung
duoc tach béo
a) Chét chiét enzym

B4 ca phé di qua st dung dugc tach béo da tao ra theo Vi du 12 (10% khdi
luong) dugc G voi nudce va enzym da pha lo@ng thich hop (dé thu dugc ndng dd phan

tng cudi cing 1a 0,05g/L d6i voi galactanaza va 0,2% thé tich dbi véi Mannaway®

-45-



36947

25L & nhiét d6 40°C (ddi voi GALACTANAZAI1-4) hodc ¢ nhiét do 80°C (d6i véi
BETA-1,4-GALACTANAZA). Cac mau dugc rat ra sau 2 va 24 gid va qua trinh thiy
phéan bing enzym dugc dimng ngay 14p tic bang cach lam néng cac mau & nhiét d
100°C trong thoi gian 10 phit. Sau khi ly tam (¢ tdc dd 100000m/s?, 10 phut) va loc
qua bd loc 0,22pm, cac phén dich ndi trén bé mit con dugce phén tich thém vé chét kho,
thanh phan hydrat cacbon va mirc dd hép thu. Céc phuong phéap duge thuc hién 2 lan

dbi vé6i tht ca cac enzym va mau trong (khong c6 enzym).
b) Xéc dinh chat khd

Ham luong chét kho (DM) dugc dinh lugng sau khi lam kho phdn dich ndi trén
b& miit qua dém & nhiét do 110°C tix ba ca phé da qua st dung duoc xir Iy enzym. Khoi
lurong cua chét khé dugc chia boi thé tich phﬁn dich ndi trén bé mit bd sung va gia tri
DM duya trén g/L dugc tinh. Cac déc tinh cta chat chiét dua trén DM dugc néu tom tat
trong Bang 7. Tac dung hiép ddng dugc tinh bang cach bd sung DM cua céc lan xir Iy
enzym riéng r& (xir Iy B-1,3-galactanaza va mananaza) va trir di mot mAu tréng, sau d6

1a chia gi4 tri d quan sat duoc cho gia tri theo ly thuyét.

Bang 7: Chét kho ctia chét chiét b da st dung dugc tach béo sau cac 1an xt 1y enzym

khac nhau.
Tac dung hiép
Chét kho (g/L) ddng (%)
X Iy enzym 2gi0 24 gid  2giv 24 gio
Khong c6 enzym 1,5 2,4 - -
Mannaway 3,0 7,0 - -
GALACTANAZAI1 9,2 13,8 - -
GALACTANAZA2 3,6 7,2 - -
GALACTANAZA3 5,4 8,3 - -
GALACTANAZA4 5,2 7,7 - -
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Mannaway + GALACTANAZA1 14,5 25,5 136 139
Mannaway + GALACTANAZA2 7,9 15,9 154 135
Mannaway + GALACTANAZA3 10,6 18,3 153 142
Mannaway + GALACTANAZA4 9,6 16,5 144 134

Hiéu suét thu cac chét rén hoa tan vé co ban 16n hon khi Mannaway dugc i cing
v6i enzym bt ky trong s6 cac enzym P-1,3-galactanaza, so v6i khi cdc enzym duge u
mot minh. Véi co chét nay va trong cac diéu kién nghién cuu, tac dung hiép ddng thay
d6i nam trong khoang tir 134 dén 154 %.

Trong cung mot thiét 1ap cai dat nhung & nhiét do cao hon (80°C), BETA-1,4-
GALACTANAZA dugc @ v6i b da sir dung duge tach béo (Bang 8). Tuy nhién, viéc
bd sung loai galactanaza nay khong c6 tac dung dang ké bat k¥ & cac tinh trang va lidu
luong enzym duge ap dung trong nghién ciru nay.

Bang &: Chét kho cta chét chiét ba da qua st dung dugce tach béo sau khi xir Iy

bing endo-B-1,4-galactanaza cia Ignisphaera aggregans

Chét kho (g/L)
Xir Iy enzym 2 gio 24 gid
Khong c6 enzym 1,5 4,1
BETA-1,4-GALACTANAZA 2.4 3,8

¢) Phén tich hydrat cacbon

Thanh phan duong dugc phén tich bing cach do monosacarit tu do trong cac
phan dich ndi trén bé mat bang k§ thuat sic ky trao @41 anion hiéu nang cao bang
phuong phéap phat hién ampe ké xung (HPAEC-PAD). Tong luong dudng duge phan
tich bing HPAEC-PAD sau khi thity phan axit trong axit triflo axetic 2M trong 2 gio' ¢
nhiét d6 95°C. Cac mau dugc thiry phan axit dugc trung hoa bang cach pha loang ban
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d4u trong NaOH 0,2M. Monosacarit dugc dinh lugng sau khi pha loang thich hop dua
trén duong cong tiéu chuin 5 diém cua arabinoza (Ara), galactoza (Gal), glucoza (Glc)
va mannoza (Man) niam trong khoang tir 0,002 dén 0,02 g/L. Cac két qua c6 thé dugc
thdy trong Bang 9 va 10.

Béng 9: Monosacarit ty do trong chét chiét tir b ca phé da qua sir dung dugce tach béo

sau khi xur ly enzym.

Monosacarit tu do/DM (%)

2 gio 24 gioy
Xt ly enzym Gal Man Gal Man
Khong c6 enzym 0 0 0 0
Mannaway 0 1 0 1
GALACTANAZALI 4 0 6 0
GALACTANAZA2 1 0 2 0
GALACTANAZA3 1 0 1 0
GALACTANAZA4 18 0 16 0
Mannaway + GALACTANAZA1 2 0 3 1
Mannaway + GALACTANAZA2 1 1 1 1
Mannaway + GALACTANAZA3 1 0 1 1
Mannaway + GALACTANAZA4 9 1 8 1

Chét chiét tir qua trinh xtr 1y bing cac enzym tac dong ndi sinh (Mannaway va
GALACTANAZA1, GALACTANAZA?2, GALACTANAZA3) chira mdt luong tuong
dbi thip monosacarit, trai ngugc véi viée xu ly bang galactanaza tic dong ngoai sinh

(GALACTANAZA4).
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Bang 10: Téng thanh phén duong trong chét chiét tir ba ca phé da qua st dung duoc
tach béo sau khi xtt Iy enzym. Monosacarit trong phan dich ndi trén bé mit sau khi thiry

phén axit.

Tbng monosacarit/DM (%)

2 giv 24 gid
X ly enzym Ara Gal Glc Man Ara Gal Glc Man
Khong c6 enzym 0 13 0 26 g 8 25
Mannaway 0 7 7 46 39 46
GALACTANAZA1 13 72 0 4 10 55 6
GALACTANAZA2 nd. nd. nd. nd g 44 11
GALACTANAZA3 11 55 0 7 10 48 7
GALACTANAZA4 g8 54 4 8 10 52 8
Mannaway +GALACTANAZA1 & 40 1 30 7 35 38
Mannaway +GALACTANAZA2 8 33 3 30 6 28 33
Mannaway +GALACTANAZA3 8 36 2 30 7 31 36
Mannaway +GALACTANAZA4 6 35 2 31 6 29 30

n.d. Khong dugce xac dinh

Su chénh 1éch gitra galactoza tu do va tdng galactoza 1a ham luong cla galac-

tooligosacarit trong chét chiét va tuong tu doi v6i monosacarit con lai.
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Bang 11: Ty 1& phin trim sacarit c6 mit dudi dang monosacarit tinh theo khdi luong

cta tong lwgng dudng dudi dang monosacarit.

Monosacarit tw do/Tong lwrgng dudng (%)

X ly enzym 2 gio 24 gi¢
Khong c6 enzym 0 1
Mannaway 2 2
GALACTANAZAI 5 8
GALACTANAZA?2 n.d. 2
GALACTANAZA3 1 2
GALACTANAZA4 24 23
Mannaway + GALACTANAZAI 3 5
Mannaway + GALACTANAZA?2 2 3
Mannaway + GALACTANAZA3 1 2
Mannaway + GALACTANAZAA4 13 13

n.d. Khong dugce xéc dinh
d) D6 hép thu

Do hip thu & bude séng 361nm clia cac mau duge do sau cac 1an pha loang thich
hop céc phan dich ndi trén bé mit va kiém hoa bang it nhét bang do pha lodng véi ty
18 1:10 trong Na2CO3 0,2M. Chia do hép thu cho DM (g/L) dé cho phép do chét luong
lién quan dén mau duoc giai phong bing DM (Bang 12). Galactanaza giai phong nhiédu
mau hon trén mdi DM so véi Mannaway cho thdy giai phong cac hop chét ¢6 huong
vi t&t hon so vé&i xir Iy Mannaway. Diéu ndy c6 thé 1a do cac hop chét nay bi bét git
trong ma trdn galactan hodc do s c6 mat cua chung trong céc phic chit melanoidin
dugc giai phong vao phan dich ndi trén bé mit bang beta-1,3-galactanaza. Sy khac biét

vé mtrc d6 giai phong mau sac bdi cac phuong phép xir ly enzym khac nhau ciing co
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thé nhin thdy mot cach rd rang trong cac chit chiét ca phé, c6 thé dé dang dugc phat
hién bing mat thuong.
Bang 12: Chét luong chét chiét. Mic do hp thy ctia chat chiét sau khi kiém hoa & budc

song 361nm trong mdi chit kho.

Mau trong phan
Mirc d hép thu (Ase1*L/g) dich ndi trén bé mit

Xu ly enzym 2 gio 24 gio 24 gio
Mannaway 0,64 0,50 +
GALACTANAZAI 0,77 0,89 it
GALACTANAZA2 1,05 0,92 ++
GALACTANAZA3 0,92 0,77 ++
GALACTANAZA4 0,85 0,90 ++
Mannaway + GALACTANAZA1 0,70 0,71 +++
Mannaway + GALACTANAZA2 0,72 0,72 -+
Mannaway + GALACTANAZA3 0,77 0,78 +++
Mannaway + GALACTANAZA4 0,68 0,87 +++

d) Phan bb theo phén tir luong

Su phéan bd theo phan tir lugng clia cic chét chiét riéng 1& duge phan tich bing
ky thuat sic ky loai trix kich ¢& bang may do chi sé khiic xa. Chét chiét c6 phéan tir
lugng trung binh cao hon s& tao d9 nhét va cam giac ngon miéng hon so vdi chét chiét
c¢6 phan ti lugng trung binh thip hon. Do do, thong sb nay duoc st dung dé 1am thong
s6 chit luong (Bang 13). Céc khdi luong duge xac dinh bing cach su dung tiéu chuin

pullulan 342-210000 Da cling nhu maltotrioza, maltopentaoza va maltoheptaoza.
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Bang 13: Sy phan bd theo phén tir luong cita chét chiét ca pheé. Ty 1¢ phin tram dva
vao dién tich dudi dudng cong trong cic khoang phan tir luong tuong ung. DP la mtc
d6 polyme hoa, tirc 13, >DP5 nghia la phan doan oligosacarit c6 muc do polyme hoa

cao hon 5. TAt ca cac chét chiét enzym c6 phan tir luong dinh thip hon 10kDa.

2 gio 24 gi¢

>DP DP3- DP1- >DP  DP3- DP1-
X ly enzym 5 DP5 DP3 5 DP5 DP3
Khong ¢6 enzym* 0% 0% 0% 88% 5% 7%
Mannaway 29%  52% 19% 51%  21% 27%
GALACTANAZAI1 84% 7% 9% 80% 8% 12%
GALACTANAZA2 85% 7% 8% 84% 7% 9%
GALACTANAZA3 90% 5% 5% 88% 6% 6%
GALACTANAZA4 58%  14% 28% 60% 13% 27%
Mannaway+GALAC-
TANAZA1 70%  14% 16% 63% 18% 19%
Mannaway+GALAC-
TANAZA2 66% 15% 19% 63% 18% 19%
Mannaway+GALAC-
TANAZA3 73%  12% 15% 67%  16% 17%
Mannaway+GALAC-
TANAZA4 52%  18% 30% 52%  20% 28%

* Theo ly thuyét, khong c6 thém chét chiét nao c6 thé hoa tan dugc tir ba ca phé da qua

stt dung duoc tich béo ma khong c6 enzym. Day 1a phan quan sat dugc sau 2 gio,

nhung sau 24 gi¢, mot s6 dudong van dugce giai phong ra

Vi du 14. Qua trinh thity phan dugc xtc tac bang enzym cla ba ca phé da qua sir dung
B3 ca phé da qua str dung dugc tao ra theo Vi du 12 & ndng do cudi ciing 14 10%

khéi lugng chat khd trong nudc dugc u véi Mannaway 25L hoic B-1,3-galactanaza

(GALACTANAZA1) & ndng d0 cubi cing 12 0,2% thé tich ddi v6i Mannaway 25L va

-52-



36947

0,05g/L d6i vé6i GALACTANAZAL, trong thoi gian2 va 24 gid. Phan tmg enzym duoc
tién hanh & nhiét d6 40°C v6i bing céch tron cb dinh va dugc bt hoat & nhiét d6 95°C

trong thoi gian 10 phut.

Chét khé, thanh phan hydrat cacbon, mirc do hép thu & budc séng 361nm va sy
phan bd theo phén tir lugng ciia céc chét chiét riéng r& dugc xac dinh theo Vi du 13.
Céc dic tinh cta chét chiét dugc néu tom t4t trong Bang 14-17.
Bang 14: Thanh phén hydrat cacbon ctia chét chiét duge xir Iy bang enzym cta ba ca
phé d3 qua st dung. Monosacarit tu do va tbng monosacarit dugc do sau khi thiry phén

axit (tdng lugng dudng).

Monosacarit tu 7
do (g/L) Tong luong duong (g/L)

2 gio Gal Man Ara Gal Glc Man
Khong c6 enzym 0 0 0,1 0,2 0 0,4
Mannaway 0 0,03 0,1 0,2 0 0,6
GALACTANAZALI 0,35 0 0,9 53 0 0,6
Mannaway +GALACTANAZA1 0,36 0,65 1,2 63 01 79
24 gi¢

Khong c6 enzym 0 0 0,1 0,2 0 0,5
Mannaway 0 0,16 0,1 0,4 0,1 18
GALACTANAZA1 0,74 0 1,4 7,8 0,1 09
Mannaway +GALACTANAZAT1 0,77 2,08 2 94 0,1 17
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Bang 15: Céc dic tinh cua chét chiét. Tong lwong dudng duoc tinh bang khbi lugng
ctia chung sau khi thity phan axit. Nong do ba da sir dung ban dau 13 100g/L.

DM Téng luong Monosaca- Monosacarit

(g/L) duong rit tu do tu do /tong

DM (%) /DM (%) luongduong

(%)
2 gio
Khoéng c6 enzym 2,60 27 0,0 0,0
Mannaway 3,26 28 0,9 3,3
GALACTANAZALI 9,68 70 3,6 5,1
Mannaway + GALAC-
TANAZA1 19,84 78 5,1 6,5
24 gid
Khong c6 enzym 3,94 20 0,0 0,0
Mannaway 7,23 33 2,2 6,7
GALACTANAZALI 13,4 76 5,5 7,3
Mannaway + GALAC-
TANAZA1 34,7° 82 8,2 10,0

ab tac dung hiép dong cta viée két hgp Mannaway v6i Galactanazal la 190% sau 2 gio

va 200% sau 24 gio.
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Bang 16: Chét lugng cua chét chiét. Mirc do hép thu cta chét chiét sau khi kiém héa &

ndng d 361nm trong mdi chét kho.

Abs361/DM (Aze1*L/g)
X ly enzym 2 gio 24 gio
Mannaway 0,91 0,93
GALACTANAZAI1 1,06 1,45
Mannaway +GALACTANAZALI 1,63 1,21

Bang 17: Su phan b6 kich c& ctia cac chit chiét ca phé. Ty 1é phén trim dya trén dién
tich duéi dudng cong trong cac khoang phén tir lugng twong ung. T4t ca céc chit chiét

enzym cO phan ti luong dinh thip hon 10kDa.

2 gid 24 gi¢

X ly enzym DP3- DP1- DP3- DP1-

>DP5  DP5 DP3 >DP5 DP5 DP3
Khong cé en-
zZym 85% 5% 11% 88% 7% 5%
Mannaway 52% 15% 33% 43% 20% 38%
GALAC-
TANAZA1 86% 7% 7% 82% 8% 10%
Mannaway
+GALAC-
TANAZA1 60% 16% 23% 45% 16% 39%
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Vi du 15. Céc dic tinh ctia ca phé 1am tur c4c hat d3 rang xay va ca phé hoa tan

Ca phé duoc chuén bi tir cac hat “Mokka Blanding” méi xay (Stellini Kaffe,

Odense Dan Mach). Ca phé hoa tan dugc pha bing cach hoa tan 4g bot ca phé hoa tan

(Nescafe® Gold Blend®, golden roast) trong 150mL nuéc s6i. Cac mau ca phé dé tron

duge ly tim trong 10 phit & tbc d6 100000 m/s* & nhiét dd 10°C va dugc loc qua bd

loc 0,22pum trude khi phan tich thém. Chét khd, thanh phﬁn sacarit va do hép thu &

budce song 361nm dugce do theo Vi du 13.

Bang 18: Monosacarit ty do va tdng thanh phan duong clia cac mau ca phé.

Tong

Ara Gal Glc Man cong
Ca phé (g/L)
Monosacarit tu do 0,01 0 0 0 0,01
Téng lwgng duong 0,3 0,6 0,2 0,7 1,8
Ca pheé hoa tan
Monosacarit ty do 0,18 0,14 0,03 0,2 0,55
Téng lugng dudng 1 4,8 0,2 5,2 11,2

Bang 19: C4c dic tinh cia mau ca phé. Tong lugng du

ctia chiing sau khi thiy phén axit.

ong dugce tinh bang khdi lugng

Monosacarit tu

do
Tong lugng duong Monosacarit tw do 13, ¢ lugng
DM (g/L) /DM (%) /DM (%) duong (%)
Caphé 20,0 0,1 0,6
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Ca phé hoa tan 25 44.8 2,2 4,9

Bang 20: chit luong chét chiét. Mirc d6 hip thu cua chit chiét sau khi kiém héa &

budc séng 361nm va trong mdi chat kho

Abssel Abs361/DM (Absse1*L/g)

Ca phé 61 6,7

Ca phé hoa tan 99 3,9
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YEU CAU BAO HO

1. Phuong phép san xuét chat chiét ca phé, phuong phap nay bao gdm cac budc:
a. chuén bi hat ca phé rang va xay;
b. thém nudc va enzym c6 hoat tfnh B-1,3-galactanaza vao cac hat ca phé nay;
c. il dé tao ra chét chiét ca phé chira nudc; va
d. tach riéng chét chiét ca phé khoi cac hat ca phé da chiét;

trong d6 enzym c6 hoat tinh B-1,3-galactanaza nay la enzym thily phan déc hiéu
beta-1,3-galactan va beta-1 ,3-galactooligosacarit; va

trong d6 enzym c6 hoat tinh B-1,3-galactanaza nay chui yéu c6 hoat tinh endo-

B-1,3-galactanaza.

2. Phuong phéap theo diém 1, trong d6 budc b. con bao gbm viéc bd sung enzym c6

hoat tinh mananaza.

3. Phuong phép theo diém 2, trong d6 enzym c6 hoat tinh B-1,3-galactanaza va enzym
¢6 hoat tinh mananaza téc dung theo cach hiép dong dé 1am tang luong cac chét ran tan
trong ca phé.

4. Phuong phap theo didm bit ky trong 6 cac diém néu trén, trong d6 enzym c6 hoat
tinh p-1,3-galactanaza dugc bd sung vé6i lugng nam trong khoang tir 0,001 dén 0,5 g
enzym protein/kg hat ca phé.

5. Phuong phép theo diém bét ky trong sb cac diém néu trén, trong d6 enzym co6 hoat
tinh B-1,3-galactanaza la ché phim enzym, khac biét & chd, it nhét 5% tdng protein 1a
enzym c6 hoat tinh f-1,3-galactanaza 1am hoat tinh enzym chiém wu thé ctia no.

6. Phuong phép theo diém bét ky trong sé cac diém néu trén, trong d6 enzym c¢6 hoat
tinh p-1,3-galactanaza 1a p-1,3-galactanaza cua ho GH16.

7. Phuong phéap theo didm bit ky trong s6 cac didm néu trén, trong d6 enzym co6 hoat
tinh p-1,3-galactanaza c6 trinh tu axit amin ma c6 do trong dong trinh ty it nhét 13 60%
30 véi trinh tyu truéng thanh cua trinh tu bét ky trong s6 cac trinh tu SEQ ID NO: 2, 4

hodc 8.
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8. Phuong phap theo diém bét ky trong s6 cac diém néu trén, trong d6 hat ca phé rang
va xay di duoc chiét mot phﬁn.

9. Phuong phép theo diém bat ky trong sb cac diém néu trén, trong do chét chiét ca phé
chira it nhit 20% tdng galactoza tinh theo tdng khéi luong céc chét rén tan trong ca

phé, trong do tdng lugng galactoza c6 nghia la galactoza tu do da dugc hoa tan cOng

véi galactoza lien két trong oligosacarit dd dugc hoa tan.

10. Chét chiét ca phé thu duoc theo didm bt ky trong s6 cac diém néu trén, trong do
chit chiét nay:

a. chira it nhat 20% tdng galactoza tinh theo tdng khdi lugng céc chét rén tan trong hat
ca pheé;

b. ¢6 ham lugng galactoza ty do nho hon 15% khéi luong cla tbng ham lugng galac-
toza;

c.coty 1€ khéi lugng gitra tdng galactoza v6i tdng arabinoza 16n hon 3:1; va

d. khac biét & chd, it nhit 45% khéi lugng phan doan hydrat cacbon ciia no6 1a oligo-
sacarit c6 mirc do polyme hoa 16n hon 5;

trong d6 tong galactoza c6 nghia la galactoza ty do di dugc hoa tan cong véi

galactoza lién két trong oligosacarit da dwgc hoa tan; va

trong do tdng arabinoza c6 nghia 1a arabinoza tu do dd dugc hoa tan cong voi
arabinoza lién két trong oligosacarit da dugc hoa tan.
11. Chét chiét ca phé theo diém 10, trong d6 chét chiét nay con khac biét & chd, it nhat
15% khdi lwong phan doan hydrat cacbon clia né 12 oligosacarit c6 mtrc 6 polyme hoa
nho hon 55.
12.  Chét chiét ca phé theo diém bat ky trong s cac diém tir 10 dén 11, trong do6 chit
chiét nay chira arabinogalactan oligosacarit c6 mirc d9 polyme hoa 16n hon 2 va thap
hon 55 véi lugng it nhét bing 15% tinh theo tbng khéi luong cua chét rén tan trong
hat ca phé.
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DANH MUC TRINH TU

<110> Novozymes A/S

<120> Phuong phap san xudt chat chiét ca phé va chit chiét ca phé
<130> 12671-WO-PBCT

<160> 15

<170> PatentIn phién ban 3.5

<210> 1
<211> 771
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Gen tdng hop

<220>

<221> CDS

<222> (1)..(768)

<400> 1

atg att tcc gtc gct ttg gtc cca ctc ttc atc gct gtg ctt gcc agce 48

Met Ile Ser Val Ala Leu val Pro Leu Phe Ile Ala Val Leu Ala Ser

gcg acg tcg agc gtc gtc ctc ccg acg aac tcg ttc agc tcg tac agce 96
Ala Thr Ser Ser Val Val Leu Pro Thr Asn Ser Phe Ser Ser Tyr Ser
20 25 30

gcc ttt gag cag cac tgg aac tac ctc tac cct tgg ggc tcg gac cac 144
Ala Phe Glu Gln His Trp Asn Tyr Leu Tyr Pro Trp Gly Ser Asp His
35 40 45

aac ggc tcc ggg cgc atg gtg ggc agc tcg tcg aac cac acg tac atc 92
Asn Gly Ser Gly Arg Met Val Gly Ser Ser Ser Asn His Thr Tyr Ile
50 55 60

agc gtc gcg gac aac gtt ctc acg ctc acc tcg aag ccc gtc tcc ggg 240
Ser Val Ala Asp Asn Val Leu Thr Leu Thr Ser Lys Pro Val Ser Gly
65 70 75 80

cag cct ccg agc acc tcc aac ccg cac ccg gcc atc cat tac ttc tct 288
Gln Pro Pro Ser Thr Ser Asn Pro His Pro Ala Ile His Tyr Phe Ser
85 90 95

ggc act gtc cat gcg aag caa cag gtc aag gtc gac gga agt agc gtc 336
Gly Thr Val His Ala Lys cln Gln Val Lys Val Asp Gly Ser Ser Val
100 105 110
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acg
Thr

acg
Thr

agc
Ser
145

ttc
Phe

gac
Asp

aac
Asn

gcg
Ala

gtc
Val
225

ggc
Gly

tga

999
Gly

tgg
Trp
130

gac
Asp

aac
Asn

ggc

Gly

acg
Thr

act
Thr
210

gac

Asp

acg
Thr

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

<220>
<223>

<400>

ttc
Phe
115

cct
Pro

att
Tle

act
Thr

cag
Gln

aag
Lys
195

cac

His

ctt
Leu

acg
Thr

256
PRT

gac
Asp

gcg
Ala

ggt
Gly

tcc
Ser

ttc
Phe
180

gac

Asp

acg
Thr

cag
Gln

ttc
Phe

Trinh tu

C4u truc

2

Met Ile Ser Val

1

Ala Thr Ser Ser

20

Ala Phe Glu Gln

35

Asn Gly Ser Gly

50

atc
Ile

ttc
Phe

gaa
Glu

tca
Ser
165

cat
His

ctc
Leu

gca
Ala

atg
Met

caa
Gln
245

cag
Gln

tgg
Trp

tgg
Trp
150

tca
Ser

tcc
Ser

tcg
Ser

gct
Ala

gag
Glu
230

atc
Ile

gga
Gly

ctt
Leu
135

aag
Lys

gtc
val

ctg
Leu

atc
Ile

aac
Asn
215

gga
Gly

agg
Arg

nhén tao

tdng hop

Ala
5
val

His

Arg

Leu

Val

Trp

Met

vVal

Leu

Asn

val
55

36947

gag
Glu
120

act
Thr

ggc
Gly

gcg
Ala

aag
Lys

aag
Lys
200
ttc
Phe

agc
Ser

aac
Asn

Pro

Pro

Tyr

40

Gly

ttc
Phe

gcg
Ala

acc
Thr

acg
Thr

gcc
Ala
185
tac
Tyr

cgc
Arg

tcg
Ser

gtc
val

Leu
Thr
25

Leu

Ser

-61-

att
Tle

gtg
val

cag
Gln

aag
Lys
170

gag
Glu

tac
Tyr

aac
Asn

ggc
Gly

cag
Gln
250

Phe
10
Asn

Tyr

Ser

gct
Ala

aat
Asn

gaa
Glu
155
cgc
Arg

ctg
Leu

ttc
Phe

gcc
Ala

tct
Ser
235

ttg
Leu

Ile

Ser

Pro

Ser

ccg
Pro

gga
Gly
140
aac
Asn

gtc
Val

cgc
Arg

gac
Asp

gct
Ala
220

ccg

Pro

acg
Thr

Ala

Phe

Trp

Asn
60

act
Thr
125
tgg
Trp

tgg
Trp

gcc
Ala

acg
Thr

gga
Gly
205

atg
Met

ggc
Gly

aag
Lys

val

Ser

Gly

45

His

gca
Ala

cct
Pro

ttc
Phe

tgg
Trp

atc
Ile
190

acg
Thr

tag
Trp

cca
Pro

tat
Tyr

Leu
Ser
30

Ser

Thr

aaa
Lys

ccg
Pro

aat
Asn

ccc
Pro
175
tcg
Ser

ctg
Leu

ttg
Leu

gct
Ala

acg
Thr
255

Ala
15
Tyr

Asp

Tyr

ggc
Gly

gag
Glu

acc
Thr
160
acg
Thr

ggc
Gly

cag
Gln

att
Ile

ggc
Gly
240

ccg
Pro

Ser

Ser

His

Ile

84

432

80

528

76

624

672

20

768

771



Ser

65

Gln

Gly

Thr

Thr

Ser

145

Phe

Asp

Asn

Ala

val

225

Gly

val

Pro

Thr

Gly

Trp

130

Asp

Asn

Gly

Thr

Thr

210

Asp

Thr

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

<220>
<223>

<220>
<221>
<222>

<400>
atg ttt aat
Met Phe Asn

1

att
Ile

acc agc

Thr

gcg
Ala

Ala

Pro

val

Phe

115

Pro

Ile

Thr

Gln

Lys

195

His

Leu

Thr

3

777
ADN

Asp

Ser

His

100

Asp

Ala

Gly

Ser

Phe

180

Asp

Thr

Gln

Phe

Trinh tu

Gen téng

CDS

Asn

Thr

85

Ala

Ile

Phe

Glu

Ser

165

His

Leu

Ala

Met

Gln
245

val

70

Ser

Lys

Gln

Trp

Trp

150

Ser

Ser

Ser

Ala

Glu

230

Ile

Leu

Asn

Gln

Gly

Leu

135

Lys

val

Leu

Ile

Asn

215

Gly

Arg

nhdn tao

hop

(1)..(774)

3

ttg

Leu

Ser Phe

35

ttc

tct
Ser

atg
Met
20

gac
Asp

ata
Ile
5

cca
Pro

aac
Asn

ccc
Pro

caa
Gln

cag
Gln

cat
His

gtg
val

tcc
Ser

36947

Thr

Pro

Gln

Glu

120

Thr

Gly

Ala

Lys

Lys

200

Phe

Ser

Asn

ttc
Phe

atg
Met

aac
Asn
40

Leu

His

val

105

Phe

Ala

Thr

Thr

Ala

185

Tyr

Arg

Ser

val

ctg
Leu

gca
Ala
25

ttc
Phe

-62-

Thr

Pro

90

Lys

Ile

vVal

Gln

Lys

170

Glu

Tyr

Asn

Gly

Gln
250

cta
Leu
10

gtc
Val

gac
Asp

Ser

75

Ala

Val

Ala

Asn

Glu

155

Arg

Leu

Phe

Ala

Ser

235

Leu

atg
Met

agg
Arg

gca
Ala

Lys

Ile

Asp

Pro

Gly

140

Asn

val

Arg

Asp

Ala

220

Pro

Thr

acc
Thr

acc
Thr

gac
Asp

Pro

His

Gly

Thr

125

Trp

Trp

Ala

Thr

Gly

205

Met

Gly

Lys

tct
Ser

atg
Met

tgg
Trp
45

vVal

Tyr

Ser

110

Ala

Pro

Phe

Trp

Ile

190

Thr

Trp

Pro

Tyr

999
Gly

ata
Ile
30

aat
Asn

Ser

Phe

95

Ser

Lys

Pro

Asn

Pro

175

Ser

Leu

Leu

Ala

Thr
255

gtc
vVal
15

cca
Pro

tac
Tyr

Gly

80

Ser

Val

Gly

Glu

Thr

160

Thr

Gly

Gln

Ile

Gly

240

Pro

gga
Gly

tgc
Cys

aac
Asn

48

96

144



tac
Tyr

aac
Asn
65

gca
Ala

att
Ile

act
Thr

aca
Thr

agt
Ser
145

atc
Ile

gtg
val

aga
Arg

ctg
Leu

ttg
Leu
225

gag
Glu

aac
Asn

ccc
Pro
50

gcg
Ala

cgc
Arg

cct
Pro

gtc
val

aca
Thr
130

tgg
Trp

agc
Ser

gat
Asp

gac
Asp

ctt
Leu
210

att
Ile

tca
Ser

ccg
Pro

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

tgg
Trp

gtc
val

cgt
Arg

atc
Ile

cgg
Arg
115

acc

Thr

cca
Pro

ttc
Phe

tac
Tyr

gaa
Glu
195

acc
Thr

atc
Ile

gat
Asp

tga

258
PRT

gga
Gly

cgg
Arg

gcc
Ala

agg
Arg
100

cca
Pro

aag
Lys

ccg
Pro

aac
Asn

cct
Pro
180

999
Gly

act
Thr

aac
Asn

acc
Thr

Trinh tu

acc
Thr

ttg
Leu

gaa
Glu
85

tat
Tyr

aac
Asn

ggt
Gly

gag
Glu

acg
Thr
165

gcg
Ala

cag
Gln

cag
Gln

ttg
Leu

gaa
Glu
245

gac
Asp

gcg
Ala
70

ggc
Gly

ctg
Leu

ggc
Gly

acc
Thr

att
Ile
150

ttc
Phe

cct
Pro

gat
Asp

atc
Ile

cag
Gln
230

tac
Tyr

cac
His
55

agc
Ser

ctg
Leu

tct
Ser

ggc
Gly

tgg
Trp
135

gac
Asp

aac
Asn

gac
Asp

gtc
Val

gga
Gly
215

atg
Met

gcc
Ala

nhéan tao

36947

aac
Asn

aga
Arg

ccg
Pro

999
Gly

tac
Tyr
120

cca
Pro

atg
Met

acg
Thr

cag
Gln

cgc
Arg
200

aaa

Lys

gag
Glu

ata
Ile

ggc
Gly

ggt
Gly

cct
Pro

gcc
Ala
105

gat
Asp

gcc
Ala

gca
Ala

tcg
Ser

ttc
Phe
185

gcc

Ala

gga
Gly

gga
Gly

cga
Arg

-63-

gcc
Ala

gac
Asp

gcc
Ala
90

atc
Ile

ttc
Phe

ttc
Phe

gaa
Glu

agc
Ser
170

cat
His

aat
Asn

tac
Tyr

tct
Ser

aac
Asn
250

gcg
Ala

cgt
Arg
75

act
Thr

cac
His

aca
Thr

tgg
Trp

tgg
Trp
155

gaa
Glu

agc
Ser

ttc
Phe

gtc
Val

tcg
Ser
235

ctg
Leu

cgt
Arg
60

aca
Thr

cac
His

gcc
Ala

gga
Gly

ctc
Leu
140

aaa
Lys

gtc
Val

atc
Ile

tat
Tyr

999
Gly
220

ggc
Gly

gag
Glu

atg
Met

ctt
Leu

gga
Gly

aaa
Lys

gag
Glu
125

aca
Thr

ggt
Gly

gtg
val

aag
Lys

atg
Met
205

aaa

Lys

acc
Thr

gtt
Val

gat
Asp

gtc
Val

ggc
Gly

gaa
Glu
110

ttc
Phe

gga
Gly

agc
Ser

tcg
Ser

tgc
Cys
190

gat
Asp

cca
Pro

ccg
Pro

ctt
Leu

ggt
Gly

att
Ile

cag
Gln
95

cag
Gln

aaa
Lys

gtg
vVal

999
Gly

cga
Arg
175

gaa
Glu

ggc
Gly

ctc
Leu

ggc
Gly

tcc
Ser
255

gcce
Ala

act
Thr
80

cag
Gln

ttt
Phe

gcc
Ala

gac
Asp

aaa
Lys
160

gac
Asp

gtg
val

aac
Asn

ttc
Phe

ccc
Pro
240

tat
Tyr

192

240

288

336

384

432

480

528

576

624

672

720

768

777



<220>
<223>
<400>

Met Phe
1

Ile Ala

Thr Ser

Tyr Pro

50

Asn Ala
65

Ala Arg

Ile Pro

Thr Val

Thr Thr

130

Ser Trp
145

Ile Ser

Val Asp

Arg Asp

Leu Leu

210

Leu Ile
225

Glu Ser

Asn Pro
<210>
<211>
<212>
<213>

<220>
<223>

cidu truc
4

Asn Ser

Leu Met
20

Phe Asp
35

Trp Gly

Val Arg

Arg Ala

Ile Arg
100

Arg Pro
115

Thr Lys
Pro Pro
Phe Asn
Tyr Pro

180

Glu Gly
195

Thr Thr

Ile Asn

Asp Thr

5

43

ADN
Trinh tu

Doan mdi

36947

téng hop
Ile Pro His Phe Leu
Pro Gln Val Met Ala

25

Asn Gln Ser Asn Phe
40

Thr Asp His Asn Gly
55

Leu Ala Ser Arg Gly
70

Glu Gly Leu Pro Pro
85

Tyr Leu Ser Gly Ala
105

Asn Gly Gly Tyr Asp
120

Gly Thr Trp Pro Ala
135

Glu Ile Asp Met Ala
150

Thr Phe Asn Thr Ser
165

Ala Pro Asp Gln Phe
185

Gln Asp Val Arg Ala
200

Gln Ile Gly Lys Gly
215

Leu Gln Met Glu Gly
230

Glu Tyr Ala Ile Arg
245

nhan tao

Leu

10

Val

Asp

Ala

Asp

Ala

90

Ile

Phe

Phe

Glu

Ser

170

His

Asn

Tyr

Ser

Asn
250

Met

Arg

Ala

Ala

Arg

75

Thr

His

Thr

Trp

Trp

155

Glu

Ser

Phe

val

Ser

235

Leu

Thr

Thr

Asp

Arg

60

Thr

His

Ala

Gly

Leu

140

Lys

vVal

Ile

Tyr

Gly

220

Gly

Glu

Ser

Met

Trp

45

Met

Leu

Gly

Lys

Glu

125

Thr

Gly

Val

Lys

Met

205

Lys

Thr

val

Gly

Ile

30

Asn

Asp

Val

Gly

Glu

110

Phe

Gly

Ser

Ser

Cys

190

Asp

Pro

Pro

Leu

Val

15

Pro

Tyr

Gly

Ile

Gln

95

Gln

Lys

Val

Gly

Arg

175

Glu

Gly

Leu

Gly

Ser
255

Gly

Cys

Asn

Ala

Thr

80

Gln

Phe

Ala

Asp

Lys

160

Asp

val

Asn

Phe

Pro

240

Tyr



<400>

acacaactgg ggatccacca tgaggaggtc cttccaacaa ccc

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

<220>
<223>

<400>

ccctctagat ctcgagtgga catcttgaag ggacaactcc t

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

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<400>

atg agg agg tcc ttc caa caa ccc ctt
Met Arg Arg Ser Phe Gln Gln Pro Leu

1

5

6

41

ADN

Trinh ty nhan tao

Doan mdi

6

9
1061
ADN
Neurospora crassa

exon

(1) ..(710)
CDS

(1) ..(710)
Intron
(711)..(840)
exon
(841)..(893)
CDS
(841)..(893)
Intron
(894)..(990)
exon
(991)..(1025)
CDS

(991) ..(1022)
3'UTR

(1026) ..(1061)

7

5

36947
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ccc ctt ctc ctc caa acc atc
Pro Leu Leu Leu Gln Thr Ile
10

43

41

48



acc
Thr

cta
Leu

tgg
Trp

atg
Met
65

agc
Ser

acc
Thr

cac
His

gca
Ala

aag
Lys
145

CccC
Pro

aac
Asn

ggce
Gly

agg
Arg

atg
Met
225

cagccacttt atttgtgagt ttaaaccttt tttttttect ttttttttet t

tcgttgtcgg ggtgaggttt ttcgcegttgt cggttgctaa ctg

atc
Tle

atc
Ile

tcc
Ser
50

tcc
Ser

acc
Thr

cac
His

gcc
Ala

gtg
val
130

ggg
Gly

gag
Glu

acg
Thr

ccg
Pro

agg
Arg
210

gat
Asp

ctc
Leu

cct
Pro
35

ttc
Phe

cct
Pro

ctc
Leu

ggc
Gly

aag
Lys
115

tca
Ser

acc
Thr

att
Ile

ttc
Phe

aac
Asn
195

gat
Asp

999
Gly

tgc
Cys

tcc
Ser

aat
Asn

tcc
Ser

act
Thr

ggc
Gly
100

cag
Gln

ggc
Gly

tgg
Trp

gat
Asp

aat
Asn
180

999
Gly

gga
Gly

cag
Gln

ctc
Leu

aca
Thr

tac
Tyr

caa
Gln

cta
Leu
85

aaa
Lys

cac
His

tac
Tyr

cct
Pro

atg
Met
165

act
Thr

agt
Ser

agg
Arg

cta
Leu

ttc
Phe

tcc
Ser

CcCcC
Pro

gtc
Val
70

acc
Thr

cag
Gln

ttc
Phe

gat
Asp

gcg
Ala
150

gcg
Ala

agt
Ser

gag
Glu

aat
Asn

gtg
val
230

cca
Pro

ttc
Phe

tagg
Trp

tcc
Ser

gcc
Ala

atc
Ile

acc
Thr

ttc
Phe
135

ttt
Phe

gag
Glu

agt
Ser

aag
Lys

ggt
Gly
215

gta
Val

36947

tct
Ser

aac
Asn
40

ggc
Gly

ata
Ile

cac
His

ccc
Pro

att
Ile
120

tca
Ser

tag
Trp

tagg
Trp

cag
Gln

gag
Glu
200

gga
Gly

acg
Thr

acc
Thr
25

tcc
Ser

acc
Thr

gcc
Ala

cgc
Arg

atc
Ile
105

act
Thr

gcc
Ala

ttg
Leu

aag
Lys

gtc
Val
185

tgg
Trp

aag
Lys

cag
Gln

-66-

ctc
Leu

acc
Thr

gac
Asp

ccce
Pro

gtc
vVal
90

aag
Lys

tct
Ser

gag
Glu

acg
Thr

999
Gly
170

atg
Met

cat
His

gat
Asp

tgg
Trp

gcc
Ala

acc
Thr

cac
His

tct
Ser
75

acc
Thr

tac
Tyr

tct
Ser

ttc
Phe

gcc
Ala
155

agc
Ser

gct
Ala

agg
Arg

gtg
Val

999
Gly
235

tca
Ser

acc
Thr

aat
Asn
60

gct
Ala

ggc
Gly

cta
Leu

tct
Ser

cgc
Arg
140

gtc
Val

ggc
Gly

cgg
Arg

gtt
Val

gag
Glu
220

aag
Lys

tcc
Ser

ttc
Phe
45

ggc
Gly

gac
Asp

caa
Gln

tcc
Ser

tct
Ser
125

gcc
Ala

aat
Asn

aag
Lys

gat
Asp

gtg
val
205

gtg
val

999
Gly

aag
Lys
30

aac
Asn

gcc
Ala

ggc
Gly

aaa
Lys

ggc
Gly
110

ggt
Gly

CcccC
Pro

999
Gly

att
Ile

gtg
val
190

tgt
Cys

agg
Arg

tat

acc
Thr

acc
Thr

gcg
Ala

acc
Thr

ccc
Pro
95

gcc

Ala

gct
Ala

gtt
vVal

tag
Trp

agc
Ser
175

gtt
vVal

gag
Glu

ttt
Phe

gtt

ctc
Leu

tac
Tyr

cgc
Arg

tca
Ser
80

gct
Ala

atc
Ile

ggt
Gly

gcg
Ala

ccg
Pro
160

ttt
Phe

tat
Tyr

atc
Tle

cgg
Arg

999

cttcttctt

gaagggt gatattgcag

96

144

192

240

288

336

384

432

480

528

576

624

672

720

780

840



36947

g att atc aat ctc cag atg gaa ggg tcg tcg ggt tca cct ggt cct gaa 889
Ile Ile Asn Leu Gln Met Glu Gly Ser Ser Gly Ser Pro Gly Pro Glu

240 245 250

gcg g gtaagtcaac tataggtctc ttcgttttgg tgatggaaga acctgatcgt 943

Ala

ctcagccggt ccatttgctg acagtgatac agacactttg tatcaag tc cga aat 998
Val Arg Asn
255

ctt gag gtc tgg agc tat ggt gac tga gccgtgagca gaggagttgt 1045

Leu Glu Val Trp Ser Tyr Gly Asp

260 265

cccttcaaga tgtcca 1061

<210> 8

<211> 265

<212> PRT

<213> Neurospora crassa
<400> 8

Met Arg Arg Ser Phe Gln Gln Pro Leu Pro Leu Leu Leu Gln Thr Ile
1 5 10 15

Thr Ile Leu Cys Leu Phe Pro Ser Thr Leu Ala Ser Ser Lys Thr Leu
Leu Ile Pro Ser Thr Ser Phe Asn Ser Thr Thr Thr Phe Asn Thr Tyr
35 40 45

Trp Ser Phe Asn Tyr Pro Trp Gly Thr Asp His Asn Gly Ala Ala Arg
50 55 60

Met Ser Pro Ser Gln Val Ser Ile Ala Pro Ser Ala Asp Gly Thr Ser
65 70 75 80

Ser Thr Leu Thr Leu Thr Ala His Arg Val Thr Gly Gln Lys Pro Ala
85 90 95

Thr His Gly Gly Lys Gln Ile Pro Ile Lys Tyr Leu Ser Gly Ala Ile
100 105 110

His Ala Lys Gln His Phe Thr Ile Thr Ser Ser Ser Ser Gly Ala Gly
115 120 125

Ala Val Ser Gly Tyr Asp Phe Ser Ala Glu Phe Arg Ala Pro Val Ala
130 135 140

Lys Gly Thr Trp Pro Ala Phe Trp Leu Thr Ala Val Asn Gly Trp Pro
145 150 155 160

Pro Glu Ile Asp Met Ala Glu Trp Lys Gly Ser Gly Lys Ile Ser Phe
165 170 175

-67-



Asn

Gly

Arg

Met

225

Leu

Asn

Thr

Pro

Arg

210

Asp

Gln

Leu

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

<220>
<223>

<220>
<221>
<222>

<400>
atg ttg tgg
Met Leu Trp

1

gcg
Ala

aca
Thr

gga
Gly

ttg
Leu
65

act
Thr

tct
Ser

gcc
Ala

agc
Ser

agc
Ser
50

ttc
Phe

cgt
Arg

aac
Asn

Phe

Asn

195

Asp

Gly

Met

Glu

9
1347
ADN

Asn

180

Gly

Gly

Gln

Glu

val
260

Trinh tu

Gen tdéng

CDS

Thr

Ser

Arg

Leu

Gly

245

Trp

nhan tao

hop

(1)..(1344)

9

cgc

Arg

gga
Gly

acg
Thr

cac
His

caa
Gln

aac
Asn

ttg
Leu

gcc
Ala
20

aac
Asn

ttt
Phe

gca
Ala

agc
Ser

atc
Ile
100

cgc
Arg
5

gag
Glu

gtc
Val

tac
Tyr

gtg
val

aat
Asn
85

gtt
val

Ser

Glu

Asn

val
230

Ser

Ser

aag
Lys

aca
Thr

att
Ile

tgg
Trp

tcg
Ser
70

gcg
Ala

gag
Glu

Ser

Lys

Gly
215

val

Ser

Tyr

gtg
val

cag
Gln

cag
Gln

ttc
Phe
55

tgc
Cys

ctt
Leu

cgt
Arg

36947

Gln

Glu
200

Gly

Thr

Gly

Gly

atc
Ile

atc
Ile

gcc
Ala
40

ggt
Gly

tat
Tyr

tct
Ser

ccc
Pro

vVal
185

Trp

Lys

Gln

Ser

Asp
265

cct
Pro

gtc
Val
25

cat
His

gaa
Glu

aca
Thr

ccg
Pro

aaa
Lys
105

-68-

Met

His

Asp

Trp

Pro
250

gtt
val
10

tct
Ser

ggc
Gly

gac
Asp

tct
Ser

gtc
Val
90

gtt
val

Ala

Arg

Val

Gly
235

Gly

ttc
Phe

ggt
Gly

gct
Ala

aag
Lys

acg
Thr
75

gcc
Ala

tta
Leu

Arg

vVal

Glu
220

Lys

Pro

ctc
Leu

gct
Ala

gga
Gly

acg
Thr
60

gac
Asp

aac
Asn

ttc
Phe

Asp

vVal
205

Val

Gly

Glu

tct
Ser

gct
Ala

atc
Ile
45

gag
Glu

ctg
Leu

acc
Thr

aac
Asn

Val
190

Cys

Arg

Ile

Ala

ctg
Leu

tag
Trp
30

ttg
Leu

aac
Asn

acg
Thr

atg
Met

aag
Lys
110

val

Glu

Phe

Ile

vVal
255

gtc
val
15

aca
Thr

aag
Lys

agt
Ser

aac
Asn

att
Ile
95

aag
Lys

Tyr

Ile

Arg

Asn
240

Arg

gtt
vVal

gac
Asp

gtc
vVal

gcc
Ala

tgg
Trp
80

tcc
Ser

aat
Asn

48

96

144

192

240

288

336



caa
Gln

gcc
Ala

ttc
Phe
145

ctg
Leu

tcc
Ser

tac
Tyr

gca
Ala

cac
His
225

tcc
Ser

aca
Thr

aat
Asn

agc
Ser

ctc
Leu
305

act

Thr

999
Gly

gaa
Glu

atg
Met
130

aaa
Lys

ttt
Phe

gat
Asp

aat
Asn

ccg
Pro
210

acc
Thr

ttg
Leu

cgc
Arg

gcg
Ala

cgg
Arg
290

gtg
vVal

gtt
val

tct
Ser

tac
Tyr
115

gtc
val

ggc
Gly

cag
Gln

aac
Asn

gtg
val
195

ggc
Gly

agc
Ser

tcc
Ser

acc
Thr

atc
Ile
275

tac

Tyr

cat
His

gct
Ala

tce
Ser

gtg
val

ggt
Gly

agc
Ser

gat
Asp

aac
Asn
180

act
Thr

att
Ile

gga
Gly

ggc
Gly

tgg
Trp
260

tac
Tyr

atc
Ile

gcc
Ala

caa
Gln

aag
Lys
340

atg
Met

gtc
vVal

ttc
Phe

gac
Asp
165

cag
Gln

gct
Ala

gta
val

tgg
Trp

ccg
Pro
245

tac
Tyr

atg
Met

tgg
Trp

gat
Asp

gga
Gly
325

ctc
Leu

tgg
Trp

gca
Ala

aaa
Lys
150

gac
Asp

aac
Asn

cag
Gln

aag
Lys

gct
Ala
230

tgg
Trp

tcg
Ser

gga
Gly

tat
Tyr

gtg
Val
310

acc
Thr

ttg
Leu

ttc
Phe

act
Thr
135

cct
Pro

tcc
Ser

ttc
Phe

gct
Ala

cac
His
215

ccg
Pro

tcg
Ser

caa
Gln

gat
Asp

cct
Pro
295

tgg
Trp

act
Thr

tcc
Ser

36947

cat
His
120

gcg
Ala

ctc
Leu

gca
Ala

aag
Lys

agc
Ser
200

agc
Ser

aac
Asn

tct
Ser

aac
Asn

agg
Arg
280

atc
Ile

tcg
Ser

tac
Tyr

aat
Asn

tct
Ser

aaa
Lys

ggc
Gly

caa
Gln

ata
Ile
185

gtt
val

gga
Gly

cca
Pro

caa
Gln

gca
Ala
265

tgg
Trp

gat
Asp

gtg
vVal

gaa
Glu

tcg
Ser
345

-69-

gat
Asp

act
Thr

gca
Ala

acc
Thr
170

tca
Ser

ttg
Leu

aaa
Lys

aac
Asn

caa
Gln
250

ttc
Phe

agg
Arg

ttc
Phe

aac
Asn

gct
Ala
330

999
Gly

agt
Ser

ccce
Pro

gat
Asp
155

gcc
Ala

agg
Arg

acc
Thr

tac
Tyr

aag
Lys
235

gat
Asp

gac
Asp

CcccC
Pro

tcc
Ser

ccg
Pro
315

gag
Glu

ttc
Phe

tcc
Ser

tgc
Cys
140

tct
Ser

tac
Tyr

ttg
Leu

ggt
Gly

ttc
Phe
220

ttc
Phe

atc
Ile

ttg
Leu

agc
Ser

agc
Ser
300

tct

Ser

aag
Lys

tct
Ser

aac
Asn
125

ggc
Gly

cgc
Arg

ctt
Leu

gat
Asp

gcc
Ala
205

cta
Leu

ttc
Phe

acc
Thr

cct
Pro

tta
Leu
285

999
Gly

gcc
Ala

ggt
Gly

999
Gly

tat
Tyr

ccce
Pro

gat
Asp

ctc
Leu

gac
Asp
190

aca
Thr

atc
Ile

tca
Ser

acc
Thr

ctc
Leu
270

ctt
Leu

tcg
Ser

ggc
Gly

aca
Thr

ggc
Gly
350

gga
Gly

tat
Tyr

gaa
Glu

tat
Tyr
175

aac
Asn

ctt
Leu

gcc
Ala

gca
Ala

gcg
Ala
255

ggt
Gly

gga
Gly

ccg
Pro

acg
Thr

ctc
Leu
335

agc
Ser

gct
Ala

aca
Thr

999
Gly
160

gcc
Ala

tat
Tyr

gaa
Glu

tcg
Ser

tct
Ser
240

tcc
Ser

aat
Asn

agc
Ser

caa
Gln

tat
Tyr
320

ggc
Gly

gca
Ala

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056



gta
Val

ggc
Gly

tcc
Ser
385

ctc
Leu

cct
Pro

tcc
Ser

tga

ggt
Gly

aat
Asn
370

aca
Thr

gtc
val

gtc
val

gga
Gly

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

<220>
<223>

<400>

Met

Ala

Thr

Gly

Leu

65

Thr

Ser

Gln

Leu

Ala

Ser

Ser

50

Phe

Arg

Asn

Glu

tac
Tyr
355

gga
Gly

tat
Tyr

gac
Asp

aaa
Lys

caa
Gln
435

10
448
PRT

ctc
Leu

gga
Gly

agg
Arg

cag
Gln

gtg
val
420

tcc
Ser

Trinh tu

ciu truc

10

Trp

Arg

Gly

35

Thr

His

Gln

Tyr
115

Leu

Ala

20

Asn

Phe

Ala

Ser

Ile

100

Val

ggt
Gly

gcg
Ala

aat
Asn

cca
Pro
405

aac
Asn

aat
Asn

nhédn tao

cat
His

cac
His

gtc
val
390

gac
Asp

ctg
Leu

tac
Tyr

ggt
Gly

tgg
Trp
375

acc
Thr

tct
Ser

aat
Asn

gct
Ala

tdng hop

Arg

Glu

Val

Tyr

Val

Asn

85

val

Met

Lys

Thr

Ile

Trp

Ser

70

Ala

Glu

Trp

val

Gln

Gln

Phe

55

Cys

Leu

Arg

Phe

36947

ggc
Gly
360

gtt
val

gtc
Val

gga
Gly

aat
Asn

gcc
Ala
440

Ile

Ile

Ala

40

Gly

Tyr

Ser

Pro

His
120

act
Thr

gcg
Ala

agc
Ser

gga
Gly

ggc
Gly
425

gac
Asp

Pro

Val

25

His

Glu

Thr

Pro

Lys

105

Ser

-70-

gtg
vVal

atc
Ile

gta
vVal

gga
Gly
410

gca

Ala

ctt
Leu

val

10

Ser

Gly

Asp

Ser

val

90

val

Asp

acg
Thr

tat
Tyr

aat
Asn
395

ggc
Gly

aac
Asn

gac
Asp

Phe

Gly

Ala

Lys

Thr

75

Ala

Leu

Ser

atc
Ile

ttt
Phe
380

gga
Gly

gta
Val

tcg
Ser

aag
Lys

Leu

Ala

Gly

Thr

60

Asp

Asn

Phe

Ser

aac
Asn
365

gcc
Ala

ggc
Gly

gtc
Val

atc
Ile

att
Ile
445

Ser

Ala

Ile

45

Glu

Leu

Thr

Asn

Asn
125

aac
Asn

aat
Asn

tcc
Ser

att
Ile

acc
Thr
430

atc
Ile

Leu

Trp

30

Leu

Asn

Thr

Met

Lys

110

Tyr

gtt
val

ggc
Gly

tct
Ser

agt
Ser
415

Tttt
Phe

gtc
Val

val

15

Thr

Lys

Ser

Asn

Ile

95

Lys

Gly

caa
Gln

gac
Asp

gtt
vVal
400

gta
val

ggc
Gly

tac
Tyr

Val

Asp

val

Ala

Trp

80

Ser

Asn

Ala

1104

1152

1200

1248

1296

1344

1347



Ala

Phe

145

Leu

Ser

Tyr

Ala

His

225

Ser

Thr

Asn

Ser

Leu

305

Thr

Gly

Val

Gly

Ser

385

Leu

Pro

Ser

Met

130

Lys

Phe

Asp

Asn

Pro

210

Thr

Leu

Arg

Ala

Arg

290

val

vVal

Ser

Gly

Asn

370

Thr

vVal

Val

Gly

Val

Gly

Gln

Asn

val

195

Gly

Ser

Ser

Thr

Ile

275

Tyr

His

Ala

Ser

Tyr

355

Gly

Tyr

Asp

Lys

Gln
435

Gly

Ser

Asp

Asn

180

Thr

Ile

Gly

Gly

Trp

260

Tyr

Ile

Ala

Gln

Lys

340

Leu

Gly

Arg

Gln

Val

420

Ser

Val

Phe

Asp

165

Gln

Ala

Val

Trp

Pro

245

Tyr

Met

Trp

Asp

Gly

325

Leu

Gly

Ala

Asn

Pro

405

Asn

Asn

Ala

Lys

150

Asp

Asn

Gln

Lys

Ala

230

Trp

Ser

Gly

Tyr

val

310

Thr

Leu

His

His

vVal

390

Asp

Leu

Tyr

Thr

135

Pro

Ser

Phe

Ala

His

215

Pro

Ser

Gln

Asp

Pro

295

Trp

Thr

Ser

Gly

Trp

375

Thr

Ser

Asn

Ala

36947

Ala

Leu

Ala

Lys

Ser

200

Ser

Asn

Ser

Asn

Arg

280

Ile

Ser

Tyr

Asn

Gly

360

Val

Val

Gly

Asn

Ala
440

Lys

Gly

Gln

Tle

185

vVal

Gly

Pro

Gln

Ala

265

Trp

Asp

val

Glu

Ser

345

Thr

Ala

Ser

Gly

Gly

425

Asp

-71-

Thr

Ala

Thr

170

Ser

Leu

Lys

Asn

Gln

250

Phe

Arg

Phe

Asn

Ala

330

Gly

val

Ile

Val

Gly

410

Ala

Leu

Pro

Asp

155

Ala

Arg

Thr

Tyr

Lys

235

Asp

Asp

Pro

Ser

Pro

315

Glu

Phe

Thr

Tyr

Asn

395

Gly

Asn

Asp

Cys

140

Ser

Tyr

Leu

Gly

Phe

220

Phe

Ile

Leu

Ser

Ser

300

Ser

Lys

Ser

Ile

Phe

380

Gly

val

Ser

Lys

Gly

Arg

Leu

Asp

Ala

205

Leu

Phe

Thr

Pro

Leu

285

Gly

Ala

Gly

Gly

Asn

365

Ala

Gly

val

Ile

Ile
445

Pro

Asp

Leu

Asp

190

Thr

Ile

Ser

Thr

Leu

270

Leu

Ser

Gly

Thr

Gly

350

Asn

Asn

Ser

Ile

Thr

430

Ile

Tyr

Glu

Tyr

175

Asn

Leu

Ala

Ala

Ala

255

Gly

Gly

Pro

Thr

Leu

335

Ser

Val

Gly

Ser

Ser

415

Phe

val

Thr

Gly

160

Ala

Tyr

Glu

Ser

Ser

240

Ser

Asn

Ser

Gln

Tyr

320

Gly

Ala

Gln

Asp

val

400

vVal

Gly

Tyr



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

<220>
<223>

<220>
<221>
<222>

<400>
atg agg ttg
Met Arg Leu

1

att
Ile

act
Thr

gac
Asp

ttg
Leu
65

gac
Asp

aac
Asn

gat
Asp

ttc
Phe

tcg
Ser
145

ctc
Leu

gcc
Ala

ctc
Leu

gag
Glu

ttc
Phe
50

ggt
Gly

atc
Ile

gat
Asp

ctc
Leu

gga
Gly
130

aaa

Lys

gtg
Val

gag
Glu

11
1224
ADN

Trinh ty nhan tao

Gen tdéng hop

CDS

(1)..(1224)

11

att
Ile

ggc
Gly
35

att
Ile

ggc
Gly

ttg
Leu

cct
Pro

cct
Pro
115

gtg
val

cag
Gln

gaa
Glu

cac
His

cag
Gln

ctc
Leu
20

gac
Asp

cga
Arg

aag
Lys

aag
Lys

tat
Tyr
100

cgc
Arg

ttg
Leu

tcg
Ser

gcg
Ala

aac
Asn
180

aag
Lys

gca
Ala

ccg
Pro

ggt
Gly

tac
Tyr

gaa
Glu
85

gac
Asp

atg
Met

att
Ile

aag
Lys

gtc
Val
165

gca
Ala

gat
Asp

atc
Ile

gtc
Val

gtg
vVal

tac
Tyr
70

aac
Asn

gaa
Glu

acc
Thr

gat
Asp

ccce
Pro
150

tat

Tyr

ttg
Leu

ttc
Phe

CcccC
Pro

atc
Ile

gat
Asp
55

gac
Asp

ggc
Gly

cag
Gln

gac
Asp

ttc
Phe
135

aag

Lys

aac
Asn

ccce
Pro

36947

gat
Asp

tcc
Ser

atc
Ile
40

gca
Ala

gag
Glu

gtg
val

ggt
Gly

ttc
Phe
120

cac

His

gcc
Ala

tgg
Trp

gat
Asp

cga
Arg

ttg
Leu
25

aac
Asn

tcg
Ser

aac
Asn

aac
Asn

agg
Arg
105

gca
Ala

tat
Tyr

tgg
Trp

acc
Thr

atg
Met
185

-72-

gtc
val
10

cag
Gln

ccg
Pro

gaa
Glu

gga
Gly

tgg
Trp
90

cct
Pro

gca
Ala

tcg
Ser

gcc
Ala

tac
Tyr
170

gtg
vVal

atg
Met

atc
Ile

gtc
Val

gca
Ala

gtc
Val
75

atc
Ile

tat
Tyr

aag
Lys

gat
Asp

aac
Asn
155

aac

Asn

cag
Gln

ggc
Gly

tgt
Cys

cct
Pro

ccc
Pro
60

gag
Glu

agg
Arg

gga
Gly

gcg
Ala

tgg
Trp
140

ctc

Leu

gcg
Ala

atc
Ile

att
Ile

aac
Asn

ggc
Gly
45

tgg
Trp

agg
Arg

ctc
Leu

gga
Gly

aag
Lys
125

tgg
Trp

tcg
Ser

ttg
Leu

gga
Gly

atc
Ile

aag
Lys
30

ctc
Leu

atc
Ile

gat
Asp

cga
Arg

ggc
Gly
110

gcg
Ala

gca
Ala

tac
Tyr

aag
Lys

aac
Asn
190

ttg
Leu
15

tcg
Ser

ccce
Pro

atc
Ile

ctc
Leu

gtg
val
95

aac
Asn

aaa
Lys

gac
Asp

ccc
Pro

tac
Tyr
175

gag
Glu

atg
Met

tac
Tyr

gtc
val

gag
Glu

ttg
Leu
80

tgg
Trp

tgt
Cys

ggc
Gly

ccc
Pro

gag
Glu
160

atg
Met

att
Ile

48

96

144

192

240

288

336

384

432

480

528

576



aac
Asn

ttc
Phe

ccce
Pro
225

tac
Tyr

gtc
val

ttc
Phe

ctc
Leu

cac
His
305

aaa
Lys

gca
Ala

ggt
Gly

gga
Gly

ttg
Leu
385

gag
Glu

aac
Asn

gtc
Val
210

aac
Asn

atc
Ile

atc
Ile

agg
Arg

gtc
val
290

ccyg
Pro

gcc
Ala

ctc
Leu

gca
Ala

aac
Asn
370

cct
Pro

atc
Ile

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

ggc
Gly
195

ggt
Gly

atc
Ile

aac
Asn

gca
Ala

aac
Asn
275

gca
Ala

aac
Asn

tcg
Ser

tac
Tyr

acc
Thr
355

ccc
Pro

tcc
Ser

aaa
Lys

12
407
PRT

ttc
Phe

ttg
Leu

aag
Lys

ttc
Phe

atc
Ile
260

ttg
Leu

gag
Glu

att
Ile

atc
Ile

gag
Glu
340

tgg
Trp

tgg
Trp

ctc
Leu

cct
Pro

Trinh tu

ctc
Leu

ttg
Leu

att
Ile

att
Ile
245

tcg
Ser

gtg
vVal

acc
Thr

ttc
Phe

cag
Gln
325

gag
Glu

att
Ile

gag
Glu

aag
Lys

ttg
Leu
405

tgg
Trp

aaa
Lys

gtc
val
230

gac
Asp

ttc
Phe

cgc
Arg

gcg
Ala

ggt
Gly
310

gga
Gly

ggt
Gly

cct
Pro

aac
Asn

gtc
val
390

gaa
Glu

cct
Pro

gca
Ala
215

atc
Ile

agg
Arg

tat
Tyr

act
Thr

tac
Tyr
295

tcg
Ser

cag
Gln

aag
Lys

tat
Tyr

cag
Gln
375

ttc
Phe

ctc
Leu

nhan tao

36947

gat
Asp
200

gcc
Ala

cat
His

ttg
Leu

ccc
Pro

ctc
Leu
280

gcc

Ala

agg
Arg

gcc
Ala

gat
Asp

cct
Pro
360

gca
Ala

agg
Arg

taa

ggc
Gly

att
Ile

ctc
Leu

atc
Ile

tat
Tyr
265

gtg
val

tgg
Trp

gac
Asp

tcg
Ser

aaa
Lys
345

ggt
Gly

ttg
Leu

ctc
Leu

-73-

tcg
Ser

tcg
Ser

gca
Ala

aac
Asn
250

tgg
Trp

cag
Gln

acc
Thr

ctc
Leu

ttc
Phe
330

gca
Ala

gcc
Ala

ttc
Phe

gtg
vVal

gca
Ala

gca
Ala

gga
Gly
235

tcc
Ser

cat
His

agg
Arg

ctc
Leu

gag
Glu
315

atc
Ile

ctc
Leu

gga
Gly

gac
Asp

tac
Tyr
395

gcc
Ala

gtg
vVal
220

gtc
val

gga
Gly

ggt
Gly

tac
Tyr

gat
Asp
300

gtc
val

cgg
Arg

ggc
Gly

tgg
Trp

ttc
Phe
380

gaa
Glu

aac
Asn
205

aaa
Lys

aag
Lys

gtc
Val

acc
Thr

gat
Asp
285

gat
Asp

aag
Lys

gac
Asp

atc
Ile

aag
Lys
365

aac
Asn

gcc
Ala

tgg
Trp

gac
Asp

gcg
Ala

tcc
Ser

atg
Met
270

aag
Lys

tcc
Ser

gga
Gly

ctc
Leu

ttc
Phe
350

act

Thr

ggt
Gly

cag
Gln

aca
Thr

gtg
val

gat
Asp

ttc
Phe
255

gac
Asp

aag
Lys

gat
Asp

ggt
Gly

atc
Ile
335

tac

Tyr

ggc
Gly

agg
Arg

ccce
Pro

cag
Gln

aac
Asn

ttc
Phe
240

gac
Asp

gac
Asp

atc
Ile

gga
Gly

tac
Tyr
320

gca
Ala

tgg
Trp

gaa
Glu

gcc
Ala

gtc
Val
400

624

672

720

768

816

864

912

960

1008

1056

104

1152

1200

1224



<220>
<223>

<400>
Met Arg Leu

1

Ile

Thr

Asp

Leu

65

Asp

Asn

Asp

Phe

Ser

145

Leu

Ala

Asn

Phe

Pro

225

Tyr

val

Phe

Leu

Leu

Glu

Phe

50

Gly

Ile

Asp

Leu

Gly

130

Lys

Val

Glu

Asn

val

210

Asn

Ile

Ile

Arg

Val
290

12

Tle

Gly

35

Ile

Gly

Leu

Pro

Pro

115

Val

Gln

Glu

His

Gly

195

Gly

Ile

Asn

Ala

Asn

275

Ala

C4u truc

Gln

Leu

20

Asp

Arg

Lys

Lys

Tyr

100

Arg

Leu

Ser

Ala

Asn

180

Phe

Leu

Lys

Phe

Ile

260

Leu

Glu

téng hop

Lys

5

Ala

Pro

Gly

Tyr

Glu

85

Asp

Met

Ile

Lys

Val

165

Ala

Leu

Leu

Ile

Ile

245

Ser

val

Thr

Asp

Ile

vVal

vVal

Tyr

Asn

Glu

Thr

Asp

Pro

150

Tyr

Leu

Trp

Lys

val

230

Asp

Phe

Arg

Ala

Phe

Pro

Ile

Asp

55

Asp

Gly

Gln

Asp

Phe

135

Lys

Asn

Pro

Pro

Ala

215

Ile

Arg

Tyr

Thr

Tyr
295
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Asp

Ser

Ile

40

Ala

Glu

vVal

Gly

Phe

120

His

Ala

Trp

Asp

Asp

200

Ala

His

Leu

Pro

Leu

280

Ala

Arg

Leu

25

Asn

Ser

Asn

Asn

Arg

105

Ala

Tyr

Trp

Thr

Met

185

Gly

Ile

Leu

Ile

Tyr

265

vVal

Trp

-74-

vVal

10

Gln

Pro

Glu

Gly

Trp

90

Pro

Ala

Ser

Ala

Tyr

170

vVal

Ser

Ser

Ala

Asn

250

Trp

Gln

Thr

Met

Ile

Val

Ala

Val

75

Ile

Tyr

Lys

Asp

Asn

155

Asn

Gln

Ala

Ala

Gly

235

Ser

His

Arg

Leu

Gly

Pro
Pro
60

Glu
Arg
Gly
Ala
Trp
l4Q
Leu
Ala
Ile
Ala
vVal
220
val
Gly
Gly

Tyr

Asp
300

Ile

Asn

Gly

45

Trp

Arg

Leu

Gly

Lys

125

Trp

Ser

Leu

Gly

Asn

205

Lys

Lys

val

Thr

Asp

285

Asp

Ile

Lys

30

Leu

Ile

Asp

Arg

Gly

110

Ala

Ala

Tyr

Lys

Asn

190

Trp

Asp

Ala

Ser

Met

270

Lys

Ser

Leu

15

Ser

Pro

Ile

Leu

vVal

95

Asn

Lys

Asp

Pro

Tyr

175

Glu

Thr

vVal

Asp

Phe

255

Asp

Lys

Asp

Met

Tyr

vVal

Glu

Leu

80

Trp

Cys

Gly

Pro

Glu

160

Met

Ile

Gln

Asn

Phe

240

Asp

Asp

Ile

Gly



36947

His Pro Asn Ile Phe Gly Ser Arg Asp Leu Glu Val Lys Gly Gly Tyr
305 310 315 320

Lys Ala Ser Ile Gln Gly Gln Ala Ser Phe Ile Arg Asp Leu Ile Ala
325 330 335

Ala Leu Tyr Glu Glu Gly Lys Asp Lys Ala Leu Gly Ile Phe Tyr Trp
340 345 350

Gly Ala Thr Trp Ile Pro Tyr Pro Gly Ala Gly Trp Lys Thr Gly Glu
355 360 365

Gly Asn Pro Trp Glu Asn Gln Ala Leu Phe Asp Phe Asn Gly Arg Ala
370 375 380

Leu Pro Ser Leu Lys Val Phe Arg Leu Val Tyr Glu Ala Gln Pro Val
385 390 395 400

Glu Ile Lys Pro Leu Glu Leu

405
<210> 13
<211> 21
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> DPoan mdi

<400> 13

cccttgtcga tgcgatgtat ¢
<210> 14

<211> 21

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> Doan moi

<400> 14
atcctcaatt ccgtcggtcg a

<210> 15
<211> 309
<212> PRT

<213> Bacillus sp.
<400> 15

Ala Asn Ser Gly Phe Tyr Val Ser Gly Thr Thr Leu Tyr Asp Ala Asn
1 5 10 15

Gly Asn Pro Phe Val Met Arg Gly Ile Asn His Gly His Ala Trp Tyr
20 25 30

Lys Asp Gln Ala Thr Thr Ala Ile Glu Gly Ile Ala Asn Thr Gly Ala
35 40 45

Asn Thr Val Arg Ile Val Leu Ser Asp Gly Gly Gln Trp Thr Lys AsSp
50 55 60

-75-



Asp

65

Leu

Ala

Leu

Phe

Ile

145

Ala

Glu

Met

Asp

His

225

Ser

Gly

Asn

Arg

Gly
305

Ile

val

Ser

Ile

Gly

130

Pro

Ala

val

Tyr

Arg

210

Arg

Glu

Pro

Leu

Glu

290

Gly

His

Ala

Leu

Gly

115

Ser

Arg

Gly

Phe

Glu

195

Val

His

Gln

Glu

Thr

275

Thr

Thr

Thr

Val

Asn

100

Lys

Trp

Leu

Trp

Asn

180

Tyr

Leu

Thr

Arg

Trp

260

Ala

Ser

Ser

vVal

Leu

85

Arg

Glu

Glu

Arg

Gly

165

Ala

Ala

Asn

Asn

Gly

245

Glu

Trp

Arg

Pro

Arg

70

Glu

Ala

Asp

Gly

Asn

150

Gln

Asp

Gly

Gln

Gly

230

val

Tyr

Gly

Leu

Asn

Val

val

Thr

Asp

135

Ala

Phe

Pro

Gly

Asp

215

Asp

Gly

Leu

Asn

Ser
295
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Leu

His

Asp

Val

120

Ala

Gly

Pro

Gln

Asn

200

Leu

val

Trp

Asp

Thr

280

Thr

Ile

Asp

Tyr

105

Ile

Trp

Leu

Gln

Arg

185

Ala

Ala

Asp

Leu

Leu

265

Ile

vVal

-76-

Ser

Ala

90

Trp

Ile

Ala

Asn

Ser

170

Asn

Ser

Leu

Glu

Ala

250

Ser

val

Phe

Leu

75

Thr

Ile

Asn

Asp

His

155

Ile

Thr

Gln

val

Ala

235

Trp

Asn

Asn

Thr

Ala

Gly

Glu

Ile

Gly

140

Thr

His

Met

vVal

Ile

220

Thr

Ser

Asp

Gly

Gly
300

Glu

Tyr

Met

Ala

125

Tyr

Leu

Asp

Phe

Arg

205

Gly

Ile

Trp

Trp

Pro

285

Gly

Asp

Asp

Arg

110

Asn

Lys

Met

Tyr

Ser

190

Thr

Glu

Met

Lys

Ala

270

Tyr

Gly

Asn

Ser

95

Ser

Glu

Gln

val

Gly

175

Ile

Asn

Phe

Ser

Gly

255

Gly

Gly

Ser

His

80

Ile

Ala

Trp

Ala

Asp

160

Arg

His

Ile

Gly

Tyr

240

Asn

Asn

Leu

Asp





