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galactooligosacarit co thé dugc san xuat dé dang.
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Linh vye k thuit dwoc dé cap
Giai phap hitu ich dé cip dén phuong phap san xuit B-galactosidaza duogc tiét ra,

chit nay dugc sir dung d& dang trong qua trinh sdn xuét galactooligosacarit.

Tinh trang ky thuit cia gidi phap hiru ich

B-galactosidaza @i dugc biét 1a c6 tac dung xtc tac khong chi ddi véi phan tmg thity
phén lién két p-D-galactosit trong lactoza hodc chit tuong tw ma ca phan Ung trao ddi nhém
galactosyl, va dwgc sir dung trong qua trinh san xudt galactooligosacarit lam gia tang chon
loc gidng Bifidobacterium trong rudt.

Nguoi ndp don gidi phap hitu ich nay di théng bio vé& k§ thudt san xuét
galactooligosacarit bang cach sir dung B-galactosidaza c6 ngudn gdc tir chiing dot bién cia
Sporobolomyces singularis san sinh qua mirc, d6 1a ndm men Basidiomycetes (tar ligu 1).

Tuy nhién, do B-galactosidaza dugc sir dung trong k¥ thuat nay 13 protein khong tiét
(gin két v6i thanh té bao), nén can st dung p-galactosidaza trong phan tng dudi dang dich
cd té bao chira cac té bao Sporobolomyces singularis dé tao ra p-galactosidaza.

Do dich c6 té bao bao gdm céc t& bio con séng, dich nay d bi thoai bién, va ngoai ra,
dich nay thu dugc chi bﬁng cach ¢6 dic cac té bao nén hoat tinh dic hiéu cia nd thép va con
xuét hién van d¢ 1a manh vyn t bao phan tan vao dung dich phan g galactooligosacarit,

diéu nay din dén lam tang chi phi tinh ché hoic yéu t6 twong tu.

Tai li¢u 1: JP-A-2006-223268

Bén chét k§ thuit caia giai phap hitu ich

Mbt muc dich cua giai phap hitu ich 1a d& xudt phuong phap san xuit B-galactosidaza
dé giai quyét cac vin dé néu trén va chét nay dugc s dung dé dang trong qua trinh san xuét
galactooligosacarit.

Nho nhiéu nghién ctru chuyén sdu dé giai quyét cac vén dé néu trén, céc tc gia giai
phép hitu ich da phat hién dugc ring p-galactosidaza dugc tiét ra duogc tao ra bang cach gin
gen B-galactosidaza khong tiét co6 ngudn gbc tr ndm men Basidiomycetes vio nim
Aspergillus oryzae va B-galactosidaza dugc tiét ra dwoc st dung d& dang trong qua trinh san

xuét galactooligosacarit, va do d6 giai phap hitu ich dugc hoan thanh.
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Cu thé, giai phap hiru ich d& cap dén phuong phép san xuit p-galactosidaza dwoc tiét
ra, khéc biét & chd, phuong phap ndy bao gdm budc gin gen B-galactosidaza khong tiét co
ngudn gdc tr nidm men Basidiomycetes vao ndm Aspergillus oryzae d& san xudt
B-galactosidaza dugc tiét ra.

Ngoai ra, giai phap hitu ich d& cap dén gen p-galactosidaza khong tiét c6 ngudn gc
tr nAm men Basidiomycetes, gen nay c9 trinh tu dugc thé hién béi cac trinh tu SEQ ID NO:
7, 13, hoac 19.

Hon nita, giai phap hiru ich d& cip dén thé bién nap ctia ndm Aspergillus oryzae,
khac bidt & chd, gen B-galactosidaza khong tiét c6 ngudn gbc tir nAm men Basidiomycetes
dwoc gin vao nim Aspergillus oryzae dé san xuét B-galactosidaza dwoc tiét ra.

Hon nita, giai phap hitu ich d& cap dén phwong phép san xuit galactooligosacarit,
khéc bigt & chd, phuong phap nidy bao gom budc cho B-galactosidaza thu dwoc bing
phwong phép san xudt p-galactosidaza néu trén phan Umg trén co chét chtra it nhit 1a
lactoza.

Ngodi ra, giai phap hitu ich d& cip dén B-galactosidaza duoc tiét ra thu duoc béng
céch gin gen p-galactosidaza khong tiét c6 ngudn gbc tir nAm men Basidiomycetes vio nim

Aspergillus oryzae, va nudi ciy nim Aspergillus orvzae tao thanh.

Hi¢u qua dat dwgc ciia gidi phap hiru ich

Theo phwong phap san xut B-galactosidaza dwoc tiét ra cta giai phéap hiru ich, ¢
thé thu dugc B-galactosidaza khong tiét c6 ngudn gbc tir nAm men Basidiomycetes dudi
dang B-galactosidaza duoc tiét ra.

Do d6, B-galactosidaza thu dwgc bang phuong phap sin xudt B-galactosidaza dugc
tiét ra ctia giai phap hiru ich c6 hoat tinh B-galactosidaza cao va cling co tinh chiu nhiét cao,
va ngoai ra, enzym nay dugc tach va tinh ché dé dang, va dugc str dung d& dang trong qua

trinh san xuét galactooligosacarit.

M@ t4 vin tit cdc hinh v&

Fig.1 14 hinh anh thé hién két qua cta phuong phap SDS-PAGE va két qua xé4c dinh
hoat tinh bang c4ch st dung chung SsGal.

Fig.2 1 hinh anh thé hién két qua cta phuong phap SDS-PAGE va két qua xé4c dinh
hoat tinh bang cach st dung ching SmGal.
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Fig.3 12 hinh anh thé hién két qua cua phuong phap SDS-PAGE va két qua x4c dinh
hoat tinh bing cach sir dung ching RmGal.

Fig.4 1a hinh 4nh thé hién két qua cta phwong phap SDS-PAGE va két qua x4c dinh
hoat tinh bing cach st dung ching SeGal.

Fig.5 14 hinh anh thé hién két qua cta phwong phap SDS-PAGE va két qua x4c dinh
hoat tinh (bit hoat bing nhiét) bang cich st dung ching SsGal.

Fig.6 13 hinh anh thé hién két qua cta phwong phap SDS-PAGE va két qua x4c dinh
hoat tinh (bAt hoat bing nhiét) bang cach sir dung ching SmGal.

Fig.7 14 hinh anh thé hién két qua ctia phwong phap SDS-PAGE va két qua x4c dinh
hoat tinh (bAt hoat bing nhiét) bang cach st dung ching RmGal.

Fig.8 13 hinh anh thé hién két qua ctia phuong phap SDS-PAGE va két qua xac dinh
hoat tinh (bAt hoat bing nhiét) bang cach sir dung ching SeGal.

Fig.9 13 hinh anh thé hién két qua cla thir nghiém xac dinh hoat tinh sau khi xi 1y
nhiét bang cach sir dung ching SeGal va ching bd-me.

Fig.10 13 hinh anh thé hién thoi gian phan Gmg va ndng d6 dudng trong dung dich
trong qué trinh san xudt galactooligosacarit bang cach sir dung ching SsGal.

Fig.11 14 hinh anh th& hién thoi gian phan tng va ndng d6 dudng trong dung dich
trong qué trinh san xut galactooligosacarit bang cach sir dung ching SmGal.

Fig.12 14 hinh anh thé hién thoi gian phan ng va néng d6 duong trong dung dich
trong qua trinh san xuét galactooligosacarit bang cach sir dung ching SeGal.

Fig.13 13 hinh 4nh thé hién thoi gian phan tng va ndng d duong trong dung dich
trong qué trinh san xuét galactooligosacarit bang cach sit dung ching SeGal (hinh (a): &
nhigt d6 70°C, hinh (b): & nhiét do 80°C).

Fig.14 13 hinh anh thé hién thoi gian phan tng va ndng d6 duong trong dung dich
trong qué trinh san xuét galactooligosacarit bang cach st dung ching SeGal (hinh (c): &

nhiét d§ 90°C)

M@ ta chi tiét giai phap hitu ich

Phuong phap san xuét p-galactosidaza dwoc tiét ra cta giai phap hitu ich (sau day
dwoc goi 14 “phwong phép san xuét cia giai phap hiru ich”) 14 phwong phap bao gdm budc
gin gen p-galactosidaza khong tiét co ngudn gbc tir ndm men Basidiomycetes vao nim

Aspergillus oryzae @& san xuét B-galactosidaza dugc tiét ra.
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Gen pB-galactosidaza khong tiét c6 ngudn gdc tir ndm men Basidiomycetes dugc st
dung trong phuong phap san xuét clia giai phap hitu ich 1 gen ma hoa B-galactosidaza
khong tiét duoc san sinh boi ndm men Basidiomycetes. O diy, thuat ngit “khong tiét” nghia
14 ¢ 4i luc gén két véi thanh té bao, dic tinh nay c6 thé dugc khing dinh bang cach nhudm
hoat tinh hodc phuong phap tuong tu.

Ngoai ra, khong co6 gidi han cu thé vé ndm men Basidiomycetes sén sinh ra
B-galactosidaza khong tiét, nhung cac vi du ctia né bao gdm cac nAm men Basidiomycetes
thudc vé gidng Sporobolomyces nhu Sporobolomyces singularis, gidng Sirobasidium nhu
Sirobasidium magnum, gidng Rhodotorula nhw Rodotorula minuta, gibng Sterigmatomyces
nhu Sterigmatomyces elviae, gibng Cryptococcus nhu Cryptococcus laurentii, va gidng
twong tw. Trong sb céac ndm men Basidiomycetes ndy, ndm men thudc vé gibng
Sporobolomyces hodc gidng Sterigmatomyces 1a dugc wu tién, va gidng Sporobolomyces
singularis hodc Sterigmatomyces elviae dugc uu tién hon.

Ngoai ra, d& 1am gen ma hoa B-galactosidaza khong tiét duge san sinh boi nAm men
Basidiomycetes, trudc tién, gen dugc tach dong tur ndm men Basidiomycetes néu trén san
sinh ra -galactosidaza khong tiét theo phuong phap thong thudng nhu phan ttng PCR dugc
vi du. Cén lwu ¥ ring dé 1am gen néu trén, gen thu dugc béng cach tong hop chung theo vét
chu tir thdng tin cua gen thu duge nhu da mo ta trén day la duoc uu tién.

Cu thé, cac gen sau day dugc vi du. Cén luu y réng trong cac gen nay, trinh ty tin
hiéu ciing dwoc bao gdm.

- gen B-galactosidaza co ngudn gdc tir giéng Sporobolomyces singularis gbm trinh tyr
bazo dugc thé hién béi trinh tw SEQ ID NO: 1 (trinh tw & vi tri tir 1 dén 57 trong trinh tu
nay la trinh ty tin hiéu)

. gen P-galactosidaza c6 ngudn gbc tir giéng Sirobasidium magnum gbm trinh tu
bazo dugc thé hién béi trinh tw SEQ ID NO: 7 (trinh tw & vi tri tir 1 dén 48 trong trinh ty
nay la trinh tu tin hiéu)

- gen P-galactosidaza co ngudn gdc tir gidng Rodotorula minuta gdm trinh ty bazo
duoc thé hién béi trinh tw SEQ ID NO: 13 (trinh tu & vi tri tir 1 dén 57 trong trinh tw ndy la
trinh tu tin hié¢u)

- gen B-galactosidaza co ngudn gbc tir gibng Sterigmatomyces elviae gbm trinh tu
bazo duge thé hién béi trinh ty SEQ ID NO: 19 (trinh ty & vi tri tr 1 dén 57 trong trinh tu
nay la trinh tu tin hi¢u)
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Ngoai ra, gen dugc uvu tién clia gen néu trén la gen trong do trinh tu tin hiéu cua mdi
nim men Basidiomycetes dugc thay thé bing trinh ty tin hi¢u ctia nAm Aspergillus oryzae.
Céc vi du vé trinh ty tin hiéu cta nAm Aspergillus oryzae bao gdm trinh tu tin hidu tiét (tin
hiéu TAA) clia a-amylaza (Taka-amylase: TAA) cua nim Aspergillus oryzae (Okazaki, F.,
Aoki, J., Tabuchi, S., Tanaka, T., Ogino, C., and Kondo, A., Efficient heterologous
expression and secretion in Aspergillus oryzae of a llama variable heavy-chain antibody
fragment V(HH) against EGFR. Appl Microbiol Biotechnol 96, 81-88 (2012)), va trinh tu
tiét cua lipaza ctia ndm Rhizopus oryzae (Hama, S., Tamalampudi, S., Shindo, N., Numata,
T., Yamaji, H., Fukuda, H., and Kondo, A., Role of N-terminal 28-amino-acid region of
Rhizopus oryzae lipase in directing proteins to secretory pathway of Aspergillus oryzae.
Appl Microbiol Biotechnol 79, 1009-1018 (2008)). Su thay thé trinh ty tin hiéu nay c6 thé
duoc tién hanh theo phwong phap thong thuong.

Pé lam gen duoc wu tién trong sd cac gen B-galactosidaza ma khi do trinh tu tin hidu
ctia mdi ndm men Basidiomycetes dugc thay thé bang trinh tu tin hiéu ctia nAm Aspergillus
oryzae, cac gen sau day duoc vi du. Trinh tw ctia cic gen ndy 1a mdi trinh tw gém trinh tu tin
hiéu tiét (tin hidu TAA) ctia ndm Aspergillus oryzae va trinh ty mad hoa B-galactosidaza tu
nhién.

- gen P-galactosidaza gém trinh tr bazo dugc thé hién boi trinh tu SEQ ID NO: 3
(trinh ty & vi tri tir 1 &én 63 trong trinh tw ndy 13 trinh ty tin hiéu tiét)

. gen P-galactosidaza gdm trinh tu bazo dwoc thé hién bsi trinh ty SEQ ID NO: 9
(trinh ty & vi tri tr 1 dén 63 trong trinh tir nay 1a trinh ty tin hiéu tiét)

- gen B-galactosidaza gdm trinh tu bazo dugc thé hién boi trinh tw SEQ ID NO: 15
(trinh tu & vi trf tir 1 dén 63 trong trinh tu nay 13 trinh tu tin hidu tiét)

- gen P-galactosidaza gdm trinh tw bazo dwoc thé hién béi trinh tw SEQ ID NO: 21
(trinh tg & vi tri tir 1 dén 63 trong trinh ty nay 1a trinh ty tin hi¢u tiét)

Trong sb cic gen néu trén, gen ma khi d6 codon cua trinh tyr md hoa B-galactosidaza
tw nhién dugc thay ddi trong khoang sao cho trinh tir axit amin ciia B-galactosidaza khéng
bi thay di 1a dwoc wu tién. D& 1am gen B-galactosidaza, cic gen sau diy dugc vi du. Trinh
tu cla cac gen nay la mdi trinh tu gém trinh tu tin hiu tiét (tin hi€u TAA) cua ndm
Aspergillus oryzae va trinh tu trong d6 codon cua trinh tr ma hda B-galactosidaza tuw nhién
dwoc thay ddi trong khoang sao cho trinh tu axit amin ctia p-galactosidaza khong bi thay

do.
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- gen P-galactosidaza gdm trinh ty bazo duge thé hién béi trinh tw SEQ ID NO: 5
(trinh ty & vi tri tu 1 dén 63 trong trinh ty nay 1a trinh ty tin hiu tiét)

- gen P-galactosidaza gdm trinh tw bazo dugc thé hién boi trinh ty SEQ ID NO: 11
(trinh tu & vi trf tir 1 dén 63 trong trinh ty ndy 14 trinh tu tin hiéu tiét)

. gen P-galactosidaza gdm trinh tu bazo duoc thé hién boi trinh tw SEQ ID NO: 17
(trinh ty & vi tri tir 1 dén 63 trong trinh ty ndy 14 trinh tu tin higu tiét)

- gen B-galactosidaza gém trinh tu bazo dugc thé hién bai trinh tw SEQ ID NO: 23
(trinh tw & vi tri tir 1 dén 63 trong trinh ty ndy 13 trinh ty tin higu tiét)

Trong s6 céc gen néu trén, gen B-galactosidaza gbm trinh tu bazo dugc thé hién boi
céc trinh tu SEQ ID NO: 5, 11, hodc 23 1a dugc uu tién.

Khoéng c6 gidi han cu thé vé ndm Aspergillus oryzae dugc st dung trong phuong
phép san xuét ciia giai phap hitu ich va gen B-galactosidaza dugc gin vao d6, nhung vi du,
chung Aspergillus oryzae NS4 bi thiéu hut gen ATP sulfurylaza (sC) va gen nitrat reductaza
(niaD) (san phdm ctia Vién nghién ctru qudc gia vé san xut rwou bia (the National Research
Institute of Brewing), 3-7-1, Kagamiyama, Higashihiroshima-shi, Hiroshima, 739-0046),
ching Aspergillus oryzae nia D300, Aspergillus oryzae RIB40, va Aspergillus oryzae ATCC
11488 duge vi du. Trong sb ching, ching Aspergillus oryzae NS4 1a duge wu tién.

Trong phwong phép san xut ciia giai phap hitu ich, khong c6 gidi han cu thé vé
phuong phap gin gen néu trén vao nim Aspergillus oryzae, ma gen néu trén chi can dugc
gén vao, vi du, vecto biéu hién, béng phuong phép thong thuong. Khong c6 gidi han cu thé
vé loai vecto bidu hién nhung vecto biéu hién ¢6 ngudn gbc tir ndm Aspergillus oryzae 13
duoc vu tién, va cu thé 1a vecto biéu hién & mirc cao chira gen khéi dau duoc cai thién béng
cach st dung yéu t6 cis (ving III) tham gia vao qué trinh diéu hoa su biéu hién cta gen
amylaza (Improvement of the Aspergillus oryzae Enolase Promoter by the Introduction of
cis-Element, Tsuboi, H. et al., Biosci. Biotechnol. Biochem., 69, 206-208 (2005)) va trinh tu
5’UTR c6 hiéu qua dich mi cao (Bing ddc quyén sang ché Nhat Ban s6 4413557) 1a dugc
uu tién. Ngoai ra, trong vecto nay, gen khang chét khang sinh nhu ampicillin c6 thé dwogc
gén vao dé chon loc thé bién nap, hodc bang biéu hién ATP sulfurylaza hodc san phém
twong tu co thé duoc gén vao lam gen dénh dau.

Vecto bidu hién néu trén c6 thé dugc tao ra dua trén phuong phap di duge mo ta
trong tai liéu néu trén, hodc vi dy, co thé dugc tao ra bang cach st dung dich vu ctia cong ty

Contract Protein Expression Service of Ozeki Co., Ltd (4-9, Imazudezaike-cho,
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Nishinomiya-shi, Hyogo, 663-8227).

Sau khi gén gen vao vecto biéu hién, vecto biéu hién nay dugc gén vao nim
Aspergillus oryzae dé bién nap ndm Aspergillus oryzae. Khong c6 gi6i han cu thé vé
phuong phéap bién nap nim Aspergillus oryzae, va vi du, qua trinh bién nap c6 thé dugc tién
hanh bing phwong phap thong thudng nhu phwong phap PEG-thé nguyén sinh hogc phuong
phap gdy xung dién. Sau khi bién nap, cic budc rira, chon loc, thu hoach t& bao, va bude
twong tw ¢6 thé duge thuc hién thich hop theo phuong phap thong thuong.

Theo cach nay, ¢é thé thu dugc thé bién nap cua ndm Aspergillus oryzae san sinh ra
B-galactosidaza dugc tiét ra bang cach dua gen B-galactosidaza khong tiét c6 ngudn g tir
nim men Basidiomycetes vao ndm Aspergillus oryzae. Bang cach nudi cdy thich hop thé
bién nap trong moi truong DPY, mdi truong CDD, hoic moéi truong twong ftu,
B-galactosidaza dugc tiét ra duge san sinh tir nam Aspergillus oryzae.

Do B-galactosidaza thu duoc trén day 1a protein tiét, va do d6, trong qua trinh tinh
ché, vi du, chi can tach dung dich nuo6i céy sau khi nuoi céy béng cach loc, ly tam hoac
phuong phép twong tw, va thu hoach dich ndi b& mit. Ngoai ra, cling c6 thé ¢d dic dich nbi
bé mit bang cach sir dung thiét bi siéu loc hoic thiét bi twong tw. B-galactosidaza cé cac dic
diém 13 hoat tinh cua B-galactosidaza cao, tinh chiu nhiét ciing cao, va ham lugng tap chét
thap.

Céc vi du dwoc wu tién cua trinh tw axit amin cta p-galactosidaza duoc tiét ra nay
bao gbm céc trinh ty sau day.

- B-galactosidaza c6 ngudn gbc tir gidng Sporobolomyces singularis gbm trinh tyr axit
amin duge thé hién bdi trinh tw SEQ ID NO: 2 (trinh t & vi tri tir 1 dén 575 trong trinh tw
nay) (didu ndy ciing ap dung véi cac trinh tw axit amin dugc thé hién boi cac trinh tw SEQ
ID NO: 4 va 6 (trinh tw & vi tri tir 1 dén 575 trong mdi trinh tu nay))

. B-galactosidaza c6 ngudn gbc tir gidng Sirobasidium magnum gbm trinh tu axit
amin dugc thé hién boi trinh ty SEQ ID NO: 8 (trinh tur & vi tri tir 1 dén 685 trong trinh ty
nay) (didu nay ciing ap dung véi céc trinh tw axit amin dugc thé hién béi cac trinh tu SEQ
ID NO: 10 va 12 (trinh tu & vi tri tir 1 dén 685 trong mdi trinh tur nay))

- B-galactosidaza co ngudn gdc tir gidng Rodotorula minuta gdm trinh tyr axit amin
dwoc thé hién béi trinh tu SEQ ID NO: 14 (trinh ty & vi tri tir 1 dén 581 trong trinh tw nay)
(diéu nay ciing 4p dung véi cac trinh ty axit amin dugc thé hién bai cac trinh ty SEQ ID

NO: 16 va 18 (trinh tw & vi tri tir 1 dn 581 trong mdi trinh tu nay))
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- B-galactosidaza co ngudn gbe tir gibng Sterigmatomyces elviae gdm trinh tur axit
amin dugc thé hién boi trinh tw SEQ ID NO: 20 (trinh tir & vi tri tir 1 dén 581 trong trinh tw
nay) (diéu ndy ciing 4p dung vdi cac trinh ty axit amin duoc thé hién boi céc trinh tw SEQ
ID NO: 22 va 24 (trinh tg & vi tri tur 1 dén 581 trong mdi trinh tw ndy))

Trong sb cac P-galactosidaza néu trén, B-galactosidaza co ngudn gbe tir gidng
Sporobolomyces singularis gém trinh ty axit amin dugc thé hién boi trinh ty SEQ ID NO: 2,
va B-galactosidaza co ngudn gbe tir gidng Sirobasidium magnum gbm trinh ty axit amin
duoc thé hién boi trinh tw SEQ ID NO: 8, hodc B-galactosidaza c6 ngudn gbe tir gidng
Sterigmatomyces elviae gdm trinh ty axit amin dugc thé hién boi trinh tw SEQ ID NO: 20 1a
duoc vu tién.

B-galactosidaza c6 ddc tinh ciia enzym dugc tiét bén ngoai té bio, va con ¢ ddc tinh
v& tinh chiu nhiét va tinh 8n dinh khi bao quan c6 lgi ma khong lam giam hoat tinh cia
B-galactosidaza ngay ca khi né dugc bao quan trong thoi gian dai. Can luu ¥ rang hoat tinh
cua B-galactosidaza co thé dugc khang dinh bang phuong phap dugc md ta trong cc vi du
dudi day. Noi chung, dé san xuit galactooligosacarit ¢6 hiéu qua, nhiéu p-galactosidaza doi
khi duoc st dung, tuy nhién, B-galactosidaza thu dwgc trén ddy co thé tu san sinh ra
galactooligosacarit c6 hi¢u qua.

B-galactosidaza thu dugc trén déy co thé duoc st dung, vi dy, trong qua trinh sén
xut galactooligosacarit béng cach cho B-galactosidaza tac dung 1én co chit chira it nhét 1a
lactoza theo cach giéng nhu phuong phap san xuit B-galactosidaza da biét thong thuong.
Cén luu ¥ rang B-galactosidaza 1a protein tiét, va do do, ciing khong can phai loai bé cu thé
cac té bao hodc thanh phin tuong tu khi san xuét galactooligosacarit.

Cu thé, dé cho p-galactosidaza thu dugc trén day tic dung lén co chit chira it nhit Ia
lactoza, chi cin bd sung B-galactosidaza vao co chit chira it nhét 13 lactoza va duy tri &
nhiét d6 dinh trude. Khong coé gidi han cu thé vé luong P-galactosidaza dugc bd sung,
nhung lugng nay nam trong khoang, vi dy, tir 1 dén 50 U, va tét hon 1a nam trong khoang
fr 5 dén 10 U so véi 100g lactoza. Ngoai ra, khong c6 gi6i han cu thé vé nhigt do ma khi do
B-galactosidaza duoc cho tic dung 1€n co chét, nhung nhiét do ndy nam trong khoang tir 30
dén 90°C, va tdt hon 12 nim trong khoang tir 60 dén 90°C, va thoi gian duy tri c6 thé chi
duoc thiét 1ap, néu cin. Sacarit can dugc galactosyl hoa co thé duogc cho thém vao co chét
chtra it nhét 1a lactoza. Khong c6 gidi han cu thé vé sacarit nay, va cac vi du cua né bao

gom galactoza, manoza, riboza, xyloza, arabinoza, rhamnoza, N-axetylglucosamin,
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o-metylmannosit, a-metylgalactosit, a-metylglucosit, 2-deoxyglucoza, va
2-deoxygalactoza.

Galactooligosacarit dugc san xuAt nhu d3 mé ta trén day chira galactooligosacarit 1a
pentasacarit hodc sacarit thip, cu thé 13 galactooligosacarit chira trisacarit voi lugng 16m.

Ngoai ra, galactooligosacarit duogc san xuét nhu dd mé ta trén day co thé duoc st
dung ngay nhung c6 thé dugc tach va tinh ché bing cach st dung phuong phép tinh ché
thong thuong. Khong c6 gidi han cu thé vé phuong phép tinh ché, nhung cu thé, qua trinh
tinh ché co thé duoc tién hanh bing cach xir 1y galactooligosacarit bang cac phuong phép
sic ky khac nhau nhu phuong phap séc ky trao ddi ion, thAm gel, than hoat tinh va sic ky 4i
Iuc. -

Galactooligosacarit thu dugc co thé duoc str dung trong cac nguyén liéu thuc phim,

dugc phdm va chét phan tng hitu ich.

Vi du thwe hién giai phap hiru ich

Sau day, giai phap hiru ich s€ duoc md ta chi tiét cing voi cac vi du, tuy nhién, pham
vi ctia gidi phap hitu ich khong bi gidi han boi cdc vi du nay.

Cac mai sb luu trit cia nAm men Basidiomycetes duge st dung trong cac vi du nay la
nhu sau.

- Sporobolomyces singularis ATCC 24193

- Rodotorula minuta CBS 319

- Sterigmatomyces elviae IFO 1843

- Sirobasidium magnum CBS 6803

ATCC: 10801 University Boulevard Manassas, VA 20110, My

CBS: Uppsalalaan 8, 3584 CT, Utrecht, Ha Lan

IFO: 2-17-85 Jusohonmachi, Yodogawa-ku, Osaka-shi 532-8686

Vidul
Thu duoc gen p-galactosidaza co ngudn gbc tir gidng Sporobolomyces Singularis:
Gen P-galactosidaza co ngudn gbc tir gibng Sporobolomyces singularis thu dugc
theo phwong phap ctia céc tai licu di biét (Ishikawa, E., Sakai, T., Ikemura, H., Matsumoto,
K., and Abe, H., Identification, cloning, and characterization of a Sporobolomyces

singularis beta-galactosidase-like enzyme involved in galacto- oligosaccharide production. J
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Biosci Bioeng 99, 331-339 (2005)) (SEQ ID NO: 1). Gen nay gdm trinh tu tin hidu va trinh
tu ma hoa B-galactosidaza. Trinh ty (SEQ ID NO: 3) trong d6 trinh ty tin hiéu cia gen nay
duoc thay thé bang trinh tu tin hiéu TAA cla nam Aspergillus oryzae thu dugc trén may
tinh, va ngodi ra, trinh ty (SEQ ID NO: 5) trong do codon cua trinh ty ma hoa
B-galactosidaza ty nhién dugc thay dbi trong khoing sao cho trinh ty axit amin cua
B-galactosidaza thu duogc khong bi thay d6i (SsGal). Gen SsGal dugc chén vao GenScript,

Inc. va duoc tong hop hoan chinh.

Vidu2

Thu dugc gen B-galactosidaza co ngudn gdc tir gibng Sirobasidium Magnum:

Céc doan mdi suy bién (Bang 1) (SEQ ID NO: 25 - 29) duoc thiét ké tir ving dugc
bao toan, va céac trinh tu riéng phan dugc tich dong bing phan tmg RT-PCR trong téng
cdng sau td hop béng cach str dung 2 loai doan mdi xudi va 3 loai doan moi ngugc. Tt trinh
tu riéng phﬁn, cac qua trinh khuéch dai RACE & dau 5' va RACE & dau 3' dugc thuc hién,
nh& d6 thu duge cADN c6 chidu dai day dui.

Béang 1
SEQIDNO | Tén Hudng Trinh ty bazo cua doan mdi suy bién
25 F1 xuoi geeggegeggctatheargtngarggngen
26 F2 xudi gtcaagacntggttyacnttyaaygarcen
27 R1 nguoc ctcggeccacceraaytenswraartadat
28 R2 nguoc ccattcccarttrtcnacraansweca
29 C-R70 nguoyce gacgaggccenswrttccaytcraarttrtc

Dua trén cADN c¢6 chiéu dai d4y du thu duoc, gen B-galactosidaza co ngudn g tir
gibng Sirobasidium magnum (SEQ ID NO: 7) thu dwoc bing céch tuong tu tir codon khdi
déu (ATG) trong ving nguoc dong. Gen nay gbm trinh tw tin hiéu va trinh ty ma hoa
B-galactosidaza. Trinh tu (SEQ ID NO: 9) trong d¢ trinh tu tin hiu cua gen nay dugc thay
thé bang trinh ty tin hi¢u TAA cla nam Aspergillus oryzae thu dugc trén may tinh, va ngoai
ra, trinh ty (SEQ ID NO: 11) trong d6 codon cua trinh ty mi héa B-galactosidaza ty nhién
duoc thay ddi trong khoang sao cho trinh ty axit amin ctia B-galactosidaza thu dugc khong
bi thay d6i (SmGal). Gen SmGal dugc chén vao GenScript, Inc. va dugce téng hop hoan
chinh.

10
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Vidu3

Thu dugc gen p-galactosidaza co ngudn goc tir gidng Rodotorula Minuta:

Gen B-galactosidaza c6 ngudn gde tir gibng Rodotorula minuta (SEQ ID NO: 13) thu
dwoc theo cach gibng nhu v&i gen p-galactosidaza co ngudn gbc tir gidng Sirobasidium
magnum. Gen ndy gom trinh ty tin hiéu va trinh t¢ ma hoa B-galactosidaza. Trinh tu (SEQ
ID NO: 15) trong d6 trinh tu tin hi¢u ctia gen nay duogc thay thé bang trinh ty tin hiéu TAA
clia ndm Aspergillus oryzae thu dugc trén may tinh, va ngoai ra, trinh tu (SEQ ID NO: 17)
trong d6 codon cua trinh ty ma hoéa B-galactosidaza ty nhién dugc thay ddi trong khoang
sao cho trinh tu axit amin ctia B-galactosidaza thu dugc khong bi thay dbi (RmGal). Gen
RmGal duoc chén vao GenScript, Inc. va dugc tong hop hoan chinh.

Vidu 4

Thu dugc gen B-galactosidaza co ngudn gbc tir gibng Sterigmatomyces Elviae:

Gen [-galactosidaza cua gidng Sterigmatomyces elviae (SEQ ID NO: 19) thu dugc
theo cach giéng nhu v&i gen p-galactosidaza co nguon gbe tir gibng Sirobasidium magnum.
Gen nay gdm trinh tu tin hidu va trinh tw ma hoa B-galactosidaza. Trinh ty (SEQ ID NO:
21) trong d6 trinh ty tin hiéu cia gen nay dugc thay thé bang trinh ty tin hidu TAA ciia nim
Aspergillus oryzae thu duge trén may tinh, va ngoai ra, trinh tu (SEQ ID NO: 23) trong do6
codon cua trinh ty ma hoa B-galactosidaza tu nhién dugc thay dbi trong khoang sao cho
trinh tu axit amin cua B-galactosidaza thu dwoc khong bi thay d6i (SeGal). SeGal dwogc chén

vao GenScript, Inc. va dugc tdng hop hoan chinh.

Vidu5

Thu dugc thé bién nap SsGal

SsGal thu dugc trong Vi du 1 dugc gui dén cong ty Contract Protein Expression
Service of Ozeki Co., Ltd. (4-9, Imazudezaike-cho, Nishinomiya-shi, Hyogo, 663-8227), va
dwoc gin vao vecto biéu hién.

Pé lam vat cha dung dé bién nap, NS4 1a chang c6 ngudn gdc tir nim Aspergillus
oryzae va bi thiéu hut gen nitrat reductaza (niaD) va gen ATP sulfurylaza (sC) (thu dugc tir
National Research Institute of Brewing, 3-7-1, Kagamiyama, Higashihiroshima-shi,
Hiroshima, 739-0046) duoc st dung, va vecto biéu hién duoc gin vao vat chil bang phuong
phép PEG-thé nguyén sinh, nh& d6 thu dugc thé bién nap (ching SsGal). Can luu ¥ ring

viéc chon loc thé bién nap dugc thuc hién trén co s& b sung tinh trang ctia su thiéu hut sC.

11
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Vidub6
Thu duoc thé bién nap SmGal
Thu duge vecto biéu hién di chuyén nhiém va thé bién nap (ching SmGal) theo cach

giéng nhu trong Vi du 5, ngoai trix viéc SmGal thu dugc trong Vi du 2 duoc st dung.

Vidu7
Thu duge thé bién nap RmGal
Thu dwgc vecto biéu hién da chuyén nhiém va thé bién nap (ching RmGal) theo

cach giéng nhu trong Vi du 5, ngoai trit viéc RmGal thu dwoc trong Vi du 3 duoc su dung.

Vidu8
Thu dugc thé bién nap SeGal
Thu dwoc vecto bidu hién da chuyén nhiém va thé bién nap (ching SeGal) theo cach

gibng nhu trong Vi du 5, ngoai trir viéc SeGal thu dwgc trong Vi du 4 dugc sir dung.

Vidu9

Danh gi4 kha nang san sinh ra f-galactosidaza boi thé bién nap
(1) Banh gia hoat tinh

Trong s6 cac thé bién nap twong tmg thu dwoc trong cac vi du tir 5 dén 8, chung
SsGal duoc nudi céy trong mdi trudng CDD (dextrin 2%, glucoza 0,2%, NH4CI 0,2%, KCI
0,002%, K,HPO, 0,001%, MgS0,-7H,0 0,0005%, CuSO45H,0 2X107°%, FeSO47H,0
1X107%, ZnSO,7H,0 1X10°%, MnSO,5H,0 1X10%, AICl; 1X10°°%, chit dém
MOPS-NaOH 200mM, d6 pH = 7,0) & nhiét d§ 30°C trong 144 gio (thang ty 1€ cta binh
Erlenmeyer theo thé tich 15ml/100ml). Chung RmGal dugc nudi ciy trong mdi trudng
2XDPY (dextrin 4%, hipolypepton 2%, chét chiét ndm men 2%, KH,PO, 1%,
MgS0,-7H,0 0,1%) & nhiét d 30°C trong 144 gidy (thang ty 1& cta binh lic cd dai theo thé
tich 150ml/500ml). Chung SmGal dugc nudi cdy trong moi truong 2 X DPY & nhiét d6 30°C
trong 168 gio (thang ty 18 cta binh ldc cd dai theo thé tich 150ml/500ml). Ching SeGal
duoc nudi cdy trong moi truong DPY (dextrin 2%, hipolypepton 1%, chét chiét nAm men
1%, KH,PO, 0,5%, MgSO.7H,0 0,05%) & nhiét d 30°C trong 168 gio. Dich ndi bé mat

nudi cdy duoc thu hdi, va duge tron véi lugng twong duong cua 2 X dung dich dém mau
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(Tris 125mM -HCI (d6 pH = 6,8), glyxerol 20%, bromophenol mau xanh da troi 0,01%,
SDS 4%, DTT 200mM), va hdn hop tao thanh dwoc xit 1y & nhiét do 100°C trong 10 phut
va sau d6 dwoc phén tich bang phuong phap SDS-PAGE (nhuém CBB).

Ngoai ra, viéc danh gia hoat tinh dwoc thuc hién theo phuong phap sau day béng
cach st dung ONPG lam co chit. Dung dich duoc didu ché biang cach cho thém
2-nitrophenyl-B-galactosit (ONPG) vao dung dich d¢m xitrat phosphat 50mM (d6 pH = 4,0)
dé thu dwoc ndng @6 12,5mM. 0,8ml dung dich ndy dwgc cho thém 0,2ml dich ndi bé mit
nudi ciy chira p-galactosidaza dugc pha lodng bing dung dich dém xitrat phosphat S0mM
(@6 pH = 4,0) sao cho hé sb hip thu & budc séng 420nm nim trong khoang tir 0,2 dén 0.8
va dé cho phan tmg xay ra & nhiét 6 30°C trong 10 phut (dung dich thtr nghiém). Sau khi
lam nging phan tmg bang cach cho thém 4ml dung dich natri cacbonat 0,25M, tién hanh ly
tam (6 tc d6 3000 g, 10 phat), va lugng 2-nitrophenol dwge gidi phong co6 mit trong dich
ndi bé mit duoc xac dinh béng cach xac dinh hé s6 hép thu & budc song 420nm b'?mg cach
stt dung phé ké phan cyc. Mit khac, dung dich thu dwoc biang cach cho dung dich dém
xitrat phosphat 50mM (d6 pH = 4,0) vao dung dich 2-nitrophenyl-B-galactosit duoc sir dung
lam dung dich khdng chira chit phan ting, va dung dich thu dugc bing cach trudc tién, cho
dung dich natri cacbonat vao, va sau do cho thém dich ndi bé mit nudi céy chira
B-galactosidaza vao d6 va tron 1an, va ddng thoi, lam ngimg phan tng va tién hanh lam hién
mau dugc xac dinh lam dung dich phan Gmg ban dau (mAu mu). Mot don vi (U) cia hoat
tinh enzym dugc xac dinh lam lugng enzym dé giai phong 1pumol 2-nitrophenol/phit trong

cac diéu kién va dugc tinh toan theo cong thirc sau.

Cong thuc 1

Gi4 tri hoat tinh (U/ml) = [{(hé sb hip thu cta dung dich thi nghiém) — (hé s6 hép thu dung
dich khéng chitra chit phan tng) — (hé s6 hip thu cia miu mu)}/ {0,91(hé sb tit cna
2-nitrophenol) X 0,2 X 10}] X hé sd pha lodng

Két qua cua phuong phap phan tich SDS-PAGE va danh gi4 hoat tinh dugc thé hién
trén cac hinh v& tir Fig.1 dén Fig.4. Bing cach nhuém CBB, ddi v&i mdi chiing trong sb
chung Rm@Gal, ching SmGal, va ching SeGal, khong phat hién dugc sy c6 mit cua dai cu
thé trong ching bb-me, va dai nay dugc cho 13 B-galactosidaza ctia mdi ching. Pbi voi
ching SsGal, khong quan sat dwoc dai cu thé trong méi truong DPY, nhung khi ching nay

dwoc nudi cdy trong méi trudng CDD (86 pH = 7,0), khong phat hién dugc sy c6 mit clia
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dai cu thé trong ching bd-me, va dai nay duogc cho 1a B-galactosidaza. Céac didu kién nubi
cdy trong d6 ning sudt tiét cuia mdi p-galactosidaza trd nén cao dugc nghién ctru. Két qua 13
thu duoc hoat tinh 16n nhét trong cac diéu kién ma ching SsGal dugc nudi céy trong moi
treong CDD (46 pH = 7,0) & nhiét 6 30°C trong 144 gio, ching RmGal duoc nudi ciy
trong méi truong 2XDPY & nhiét dd 30°C trong 144 gio, ching SmGal dugc nudi cdy
trong moi truong 2XDPY & nhiét do 30°C trong 168 gid, va ching SeGal duge nudi chy
trong moi trudng DPY ¢ nhiét do 30°C trong 168 gid. Ngoai ra, nang suét ctia chung SsGal,
ching RmGal, ching SmGal, va ching SeGal dwgc xac dinh tuong Gng bang khoang 200
mg/l, khoang 200 mg/l, khoang 200 mg/l, va khoang 1 g/l, dya trén sy tap trung cua cac dai
ctia SDS-PAGE.

(2) banh gia s6 luong ban sao

Ngoai ra, viéc danh gié sb lugng bang biéu hién dugc gin vao thé bién nap dugc
thuc hién bing phwong phap PCR trong thoi gian thuc.

Tir cac két qua cta phan Gmg PCR, danh gia dugc rang mdi ching SsGal, ching
RmGal, va ching SmGal 13 chiing ma trong d6 mdt ban sao cua bang biéu hién dugc chén
vao, va ching SeGal la chiing ma trong d6 hai ban sao cua bang biéu hién dugc chén vao.
(3) Thr nghiém lam bét hoat bing nhiét

1ml ciia mdi dung dich nudi ciy cta céc thé bién nap twong tmg va ching bb-me
(chiing NS4) dugc nubdi cly trong cac diéu kién nudi chy nhu duge mo ta trong muc (1)
duoc 0 & nhiét d6 40°C, 50°C, 60°C, 70°C, hodc 80°C trong 1 gi0, va tién hanh x4c dinh
hoat tinh enzym va phuong phap phan tich SDS-PAGE.

Két qua clia phuong phap SDS-PAGE va danh gia hoat tinh dugc thé hién trén cac
hinh v& tir Fig.5 dén Fig.8. Ching SsGal van duy tri dugc hoat tinh ctia né ¢ nhiét d6 1én
dén 40°C, nhung khi ching SsGal dugc u ¢ nhiét 46 50°C trong 1 gio, hoat tinh bi giam
khoang 70%, va hoat tinh bi méat di & nhiét 46 70°C. Phat hién dugc hoat tinh ciia chung
bé-me dwoc nudi cdy trong cung didu kién 14 rit it & nhiét d6 lén dén 60°C, va hoat tinh bj
mét di & nhiét d6 70°C. Ching RmGal vn duy tri dwgc hoat tinh clia nd & nhiét d9 1én dén
50°C, nhung khi ching RmGal dugc @ ¢ nhiét d6 60°C trong 1 gio, hoat tinh bi mét di. Phat
hién duoc hoat tinh ciia ching bé me dugc nudi cdy trong ctng diéu kién & nhiét do 1én dén
70°C, va hoat tinh bi mét di & nhiét d6 80°C. Ching SmGal van duy tri dugc hoat tinh ctia
n6 & nhiét d6 1én dén 50°C, nhung khi chung SmGal dugc u ¢ nhiét d6 60°C trong 1 gio,
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hoat tinh bi gidm di khoang 20%, va hoat tinh bi mat di & nhiét d6 80°C. Phat hién dugc
hoat tinh ctia chiing bd-me duge nudi céy trong cung didu kién & nhiét do 1én dén 70°C, va
hoat tinh bi mét di & nhiét dd 80°C. Chiing SeGal van duy tri duoc hoat tinh ctia né ¢ nhiét
do 1én dén 70°C. Khi chung SeGal ching dugc 0 ¢ nhiét d 80°C trong 1 gid, hoat tinh bi
giam di khoang 97%. Phat hién dugc hoat tinh cia ching bé-me duogc nudi cy trong cung
diéu kién & nhiét d6 1én dén 40°C, va hoat tinh bi mét di & nhiét ¢ 50°C. Ngoai ra, ddi vi
ching SeGal, viéc xir Iy & nhiét @6 80°C dwoc thuc hién trong thoi gian ngén (5 phut, 10
phat, va 20 phut) chir khong phai 1 gio. K&t qua 13 hoat tinh bi giam khoang 37% khi thuc
hién viéc xir Iy & nhi¢t do 80°C trong 5 phit, va hoat tinh bi giam khoang 98% khi thuc
hién viéc xtr 1y trong 20 phut. Ngoai ra, theo két qua danh gia hoat tinh, tit ca cac chung
déu co6 hoat tinh cao hon hoat tinh ciia ching b-me khi dugc x& 1y & nhiét d6 40°C va
50°C.

Tir cac két qua trén day, di phat hién duoc ring ching SeGal c6 thé duy tri duogc

hoat tinh ciia n6 ngay ca & nhiét 9 cao.

Vidu 10

Loai bo cac enzym tap chét

Nhu duoc thé hién trong Vi du 9, muc (3), d3 phat hién duoc ring chung SeGal co
thé duy tri dugc hoat tinh ctia né ngay ca & nhiét do cao. Mit khac, khi thit nghiém lam bt
hoat bang nhiét dwgc thuc hién theo cach gidng nhu trong Vi du 9, muc (3) dbi véi enzyme
tap chit c6 ngudn gdc tir ndm Aspergillus oryzae, nghia 13 ching b6-me cua chung SeGal,
cac enzym tap chét c6 thé dugc 1am bt hoat béng cach xtr Iy nhi¢t & nhiét @6 70°C. Do do,
da phét hién dugc rang p-galactosidaza dugce san sinh boi chung SeGal c6 thé duoc tinh ché

bang cach xtr Iy nhiét (Fig.9).

Vidu 11

San xuét galactooligosacarit (1):

150ml dung dich cha lactoza 66% (trong luong/thé tich) dugc cho thém mdi dich
nbi bé mit nudi cdy ciia ching SsGal, ching SmGal va chung SeGal thu dugc trong Vi du 9
v6i lugng twong tmg véi 10 U va dung dich nay dwoc dé cho phan tng & nhiét d6 dinh
trude trong khodng thoi gian dinh trude, nho do galactooligosacarit dugc tao ra. Thanh

phén duong va lwong cia nd dwoc xac dinh bang phwong phap sic ky 1ong hiéu ndng cao.
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Thoi gian phan tng va ham luong thanh phin dwdng trong dung dich dwoc thé hién trén cac
hinh v& tir Fig.10 dén Fig.12 (Fig.10: ching SsGal, Fig.11: ching SmGal, Fig.12: ching
SeGal).

Tir cac hinh v&, d4 phat hién dwoc rang do luwgng B-galactosidaza duoc san sinh boi
chung SsGal, chung SmGal, va ching SeGal, galactooligosacarit 13 trisacarit c6 thé duoc
tao ra chu yéu tir lactoza.

Ngoai ra, khi galactooligosacarit duoc san xudt bang cach st dung p-galactosidaza
do chung SsGal tiét ra, ham lugng galactooligosacarit bang 56,0%, khi galactooligosacarit
dwoc san xuit bang cach st dung B-galactosidaza do chiung SmGal tiét ra, ham lugng
galactooligosacarit bing 66,7%, va khi galactooligosacarit dwoc san xuét bang céach sir dung
B-galactosidaza do ching SeGal tiét ra, ham luong galactooligosacarit bang 68,5%.

Cén hwu ¥ rang cac B-galactosidaza néu trén 14 cac protein tiét, va do do khong cén
xtr 1y céc t& bao sau khi tao ra galactooligosacarit, va galactooligosacarit c6 thé dugc san

xuét theo cach hitu hiéu.

Vidu 12

San xuét galactooligosacarit (2):

150ml dung dich chira lactoza 66% (trong lwong/thé tich) dugc cho thém dich ndi bé
mit nudi cdy cia ching SeGal thu dugc trong Vi du 9 véi lwong twong ung voi 1,0 U, va
dung dich nay dwgc dé cho phan ting & nhiét d6 70°C, 80°C, hoic 90°C trong khoang thoi
gian dinh trudc, nhd d6 galactooligosacarit dugc tao ra. Thanh phin dudng va lwong cia nd
dwoc xac dinh bang phuong phéap sic ky long hiéu ning cao. Thoi gian phan Gng va ham
luong thanh phan dudng trong> dung dich dugc thé hién trén Fig.13 (hinh (a): & nhiét do
70°C, hinh (b): & nhi¢t d6 80°C) va Fig.14 (hinh (c): ¢ nhiét d6 90°C).

B-galactosidaza c6 ngudn gbc tir ching SeGal ¢ kha ning chiu nhiét cao, va cb thé

dat dugc su tao ra GOS & nhiét 9 nam trong khoang tir 70 dén 90°C.

Kha niang ing dung trong cong nghiép
B-galactosidaza thu dugc bing phuong phap san xuit p-galactosidaza duogc tiét ra
dwoc tich va tinh ché d& dang, va c¢6 thé dugc st dung trong qua trinh sdn xudt

galactooligosacarit.
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YEU CAU BAO HQ

. Phuong phap san xuét B-galactosidaza dugc tiét ra, khac biét & chd, phwong phap nay
bao gdm budc gin gen p-galactosidaza khong tiét c6 ngudn gbc tur ndm men

Basidiomycetes vio nim Aspergillus oryzae dé san xuét p-galactosidaza dugc tiét ra.

. Phuong phap san xuét B-galactosidaza duoc tiét ra theo diém 1, trong d6 ndm men
Basidiomycetes thubc vé gidng Sporobolomyces, gidng Sirobasidium, gidng Rhodotorula,

hoic gidng Sterigmatomyces.

. Phuong phép san xudt B-galactosidaza theo diém 1 hodc 2, trong d6 gen B-galactosidaza
khong tiét c6 ngudn gbc tir nAm men Basidiomycetes gdm trinh tv tin hiéu va trinh ty ma

hoa B-galactosidaza.

. Phuong phép san xuét B-galactosidaza theo diém 3, trong d6 trinh tu tin hidu cta gen
B-galactosidaza khong tiét co ngudn gbc tir nAm men Basidiomycetes 14 trinh ty tin hiéu

cua nam Aspergillus oryzae.

. Phuong phép san xuét p-galactosidaza theo diém 3 hoic 4, trong d6 trinh ty mi hoa
B-galactosidaza 13 trinh ty ma trong d6 codon cua trinh tw md hoa B-galactosidaza tu
nhién dwogc thay d6i trong khoang sao cho trinh tu axit amin cta p-galactosidaza khéng

bi thay ddi.

. Phuong phép san xuit B-galactosidaza theo diém 3, trong d6 trinh ty tin hi¢u va trinh ty
ma hoa B-galactosidaza 1a trinh tu duoc thé hién boi cac trinh ty SEQ ID NO: 1, 7, 13,
hoac 19.

. Phuong phép san xuit B-galactosidaza theo diém 3 hoic 4, trong d6 trinh tu tin higu va
trinh tu m3 hoa PB-galactosidaza 1a trinh tu duoc thé hién bai cac trinh tu SEQ ID NO: 3,
9, 15, hoac 21.

. Phuong phép san xuét B-galactosidaza theo diém 5, trong d6 trinh ty tin hiéu va trinh tu

17
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m3 hoa B-galactosidaza la trinh ty duoc thé hién boi cac trinh ty SEQ ID NO: 5, 11, 17,
hoac 23.

9. Gen B-galactosidaza khong tiét c6 ngudn gbe tir niAm men Basidiomycetes, trong d6 gen

nay co trinh tyr dugce thé hién béi cac trinh ty SEQ ID NO: 7, 13, hodc 19.

10. Thé bién nap cua ndm Aspergillus oryzae, khac biét & chd, gen B-galactosidaza khong
tiét co ngudn gbe tir ndm men Basidiomycetes dugc gén vao nam Aspergillus oryzae dé

san xuét B-galactosidaza dugc tiét ra.
11. Phuong phép san xuét galactooligosacarit, khac biét & chd, phuong phap nay bao gém

budc cho B-galactosidaza thu dugc bang phuong phép san xuét B-galactosidaza theo

diém bat ky trong s cac diém tir 1 dén 8 tac dung 1én co chét chua it nhét 13 lactoza.

18
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Met

540

Leu

Arg

Leu

445

Lys

Glu

Gln

Ser

Ala

525

Gln

Thr

Asn

24/96



4060 25/96

<221> mat_peptit
<222> (64)..(1788)

<400> 3
atg atg gtc gcg tgg tgg tct cta ttt ctg tac ggc ctt cag gtc geg 48
Met Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala
-20 -15 -10
gca cct gct ttg gect gecc ggt geca gtt acc tac ccc ggt geg att cca 96
Ala Pro Ala Leu Ala Ala Gly Ala Val Thr Tyr Pro Gly Ala Ile Pro
-5 -1 1 5 10
ctt agc ttg acc agc aat tac gag acg ccg agt ccg acc gcc atc ccc 144
Leu Ser Leu Thr Ser Asn Tyr Glu Thr Pro Ser Pro Thr Ala Ile Pro
15 20 25
ctg gag ccg acc cca acg gcg acc gga acc gec gaa ctt gat geg ctc 192
Leu Glu Pro Thr Pro Thr Ala Thr Gly Thr Ala Glu Leu Asp Ala Leu
30 35 40
tgg aat ttg gtg gaa gca cag tac cct gtt cag acg gcg gct gtc acc 240
Trp Asn Leu Val Glu Ala Gln Tyr Pro Val Gln Thr Ala Ala Val Thr
45 50 55
acc ctg gtg acg gtg ccc gac gac tac aag ttt gaa gca gac cct cct 288
Thr Leu Val Thr Val Pro Asp Asp Tyr Lys Phe Glu Ala Asp Pro Pro
60 65 70 75
tcc tat gect ctt gct ggc tac gag aca tca gaa att gcc ggc ttg aag 336
Ser Tyr Ala Leu Ala Gly Tyr Glu Thr Ser Glu Ile Ala Gly Leu Lys
80 85 920
ttc ccg aag ggg ttc aag ttt ggc gtg gcc ggec gecg get att caa gtg 384
Phe Pro Lys Gly Phe Lys Phe Gly Val Ala Gly Ala Ala Ile Gln Val
95 100 105
gaa ggc gca gcg aaa gca gag gga cga ggc cca tcc act tgg gat tac 432
Glu Gly Ala Ala Lys Ala Glu Gly Arg Gly Pro Ser Thr Trp Asp Tyr
110 115 120
ttg tgc cac cat tac gcg tcc aca cag tgc aac aac tat gat cct gac 480
Leu Cys His His Tyr Ala Ser Thr Gln Cys Asn Asn Tyr Asp Pro Asp
125 130 135
att acg acg aac cat tac tac ctt tac cct ctt gat ttc gcc cgg ctc 528
Ile Thr Thr Asn His Tyr Tyr Leu Tyr Pro Leu Asp Phe Ala Arg Leu
140 145 150 155
cag cat cta ggc atc aac acg tat tcg ttt tca atc tcc tgg act cgt 576
Gln His Leu Gly Ile Asn Thr Tyr Ser Phe Ser Ile Ser Trp Thr Arg
160 165 170
ata tac cct ctg ggt gct ggc tac gtt aac gaa gcc ggt ttg gecg cat 624
Ile Tyr Pro Leu Gly Ala Gly Tyr Val Asn Glu Ala Gly Leu Ala His
175 180 185
tac gac gcg gta atc cac tcg gcc aag aag tac ggg ctg gag cct gtc 672
Tyr Asp Ala Val Ile His Ser Ala Lys Lys Tyr Gly Leu Glu Pro Val
190 195 200
gga aca gta ttt cac tgg gac acc cct ctc agc ctc atg ctc aaa tat 720



Gly

gsc
Gly
220

tac
Tyr

ttc
Phe

ccc
Pro

ttc
Phe

gtt
Val
300

gec
Gly

gcg
Ala

atc
Ile

aaa
Lys

gsc
Gly
380

acc
Thr

aac
Asn

ttc
Phe

ccg
Pro

Thr
205

gcg
Ala

gcc
Ala

acg
Thr

tat
Tyr

cgg
Arg
285

tac
Tyr

ttc
Phe

gac
Asp

Tttt
Phe

gag
Glu
365

tac

Tyr

gat
Asp

cag
Gln

gcc
Ala

ctg
Leu

Val

tgg
Trp

acc
Thr

ttc
Phe

aac
Asn
270

tgt
Cys

cgg
Arg

aag
Lys

gac
Asp

gcc
Ala
350

acc
Thr

atc
Ile

atc
Ile

tcg
Ser

cac
His
430

tcg
Ser

Phe

caa
Gln

acc
Thr

aat
Asn
255

ctc
Leu

act
Thr

gat
Asp

tcg
Ser

gag
Glu
335

cag
Gln

gtt
Val

aag
Lys

tcg
Ser

gac
Asp
415

gta
Val

tca
Ser

His

gat
Asp

gtc
Val
240

gag
Glu

acg
Thr

tat
Tyr

ctc
Leu

gac
Asp
320

gaa
Glu

cca
Pro

g8¢
Gly

g8c
Gly

cat
His
400

cct
Pro

tac
Tyr

tgg
Trp

Trp

acc
Thr
225

ttc
Phe

cct
Pro

tat
Tyr

aac
Asn

gtt
Val
305

gac
Asp

tcc
Ser

gtt
Val

gac
Asp

agc
Ser
385

gcc

Ala

aac
Asn

ccg
Pro

ctc
Leu

Asp
210

ggec
Gly

aaa
Lys

cgc
Arg

cct
Pro

gtc
Val
290

gcc
Ala

aac
Asn

gcc
Ala

tac
Tyr

atg
Met
370

g8c
Gly

gca
Ala

tgg
Trp

tct
Ser

gtc
Val

gac
Asp

cga
Arg

gtg
Val

gag
Glu
275

ctg
Leu

agc
Ser

tac
Tyr

aaa
Lys

gga
Gly
355

ctg
Leu

gac
Asp

ctg
Leu

cct
Pro

ggt
Gly
435

aac
Asn

4060

Pro

cag
Gln

tac
Tyr

ttc
Phe
260

gga
Gly

aaa
Lys

gga
Gly

cca
Pro

cgt
Arg
340

aac
Asn

ccc
Pro

atc
Ile

aat
Asn

gtt
Val
420

ttc
Phe

tcc
Ser

Leu

atc
Ile

get
Gly
245

tgt
Cys

atc
Ile

gcc
Ala

acc
Thr

atc
Ile
325

cac
His

gec
Gly

gcc
Ala

ttc
Phe

gea
Gly
405

tgc
Cys

gcc
Ala

gcc
Ala

Ser

gtt
Val
230

aat
Asn

tct
Ser

aac
Asn

cat
His

att
Ile
310

cca
Pro

gaa
Glu

gac
Asp

ctg
Leu

gcc
Ala
390

atc

Ile

gag
Glu

atc
Ile

cca
Pro

Leu
215

aaa
Lys

gaa
Glu

caa
Gln

tca
Ser

ggc
Gly
295

gct
Ala

gcg
Ala

gcg
Ala

tat
Tyr

acg
Thr
375

att
Ile

gcg
Ala

gaa
Glu

ggc
Gly

Tttt
Phe

Met

gat
Asp

gtc
Val

aac
Asn

act
Thr
280

cac
His

gct
Ala

cge
Arg

ttc
Phe

cct
Pro
360

gat
Asp

gac
Asp

aat
Asn

gssg
Gly

cag
Gln
440

att
Ile

Leu

ttc
Phe

aag
Lys

agt
Ser
265

tca
Ser

gcg
Ala

gga
Gly

ccc
Pro

cga
Arg
345

gat
Asp

gag
Glu

gt
Gly

tgc
Cys

tct
Ser
425

tcc

Ser

cge
Arg

Lys

gtc
Val

acc
Thr
250

gsec
Gly

gcce
Ala

gtt
Val

gag
Glu

gea
Gly
330

atc
Ile

gta
Val

gac
Asp

tac
Tyr

atc
Ile
410

gac

Asp

gcc
Ala

gac
Asp

Tyr

aca
Thr
235

tgg
Trp

ctt
Leu

gtc
Val

aag
Lys

atc
Ile
315

aac
Asn

gga
Gly

gta
Val

aag
Lys

cgsg
Arg
395

aga

Arg

ccg
Pro

gat
Asp

cag
Gln

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

26/96



445

ctg aag ttc ctc
Leu Lys Phe Leu
460

agc gag ttt ggg
Ser Glu Phe Gly

tac caa atc acc
Tyr Gln Ile Thr
495

ctg tcc caa ctc
Leu Ser Gln Leu
510

ggc gcg tta acc
Gly Ala Leu Thr
525

atg caa cag aaa
Met Gln Gln Lys
540

ctc acc agg acc
Leu Thr Arg Thr

cgc aac cac ctc
Arg Asn His Leu
575

<210> 4

<211> 596
<212> PRT
<213> Trinh tu

<220>
<223>

Cau truc

<400> 4

Met Met Val Ala
-20

Ala Pro Ala Leu
-5

Leu Ser Leu Thr
15

Leu Glu Pro Thr
30

act
Thr

tgg
Trp
480

tgg
Trp

ctg
Leu

tgg
Trp

ttc
Phe

ttc
Phe
560

tga

nhén tao

téng hop

caa
Gln
465

gcc
Ala

gac
Asp

ctc
Leu

agt
Ser

gga
Gly
545

aaa
Lys

450

acg
Thr

gag
Glu

ggt
Gly

gcc
Ala

ttc
Phe
530

ttc
Phe

ctc
Leu

tac
Tyr

gat
Asp

ctt
Leu

gtc
Val
515

gtc
Val

cag
Gln

tct
Ser

4060

ccg
Pro

gcg
Ala

agg
Arg
500

cat

His

gac
Asp

ttt
Phe

gcg
Ala

Trp Trp Ser Leu Phe

-15

Ala Ala Gly Ala Vval

-1

1

Ser Asn Tyr Glu Thr

20

Pro Thr Ala Thr Gly

35

gca
Ala

gag
Glu
485

acc

Thr

aag
Lys

aac
Asn

gtc
Val

cac
His
565

Leu

Thr

Pro

Thr

aag
Lys
470
tac
Tyr

cag
Gln

gat
Asp

tgg
Trp

aat
Asn
550

gct
Ala

Tyr

Tyr

Ser

Ala

455

gea
Gly

gac
Asp

tat
Tyr

ggg
Gly

gaa
Glu
535

cag

Gln

tac
Tyr

ggt
Gly

cgc
Arg

ctc
Leu

att
Ile
520

tgg
Trp

tcg
Ser

gct
Ala

att
Ile

cag
Gln

act
Thr
505

aat

Asn

gga
Gly

gac
Asp

caa
Gln

Gly Leu Gln

-10

Pro Gly Ala

Pro Thr Ala

25

Glu Leu Asp

40

tac
Tyr

ctg
Leu
490

gac
Asp

ctt
Leu

ctg
Leu

cca
Pro

Tttt
Phe
570

Val

Ile

10

Ile

Ala

ttc
Phe
475
ttg
Leu

tac
Tyr

cgc
Arg

geg
Gly

gat
Asp
555

gst
Gly

Ala

Pro

Pro

Leu

1488

1536

1584

1632

1680

1728

1776

1791

27/96



Trp

Thr

60

Ser

Phe

Glu

Leu

Ile

140

Gln

Ile

Tyr

Gly

Gly

220

Tyr

Phe

Pro

Phe

Asn

45

Leu

Tyr

Pro

Gly

Cys

125

Thr

His

Tyr

Asp

Thr

205

Ala

Ala

Thr

Tyr

Arg

Leu

Val

Ala

Lys

Ala

110

His

Thr

Leu

Pro

Ala

190

Val

Trp

Thr

Phe

Asn

270

Cys

Val

Thr

Leu

Gly

95

Ala

His

Asn

Gly

Leu

175

Val

Phe

Gln

Thr

Asn

255

Leu

Thr

Glu

Val

Ala

80

Phe

Lys

Tyr

His

Ile

160

Gly

Ile

His

Asp

Val

240

Glu

Thr

Tyr

Pro

65

Gly

Lys

Ala

Ala

Tyr

145

Asn

Ala

His

Trp

Thr

225

Phe

Pro

Tyr

Asn

Gln

50

Asp

Tyr

Phe

Glu

Ser

130

Tyr

Thr

Gly

Ser

Asp

210

Gly

Lys

Arg

Pro

Val

Tyr

Asp

Glu

Gly

Gly

115

Thr

Leu

Tyr

Tyr

Ala

195

Thr

Asp

Arg

Val

Glu

275

Leu

4060

Pro

Tyr

Thr

Val

100

Arg

Gln

Tyr

Ser

Val

180

Lys

Pro

Gln

Tyr

Phe

260

Gly

Lys

Val

Lys

Ser

85

Ala

Gly

Cys

Pro

Phe

165

Asn

Lys

Leu

Ile

Gly

245

Cys

Ile

Ala

Gln

Phe

70

Glu

Gly

Pro

Asn

Leu

150

Ser

Glu

Tyr

Ser

Vval

230

Asn

Ser

Asn

His
10

Thr

55

Glu

Ile

Ala

Ser

Asn

135

Asp

Ile

Ala

Gly

Leu

215

Lys

Glu

Gln

Ser

Gly

Ala

Ala

Ala

Ala

Thr

120

Tyr

Phe

Ser

Gly

Leu

200

Met

Asp

Val

Asn

Thr

280

His

Ala

Asp

Gly

Ile

105

Trp

Asp

Ala

Trp

Leu

185

Glu

Leu

Phe

Lys

Ser

265

Ser

Ala

Val

Pro

Leu

920

Gln

Asp

Pro

Arg

Thr

170

Ala

Pro

Lys

Val

Thr

250

Gly

Ala

Val

Thr

Pro

75

Lys

Val

Tyr

Asp

Leu

155

Arg

His

Val

Tyr

Thr

235

Trp

Leu

Val

Lys

28/96



Val

300

Gly

Ala

Ile

Lys

Gly

380

Thr

Asn

Phe

Pro

Leu

460

Ser

Tyr

Leu

Gly

285

Tyr

Phe

Asp

Phe

Glu

365

Tyr

Asp

Gln

Ala

Leu

445

Lys

Glu

Gln

Ser

Ala
525

Arg

Lys

Asp

Ala

350

Thr

Ile

Ile

Ser

His

430

Ser

Phe

Phe

Ile

Gln

510

Leu

Asp

Ser

Glu

335

Gln

Val

Lys

Ser

Asp

415

Val

Ser

Leu

Gly

Thr

495

Leu

Thr

Leu

Asp

320

Glu

Pro

Gly

Gly

His

400

Pro

Tyr

Trp

Thr

Trp

480

Trp

Leu

Trp

Val

305

Asp

Ser

Val

Asp

Ser

385

Ala

Asn

Pro

Leu

Gln

465

Ala

Asp

Leu

Ser

296

Ala

Asn

Ala

Tyr

Met

370

Gly

Ala

Trp

Ser

Val

450

Thr

Glu

Gly

Ala

Phe
530

Ser

Tyr

Lys

Gly

355

Leu

Asp

Leu

Pro

Gly

435

Asn

Tyr

Asp

Leu

Val

515

Val

4060

Gly

Pro

Arg

340

Asn

Pro

Ile

Asn

Val

420

Phe

Ser

Pro

Ala

Arg

500

His

Asp

Thr

Ile

325

His

Gly

Ala

Phe

Gly

405

Cys

Ala

Ala

Ala

Glu

485

Thr

Lys

Asn

Ile

310

Pro

Glu

Asp

Leu

Ala

390

Ile

Glu

Ile

Pro

Lys

470

Tyr

Gln

Asp

Trp

11

295

Ala

Ala

Ala

Tyr

Thr

375

Ile

Ala

Glu

Gly

Phe

455

Gly

Asp

Tyr

Gly

Glu
535

Ala

Arg

Phe

Pro

360

Asp

Asp

Asn

Gly

Gln

440

Ile

Gly

Arg

Leu

Ile

520

Trp

Gly

Pro

Arg

345

Asp

Glu

Gly

Cys

Ser

425

Ser

Arg

Ile

Gln

Thr

505

Asn

Gly

Glu

Gly

330

Ile

Val

Asp

Tyr

Ile

410

Asp

Ala

Asp

Tyr

Leu

490

Asp

Leu

Leu

Ile

315

Asn

Gly

Val

Lys

Arg

395

Arg

Pro

Asp

Gln

Phe

475

Leu

Tyr

Arg

Gly

29/96



4060

Met Gln Gln Lys Phe Gly Phe Gln Phe Val Asn Gln Ser Asp Pro Asp

540

545

550

555

Leu Thr Arg Thr Phe Lys Leu Ser Ala His Ala Tyr Ala Gln Phe Gly

Arg Asn His Leu

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

<220>
<223>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<400>
atg atg gtc
Met Met Val

gca
Ala
-5

ctg

Leu

ttg
Leu

tgg
Trp

acc
Thr
60

agc

-20
cct

Pro

tcc
Ser

gag
Glu

aac
Asn
45

ctc
Leu

tat

5
1791
ADN

Trinh ty nhadn tao

575

560

Beta-galactosidaza

Cbs

(1)..(1791)

sig peptit

(1)..(63)

mat_peptit
(64)..(1788)

5

gct
Ala

ctc
Leu

cca
Pro
30

ctt
Leu

gtc
Val

gca

gcg
Ala

ttg
Leu

aca
Thr
15

act
Thr

gtc
Val

acc
Thr

ctc

tge
Trp

gct
Ala
-1

agc
Ser

ccg
Pro

gaa
Glu

gtc
Val

gca

tgg
Trp

gct
Ala

aac
Asn

act
Thr

gct
Ala

cct
Pro
65

get

tct
Ser
-15

ggec
Gly

tac
Tyr

gca
Ala

cag
Gln
50

gac
Asp

tac

cta
Leu

gcc
Ala

gag
Glu

act
Thr
35

tat
Tyr

gac
Asp

gag

ttt
Phe

gtc
Val

aca
Thr
20

gga
Gly

ccc
Pro

tac
Tyr

act

565

ctg
Leu

aca
Thr

cct
Pro

acc
Thr

gtc
Val

aag
Lys

tcc

tac
Tyr

tac
Tyr

tct
Ser

gca
Ala

caa
Gln

ttc
Phe
70

gag
12

ggc
Gly
-10

ccc

Pro

cct
Pro

gaa
Glu

acg
Thr
55

gag
Glu

att

ctt
Leu

gga
Gly

acc
Thr

ctg
Leu
40

gcc
Ala

gcc
Ala

gcg

cag
Gln

gct
Ala

gcc
Ala
25

gat
Asp

gca
Ala

gat
Asp

gga

570

gtc
Val

att
Ile
10

att
Ile

gcg
Ala

gtc
Val

cct
Pro

ctg

gcg
Ala

cca
Pro

cct
Pro

ctc
Leu

acc
Thr

cct
Pro
75

aag

48

96

144

192

240

288

336

30/96



Ser

ttc
Phe

gaa
Glu

ctc
Leu

atc
Ile
140

caa
Gln

atc
Ile

tac
Tyr

ggec
Gly

888
Gly
220

tat
Tyr

ttc
Phe

ccg
Pro

ttc
Phe

gtg
Val
300

ggc¢
Gly

Tyr

ccc
Pro

g8c
Gly

tgt
Cys
125

acc
Thr

cat
His

tac
Tyr

gat
Asp

acg
Thr
205

Bcg
Ala

gcc
Ala

aca
Thr

tac
Tyr

cgt
Arg
285

tat
Tyr

ttc
Phe

Ala

aaa
Lys

gct
Ala
110

cat
His

acc
Thr

ctg
Leu

cct
Pro

gct
Ala
190

gtc
Val

tgg
Trp

acg
Thr

ttc
Phe

aac
Asn
270

tgc
Cys

cga
Arg

aag
Lys

Leu

ggt
Gly
95

gct
Ala

cac
His

aac
Asn

ggc
Gly

ctc
Leu
175

gtc
Val

ttt
Phe

cag
Gln

acc
Thr

aac
Asn
255

ctg

Leu

acg
Thr

gat
Asp

agc
Ser

Ala
80

ttc
Phe

aaa
Lys

tat
Tyr

cat
His

atc
Ile
160

g8c
Gly

att
Ile

cac
His

gat
Asp

gtt
Val
240

gag
Glu

acc
Thr

tac
Tyr

ctt
Leu

gac
Asp

Gly

aag
Lys

gcg
Ala

gcc
Ala

tac
Tyr
145

aac
Asn

gcc
Ala

cac
His

tgg
Trp

act
Thr
225

ttc
Phe

cca
Pro

tat
Tyr

aac
Asn

gtg
Val
305

gac
Asp

Tyr

ttc
Phe

gaa
Glu

agc
Ser
130

tac
Tyr

acc
Thr

ggt
Gly

tcc
Ser

gac
Asp
210

ggt
Gly

aag
Lys

cgt
Arg

cct
Pro

gtg
Val
290

gca

Ala

aac
Asn

Glu

g8c¢
Gly

gga
Gly
115

act
Thr

ctc
Leu

tac
Tyr

tac
Tyr

gcc
Ala
195

act
Thr

gat
Asp

cgc
Arg

gtc
Val

gaa
Glu
275

ctt

Leu

tcg
Ser

tac
Tyr

4060

Thr

gtt
Val
100

cgt
Arg

cag
Gln

tac
Tyr

tcc
Ser

gtc
Val
180

aag
Lys

cct
Pro

cag
Gln

tat
Tyr

ttc
Phe
260

24:49
Gly

aag
Lys

ggt
Gly

ccg
Pro

Ser
85

gct
Ala

g8g
Gly

tgc
Cys

ccc
Pro

Tttt
Phe
165

aac
Asn

aag
Lys

ctg
Leu

atc
Ile

ggt
Gly
245

tgce
Cys

atc
Ile

gct
Ala

aca
Thr

atc
Ile

Glu

geg
Gly

ccc
Pro

aac
Asn

ctc
Leu
150

tcc
Ser

gag
Glu

tac
Tyr

tcg
Ser

gtc
Val
230

aac
Asn

tcc
Ser

aac
Asn

cat
His

atc
Ile
310

ccg
Pro
13

Ile

gcc
Ala

tct
Ser

aac
Asn
135

gat
Asp

att
Ile

gcc
Ala

gga
Gly

ctc
Leu
215

aag
Lys

gag
Glu

cag
Gln

tct
Ser

ggt
Gly
295

gct
Ala

gct
Ala

Ala

gcg
Ala

aca
Thr
120

tac
Tyr

ttc
Phe

tcc
Ser

ggc
Gly

ttg
Leu
200

atg
Met

gac
Asp

gtc
Val

aat
Asn

act
Thr
280

cat

His

gcc
Ala

cgg
Arg

Gly

att
Ile
105

tgg
Trp

gat
Asp

gcg
Ala

tgg
Trp

ttg
Leu
185

gag
Glu

ctt
Leu

ttt
Phe

aag
Lys

tcc
Ser
265

tct

Ser

gct
Ala

449
Gly

cct
Pro

Leu
90

cag
Gln

gat
Asp

ccc
Pro

cgt
Arg

acc
Thr
170

gca
Ala

cca
Pro

aag
Lys

gtg
Val

aca
Thr
250

g8g
Gly

gcg
Ala

gtc
Val

gag
Glu

ggt
Gly

Lys

gtc
Val

tac
Tyr

gat
Asp

ctt
Leu
155

cga
Arg

cac
His

gtt
Val

tac
Tyr

acg
Thr
235

teg
Trp

ctt
Leu

gtg
Val

aaa
Lys

atc
Ile
315

aat
Asn

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056
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gcc
Ala

atc
Ile

aag
Lys

ggt
Gly
380

act
Thr

aat
Asn

ttt
Phe

cct
Pro

ctg
Leu
460

tcc
Ser

tac
Tyr

ctc
Leu

gec
Gly

atg
Met
540

ttg
Leu

gac
Asp

ttc
Phe

gag
Glu
365

tac
Tyr

gac
Asp

cag
Gln

gcc
Ala

ctg
Leu
445

aag
Lys

gag
Glu

cag
Gln

tcc
Ser

gca
Ala
525

cag

Gln

acc
Thr

gac
Asp

gcc
Ala
350

acc
Thr

atc
Ile

atc
Ile

agc
Ser

cat
His
430

tct
Ser

ttc
Phe

Tttt
Phe

atc
Ile

cag
Gln
510

ttg

Leu

cag
Gln

cgc
Arg

gag
Glu
335

cag
Gln

gtg
Val

aag
Lys

tcg
Ser

gac
Asp
415

gtg
Val

tct
Ser

ctg
Leu

gga
Gly

acc
Thr
495

ctg
Leu

acc
Thr

aag
Lys

aca
Thr

320

gag
Glu

cct
Pro

ggc
Gly

gsec
Gly

cac
His
400

cct
Pro

tat
Tyr

tgg
Trp

acg
Thr

tgg
Trp
480

tgg
Trp

ctg
Leu

tgg
Trp

ttc
Phe

ttc
Phe
560

tcg
Ser

gtg
Val

gac
Asp

tcg
Ser
385

gcg
Ala

aac
Asn

ccc
Pro

ctc
Leu

caa
Gln
465

gca
Ala

gac
Asp

ttg
Leu

tct
Ser

gga
Gly
545

aag
Lys

gcc
Ala

tat
Tyr

atg
Met
370

gsc
Gly

gct
Ala

tgg
Trp

tct
Ser

gtt
Val
450

acc
Thr

gag
Glu

ggeg
Gly

gct
Ala

ttc
Phe
530

ttc
Phe

ctc
Leu

aag
Lys

ggeg
Gly
355

ctc
Leu

gac
Asp

ctg
Leu

ccg
Pro

ggc
Gly
435

aac
Asn

tat
Tyr

gat
Asp

ctt
Leu

gtg
Val
515

gtg
Val

caa
Gln

agc
Ser

4060

cgc
Arg
340

aat
Asn

ccc
Pro

atc
Ile

aat
Asn

gtg
Val
420

ttt
Phe

tcc
Ser

cct
Pro

gcg
Ala

cgc
Arg
500

cat

His

gac
Asp

ttc
Phe

gct
Ala

325

cac
His

ggt
Gly

gcc
Ala

ttc
Phe

ggc
Gly
405

tgt
Cys

gca
Ala

gct
Ala

gca
Ala

gaa
Glu
485

act
Thr

aag
Lys

aac
Asn

gtc
Val

cat
His
565

gaa
Glu

gac
Asp

ctt
Leu

gcg
Ala
390

atc
Ile

gaa
Glu

att
Ile

ccc
Pro

aaa
Lys
470

tac

Tyr

cag
Gln

gat
Asp

tgg
Trp

aat
Asn
550

gcg
Ala

14

gca
Ala

tat
Tyr

acc
Thr
375

att
Ile

gca
Ala

gaa
Glu

gga
Gly

ttc
Phe
455

gsec
Gly

gat
Asp

tat
Tyr

ggeg
Gly

gaa
Glu
535

cag

Gln

tat
Tyr

ttt
Phe

ccc
Pro
360

gat
Asp

gac
Asp

aac
Asn

gga
Gly

caa
Gln
440

atc
Ile

ggc
Gly

cgg
Arg

ctc
Leu

atc
Ile
520

tgg
Trp

agc
Ser

gcce
Ala

cga
Arg
345

gat
Asp

gag
Glu

gsc
Gly

tgc
Cys

agc
Ser
425

agc
Ser

cga
Arg

atc
Ile

caa
Gln

acc
Thr
505

aac

Asn

ggt
Gly

gat
Asp

cag
Gln

330

atc
Ile

gtg
Val

gac
Asp

tat
Tyr

att
Ile
410

gat
Asp

gct
Ala

gat
Asp

tac
Tyr

ctc
Leu
490

gat
Asp

ctt
Leu

ctg
Leu

cca
Pro

ttc
Phe
570

gsc
Gly

gtg
Val

aaa
Lys

cge
Arg
395

cgc
Arg

ccg
Pro

gat
Asp

caa
Gln

ttc
Phe
475

ctt
Leu

tac
Tyr

cgg
Arg

g8c¢
Gly

gac
Asp
555

geg
Gly

1ie4

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776
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cgc aat cac ctg
Arg Asn His Leu

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

<220>
<223>

<400>

575
6
596
PRT
Trinh ty
Cau trac
6

Met Met Val Ala

-20

Ala Pro Ala

-5

Leu Ser Leu

Leu Glu

Trp Asn
45

Thr Leu
60

Ser Tyr

Phe Pro

Glu Gly

Leu Cys
125

Ile Thr
140

Gln His

Pro

30

Leu

Val

Ala

Lys

Ala

110

His

Thr

Leu

Leu

Thr

15

Thr

Val

Thr

Leu

Gly

95

Ala

His

Asn

Gly

4060

taa

nhén tao

téng hagp

Trp Trp Ser Leu Phe Leu Tyr
-15

Ala Ala Gly Ala Val Thr Tyr
-1 1 5

Ser Asn Tyr Glu Thr Pro Ser
20

Pro Thr Ala Thr Gly Thr Ala
35

Glu Ala Gln Tyr Pro Val Gln
50

Val Pro Asp Asp Tyr Lys Phe
65 70

Ala Gly Tyr Glu Thr Ser Glu
80 85

Phe Lys Phe Gly Val Ala Gly
100

Lys Ala Glu Gly Arg Gly Pro
115

Tyr Ala Ser Thr Gln Cys Asn
130

His Tyr Tyr Leu Tyr Pro Leu
145 150

Ile Asn Thr Tyr Ser Phe Ser
15

Gly

-10

Pro

Pro

Glu

Thr

55

Glu

Ile

Ala

Ser

Asn

135

Asp

Ile

Leu

Gly

Thr

Leu

40

Ala

Ala

Ala

Ala

Thr

120

Tyr

Phe

Ser

Gln

Ala

Ala

25

Asp

Ala

Asp

Gly

Ile

105

Trp

Asp

Ala

Trp

Val

Ile

10

Ile

Ala

Val

Pro

Leu

90

Gln

Asp

Pro

Arg

Thr

Ala

Pro

Pro

Leu

Thr

Pro

75

Lys

Val

Tyr

Asp

Leu

155

Arg

1791
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Ile

Tyr

Gly

Gly

220

Tyr

Phe

Pro

Phe

Val

300

Gly

Ala

Ile

Lys

Gly

380

Thr

Tyr

Asp

Thr

205

Ala

Ala

Thr

Tyr

Arg

285

Tyr

Phe

Asp

Phe

Glu

365

Tyr

Asp

Pro

Ala

190

Val

Trp

Thr

Phe

Asn

270

Cys

Arg

Lys

Asp

Ala

350

Thr

Ile

Ile

Leu

175

Val

Phe

Gln

Thr

Asn

255

Leu

Thr

Asp

Ser

Glu

335

Gln

Val

Lys

Ser

160

Gly

Ile

His

Asp

Val

240

Glu

Thr

Tyr

Leu

Asp

320

Glu

Pro

Gly

Gly

His
400

Ala

His

Trp

Thr

225

Phe

Pro

Tyr

Asn

Val

305

Asp

Ser

Val

Asp

Ser

385

Ala

Gly

Ser

Asp

210

Gly

Lys

Arg

Pro

Val

290

Ala

Asn

Ala

Tyr

Met

370

Gly

Ala

Tyr

Ala

195

Thr

Asp

Arg

Val

Glu

275

Leu

Ser

Tyr

Lys

Gly

355

Leu

Asp

Leu

4060

Val

180

Lys

Pro

Gln

Tyr

Phe

260

Gly

Lys

Gly

Pro

Arg

340

Asn

Pro

Ile

Asn

165

Asn

Lys

Leu

Ile

Gly

245

Cys

Ile

Ala

Thr

Ile

325

His

Gly

Ala

Phe

Gly
405

Glu

Tyr

Ser

Val

230

Asn

Ser

Asn

His

Ile

310

Pro

Glu

Asp

Leu

Ala

390

Ile

16

Ala

Gly

Leu

215

Lys

Glu

Gln

Ser

Gly

295

Ala

Ala

Ala

Tyr

Thr

375

Ile

Ala

Gly

Leu

200

Met

Asp

Val

Asn

Thr

280

His

Ala

Arg

Phe

Pro

360

Asp

Asp

Asn

Leu

185

Glu

Leu

Phe

Lys

Ser

265

Ser

Ala

Gly

Pro

Arg

345

Asp

Glu

Gly

Cys

170

Ala

Pro

Lys

Val

Thr

250

Gly

Ala

Val

Glu

Gly

330

Ile

Val

Asp

Tyr

Ile
410

His

Val

Tyr

Thr

235

Trp

Leu

Val

Lys

Ile

315

Asn

Gly

Val

Lys

Arg

395

Arg

34/96



Asn

Phe

Pro

Leu

460

Ser

Tyr

Leu

Gly

Met

540

Leu

Arg

Gln

Ala

Leu

445

Lys

Glu

Gln

Ser

Ala

525

Gln

Thr

Asn

<210>
<211>

<212>

<213>

<220>

<221>

<222>

<220>
<221>
<222>

<220>

Ser

His

430

Ser

Phe

Phe

Ile

Gln

510

Leu

Gln

Arg

His

7
2106

ADN

Asp

415

Val

Ser

Leu

Gly

Thr

495

Leu

Thr

Lys

Thr

Leu
575

Pro

Tyr

Trp

Thr

Trp

480

Trp

Leu

Trp

Phe

Phe
560

Asn

Pro

Leu

Gln

465

Ala

Asp

Leu

Ser

Gly

545

Lys

Trp

Ser

Val

450

Thr

Glu

Gly

Ala

Phe

530

Phe

Leu

Sirobasidium magnum

DS

(1)..(2106)

sig peptit

(1)..(48)

Pro

Gly

435

Asn

Tyr

Asp

Leu

Val

515

Val

Gln

Ser

4060

Val

420

Phe

Ser

Pro

Ala

Arg

500

His

Asp

Phe

Ala

Cys

Ala

Ala

Ala

Glu

485

Thr

Lys

Asn

Val

His
565

Glu

Ile

Pro

Lys

470

Tyr

Gln

Asp

Trp

Asn

550

Ala

17

Glu

Gly

Phe

455

Gly

Asp

Tyr

Gly

Glu

535

Gln

Tyr

Gly

Gln

440

Ile

Gly

Arg

Leu

Ile

520

Trp

Ser

Ala

Ser

425

Ser

Arg

Ile

Gln

Thr

505

Asn

Gly

Asp

Gln

Asp

Ala

Asp

Tyr

Leu

490

Asp

Leu

Leu

Pro

Phe
570

Pro

Asp

Gln

Phe

475

Leu

Tyr

Arg

Gly

Asp

555

Gly

35/96



4060 36/96

<22i> mat_peptit
<222> (49)..(2103)

<400> 7
atg ttc aag ctt acc tct gtg ctg ttg ctg ctc ggt gca gct caa gea 48
Met Phe Lys Leu Thr Ser Val Leu Leu Leu Leu Gly Ala Ala Gln Ala
-15 -10 -5 -1
gct gtt cta aac cct cgt caa gct gge age ggt aat tcc act gcc agc 96
Ala Val Leu Asn Pro Arg Gln Ala Gly Ser Gly Asn Ser Thr Ala Ser
1 5 10 15
ggc tcg ata gcc ggc gat tcc act aga cca gcc acg aca tcc tcg gtc 144
Gly Ser Ile Ala Gly Asp Ser Thr Arg Pro Ala Thr Thr Ser Ser Val
20 25 30
gtc tca ccc tct geca gecc aga aac tcc act gec gea get act ggt aat 192
Val Ser Pro Ser Ala Ala Arg Asn Ser Thr Ala Ala Ala Thr Gly Asn
35 40 45
gct tct cge aat get act geg aca ggt act gec gtc gct aca gcc act 240
Ala Ser Arg Asn Ala Thr Ala Thr Gly Thr Ala Val Ala Thr Ala Thr
50 55 60
ggc ggg gtt aca gca gec acg tcc act gga atg geg gtg act tcc cct 288
Gly Gly Val Thr Ala Ala Thr Ser Thr Gly Met Ala Val Thr Ser Pro
65 70 75 80
gcc cag gga gee ggt acc gga gtc ggt acc geca gee get get acg acg 336
Ala Gln Gly Ala Gly Thr Gly Val Gly Thr Ala Ala Ala Ala Thr Thr
85 90 : 95
act acc gcc acg cct agc caa tcc gac ttt gat aat tgg gtc ctc acc 384
Thr Thr Ala Thr Pro Ser Gln Ser Asp Phe Asp Asn Trp Val Leu Thr
100 105 110
agt gga ttg cct acc atc acc act tca ttg atc agt acc aat ccc gat 432
Ser Gly Leu Pro Thr Ile Thr Thr Ser Leu Ile Ser Thr Asn Pro Asp
115 120 125
gcc att act ccg act gcc agt act tca gga ccg aag cct acg gtc acg 480
Ala Ile Thr Pro Thr Ala Ser Thr Ser Gly Pro Lys Pro Thr Val Thr
130 135 140
ttc agc tcg tac tcg gac caa gag ctg gag aat ctc tgg gac gac ttt 528
Phe Ser Ser Tyr Ser Asp Gln Glu Leu Glu Asn Leu Trp Asp Asp Phe
145 150 155 160
gtg gga caa gta caa caa cct cca ttc agc tat gtt cca gaa ccc caa 576
val Gly Gln Val Gln Gln Pro Pro Phe Ser Tyr Val Pro Glu Pro Gln
165 170 175
aac ccc tat cct ctg cca aac acc cca cca tcc ctc tat cca gac tgg 624
Asn Pro Tyr Pro Leu Pro Asn Thr Pro Pro Ser Leu Tyr Pro Asp Trp
180 185 190
tac gtc aat tgc cct aca aag agt cta ccg ggg tac aaa ttc ccc aga 672
Tyr Val Asn Cys Pro Thr Lys Ser Leu Pro Gly Tyr Lys Phe Pro Arg
195 200 205
gga ttc ctg ttc ggc tgg gct aca gect geg caa cag tgg gaa ggg gct 720

18



Gly

gtc
Val
225

tac
Tyr

gga
Gly

gga
Gly

gcg
Ala

gac
Asp
305

ctg
Leu

ttc
Phe

gtg
Val

gaa
Glu

ctg
Leu
385

cat

His

aac
Asn

cct
Pro

tct
Ser

Phe
210

aag
Lys

ccc
Pro

tat
Tyr

aac
Asn

gtc
Val
290

ttg
Leu

ttc
Phe

gca
Ala

ttc
Phe

cca
Pro
370

ccc

Pro

ctc
Leu

atc
Ile

tgsg
Trp

gca
Ala

Leu

gcg
Ala

ggc
Gly

tac
Tyr

gtc
Val
275

caa
Gln

atc
Ile

cac
His

agt
Ser

act
Thr
355

gta
Val

gaa
Glu

acc
Thr

cag
Gln

agg
Arg
435

tac
Tyr

Phe

gat
Asp

ttc
Phe

cta
Leu
260

tac
Tyr

gga
Gly

gat
Asp

tgg
Trp

gac
Asp
340

gcc
Ala

gta
Val

gge
Gly

ctg
Leu

gga
Gly
420

gaa

Glu

cag
Gln

Gly

ggt
Gly

atc
Ile
245

tac
Tyr

tct
Ser

tcc
Ser

tat
Tyr

gat
Asp
325

aag
Lys

tat
Tyr

ttc
Phe

ttg
Leu

gct
Ala
405

gag
Glu

gge
Gly

att
Ile

Trp

aag
Lys
230

gcg
Ala

aaa
Lys

ttc
Phe

ccc
Pro

tgc
Cys
310

aca
Thr

atc
Ile

aat
Asn

tgc
Cys

aac
Asn
390

cac

His

att
Ile

aat
Asn

ggc
Gly

Ala
215

ggt
Gly

gac
Asp

gaa
Glu

tcc
Ser

gtg
Val
295

teg
Trp

cct
Pro

att
Ile

gsc
Gly

agc
Ser
375

agc

Ser

gcc
Ala

gcg
Ala

ccc
Pro

atc
Ile

Thr

cct
Pro

aac
Asn

gat
Asp

atc
Ile
280

aac
Asn

agt
Ser

tta
Leu

gat
Asp

tcg
Ser
360

cag
Gln

acc
Thr

aag
Lys

ctc
Leu

gac
Asp
440

ttt
Phe

4060

Ala

agt
Ser

act
Thr

atg
Met
265

ttc
Phe

caa
Gln

ttg
Leu

gcg
Ala

gat
Asp
345

gtt
Val

atg
Met

aca
Thr

acc
Thr

aag
Lys
425

gat
Asp

gecg
Ala

Ala

atc
Ile

act
Thr
250

gca
Ala

tgg
Trp

aag
Lys

gst
Gly

gtg
Val
330

tat
Tyr

cac
His

gct
Ala

tac
Tyr

gtc
Val
410

tcg

Ser

gaa
Glu

gaa
Glu

Gln

tgg
Trp
235

tct
Ser

cgc
Arg

act
Thr

gea
Gly

atc
Ile
315

caa
Gln

gtc
Val

aaa
Lys

tct
Ser

cca
Pro
395

caa
Gln

gac
Asp

gaa
Glu

ccg
Pro
19

Gln
220

gac
Asp

gat
Asp

ctc
Leu

cgt
Arg

gta
Val
300

gag
Glu

ctg
Leu

aat
Asn

tgg
Trp

cct
Pro
380

tac

Tyr

cga
Arg

aac
Asn

gcc
Ala

ata
Ile

Trp

tgg
Trp

gtg
Val

gct
Ala

atc
Ile
285

gac
Asp

cct
Pro

ctc
Leu

tat
Tyr

atc
Ile
365

gtg
Val

aca
Thr

ttc
Phe

ttt
Phe

gtt
Val
445

tac
Tyr

Glu

gca
Ala

gga
Gly

gcg
Ala
270

ctc
Leu

Tttt
Phe

gtc
Val

tat
Tyr

gcc
Ala
350

acc
Thr

aat
Asn

tgt
Cys

aga
Arg

aat
Asn
430

gct
Ala

aac
Asn

Gly

agt
Ser

gat
Asp
255

ttg
Leu

ccc
Pro

tat
Tyr

gtg
Val

gga
Gly
335

gaa
Glu

ttc
Phe

tca
Ser

agc
Ser

gag
Glu
415

ggt
Gly

agg
Arg

act
Thr

Ala

aga
Arg
240

ctg
Leu

gga
Gly

Tttt
Phe

cgg
Arg

aca
Thr
320

gga
Gly

acg
Thr

aac
Asn

aca
Thr

tac
Tyr
400

ctc

Leu

atc
Ile

cat
His

g8c
Gly

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440
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gac
Asp
465

cga
Arg

Tttt
Phe

gga
Gly

tgce
Cys

gga
Gly
545

caa
Gln

aaa
Lys

aac
Asn

gca
Ala

gat
Asp
625

ttt
Phe

gat
Asp

gag
Glu

<210>
<211>

450

tgg
Trp

ttc
Phe

gcc
Ala

gtg
Val

aat
Asn
530

gcg
Ala

Tttt
Phe

ggt
Gly

gag
Glu

tac
Tyr
610

gaa

Glu

gag
Glu

tac
Tyr

atg
Met

8
701

cca
Pro

acc
Thr

att
Ile

cag
Gln
515

caa
Gln

ttt
Phe

gtc
Val

ggt
Gly

aaa
Lys
595

ttt
Phe

aca
Thr

tgg
Trp

aac
Asn

agc
Ser
675

gaa
Glu

gat
Asp

gat
Asp
500

gct
Ala

gtc
Val

ggt
Gly

cge
Arg

atc
Ile
580

aac
Asn

aac
Asn

gat
Asp

aac
Asn

agt
Ser
660

cag
Gln

ctg
Leu

gag
Glu
485

ggg
Gly

tgc
Cys

aac
Asn

aat
Asn

cca
Pro
565

tac
Tyr

ttc
Phe

agt
Ser

gtg
Val

tcg
Ser
645

cct

Pro

ttc
Phe

atc
Ile
470

cag
Gln

tat
Tyr

gtg
Val

ttc
Phe

tgg
Trp
550

Tttt
Phe

ctc
Leu

atc
Ile

tac
Tyr

aga
Arg
630

888
Gly

acg
Thr

tgg
Trp

455

aag
Lys

atc
Ile

cga
Arg

gcc
Ala

tac
Tyr
535

cct
Pro

ttg
Leu

tcg
Ser

tac
Tyr

ctc
Leu
615

gee
Gly

ttg
Leu

ctc
Leu

aac
Asn

aac
Asn

cag
Gln

gat
Asp

aat
Asn
520

gac
Asp

acc
Thr

aaa
Lys

gaa
Glu

cag
Gln
600

ggt
Gly

act
Thr

tcg
Ser

gaa
Glu

act
Thr
680

4060

gat
Asp

atg
Met

ggc
Gly
505

atc
Ile

tct
Ser

act
Thr

gaa
Glu

ttt
Phe
585

atc
Ile

gaa
Glu

ttt
Phe

act
Thr

age
Arg
665

cat
His

ctt
Leu

atc
Ile
490

tgg
Trp

agt
Ser

tct
Ser

ccc
Pro

ttg
Leu
570

gec
Gly

acg
Thr

gtg
Val

gga
Gly

cgg
Arg
650

acg

Thr

cgt
Arg

gea
Gly
475

aag
Lys

gtc
Val

gat
Asp

ccc
Pro

teg
Trp
555

act

Thr

ttc
Phe

act
Thr

ctc
Leu

tgg
Trp
635

ttc
Phe

ttc
Phe

tgc
Cys

20

460

ccc
Pro

ggt
Gly

act
Thr

ccc
Pro

gca
Ala
540

ctg
Leu

cag
Gln

tcc
Ser

gac
Asp

ttg
Leu
620

agt

Ser

ggt
Gly

aag
Lys

gag
Glu

gac
Asp

act
Thr

gcc
Ala

ctc
Leu
525

ggt
Gly

caa
Gln

cag
Gln

gaa
Glu

ccg
Pro
605

gcg
Ala

ctt
Leu

gtc
Val

cgc
Arg

gac
Asp
685

atc
Ile

gcc
Ala

cca
Pro
510

tgg
Trp

tgg
Trp

aac
Asn

tac
Tyr

cca
Pro
590

gga
Gly

atc
Ile

ttg
Leu

caa
Gln

tct
Ser
670

tag

ttg
Leu

gac
Asp
495

cct
Pro

cct
Pro

gga
Gly

act
Thr

ccc
Pro
575

ttc
Phe

cgg
Arg

aac
Asn

gac
Asp

tat
Tyr
655

gcg
Ala

cce
Pro
480

ttc
Phe

gct
Ala

gtg
Val

atc
Ile

tgg
Trp
560

acc
Thr

gag
Glu

gtg
Val

gag
Glu

aac
Asn
640

gtc
Val

atc
Ile

1488

1536

1584

1632

1680

1728

1776

1824

1872

1920

1968

2016

2064

2106
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4060 39/96

<212> PRT
<213> Sirobasidium magnum

<400> 8

Met Phe Lys Leu Thr Ser Val Leu Leu Leu Leu Gly Ala Ala Gln Ala
-15 -10 -5 -1

Ala Val Leu Asn Pro Arg Gln Ala Gly Ser Gly Asn Ser Thr Ala Ser

Gly Ser Ile Ala Gly Asp Ser Thr Arg Pro Ala Thr Thr Ser Ser Val
20 25 30

Val Ser Pro Ser Ala Ala Arg Asn Ser Thr Ala Ala Ala Thr Gly Asn
35 40 45

Ala Ser Arg Asn Ala Thr Ala Thr Gly Thr Ala Val Ala Thr Ala Thr
50 55 60

Gly Gly Vval Thr Ala Ala Thr Ser Thr Gly Met Ala Val Thr Ser Pro
65 70 75 80

Ala Gln Gly Ala Gly Thr Gly Val Gly Thr Ala Ala Ala Ala Thr Thr
85 90 95

Thr Thr Ala Thr Pro Ser Gln Ser Asp Phe Asp Asn Trp Val Leu Thr
100 105 110

Ser Gly Leu Pro Thr Ile Thr Thr Ser Leu Ile Ser Thr Asn Pro Asp
115 120 125

Ala Ile Thr Pro Thr Ala Ser Thr Ser Gly Pro Lys Pro Thr Val Thr
130 135 140

Phe Ser Ser Tyr Ser Asp Gln Glu Leu Glu Asn Leu Trp Asp Asp Phe
145 150 155 160

Val Gly Gln Val Gln Gln Pro Pro Phe Ser Tyr Val Pro Glu Pro Gln
165 170 175

Asn Pro Tyr Pro Leu Pro Asn Thr Pro Pro Ser Leu Tyr Pro Asp Trp
180 185 190

Tyr Val Asn Cys Pro Thr Lys Ser Leu Pro Gly Tyr Lys Phe Pro Arg
195 200 205

21



Gly

Val

225

Tyr

Gly

Gly

Ala

Asp

305

Leu

Phe

Val

Glu

Leu

385

His

Asn

Pro

Ser

Phe

210

Lys

Pro

Tyr

Asn

Val

290

Leu

Phe

Ala

Phe

Pro

370

Pro

Leu

Ile

Trp

Ala

Leu

Ala

Gly

Tyr

Val

275

Gln

Ile

His

Ser

Thr

355

Val

Glu

Thr

Gln

Arg

435

Tyr

Phe

Asp

Phe

Leu

260

Tyr

Gly

Asp

Trp

Asp

340

Ala

Val

Gly

Leu

Gly

420

Glu

Gln

Gly

Gly

Ile

245

Tyr

Ser

Ser

Tyr

Asp

325

Lys

Tyr

Phe

Leu

Ala

405

Glu

Gly

Ile

Trp

Lys

230

Ala

Lys

Phe

Pro

Cys

310

Thr

Ile

Asn

Cys

Asn

390

His

Ile

Asn

Gly

Ala

215

Gly

Asp

Glu

Ser

Val

295

Trp

Pro

Ile

Gly

Ser

375

Ser

Ala

Ala

Pro

Ile

Thr

Pro

Asn

Asp

Ile

280

Asn

Ser

Leu

Asp

Ser

360

Gln

Thr

Lys

Leu

Asp

440

Phe

Ala

Ser

Thr

Met

265

Phe

Gln

Leu

Ala

Asp

345

Val

Met

Thr

Thr

Lys

425

Asp

Ala

4060

Ala

Ile

Thr

250

Ala

Trp

Lys

Gly

Val

330

Tyr

His

Ala

Tyr

Val

410

Ser

Glu

Glu

Gln

Trp

235

Ser

Arg

Thr

Gly

Ile

315

Gln

Val

Lys

Ser

Pro

395

Gln

Asp

Glu

Pro
22

Gln

220

Asp

Asp

Leu

Arg

Val

300

Glu

Leu

Asn

Trp

Pro

380

Tyr

Arg

Asn

Ala

Ile

Trp

Trp

Val

Ala

Ile

285

Asp

Pro

Leu

Tyr

Ile

365

Val

Thr

Phe

Phe

Val

445

Tyr

Glu

Ala

Gly

Ala

270

Leu

Phe

Val

Tyr

Ala

350

Thr

Asn

Cys

Arg

Asn

430

Ala

Asn

Gly

Ser

Asp

255

Leu

Pro

Tyr

Val

Gly

335

Glu

Phe

Ser

Ser

Glu

415

Gly

Arg

Thr

Ala

Arg

240

Leu

Gly

Phe

Arg

Thr

320

Gly

Thr

Asn

Thr

Tyr

400

Leu

Ile

His

Gly

40/96



Asp

465

Arg

Phe

Gly

Cys

Gly

545

Gln

Lys

Asn

Ala

Asp

625

Phe

Asp

Glu

450

Trp

Phe

Ala

Val

Asn

530

Ala

Phe

Gly

Glu

Tyr

610

Glu

Glu

Tyr

Met

<210>
<211>

9
2121

Pro

Thr

Ile

Gln

515

Gln

Phe

Val

Gly

Lys

595

Phe

Thr

Trp

Asn

Ser
675

Glu

Asp

Asp

500

Ala

Val

Gly

Arg

Ile

580

Asn

Asn

Asp

Asn

Ser

660

Gln

Leu

Glu

485

Gly

Cys

Asn

Asn

Pro

565

Tyr

Phe

Ser

Val

Ser

645

Pro

Phe

Ile

470

Gln

Tyr

Val

Phe

Trp

550

Phe

Leu

Ile

Tyr

Arg

630

Gly

Thr

Trp

455

Lys

Ile

Arg

Ala

Tyr

535

Pro

Leu

Ser

Tyr

Leu

615

Gly

Leu

Leu

Asn

Asn

Gln

Asp

Asn

520

Asp

Thr

Lys

Glu

Gln

600

Gly

Thr

Ser

Glu

Thr
680

Asp

Met

Gly

505

Ile

Ser

Thr

Glu

Phe

585

Ile

Glu

Phe

Thr

Arg

665

His

4060

Leu

Ile

490

Trp

Ser

Ser

Pro

Leu

570

Gly

Thr

Val

Gly

Arg

650

Thr

Arg

Gly

475

Lys

Val

Asp

Pro

Trp

555

Thr

Phe

Thr

Leu

Trp

635

Phe

Phe

Cys

23

460

Pro

Gly

Thr

Pro

Ala

540

Leu

Gln

Ser

Asp

Leu

620

Ser

Gly

Lys

Glu

Asp

Thr

Ala

Leu

525

Gly

Gln

Gln

Glu

Pro

605

Ala

Leu

Val

Arg

Asp
685

Ile
Ala
Pro
510
Trp
Trp
Asn
Tyr
Pro
590
Gly
Ile
Leu

Gln

Ser
670

Leu

Asp

495

Pro

Pro

Gly

Thr

Pro

575

Phe

Arg

Asn

Asp

Tyr

655

Ala

Pro

480

Phe

Ala

Val

Ile

Trp

560

Thr

Glu

Val

Glu

Asn

640

Val

Ile

41/96



4060 42/96

<212> ADN
<213> Trinh tuv nhan tao

220>
<223> Beta-galactosidaza

<220>
<221> CDS
<2225 (1)..(2121)

<220>
<221> sig_peptit
<222> (1)..(63)

<220>
<221> mat_peptit
<222> (64)..(2118)

<400> 9
atg atg gtc gcg tgg tgg tct cta ttt ctg tac ggc ctt cag gtc gcg 48
Met Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala

-20 -15 -10
gca cct gect ttg get get gtt cta aac cct cgt caa get gge agc ggt 96
Ala Pro Ala Leu Ala Ala Val Leu Asn Pro Arg Gln Ala Gly Ser Gly
-5 -1 1 5 10
aat tcc act gcc agc gge tecg ata gcc gge gat tcc act aga cca gec 144
Asn Ser Thr Ala Ser Gly Ser Ile Ala Gly Asp Ser Thr Arg Pro Ala

15 20 25
acg aca tcc tcg gtc gtc tca ccc tct gca gcc aga aac tcc act gcc 192
Thr Thr Ser Ser Val Val Ser Pro Ser Ala Ala Arg Asn Ser Thr Ala
30 35 40

gca gct act ggt aat get tct cge aat get act geg aca ggt act gcc 240
Ala Ala Thr Gly Asn Ala Ser Arg Asn Ala Thr Ala Thr Gly Thr Ala

45 50 55
gtc gct aca gcc act gge ggg gtt aca gca gec acg tcc act gga atg 288
Val Ala Thr Ala Thr Gly Gly Val Thr Ala Ala Thr Ser Thr Gly Met
60 65 70 75
gcg gtg act tcc cct geec cag gga gec ggt acc gga gtc ggt acc gca 336
Ala Val Thr Ser Pro Ala Gln Gly Ala Gly Thr Gly Val Gly Thr Ala

80 85 90
gcc get get acg acg act acc gec acg cct agc caa tcc gac ttt gat 384
Ala Ala Ala Thr Thr Thr Thr Ala Thr Pro Ser Gln Ser Asp Phe Asp
95 100 105
aat tgg gtc ctc acc agt gga ttg cct acc atc acc act tca ttg atc 432
Asn Trp Val Leu Thr Ser Gly Leu Pro Thr Ile Thr Thr Ser Leu Ile
110 115 120

agt acc aat ccc gat gcc att act ccg act gcc agt act tca gga ccg 480
Ser Thr Ash Pro Asp Ala Ile Thr Pro Thr Ala Ser Thr Ser Gly Pro

125 ' 130 135
aag cct acg gtc acg ttc agc tcg tac tcg gac caa gag ctg gag aat 528

24



Lys
140

ctc
Leu

gtt
Val

ctc
Leu

tac
Tyr

cag
Gln
220

gac
Asp

gat
Asp

ctc
Leu

cgt
Arg

gta
Val
300

gag
Glu

ctg
Leu

aat
Asn

teg
Trp

cct
Pro

Pro

tgg
Trp

cca
Pro

tat
Tyr

aaa
Lys
205

tgg
Trp

tgg
Trp

gtg
Val

gect
Ala

atc
Ile
285

gac
Asp

cct
Pro

ctc
Leu

tat
Tyr

atc
Ile
365

gtg
Val

Thr

gac
Asp

gaa
Glu

cca
Pro
190

ttc
Phe

gaa
Glu

gca
Ala

gga
Gly

gcg
Ala
270

ctc
Leu

ttt
Phe

gtc
Val

tat
Tyr

gcc
Ala
350

acc
Thr

aat
Asn

Val

gac
Asp

ccc
Pro
175

gac
Asp

ccc
Pro

888
Gly

agt
Ser

gat
Asp
255

ttg
Leu

ccc
Pro

tat
Tyr

gtg
Val

gga
Gly
335

gaa
Glu

ttc
Phe

tca
Ser

Thr

Tttt
Phe
160

caa
Gln

tgg
Trp

aga
Arg

gct
Ala

aga
Arg
240

ctg
Leu

gga
Gly

ttt
Phe

cge
Arg

aca
Thr
320

gga
Gly

acg
Thr

aac
Asn

aca
Thr

Phe
145

gtg
val

aac
Asn

tac
Tyr

gga
Gly

gtc
Val
225

tac
Tyr

gga
Gly

gga
Gly

gcg
Ala

gac
Asp
305

ctg

Leu

ttc
Phe

gtg
Val

gaa
Glu

ctg
Leu

Ser

gea
Gly

ccc
Pro

gtc
Val

ttc
Phe
210

aag
Lys

ccc
Pro

tat
Tyr

aac
Asn

gtc
Val
290

ttg
Leu

ttc
Phe

gca
Ala

ttc
Phe

cca
Pro
370

ccc
Pro

Ser

caa
Gln

tat
Tyr

aat
Asn
195

ctg
Leu

gcg
Ala

ggc
Gly

tac
Tyr

gtc
Val
275

caa
Gln

atc
Ile

cac
His

agt
Ser

act
Thr
355

gta
Val

gaa
Glu

Tyr

gta
Val

cct
Pro
180

tgc
Cys

ttc
Phe

gat
Asp

ttc
Phe

cta
Leu
260

tac
Tyr

gea
Gly

gat
Asp

tgg
Trp

gac
Asp
340

gcc

Ala

gta
Val

ggg
Gly

4060

Ser

caa
Gln
165

ctg
Leu

cct
Pro

gec
Gly

ggt
Gly

atc
Ile
245

tac
Tyr

tct
Ser

tcc
Ser

tat
Tyr

gat
Asp
325

aag

Lys

tat
Tyr

ttc
Phe

ttg
Leu

Asp
150

caa
Gln

cca
Pro

aca
Thr

tgg
Trp

aag
Lys
230

gcg
Ala

aaa
Lys

ttc
Phe

ccc
Pro

tgc
Cys
310

aca
Thr

atc
Ile

aat
Asn

tgc
Cys

aac
Asn
25

Gln

cct
Pro

aac
Asn

aag
Lys

gct
Ala
215

ggt
Gly

gac
Asp

gaa
Glu

tcc
Ser

gtg
Val
295

tgg
Trp

cct
Pro

att
Ile

ggc
Gly

agc
Ser
375

agc
Ser

Glu

cca
Pro

acc
Thr

agt
Ser
200

aca
Thr

cct
Pro

aac
Asn

gat
Asp

atc
Ile
280

aac
Asn

agt
Ser

tta
Leu

gat
Asp

tcg
Ser
360

cag

Gln

acc
Thr

Leu

ttc
Phe

cca
Pro
185

cta
Leu

gct
Ala

agt
Ser

act
Thr

atg
Met
265

ttc
Phe

caa
Gln

ttg
Leu

gcg
Ala

gat
Asp
345

gtt
Val

atg
Met

aca
Thr

Glu

agc
Ser
170

cca
Pro

ccg
Pro

gcg
Ala

atc
Ile

act
Thr
250

gca
Ala

tgg
Trp

aag
Lys

ggt
Gly

gtg
Val
330

tat
Tyr

cac
His

gct
Ala

tac
Tyr

Asn
155

tat
Tyr

tcc
Ser

g88
Gly

caa
Gln

tgg
Trp
235

tct
Ser

cgc
Arg

act
Thr

gga
Gly

atc
Ile
315

caa

Gln

gtc
Val

aaa
Lys

tct
Ser

cca
Pro

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248
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380

tac
Tyr

cga
Arg

aac
Asn

gce
Ala

ata
Ile
460

ccc
Pro

ggt
Gly

act
Thr

ccc
Pro

gca
Ala
540

ctg
Leu

cag
Gln

tcc
Ser

gac
Asp

ttg
Leu
620

aca
Thr

ttc
Phe

Tttt
Phe

gtt
Val
445

tac
Tyr

gac
Asp

act
Thr

gcc
Ala

ctc
Leu
525

ggt
Gly

caa
Gln

cag
Gln

gaa
Glu

ccg
Pro
605

gCcg
Ala

tgt
Cys

aga
Arg

aat
Asn
430

gct
Ala

aac
Asn

atc
Ile

gcc
Ala

cca
Pro
510

tgg
Trp

tge
Trp

aac
Asn

tac
Tyr

cca
Pro
590

gga
Gly

atc
Ile

agc
Ser

gag
Glu
415

ggt
Gly

agg
Arg

act
Thr

ttg
Leu

gac
Asp
495

cct
Pro

cct
Pro

gga
Gly

act
Thr

ccc
Pro
575

ttc
Phe

cgg
Arg

aac
Asn

tac
Tyr
400

ctc
Leu

atc
Ile

cat
His

ggc
Gly

ccc
Pro
480

ttc
Phe

gct
Ala

gtg
Val

atc
Ile

tgg
Trp
560

acc

Thr

gag
Glu

gtg
Val

gag
Glu

385

cat
His

aac
Asn

cct
Pro

tct
Ser

gac
Asp
465

cga
Arg

Tttt
Phe

gga
Gly

tgc
Cys

gga
Gly
545

caa
Gln

aaa
Lys

aac
Asn

gca
Ala

gat
Asp
625

ctc
Leu

atc
Ile

tgg
Trp

gca
Ala
450

tgg
Trp

ttc
Phe

gcc
Ala

gtg
Val

aat
Asn
530

gCcg
Ala

ttt
Phe

get
Gly

gag
Glu

tac
Tyr
610

gaa
Glu

acc
Thr

cag
Gln

agg
Arg
435

tac
Tyr

cca
Pro

acc
Thr

att
Ile

cag
Gln
515

caa
Gln

ttt
Phe

gtc
Val

gegt
Gly

aaa
Lys
595

ttt
Phe

aca
Thr

ctg
Leu

gga
Gly
420

gaa
Glu

cag
Gln

gaa
Glu

gat
Asp

gat
Asp
500

gct
Ala

gtc
Val

get
Gly

cge
Arg

atc
Ile
580

aac

Asn

aac
Asn

gat
Asp

4060

gct
Ala
405

gag
Glu

g88
Gly

att
Ile

ctg
Leu

gag
Glu
485

444
Gly

tgc
Cys

aac
Asn

aat
Asn

cca
Pro
565

tac

Tyr

ttc
Phe

agt
Ser

gtg
Val

390

cac
His

att
Ile

aat
Asn

gsec
Gly

atc
Ile
470

cag
Gln

tat
Tyr

gtg
Val

ttc
Phe

tgg
Trp
550

Tttt
Phe

ctc
Leu

atc
Ile

tac
Tyr

aga

Arg
630
26

gcc
Ala

gcg
Ala

ccc
Pro

atc
Ile
455

aag
Lys

atc
Ile

cga
Arg

gcc
Ala

tac
Tyr
535

cct
Pro

ttg
Leu

tcg
Ser

tac
Tyr

ctc
Leu
615

ggg
Gly

aag
Lys

ctc
Leu

gac
Asp
440

ttt
Phe

aac
Asn

cag
Gln

gat
Asp

aat
Asn
520

gac
Asp

acc
Thr

aaa
Lys

gaa
Glu

cag
Gln
600

ggt
Gly

act
Thr

acc
Thr

aag
Lys
425

gat
Asp

gcg
Ala

gat
Asp

atg
Met

ggec
Gly
505

atc
Ile

tct
Ser

act
Thr

gaa
Glu

ttt
Phe
585

atc

Ile

gaa
Glu

Tttt
Phe

gtc
Val
410

tcg
Ser

gaa
Glu

gaa
Glu

ctt
Leu

atc
Ile
490

tgg
Trp

agt
Ser

tct
Ser

ccc
Pro

ttg
Leu
570

g8c
Gly

acg
Thr

gtg
Val

gga
Gly

395

caa
Gln

gac
Asp

gaa
Glu

ccg
Pro

gea
Gly
475

aag
Lys

gtc
Val

gat
Asp

ccc
Pro

tgg
Trp
555

act
Thr

ttc
Phe

act
Thr

ctc
Leu

tgg
Trp
635

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824

1872

1920

1968
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agt ctt
Ser Leu

ggt gtc
Gly val

aag cgc
Lys Arg

gag gac
Glu Asp
685

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

<220>
<223>

<400>
Met Met
-20

Ala Pro
-5

Asn Ser

Thr Thr

Ala Ala

45

Val Ala

60

Ala Val

Ala Ala

Asn Trp

ttg gac
Leu Asp

caa tat
Gln Tyr

655
tct gecg
Ser Ala
670

tag

10
706
PRT
Trinh tv

Cau tric
10

Val Ala

Ala Leu

Thr Ala
15

Ser Ser
30

Thr Gly

Thr Ala

Thr Ser

Ala Thr

95

Val Leu

aac ttt

gag

Asn Phe Glu

640
gtc gat
Val Asp

atc gag
Ile Glu

nhan tao

téng hop

Trp Trp

Ala Ala

-1 1

Ser Gly

Val Val

Asn Ala

Thr Gly

65

Pro Ala
80

Thr Thr

Thr Ser

tac
Tyr

atg
Met

Ser

-15

Val

Ser

Ser

Ser

50

Gly

Gln

Thr

Gly

tgg
Trp

aac
Asn

agc
Ser
675

Leu

Leu

Ile

Pro

35

Arg

Val

Gly

Ala

Leu

aac
Asn

agt
Ser
660

cag
Gln

Phe

Asn

Ala

20

Ser

Asn

Thr

Ala

Thr

100

Pro

4060

tcg
Ser
645

cct
Pro

ttc
Phe

Leu

Pro

Gly

Ala

Ala

Ala

Gly

85

Pro

Thr

geg
Gly

acg
Thr

tgg
Trp

Tyr

Arg

Asp

Ala

Thr

Ala

70

Thr

Ser

Ile
27

ttg
Leu

ctc
Leu

aac
Asn

Gly

-10

Gln

Ser

Arg

Ala

55

Thr

Gly

Gln

Thr

tcg
Ser

gaa
Glu

act
Thr
680

Leu

Ala

Thr

Asn

40

Thr

Ser

Val

Ser

Thr

act
Thr

agg
Arg
665

cat
His

Gln

Gly

Arg

25

Ser

Gly

Thr

Gly

Asp

105

Ser

cgg
Arg
650

acg
Thr

cgt
Arg

Val

Ser

10

Pro

Thr

Thr

Gly

Thr

90

Phe

Leu

ttc
Phe

ttc
Phe

tgc
Cys

Ala

Gly

Ala

Ala

Ala

Met

75

Ala

Asp

Ile

2016

2064

2112

2121

45/96



Ser

Lys

140

Leu

Val

Leu

Tyr

Gln

220

Asp

Asp

Leu

Arg

Val

300

Glu

Leu

Asn

Thr

125

Pro

Trp

Pro

Tyr

Lys

205

Trp

Trp

Val

Ala

Ile

285

Asp

Pro

Leu

Tyr

il1e

Asn

Thr

Asp

Glu

Pro

190

Phe

Glu

Ala

Gly

Ala

270

Leu

Phe

Val

Tyr

Ala
350

Pro

Val

Asp

Pro

175

Asp

Pro

Gly

Ser

Asp

255

Leu

Pro

Tyr

Val

Gly

335

Glu

Asp

Thr

Phe

160

Gln

Trp

Arg

Ala

Arg

240

Leu

Gly

Phe

Arg

Thr

320

Gly

Thr

Ala

Phe

145

Val

Asn

Tyr

Gly

Val

225

Tyr

Gly

Gly

Ala

Asp

305

Leu

Phe

Val

Ile

130

Ser

Gly

Pro

Val

Phe

210

Lys

Pro

Tyr

Asn

Val

290

Leu

Phe

Ala

Phe

115

Thr

Ser

Gln

Tyr

Asn

195

Leu

Ala

Gly

Tyr

Val

275

Gln

Ile

His

Ser

Thr
355

Pro

Tyr

Val

Pro

180

Cys

Phe

Asp

Phe

Leu

260

Tyr

Gly

Asp

Trp

Asp

340

Ala

4060

Thr

Ser

Gln

165

Leu

Pro

Gly

Gly

Ile

245

Tyr

Ser

Ser

Tyr

Asp

325

Lys

Tyr

Ala

Asp

150

Gln

Pro

Thr

Trp

Lys

230

Ala

Lys

Phe

Pro

Cys

310

Thr

Ile

Asn

28

Ser

135

Gln

Pro

Asn

Lys

Ala

215

Gly

Asp

Glu

Ser

Val

295

Trp

Pro

Ile

Gly

120

Thr

Glu

Pro

Thr

Ser

200

Thr

Pro

Asn

Asp

Ile

280

Asn

Ser

Leu

Asp

Ser
360

Ser

Leu

Phe

Pro

185

Leu

Ala

Ser

Thr

Met

265

Phe

Gln

Leu

Ala

Asp

345

Val

Gly

Glu

Ser

170

Pro

Pro

Ala

Ile

Thr

250

Ala

Trp

Lys

Gly

Val

330

Tyr

His

Pro

Asn

155

Tyr

Ser

Gly

Gln

Trp

235

Ser

Arg

Thr

Gly

Ile

315

Gln

Val

Lys

46/96



Trp

Pro

380

Tyr

Arg

Asn

Ala

Ile

460

Pro

Gly

Thr

Pro

Ala

540

Leu

Gln

Ser

Ile

365

Val

Thr

Phe

Phe

Val

445

Tyr

Asp

Thr

Ala

Leu

525

Gly

Gln

Gln

Glu

Thr

Asn

Cys

Arg

Asn

430

Ala

Asn

Ile

Ala

Pro

510

Trp

Trp

Asn

Tyr

Pro
590

Phe

Ser

Ser

Glu

415

Gly

Arg

Thr

Leu

Asp

495

Pro

Pro

Gly

Thr

Pro

575

Phe

Asn

Thr

Tyr

400

Leu

Ile

His

Gly

Pro

480

Phe

Ala

Val

Ile

Trp

560

Thr

Glu

Glu

Leu

385

His

Asn

Pro

Ser

Asp

465

Arg

Phe

Gly

Cys

Gly

545

Gln

Lys

Asn

Pro

370

Pro

Leu

Ile

Trp

Ala

450

Trp

Phe

Ala

Val

Asn

530

Ala

Phe

Gly

Glu

Val

Glu

Thr

Gln

Arg

435

Tyr

Pro

Thr

Ile

Gln

515

Gln

Phe

Val

Gly

Lys
595

Val

Gly

Leu

Gly

420

Glu

Gln

Glu

Asp

Asp

500

Ala

Val

Gly

Arg

Ile

580

Asn

4060

Phe

Leu

Ala

405

Glu

Gly

Ile

Leu

Glu

485

Gly

Cys

Asn

Asn

Pro

565

Tyr

Phe

Cys

Asn

390

His

Ile

Asn

Gly

Ile

470

Gln

Tyr

Val

Phe

Trp

550

Phe

Leu

Ile

29

Ser

375

Ser

Ala

Ala

Pro

Ile

455

Lys

Ile

Arg

Ala

Tyr

535

Pro

Leu

Ser

Tyr

Gln

Thr

Lys

Leu

Asp

440

Phe

Asn

Gln

Asp

Asn

520

Asp

Thr

Lys

Glu

Gln
600

Met

Thr

Thr

Lys

425

Asp

Ala

Asp

Met

Gly

505

Ile

Ser

Thr

Glu

Phe

585

Ile

Ala

Tyr

Val

410

Ser

Glu

Glu

Leu

Ile

490

Trp

Ser

Ser

Pro

Leu

570

Gly

Thr

Ser

Pro

395

Gln

Asp

Glu

Pro

Gly

475

Lys

Val

Asp

Pro

Trp

555

Thr

Phe

Thr

47/96



Asp

Leu

620

Ser

Gly

Lys

Glu

Pro

605

Ala

Leu

Val

Arg

Asp
685

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

<220>
<223>

<220>
<221>
222>

<220>
<221>
<222>

<220>
<221>
222>

<400>
atg atg gtc

Met

gca
Ala
-5

aac

Asn

acg
Thr

Met
-20

cct

Pro

tct
Ser

acc
Thr

Gly

Ile

Leu

Gln

Ser

670

11
2121
ADN

Arg

Asn

Asp

Tyr

655

Ala

Val

Glu

Asn

640

Val

Ile

Ala

Asp

625

Phe

Asp

Glu

Tyr

610

Glu

Glu

Tyr

Met

Trinh tu nhan tao

Beta-galactosidaza

CDS

(1)..(2121)

sig peptit

(1)..(63)

mat_peptit
(64)..(2118)

11

Val

gct
Ala

act
Thr

tct
Ser

Bcg
Ala

ttg
Leu

gcc
Ala
15

tcg
Ser

tgg
Trp

gct
Ala
-1

tct

Ser

gtt
Val

tgg
Trp

gcg
Ala

ggg
Gly

gtc
Val

tct
Ser
-15

gtg
Val

tcc
Ser

tcc
Ser

Phe

Thr

Trp

Asn

Ser
675

cta
Leu

ctc
Leu

att
Ile

cct
Pro

Asn

Asp

Asn

Ser
660

Gln

ttt
Phe

aac
Asn

gct
Ala
20

tcc
Ser

4060

Ser

Val

Ser
645

Pro

Phe

ctg
Leu

cca
Pro

ggc
Gly

gca
Ala

Tyr

Arg
630

Gly

Thr

Trp

tac
Tyr

cgc
Arg

gac
Asp

gcc
Ala
30

Leu
615

Gly

Leu

Leu

Asn

g8c
Gly
-10

cag

Gln

tcg
Ser

cga
Arg

Gly

Thr

Ser

Glu

Thr
680

ctt
Leu

gct
Ala

aca
Thr

aac
Asn

Glu

Phe

Thr

Arg
665

His

cag
Gln

ggc
Gly

cgc
Arg
25

tcc
Ser

Val

Leu

Gly Trp

Arg
650

Thr

Arg

gtc
Val

tct
Ser
10

ccg

Pro

act
Thr

635

Phe

Phe

Cys

gcg
Ala

gga
Gly

gct
Ala

gcc
Ala

48

96

144

192

48/96



gcce
Ala

gtt
Val
60

gct
Ala

gca
Ala

aac
Asn

tcg
Ser

aaa
Lys
140

ctg
Leu

gtt
Val

ctc
Leu

tac
Tyr

cag
Gln
220

gac

Asp

gac
Asp

ctc
Leu

gcc
Ala
45

gcc
Ala

gtt
Val

gcce
Ala

tgg
Trp

aca
Thr
125

cca
Pro

tgg
Trp

cca
Pro

tac
Tyr

aag
Lys
205

tgg
Trp

tee
Trp

gtg
Val

gcc
Ala

30

acg
Thr

act
Thr

acg
Thr

gca
Ala

gtg
Val
110

aac
Asn

acg
Thr

gac
Asp

gaa
Glu

ccce
Pro
190

ttc
Phe

gag
Glu

gcc
Ala

gsec
Gly

gcc
Ala
270

ggt
Gly

gcc
Ala

tct
Ser

aca
Thr
95

ctc
Leu

cct
Pro

gtt
Val

gac
Asp

ccc
Pro
175

gac
Asp

cct
Pro

2424
Gly

tcc
Ser

gac
Asp
255

ctc
Leu

aat
Asn

acg
Thr

ccc
Pro
80

aca
Thr

acg
Thr

gac
Asp

acc
Thr

Tttt
Phe
160

caa
Gln

tgg
Trp

cga
Arg

gct
Ala

cga
Arg
240

ttg

Leu

gec
Gly

gct
Ala

gec
Gly
65

gct
Ala

acg
Thr

tcg
Ser

gcc
Ala

ttc
Phe
145

gtc
Val

aac
Asn

tac
Tyr

ggc
Gly

gtg
Val
225

tat
Tyr

ggc
Gly

ggc
Gly

tcc
Ser
50

gsc
Gly

cag
Gln

acg
Thr

ggg
Gly

att
Ile
130

tcc
Ser

ge8
Gly

ccg
Pro

gtc
Val

ttc
Phe
210

aaa

Lys

ccg
Pro

tac
Tyr

aat
Asn

35

cge
Arg

gtt
Val

ggt
Gly

gca
Ala

ctc
Leu
115

acc
Thr

tcc
Ser

cag
Gln

tac
Tyr

aat
Asn
195

ctc
Leu

gct
Ala

ggc
Gly

tac
Tyr

gte
Val
275

aac
Asn

acg
Thr

gcc
Ala

acg
Thr
100

cce
Pro

cca
Pro

tac
Tyr

gtt
Val

cca
Pro
180

tgt
Cys

ttc
Phe

gac
Asp

ttc
Phe

ttg
Leu
260

tat
Tyr

4060

gct
Ala

gcg
Ala

gga
Gly
85

ccc
Pro

aca
Thr

acc
Thr

tct
Ser

cag
Gln
165

ttg
Leu

ccc
Pro

ggt
Gly

g8c
Gly

atc
Ile
245

tac

Tyr

tcc
Ser

acg
Thr

gca
Ala
70

acg
Thr

tct
Ser

atc
Ile

gca
Ala

gat
Asp
150

cag

Gln

ccc
Pro

acc
Thr

tgg
Trp

aaa
Lys
230

gcc
Ala

aag
Lys

Tttt
Phe

31

gcc
Ala
55

acg
Thr

ggt
Gly

caa
Gln

aca
Thr

tct
Ser
135

cag
Gln

cct
Pro

aac
Asn

aag
Lys

gcg
Ala
215

gga
Gly

gat
Asp

gag
Glu

tcc
Ser

40

acc
Thr

tcc
Ser

gtt
Val

tcc
Ser

act
Thr
120

acc
Thr

gag
Glu

ccg
Pro

acc
Thr

agc
Ser
200

acg
Thr

cca
Pro

aac
Asn

gat
Asp

atc
Ile
280

gga
Gly

acg
Thr

ggc
Gly

gac
Asp
105

agc
Ser

tcg
Ser

ttg
Leu

ttc
Phe

cca
Pro
185

ttg
Leu

gct
Ala

tcc
Ser

acc
Thr

atg
Met
265

ttc
Phe

aca
Thr

g8c¢
Gly

acc
Thr
90

ttc
Phe

ctg
Leu

gga
Gly

gag
Glu

tcg
Ser
170

ccg
Pro

cct
Pro

gcg
Ala

atc
Ile

aca
Thr
250

gct
Ala

tgg
Trp

gcc
Ala

atg
Met
75

gcc
Ala

gac
Asp

atc
Ile

ccc
Pro

aat
Asn
155

tat
Tyr

tct
Ser

ggt
Gly

caa
Gln

tgg
Trp
235

tcg

Ser

cgt
Arg

acg
Thr

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912
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cga
Arg

gtt
Val
300

gaa
Glu

ctg
Leu

aac
Asn

tgg
Trp

cca
Pro
380

tat
Tyr

cgg
Arg

aac
Asn

gct
Ala

atc
Ile
460

ccg

Pro

ggs
Gly

aca
Thr

att
Ile
285

gac
Asp

ccg
Pro

ctc
Leu

tac
Tyr

atc
Ile
365

gtg
Val

acg
Thr

ttc
Phe

ttc
Phe

gtc
val
445

tac

Tyr

gat
Asp

acc
Thr

gca
Ala

ctg
Leu

ttc
Phe

gtc
Val

tat
Tyr

gcc
Ala
350

acc
Thr

aat
Asn

tgc
Cys

cgt
Arg

aac
Asn
430

gcce
Ala

aac
Asn

atc
Ile

gct
Ala

cca
Pro
510

ccg
Pro

tac
Tyr

gtc
Val

gga
Gly
335

gaa
Glu

ttc
Phe

agc
Ser

tcg
Ser

gag
Glu
415

gsc
Gly

cga
Arg

act
Thr

ttg
Leu

gat
Asp
495

cct
Pro

ttc
Phe

cgg
Arg

aca
Thr
320

ggt
Gly

acc
Thr

aac
Asn

acg
Thr

tac
Tyr
400

ctc
Leu

att
Ile

cat
His

ggt
Gly

ccc
Pro
480

ttc
Phe

gct
Ala

gca
Ala

gac
Asp
305

ttg
Leu

ttc
Phe

gtg
Val

gag
Glu

ctg
Leu
385

cat
His

aac
Asn

ccg
Pro

tct
Ser

gat
Asp
465

cgc

Arg

ttc
Phe

ggt
Gly

gtg
Val
290

ctg
Leu

ttc
Phe

gcc
Ala

ttc
Phe

cca
Pro
370

cca
Pro

ctg
Leu

atc
Ile

tgg
Trp

gcc
Ala
450

tgg
Trp

ttc
Phe

gcg
Ala

gtc
Val

caa
Gln

atc
Ile

cac
His

tcg
Ser

aca
Thr
355

gtt
Val

gag
Glu

acc
Thr

cag
Gln

cge
Arg
435

tat
Tyr

ccg
Pro

act
Thr

atc
Ile

caa
Gln
515

ggt
Gly

gat
Asp

tgg
Trp

gac
Asp
340

gCcg
Ala

gtg
Val

ggee
Gly

ctt
Leu

424
Gly
420

gag
Glu

cag
Gln

gag
Glu

gat
Asp

gat
Asp
500

gct
Ala

4060

tct
Ser

tac
Tyr

gat
Asp
325

aag
Lys

tac
Tyr

ttc
Phe

ttg
Leu

gcg
Ala
405

gag
Glu

gga
Gly

atc
Ile

ctg
Leu

gaa
Glu
485

ggt
Gly

tgc
Cys

ccg
Pro

tgt
Cys
310

act
Thr

atc
Ile

aac
Asn

tgt
Cys

aac
Asn
390

cac

His

att
Ile

aac
Asn

gega
Gly

atc
Ile
470

cag
Gln

tac
Tyr

gtg
Val

32

gtc
Val
295

tgsg
Trp

ccg
Pro

atc
Ile

ggt
Gly

tcc
Ser
375

tcg
Ser

gcg
Ala

gce
Ala

cct
Pro

atc
Ile
455

aag

Lys

atc
Ile

cgt
Arg

gcg
Ala

aat
Asn

agc
Ser

ttg
Leu

gac
Asp

tcg
Ser
360

caa
Gln

acc
Thr

aag
Lys

ttg
Leu

gat
Asp
440

ttc
Phe

aac
Asn

cag
Gln

gac
Asp

aac
Asn
520

cag
Gln

ctt
Leu

gca
Ala

gac
Asp
345

gtc
Val

atg
Met

acc
Thr

acc
Thr

aag
Lys
425

gat
Asp

gca
Ala

gat
Asp

atg
Met

ggc
Gly
505

atc
Ile

aag
Lys

ggt
Gly

gtg
Val
330

tac
Tyr

cat
His

gca
Ala

tac
Tyr

gtg
Val
410

agc
Ser

gaa
Glu

gaa
Glu

ctg
Leu

atc
Ile
490

teg
Trp

tct
Ser

ggt
Gly

atc
Ile
315

caa
Gln

gtc
Val

aag
Lys

tcg
Ser

ccc
Pro
395

caa
Gln

gat
Asp

gag
Glu

cct
Pro

geg
Gly
475

aag

Lys

gtc
Val

gat
Asp

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632
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ccg
Pro

gcc
Ala
540

ctt
Leu

cag
Gln

tcg
Ser

gac
Asp

ttg
Leu
620

tct

Ser

g8g
Gly

aag
Lys

gag
Glu

ttg
Leu
525

ggt
Gly

cag
Gln

caa
Gln

gag
Glu

ccc
Pro
605

gcc
Ala

ctt
Leu

gtc
Val

cgc
Arg

gac
Asp
685

<210>
<211>
<212>

<213>

<220>

<223>

<400>

tgg
Trp

tgg
Trp

aac
Asn

tac
Tyr

ccc
Pro
590

ggc
Gly

atc
Ile

ctc
Leu

cag
Gln

tct
Ser
670

taa

12

706

PRT

12

ccc
Pro

gga
Gly

aca
Thr

cca
Pro
575

Tttt
Phe

cge
Arg

aac
Asn

gac
Asp

tat
Tyr
655

gcg
Ala

Trinh tu

Cau tric

Met Met Val Ala

-20

Ala Pro Ala Leu

-5

gtg
Val

att
Ile

tgg
Trp
560

acg
Thr

gag
Glu

gtg
Val

gaa
Glu

aac
Asn
640

gte
Val

atc
Ile

nhan tao

téng hgp

tgt
Cys

ggc
Gly
545

cag
Gln

aag
Lys

aac
Asn

gcc
Ala

gat
Asp
625

ttc
Phe

gac
Asp

gaa
Glu

aac
Asn
530

gca
Ala

ttt
Phe

ges
Gly

gaa
Glu

tac
Tyr
610

gag
Glu

gag
Glu

tac
Tyr

atg
Met

cag
Gln

ttt
Phe

gtc
Val

ggt
Gly

aag
Lys
595

ttc
Phe

acg
Thr

tgg
Trp

aac
Asn

tcc
Ser
675

gtc
Val

ggt
Gly

cgc
Arg

atc
Ile
580

aac
Asn

aac
Asn

gac
Asp

aac
Asn

tcc
Ser
660

cag
Gln

4060

aac
Asn

aac
Asn

ccg
Pro
565

tac
Tyr

ttc
Phe

agc
Ser

gtc
Val

tct
Ser
645

cct
Pro

ttc
Phe

ttc
Phe

tgg
Trp
550

ttt
Phe

ctc
Leu

atc
Ile

tat
Tyr

cgc
Arg
630

gga
Gly

acg
Thr

tes
Trp

tac
Tyr
535

cca
Pro

ctc
Leu

tcc
Ser

tac
Tyr

ctg
Leu
615

ggt
Gly

ctg
Leu

ctt
Leu

aac
Asn

gat
Asp

act
Thr

aag
Lys

gaa
Glu

caa
Gln
600

ges
Gly

act
Thr

agc
Ser

gaa
Glu

acg
Thr
680

tcg
Ser

act
Thr

gag
Glu

ttc
Phe
585

atc
Ile

gaa
Glu

ttc
Phe

aca
Thr

cgg
Arg
665

cat
His

agc
Ser

ccg
Pro

ctt
Leu
570

ggt
Gly

aca
Thr

gtg
Val

gga
Gly

cga
Arg
650

acc

Thr

cgt
Arg

ccg
Pro

tgg
Trp
555

act
Thr

ttc
Phe

aca
Thr

ctc
Leu

tgs
Trp
635

ttc
Phe

ttc
Phe

tgc
Cys

Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala

-15

-10

Ala Ala Val Leu Asn Pro Arg Gln Ala Gly Ser Gly

-1

1

5

33

10

1680

1728

1776

1824

1872

1920

1968

2016

2064

2112

2121
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Asn

Thr

Ala

Val

60

Ala

Ala

Asn

Ser

Lys

140

Leu

val

Leu

Tyr

Gln

220

Asp

Ser

Thr

Ala

45

Ala

Val

Ala

Trp

Thr

125

Pro

Trp

Pro

Tyr

Lys

205

Trp

Trp

Thr

Ser

30

Thr

Thr

Thr

Ala

Val

110

Asn

Thr

Asp

Glu

Pro

190

Phe

Glu

Ala

Ala

15

Ser

Gly

Ala

Ser

Thr

95

Leu

Pro

Val

Asp

Pro

175

Asp

Pro

Gly

Ser

Ser

Val

Asn

Thr

Pro

80

Thr

Thr

Asp

Thr

Phe

160

Gln

Trp

Arg

Ala

Arg
240

Gly

Val

Ala

Gly

65

Ala

Thr

Ser

Ala

Phe

145

Val

Asn

Tyr

Gly

Val

225

Tyr

Ser

Ser

Ser

50

Gly

Gln

Thr

Gly

Ile

130

Ser

Gly

Pro

Val

Phe

210

Lys

Pro

Ile

Pro

35

Arg

Val

Gly

Ala

Leu

115

Thr

Ser

Gln

Tyr

Asn

195

Leu

Ala

Gly

Ala

20

Ser

Asn

Thr

Ala

Thr

100

Pro

Pro

Tyr

Val

Pro

180

Cys

Phe

Asp

Phe

4060

Gly

Ala

Ala

Ala

Gly

Pro

Thr

Thr

Ser

Gln

165

Leu

Pro

Gly

Gly

Ile
245

Asp

Ala

Thr

Ala

70

Thr

Ser

Ile

Ala

Asp

150

Gln

Pro

Thr

Trp

Lys

230

Ala

34

Ser

Arg

Ala

55

Thr

Gly

Gln

Thr

Ser

135

Gln

Pro

Asn

Lys

Ala

215

Gly

Asp

Thr

Asn

40

Thr

Ser

Val

Ser

Thr

120

Thr

Glu

Pro

Thr

Ser

200

Thr

Pro

Asn

Arg

Ser

Gly

Thr

Gly

Asp

105

Ser

Ser

Leu

Phe

Pro

185

Leu

Ala

Ser

Thr

Pro

Thr

Thr

Gly

Thr

90

Phe

Leu

Gly

Glu

Ser

170

Pro

Pro

Ala

Ile

Thr
250

Ala

Ala

Ala

Met

75

Ala

Asp

Ile

Pro

Asn

155

Tyr

Ser

Gly

Gln

Trp

235

Ser
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4060 53/96

Asp Val Gly Asp Leu Gly Tyr Tyr Leu Tyr Lys Glu Asp Met Ala Arg
255 260 265

Leu Ala Ala Leu Gly Gly Asn Val Tyr Ser Phe Ser Ile Phe Trp Thr
270 275 280

Arg Ile Leu Pro Phe Ala Val Gln Gly Ser Pro Val Asn Gln Lys Gly
285 290 295

Val Asp Phe Tyr Arg Asp Leu Ile Asp Tyr Cys Trp Ser Leu Gly Ile
300 305 310 315

Glu Pro Val Val Thr Leu Phe His Trp Asp Thr Pro Leu Ala Val Gln
320 325 330

Leu Leu Tyr Gly Gly Phe Ala Ser Asp Lys Ile Ile Asp Asp Tyr Val
335 340 345

Asn Tyr Ala Glu Thr Val Phe Thr Ala Tyr Asn Gly Ser Val His Lys
350 355 360

Trp Ile Thr Phe Asn Glu Pro Val Val Phe Cys Ser Gln Met Ala Ser
365 370 375

Pro Val Ash Ser Thr Leu Pro Glu Gly Leu Asn Ser Thr Thr Tyr Pro
380 385 390 395

Tyr Thr Cys Ser Tyr His Leu Thr Leu Ala His Ala Lys Thr Val Gln
400 405 410

Arg Phe Arg Glu Leu Asn Ile Gln Gly Glu Ile Ala Leu Lys Ser Asp
415 420 425

Asn Phe Asn Gly Ile Pro Trp Arg Glu Gly Asn Pro Asp Asp Glu Glu
430 435 440

Ala Val Ala Arg His Ser Ala Tyr Gln Ile Gly Ile Phe Ala Glu Pro
445 450 455

Ile Tyr Asn Thr Gly Asp Trp Pro Glu Leu Ile Lys Asn Asp Leu Gly
460 465 470 475

Pro Asp Ile Leu Pro Arg Phe Thr Asp Glu Gln Ile Gln Met Ile Lys
480 485 490

35



Gly

Thr

Pro

Ala

540

Leu

Gln

Ser

Asp

Leu

620

Ser

Gly

Lys

Glu

Thr

Ala

Leu

525

Gly

Gln

Gln

Glu

Pro

605

Ala

Leu

Val

Arg

Asp
685

<210>
<211>

<212>

<213>

<220>

<221>

222>

Ala

Pro

510

Trp

Trp

Asn

Tyr

Pro

590

Gly

Ile

Leu

Gln

Ser
670

13

1803
ADN
Rodotorula minuta

DS
(1)..(1803)

Asp

495

Pro

Pro

Gly

Thr

Pro

575

Phe

Arg

Asn

Asp

Tyr

655

Ala

Phe

Ala

Val

Ile

Trp

560

Thr

Glu

Val

Glu

Asn

640

Val

Ile

Phe

Gly

Cys

Gly

545

Gln

Lys

Asn

Ala

Asp

625

Phe

Asp

Glu

Ala

Val

Asn

530

Ala

Phe

Gly

Glu

Tyr

610

Glu

Glu

Tyr

Met

Ile

Gln

515

Gln

Phe

Val

Gly

Lys

595

Phe

Thr

Trp

Asn

Ser
675

Asp

500

Ala

Val

Gly

Arg

Ile

580

Asn

Asn

Asp

Asn

Ser

660

Gln

4060

Gly

Cys

Asn

Asn

Pro

565

Tyr

Phe

Ser

Val

Ser

645

Pro

Phe

Tyr

Val

Phe

Trp

550

Phe

Leu

Ile

Tyr

Arg

630

Gly

Thr

Trp

36

Arg

Ala

Tyr

535

Pro

Leu

Ser

Tyr

Leu

615

Gly

Leu

Leu

Asn

Asp

Asn

520

Asp

Thr

Lys

Glu

Gln

600

Gly

Thr

Ser

Glu

Thr
680

Gly

505

Ile

Ser

Thr

Glu

Phe

585

Ile

Glu

Phe

Thr

Arg

665

His

Trp

Ser

Ser

Pro

Leu

570

Gly

Thr

Val

Gly

Arg

650

Thr

Arg

Val

Asp

Pro

Trp

555

Thr

Phe

Thr

Leu

Trp

635

Phe

Phe

Cys
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<220>
<221>
<222>

<220>
<221>
222>

<400>
atg gtc atc
Met Vval Ile

gece
Ala

att
Ile

gga
Gly
30

gga
Gly

tct
Ser

ccg
Pro

gat
Asp

cag
Gln
110

tgg
Trp

agt
Ser

cga
Arg

acc
Thr

ctc
Leu

cca
Pro
15

ccc
Pro

ctt
Leu

cca
Pro

aaa
Lys

gtc
Val
95

cag
Gln

gat
Asp

gat
Asp

atg
Met

aga
Arg
175

sig_peptit

(1)..(57)

mat_peptit
(58)..(1800)

13

geg
Gly
-1

att
Ile

gtg
Val

gca
Ala

agg
Arg

act
Thr
80

aaa
Lys

tac
Tyr

ttc
Phe

atc
Ile

gct
Ala
160

gtt
Val

ctg
Leu

gct
Ala
1

tcg
Ser

att
Ile

aac
Asn

att
Ile
65

cca
Pro

gca
Ala

gag
Glu

ctt
Leu

act
Thr
145

gcc

Ala

gtg
Val

cgc
Arg
-15

ccg
Pro

gag
Glu

cca
Pro

tta
Leu
50

tct
Ser

gtc
Val

ccc
Pro

ggt
Gly

tgc
Cys
130

gat
Asp

atg
Met

cca
Pro

cac
His

cag
Gln

cgc
Arg

gct
Ala
35

tgg
Trp

gcc
Ala

ctg
Leu

gaa
Glu

gcc
Ala
115

cat

His

ctt
Leu

ggt
Gly

ttc
Phe

acg
Thr

Tttt
Phe

cct
Pro
20

gec
Gly

agc
Ser

gta
Val

ccc
Pro

gec
Gly
100

gtc
Val

aga
Arg

ggc
Gly

ata
Ile

ggc
Gly
180

gta
Val

agc
Ser

tcg
Ser

tca
Ser

caa
Gln

cct
Pro

aac
Asn
85

Tttt
Phe

aaa
Lys

aac
Asn

cgt
Arg

act
Thr
165

aag
Lys

cta
Leu

ccc
Pro

cct
Pro

tat
Tyr

gtc
Val

cct
Pro
70

tcc
Ser

gca
Ala

gca
Ala

cct
Pro

tac
Tyr
150

cac

His

aag
Lys

4060

gcg
Ala
-10

aca
Thr

aca
Thr

gtc
Val

gaa
Glu
55

ctc
Leu

ctg
Leu

tgg
Trp

gat
Asp

tcc
Ser
135

tac

Tyr

tac
Tyr

ggc
Gly

gca
Ala

gtc
Val

caa
Gln

tcc
Ser
40

gta
Val

aac
Asn

cag
Gln

ggc
Gly

gga
Gly
120

agc

Ser

tat
Tyr

tca
Ser

agt
Ser

37

gcg
Ala

aat
Asn

tct
Ser
25

gac
Asp

gac
Asp

aaa
Lys

gat
Asp

gtg
Val
105

cga
Arg

tgc
Cys

aag
Lys

Tttt
Phe

cca
Pro
185

gtc
Val

acg
Thr
10

tcg
Ser

ttt
Phe

ata
Ile

acg
Thr

cac
His
90

gcc
Ala

gga
Gly

aca
Thr

aat
Asn

tca
Ser
170

gtc
Val

gtc
Val

gaa
Glu

tcg
Ser

gat
Asp

cct
Pro

ttc
Phe
75

ctt
Leu

tcc
Ser

CcCa
Pro

aac
Asn

gac
Asp
155

gtg
Val

agc
Ser

cag
Gln
-5

ggt
Gly

tcc
Ser

gcce
Ala

gtc
Val
60

agt
Ser

cca
Pro

gtt
Val

tct
Ser

tac
Tyr
140

ttg

Leu

agc
Ser

aac
Asn

atc
Ile

atc
Ile

agc
Ser

agc
Ser
45

gag
Glu

gtt
val

aaa
Lys

gct
Ala

cat
His
125
acc

Thr

gca
Ala

tgg
Trp

gaa
Glu

48

96

144

192

240

288

336

384

432

480

528

576

624
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ggc
Gly
190

atc
Ile

ctc
Leu

tac
Tyr

acc
Thr

ggt
Gly
270

act
Thr

gca
Ala

ggt
Gly

cca
Pro

tac
Tyr
350

gaa

Glu

gca
Ala

gac
Asp

gcg
Ala

ctc
Leu

aag
Lys

ttc
Phe

tat
Tyr

ttc
Phe
255

cct
Pro

gca
Ala

gtc
Val

gaa
Glu

gac
Asp
335

atc
Ile

acc
Thr

gcc
Ala

ggt
Gly

tgc
Cys
415

gac
Asp

cct
Pro

gaa
Glu

tat
Tyr
240

ttc
Phe

ccg
Pro

cca
Pro

ggc
Gly

atc
Ile
320

tct
Ser

gsec
Gly

gtc
Val

gag
Glu

tat
Tyr
400

ttg
Leu

tat
Tyr

gtc
Val

tat
Tyr
225

gca
Ala

acc
Thr

ttc
Phe

tat
Tyr

agg
Arg
305

gca
Ala

gac
Asp

ata
Ile

cge
Arg

cgc
Arg
385

agg
Arg

aga
Arg

tac
Tyr

att
Ile
210

gga
Gly

gat
Asp

ttc
Phe

gat
Asp

ccc
Pro
290

tat
Tyr

ttc
Phe

gcc
Ala

ttc
Phe

aac
Asn
370

gaa

Glu

acg
Thr

aac
Asn

gaa
Glu
195

act
Thr

ggt
Gly

ata
Ile

aat
Asn

gcc
Ala
275

tgc
Cys

cgt
Arg

aaa
Lys

gac
Asp

tcg
Ser
355

aca

Thr

caa
Gln

aat
Asn

gct
Ala

gat
Asp

tta
Leu

ttc
Phe

gta
Val

gag
Glu
260

tat
Tyr

tcg
Ser

gcc
Ala

aac
Asn

aag
Lys
340

caa
Gln

att
Ile

att
Ile

atc
Ile

agt
Ser
420

atc
Ile

ttc
Phe

ctc
Leu

ttc
Phe
245

cct
Pro

tac
Tyr

tac
Tyr

ctg
Leu

gac
Asp
325

cga
Arg

ccc
Pro

tca
Ser

cag
Gln

gca
Ala
405

gat
Asp

tgc
Cys

cac
His

aac
Asn
230

aga
Arg

cgt
Arg

gaa
Glu

aat
Asn

gtc
Val
310

gat
Asp

gct
Ala

gta
Val

gag
Glu

gga
Gly
390

agc

Ser

ccc
Pro

4060

aag
Lys

tgg
Trp
215

g88g
Gly

aga
Arg

gta
Val

cgc
Arg

ctg
Leu
295

aaa
Lys

agt
Ser

gca
Ala

tac
Tyr

cgc
Arg
375

tca

Ser

gct
Ala

aac
Asn

acg
Thr
200

gat
Asp

aca
Thr

cta
Leu

tac
Tyr

tat
Tyr
280

ctc

Leu

gaa
Glu

tac
Tyr

aaa
Lys

gec
Gly
360

ttc
Phe

gcg
Ala

gct
Ala

tgg
Trp

38

gct
Ala

act
Thr

atc
Ile

gsec
Gly

tgc
Cys
265

ggge
Gly

cga
Arg

gec
Gly

cag
Gln

cgc
Arg
345

aac
Asn

ctc
Leu

gac
Asp

ccc
Pro

cca
Pro
425

ttg
Leu

cct
Pro

gta
Val

aaa
Lys
250

agc
Ser

ctg
Leu

gcc
Ala

agc
Ser

cta
Leu
330

cac
His

ggc
Gly

cca
Pro

ttc
Phe

aat
Asn
410

gtt
Val

agc
Ser

gcc
Ala

gat
Asp
235

tat
Tyr

gag
Glu

aat
Asn

cat
His

atc
Ile
315

cct
Pro

ttc
Phe

tac
Tyr

gag
Glu

tac
Tyr
395

ggt
Gly

tgc
Cys

ttt
Phe

aac
Asn
220

gac
Asp

gcc
Ala

tat
Tyr

tct
Ser

get
Gly
300

aaa
Lys

caa
Gln

gac
Asp

tat
Tyr

ttc
Phe
380

gcc

Ala

att
Ile

cag
Gln

gea
Gly
205

tta
Leu

tac
Tyr

gaa
Glu

act
Thr

agc
Ser
285

gcc
Ala

tct
Ser

aat
Asn

ttc
Phe

ccc
Pro
365

acc
Thr

atc
Ile

gac
Asp

gac
Asp

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344
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aac agt
Asn Ser
430

cct cct
Pro Pro

ctg cgt
Leu Arg

atc tac
Ile Tyr

cag gat
Gln Asp
495

caa gac
Gln Asp
510

cct ctt

Pro Leu

ggt tcc
Gly Ser

gat ccg
Asp Pro

gat ttc
Asp Phe
575

<210>
<211>
<212>
<213>
<400>

Met Val

Ala Leu

Ile Pro

15

Gly Pro

aac aca ggc caa tac
Asn Thr Gly Gln Tyr
435

gca gat ccc aac gcg
Ala Asp Pro Asn Ala
450

tac caa ttc aaa gtt
Tyr Gln Phe Lys Val
465

ttg acg gaa ttc ggc
Leu Thr Glu Phe Gly
480

ctg tat gca ttg ctg
Leu Tyr Ala Leu Leu
500

tat cta gcg cag tgc
Tyr Leu Ala Gln Cys
515

gct ggt gtt ttc gca
Ala Gly val Phe Ala
530

ggt ctt gag cag aga
Gly Leu Glu Gln Arg
545

gat ctc cca cga acc
Asp Leu Pro Arg Thr
560

atc aaa aac cac aaa
Ile Lys Asn His Lys
580

14
600
PRT
Rodotorula minuta

14
Ile Leu Arg His Thr
-15

Gly Ala Pro Gln Phe
-1 1

Ile Ser Glu Arg Pro
20

Val Ile Pro Ala Gly

gct
Ala

aat
Asn

ctg
Leu

Tttt
Phe
485
tat
Tyr

atg
Met

tgg
Trp

Tttt
Phe

ttc
Phe
565

aag
Lys

Val

Ser

Ser

Ser

act
Thr

tgg
Trp

aaa
Lys
470

gea
Ala

gac
Asp

ctg
Leu

tca
Ser

gga
Gly
550

aag
Lys

tga

Leu

Pro

Pro

Tyr

4060

ctt
Leu

cta
Leu
455

gag
Glu

gaa
Glu

act
Thr

gct
Ala

Tttt
Phe
535

atg
Met

ctt
Leu

Ala

-10

Thr

Thr

Val

gag
Glu
440
tac
Tyr

aac
Asn

cct
Pro

gat
Asp

atc
Ile
520

gtt
Val

caa
Gln

tct
Ser

Ala

Val

Gln

Ser
39

gea
Gly

aac
Asn

ttc
Phe

ttt
Phe

cgc
Arg
505

aaa

Lys

gat
Asp

tat
Tyr

ttc
Phe

Ala

Asn

Ser

25

Asp

ttc
Phe

act
Thr

aat
Asn

agc
Ser
490
act
Thr

gaa
Glu

aac
Asn

gtc
Val

ctg
Leu
570

Val

Thr

10

Ser

Phe

gea
Ala

gca
Ala

tac
Tyr
475
tat
Tyr

gca
Ala

gat
Asp

ttc
Phe

aac
Asn
555

gca
Ala

Val

Glu

Ser

Asp

ttg
Leu

cct
Pro
460
aag
Lys

ttg
Leu

tat
Tyr

gec
Gly

gaa
Glu
540

tac

Tyr

tat
Tyr

Gln

-5

Gly

Ser

Ala

gga
Gly
445

tac
Tyr

aag
Lys

cga
Arg

tat
Tyr

atc
Ile
525

tgg
Trp

acc
Thr

cgt
Arg

Ile

Ile

Ser

Ser

1392

1440

1488

1536

1584

1632

1680

1728

1776

1803
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30

Gly

Ser

Pro

Asp

Gln

110

Trp

Ser

Arg

Thr

Gly

190

Ile

Leu

Tyr

Thr

Gly
270

Leu

Pro

Lys

Val

95

Gln

Asp

Asp

Met

Arg

175

Leu

Lys

Phe

Tyr

Phe

255

Pro

Ala

Arg

Thr

80

Lys

Tyr

Phe

Ile

Ala

160

Val

Asp

Pro

Glu

Tyr

240

Phe

Pro

Asn

Ile

65

Pro

Ala

Glu

Leu

Thr

145

Ala

Val

Tyr

Val

Tyr

225

Ala

Thr

Phe

Leu

50

Ser

Val

Pro

Gly

Cys

130

Asp

Met

Pro

Tyr

Ile

210

Gly

Asp

Phe

Asp

35

Trp

Ala

Leu

Glu

Ala

115

His

Leu

Gly

Phe

Glu

195

Thr

Gly

Ile

Asn

Ala
275

Ser

Val

Pro

Gly

100

Val

Arg

Gly

Ile

Gly

180

Asp

Leu

Phe

Val

Glu

260

Tyr

Gln

Pro

Asn

85

Phe

Lys

Asn

Arg

Thr

165

Lys

Ile

Phe

Leu

Phe

245

Pro

Tyr

val

Pro

70

Ser

Ala

Ala

Pro

Tyr

150

His

Lys

Cys

His

Asn

230

Arg

Arg

Glu

4060

Glu

55

Leu

Leu

Trp

Asp

Ser

135

Tyr

Tyr

Gly

Lys

Trp

215

Gly

Arg

Val

Arg

40

Val

Asn

Gln

Gly

Gly

120

Ser

Tyr

Ser

Ser

Thr

200

Asp

Thr

Leu

Tyr

Tyr
280
40

Asp

Lys

Asp

Val

105

Arg

Cys

Lys

Phe

Pro

185

Ala

Thr

Ile

Gly

Cys

265

Gly

Ile

Thr

His

90

Ala

Gly

Thr

Asn

Ser

170

Val

Leu

Pro

Val

Lys

250

Ser

Leu

Pro

Phe

75

Leu

Ser

Pro

Asn

Asp

155

Val

Ser

Ser

Ala

Asp

235

Tyr

Glu

Asn

Val

60

Ser

Pro

Val

Ser

Tyr

140

Leu

Ser

Asn

Phe

Asn

220

Asp

Ala

Tyr

Ser

45

Glu

Val

Lys

Ala

His

125

Thr

Ala

Trp

Glu

Gly

205

Leu

Tyr

Glu

Thr

Ser
285
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Thr

Ala

Gly

Pro

Tyr

350

Glu

Ala

Asp

Ala

Asn

430

Pro

Leu

Ile

Gln

Gln
510

Ala

Val

Glu

Asp

335

Ile

Thr

Ala

Gly

Cys

415

Ser

Pro

Arg

Tyr

Asp

495

Asp

Pro

Gly

Ile

320

Ser

Gly

Val

Glu

Tyr

400

Leu

Asn

Ala

Tyr

Leu

480

Leu

Tyr

Tyr
Arg
305
Ala
Asp
Ile
Arg
Arg
385
Arg
Arg
Thr
Asp
Gln
465
Thr

Tyr

Leu

Pro

290

Tyr

Phe

Ala

Phe

Asn

370

Glu

Thr

Asn

Gly

Pro

450

Phe

Glu

Ala

Ala

Cys

Arg

Lys

Asp

Ser

355

Thr

Gln

Asn

Ala

Gln

435

Asn

Lys

Phe

Leu

Gln
515

Ser

Ala

Asn

Lys

340

Gln

Ile

Ile

Ile

Ser

420

Tyr

Ala

Val

Gly

Leu

500

Cys

Tyr

Leu

Asp

325

Arg

Pro

Ser

Gln

Ala

405

Asp

Ala

Asn

Leu

Phe

485

Tyr

Met

Asn

Val

310

Asp

Ala

Val

Glu

Gly

390

Ser

Pro

Thr

Trp

Lys

470

Ala

Asp

Leu

4060

Leu

295

Lys

Ser

Ala

Tyr

Arg

375

Ser

Ala

Asn

Leu

Leu

455

Glu

Glu

Thr

Ala

Leu

Glu

Tyr

Lys

Gly

360

Phe

Ala

Ala

Trp

Glu

Arg

Gly

Gln

Arg

345

Asn

Leu

Asp

Pro

Pro

425

Gly

440

Tyr

Asn

Pro

Asp

Ile
520

41

Asn

Phe

Phe

Arg

505

Lys

Ala

Ser

Leu

330

His

Gly

Pro

Phe

Asn

410

Val

Phe

Thr

Asn

Ser

490

Thr

Glu

His

Ile

315

Pro

Phe

Tyr

Glu

Tyr

395

Gly

Cys

Ala

Ala

Tyr

475

Tyr

Ala

Asp

Gly

300

Lys

Gln

Asp

Tyr

Phe

380

Ala

Ile

Gln

Leu

Pro

460

Lys

Leu

Tyr

Gly

Ala

Ser

Asn

Phe

Pro

365

Thr

Ile

Asp

Asp

Gly

445

Tyr

Lys

Arg

Tyr

Ile
525
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Pro Leu Ala Gly Val Phe Ala

530

Gly Ser Gly Leu Glu Gln Arg

545

Asp Pro Asp Leu Pro Arg Thr

560

Asp Phe Ile Lys Asn His Lys

575

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

<220>
<223>

<220>
221>
<222>

<220>
<221>
222>

<220>
<221>
<222>

<400>
atg atg gtc gcg
Met Met Val

gca
Ala
-5

get
Gly

tcc
Ser

gcce
Ala

gtc
Val

-20

cct
Pro

atc
Ile

agc
Ser

agc
Ser
45

gag
Glu

15
1809
ADN

Trinh ty nhan tao

580

Beta-galactosidaza

CDS

(1)..(1809)

sig peptit

(1)..(63)

mat_peptit
(64)..(1806)

15

gct
Ala

att
Ile

gga
Gly
30

gga
Gly

tct
Ser

Ala

ttg
Leu

cca
Pro
15

ccc
Pro

ctt
Leu

cca
Pro

tgg
Trp

gct
Ala
-1

att
Ile

gtg
Val

gca
Ala

agg
Arg

tgg
Trp

gct
Ala

tcg
Ser

att
Ile

aac
Asn

att
Ile

tct
Ser
-15

ccg
Pro

gag
Glu

cca
Pro

tta
Leu
50

tct
Ser

Trp

Phe

Phe
565

Lys

cta
Leu

cag
Gln

cgc
Arg

gct
Ala
35

tege
Trp

gce
Ala

4060

Ser Phe Val Asp Asn Phe Glu Trp

535

540

Gly Met Gln Tyr Val Asn Tyr Thr

550

555

Lys Leu Ser Phe Leu Ala Tyr Arg

ttt
Phe

Tttt
Phe

cct
Pro
20

ggc
Gly

agc
Ser

gta
Val

ctg
Leu

agc
Ser

tcg
Ser

tca
Ser

caa
Gln

cct
Pro

tac
Tyr

ccc
Pro

cct
Pro

tat
Tyr

gtc
Val

cct
Pro

42

gec
Gly
-10

aca
Thr

aca
Thr

gtc
Val

gaa
Glu
55

ctc
Leu

570

ctt
Leu

gtc
Val

caa
Gln

tcc
Ser
40

gta
Val

aac
Asn

cag
Gln

aat
Asn

tct
Ser
25

gac

Asp

gac
Asp

aaa
Lys

gtc
Val

acg
Thr
10

tcg

Ser

ttt
Phe

ata
Ile

acg
Thr

gcg
Ala

gaa
Glu

tcg
Ser

gat
Asp

cct
Pro

ttc
Phe

48

96

144

192

240

288

60/96



60

agt
Ser

cca
Pro

gtt
Val

tct
Ser

tac
Tyr
140

ttg
Leu

agc
Ser

aac
Asn

ttt
Phe

aac
Asn
220

gac
Asp

gcc
Ala

tat
Tyr

tct
Ser

ggt
Gly
300

gtt
Val

aaa
Lys

gct
Ala

cat
His
125

acc
Thr

gca
Ala

tgg
Trp

gaa
Glu

gea
Gly
205

tta
Leu

tac
Tyr

gaa
Glu

act
Thr

agc
Ser
285

gcc
Ala

ccg
Pro

gat
Asp

cag
Gln
110

tgg
Trp

agt
Ser

cga
Arg

acc
Thr

gsc
Gly
190

atc
Ile

ctc
Leu

tac
Tyr

acc
Thr

ggt
Gly
270

act

Thr

gca
Ala

aaa
Lys

gtc
Val
95

cag
Gln

gat
Asp

gat
Asp

atg
Met

aga
Arg
175

ctc
Leu

aag
Lys

ttc
Phe

tat
Tyr

ttc
Phe
255

cct
Pro

gca
Ala

gtc
Val

act
Thr
80

aaa
Lys

tac
Tyr

ttc
Phe

atc
Ile

gct
Ala
160

gtt
Val

gac
Asp

cct
Pro

gaa
Glu

tat
Tyr
240

ttc
Phe

ccg
Pro

cca
Pro

ggc
Gly

65

cca
Pro

gca
Ala

gag
Glu

ctt
Leu

act
Thr
145

gcc
Ala

gtg
Val

tat
Tyr

gtc
Val

tat
Tyr
225

gca
Ala

acc
Thr

ttc
Phe

tat
Tyr

agg
Arg
305

gtc
Val

ccc
Pro

get
Gly

tgc
Cys
130

gat
Asp

atg
Met

cca
Pro

tac
Tyr

att
Ile
210

gea
Gly

gat
Asp

ttc
Phe

gat
Asp

ccc
Pro
290

tat
Tyr

ctg
Leu

gaa
Glu

gcc
Ala
115

cat
His

ctt
Leu

ggt
Gly

ttc
Phe

gaa
Glu
195

act
Thr

ggt
Gly

ata
Ile

aat
Asn

gcc
Ala
275

tgc
Cys

cgt
Arg

ccc
Pro

gsec
Gly
100

gtc
Val

aga
Arg

ggc
Gly

ata
Ile

ggc
Gly
180

gat
Asp

tta
Leu

ttc
Phe

gta
Val

gag
Glu
260

tat
Tyr

tcg
Ser

gcc
Ala

4060

aac
Asn
85

Tttt
Phe

aaa
Lys

aac
Asn

cgt
Arg

act
Thr
165

aag
Lys

atc
Ile

ttc
Phe

ctc
Leu

ttc
Phe
245

cct
Pro

tac
Tyr

tac
Tyr

ctg
Leu

70

tcc
Ser

gca
Ala

gca
Ala

cct
Pro

tac
Tyr
150

cac
His

aag
Lys

tgc
Cys

cac
His

aac
Asn
230

aga
Arg

cgt
Arg

gaa
Glu

aat
Asn

gtc
Val
310

43

ctg
Leu

tgg
Trp

gat
Asp

tcc
Ser
135

tac
Tyr

tac
Tyr

ggc
Gly

aag
Lys

tgg
Trp
215

ggeg
Gly

aga
Arg

gta
Val

cgc
Arg

ctg
Leu
295

aaa
Lys

cag
Gln

ggc
Gly

gga
Gly
120

agc
Ser

tat
Tyr

tca
Ser

agt
Ser

acg
Thr
200

gat
Asp

aca
Thr

cta
Leu

tac
Tyr

tat
Tyr
280

ctc

Leu

gaa
Glu

gat
Asp

gtg
Val
105

cga
Arg

tgc
Cys

aag
Lys

Tttt
Phe

cca
Pro
185

gct
Ala

act
Thr

atc
Ile

ggc
Gly

tgc
Cys
265

444
Gly

cga
Arg

ggc
Gly

cac
His
90

gcc
Ala

gga
Gly

aca
Thr

aat
Asn

tca
Ser
170

gtc
Val

ttg
Leu

cct
Pro

gta
Val

aaa
Lys
250

agc

Ser

ctg
Leu

gcc
Ala

agc
Ser

75

ctt
Leu

tcc
Ser

cca
Pro

aac
Asn

gac
Asp
155

gtg
Val

agc
Ser

agc
Ser

gcc
Ala

gat
Asp
235

tat
Tyr

gag
Glu

aat
Asn

cat
His

atc
Ile
315

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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aaa
Lys

caa
Gln

gac
Asp

tat
Tyr

ttc
Phe
380

gcc
Ala

att
Ile

cag
Gln

ttg
Leu

cct
Pro
460

aag
Lys

ttg
Leu

tat
Tyr

gec
Gly

gaa
Glu
540

tct
Ser

aat
Asn

ttc
Phe

ccc
Pro
365

acc
Thr

atc
Ile

gac
Asp

gac
Asp

gga
Gly
445

tac
Tyr

aag
Lys

cga
Arg

tat
Tyr

atc
Ile
525

tgg
Trp

ggt
Gly

cca
Pro

tac
Tyr
350

gaa
Glu

gca
Ala

gac
Asp

gcg
Ala

aac
Asn
430

cct
Pro

ctg
Leu

atc
Ile

cag
Gln

caa
Gln
510

cct

Pro

ggt
Gly

gaa
Glu

gac
Asp
335

atc
Ile

acc
Thr

gcc
Ala

ggt
Gly

tgc
Cys
415

agt
Ser

cct
Pro

cgt
Arg

tac
Tyr

gat
Asp
495

gac

Asp

ctt
Leu

tcc
Ser

atc
Ile
320

tct
Ser

ggc
Gly

gtc
Val

gag
Glu

tat
Tyr
400

ttg
Leu

aac
Asn

gca
Ala

tac
Tyr

ttg
Leu
480

ctg

Leu

tat
Tyr

gct
Ala

ggt
Gly

gca
Ala

gac
Asp

ata
Ile

cgs
Arg

cgc
Arg
385

agg
Arg

aga
Arg

aca
Thr

gat
Asp

caa
Gln
465

acg
Thr

tat
Tyr

cta
Leu

ggt
Gly

ctt
Leu
545

ttc
Phe

gcc
Ala

ttc
Phe

aac
Asn
370

gaa
Glu

acg
Thr

aac
Asn

ggc
Gly

ccc
Pro
450

ttc
Phe

gaa
Glu

gca
Ala

gcg
Ala

gtt
Val
530

gag
Glu

aaa
Lys

gac
Asp

tcg
Ser
355

aca
Thr

caa
Gln

aat
Asn

gct
Ala

caa
Gln
435

aac
Asn

aaa
Lys

ttc
Phe

ttg
Leu

cag
Gln
515

ttc
Phe

cag
Gln

aac
Asn

aag
Lys
340

caa
Gln

att
Ile

att
Ile

atc
Ile

agt
Ser
420

tac
Tyr

gcg
Ala

gtt
Val

ggc
Gly

ctg
Leu
500

tgc
Cys

gca
Ala

aga
Arg

4060

gac
Asp
325

cga
Arg

ccc
Pro

tca
Ser

cag
Gln

gca
Ala
405

gat
Asp

gct
Ala

aat
Asn

ctg
Leu

Tttt
Phe
485

tat
Tyr

atg
Met

tgg
Trp

Tttt
Phe

gat
Asp

gct
Ala

gta
Val

gag
Glu

gea
Gly
390

agc
Ser

ccc
Pro

act
Thr

tgg
Trp

aaa
Lys
470

gca

Ala

gac
Asp

ctg
Leu

tca
Ser

gea
Gly
550

44

agt
Ser

gca
Ala

tac
Tyr

cgc
Arg
375

tca
Ser

gct
Ala

aac
Asn

ctt
Leu

cta
Leu
455

gag
Glu

gaa
Glu

act
Thr

gct
Ala

ttt
Phe
535

atg
Met

tac
Tyr

aaa
Lys

gec
Gly
360

ttc
Phe

gCg
Ala

gct
Ala

tgg
Trp

gag
Glu
440

tac
Tyr

aac
Asn

cct
Pro

gat
Asp

atc
Ile
520

gtt
Val

caa
Gln

cag
Gln

cgc
Arg
345

aac
Asn

ctc
Leu

gac
Asp

ccc
Pro

cca
Pro
425

gga
Gly

aac
Asn

ttc
Phe

Tttt
Phe

cgc
Arg
505

aaa

Lys

gat
Asp

tat
Tyr

cta
Leu
330

cac
His

ggc
Gly

cca
Pro

ttc
Phe

aat
Asn
410

gtt
Val

ttc
Phe

act
Thr

aat
Asn

agc
Ser
490

act

Thr

gaa
Glu

aac
Asn

gtc
Val

cct
Pro

ttc
Phe

tac
Tyr

gag
Glu

tac
Tyr
395

ggt
Gly

tgc
Cys

gca
Ala

gca
Ala

tac
Tyr
475

tat
Tyr

gca
Ala

gat
Asp

ttc
Phe

aac
Asn
555

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728
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4060

tac acc gat ccg gat ctc cca cga acc ttc aag ctt tct ttc ctg gea
Tyr Thr Asp Pro Asp Leu Pro Arg Thr Phe Lys Leu Ser Phe Leu Ala
560 565 570

tat cgt gat ttc atc aaa aac cac aaa aag tga
Tyr Arg Asp Phe Ile Lys Asn His Lys Lys
575 580

<210> 16
<211> 602
<212> PRT
<213> Trinh ty nhan tao

<220>
<223> C&u tric téng hop

<400> 16
Met Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala
-20 -15 -10

Ala Pro Ala Leu Ala Ala Pro Gln Phe Ser Pro Thr Val Asn Thr Glu
-5 -1 1 5 10

Gly Ile Ile Pro Ile Ser Glu Arg Pro Ser Pro Thr Gln Ser Ser Ser
15 20 25

Ser Ser Gly Pro Val Ile Pro Ala Gly Ser Tyr Val Ser Asp Phe Asp

Ala Ser Gly Leu Ala Asn Leu Trp Ser Gln Val Glu Val Asp Ile Pro
45 50 55

Val Glu Ser Pro Arg Ile Ser Ala Val Pro Pro Leu Asn Lys Thr Phe
60 65 70 75

Ser Val Pro Lys Thr Pro Val Leu Pro Asn Ser Leu Gln Asp His Leu
80 85 90

Pro Lys Asp Val Lys Ala Pro Glu Gly Phe Ala Trp Gly Val Ala Ser
95 100 105

val Ala Gln Gln Tyr Glu Gly Ala Val Lys Ala Asp Gly Arg Gly Pro
110 115 120

Ser His Trp Asp Phe Leu Cys His Arg Asn Pro Ser Ser Cys Thr Asn
125 130 135

Tyr Thr Ser Asp Ile Thr Asp Leu Gly Arg Tyr Tyr Tyr Lys Asn Asp
140 145 150 155
45

1776

1809

63/96



Leu

Ser

Asn

Phe

Asn

220

Asp

Ala

Tyr

Ser

Gly

300

Lys

Gln

Asp

Tyr

Phe
380

Ala

Trp

Glu

Gly

205

Leu

Tyr

Glu

Thr

Ser

285

Ala

Ser

Asn

Phe

Pro

365

Thr

Arg

Thr

Gly

190

Ile

Leu

Tyr

Thr

Gly

270

Thr

Ala

Gly

Pro

Tyr

350

Glu

Ala

Met

Arg

175

Leu

Lys

Phe

Tyr

Phe

255

Pro

Ala

Val

Glu

Asp

335

Ile

Thr

Ala

Ala

160

Val

Asp

Pro

Glu

Tyr

240

Phe

Pro

Pro

Gly

Ile

320

Ser

Gly

Val

Glu

Ala

Val

Tyr

Val

Tyr

225

Ala

Thr

Phe

Tyr

Arg

305

Ala

Asp

Ile

Arg

Arg
385

Met

Pro

Tyr

Ile

210

Gly

Asp

Phe

Asp

Pro

290

Tyr

Phe

Ala

Phe

Asn

370

Glu

Gly

Phe

Glu

195

Thr

Gly

Ile

Asn

Ala

275

Cys

Arg

Lys

Asp

Ser

355

Thr

Gln

Ile

Gly

180

Asp

Leu

Phe

Val

Glu

260

Tyr

Ser

Ala

Asn

Lys

340

Gln

Ile

Ile

4060

Thr

165

Lys

Ile

Phe

Leu

Phe

245

Pro

Tyr

Tyr

Leu

Asp

325

Arg

Pro

Ser

Gln

His

Lys

Cys

His

Asn

230

Arg

Arg

Glu

Asn

Val

310

Asp

Ala

Val

Glu

Gly
390

46

Tyr
Gly
Lys
Trp
215
Gly
Arg
Val
Arg
Leu
295
Lys
Ser
Ala
Tyr
Arg

375

Ser

Ser

Ser

Thr

200

Asp

Thr

Leu

Tyr

Tyr

280

Leu

Glu

Tyr

Lys

Gly

360

Phe

Ala

Phe

Pro

185

Ala

Thr

Ile

Gly

Cys

265

Gly

Arg

Gly

Gln

Arg

345

Asn

Leu

Asp

Ser

170

Val

Leu

Pro

Val

Lys

250

Ser

Leu

Ala

Ser

Leu

330

His

Gly

Pro

Phe

Val

Ser

Ser

Ala

Asp

235

Tyr

Glu

Asn

His

Ile

315

Pro

Phe

Tyr

Glu

Tyr
395
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4060 65/96

Ala Ile Asp Gly Tyr Arg Thr Asn Ile Ala Ser Ala Ala Pro Asn Gly
400 405 410

Ile Asp Ala Cys Leu Arg Asn Ala Ser Asp Pro Asn Trp Pro Val Cys
415 420 425

Gln Asp Asn Ser Asn Thr Gly Gln Tyr Ala Thr Leu Glu Gly Phe Ala
430 435 440

Leu Gly Pro Pro Ala Asp Pro Asn Ala Asn Trp Leu Tyr Asn Thr Ala
445 450 455

Pro Tyr Leu Arg Tyr Gln Phe Lys Val Leu Lys Glu Asn Phe Asn Tyr
460 465 470 475

Lys Lys Ile Tyr Leu Thr Glu Phe Gly Phe Ala Glu Pro Phe Ser Tyr
480 485 490

Leu Arg Gln Asp Leu Tyr Ala Leu Leu Tyr Asp Thr Asp Arg Thr Ala
495 500 505

Tyr Tyr Gln Asp Tyr Leu Ala Gln Cys Met Leu Ala Ile Lys Glu Asp
510 515 520

Gly Ile Pro Leu Ala Gly Val Phe Ala Trp Ser Phe Val Asp Asn Phe
525 530 535

Glu Trp Gly Ser Gly Leu Glu Gln Arg Phe Gly Met Gln Tyr Val Asn
540 545 550 555

Tyr Thr Asp Pro Asp Leu Pro Arg Thr Phe Lys Leu Ser Phe Leu Ala
560 565 570

Tyr Arg Asp Phe Ile Lys Asn His Lys Lys
575 580

<210> 17

<211> 1809

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Beta-galactosidaza

<220>
<221> (DS
<2225 (1)..(1809)
47



<220>
<221>
<222>

<220>
<221>
222>

<400>
atg atg gtc gcg
Met Met Val

gca
Ala
-5

ggc
Gly

tct
Ser

gcc
Ala

gtt
Val
60

tcg
Ser

ccc
Pro

gtg
Val

tct
Ser

tac
Tyr
140

ctc

Leu

tct
Ser

-20

cct
Pro

atc
Ile

tct
Ser

agc
Ser
45

gag
Glu

gtt
val

aag
Lys

gca
Ala

cac
His
125
acc

Thr

gcc
Ala

tgg
Trp

sig peptit

(1)..(63)

mat_peptit
(64)..(1806)

17

gct
Ala

atc
Ile

888
Gly
30

geg
Gly

tct
Ser

ccg
Pro

gat
Asp

cag
Gln
110

tgg
Trp

tct
Ser

cgt
Arg

acc
Thr

Ala

ttg
Leu

ccc
Pro
15

ccc
Pro

ttg
Leu

cca
Pro

aag
Lys

gtg
Val
95

caa
Gln

gac
Asp

gac
Asp

atg
Met

cga
Arg
175

tgg
Trp

gct
Ala
-1

atc
Ile

gtg
Val

gcg
Ala

cgc
Arg

act
Thr
80

aaa
Lys

tac
Tyr

ttc
Phe

atc
Ile

gcc
Ala
160

gtt
Val

tgg
Trp

gcg
Ala

agc
Ser

atc
Ile

aac
Asn

att
Ile
65

cca
Pro

gct
Ala

gag
Glu

ctg
Leu

act
Thr
145

gca

Ala

gtc
Val

tct
Ser
-15

cca
Pro

gag
Glu

cca
Pro

ctt
Leu
50

tcg
Ser

gtt
Val

cct
Pro

ggc
Gly

tgc
Cys
130

gat
Asp

atg
Met

ccc
Pro

cta
Leu

cag
Gln

cgeg
Arg

gcg
Ala
35

tgg
Trp

gcc
Ala

ctc
Leu

gag
Glu

gca
Ala
115

cat

His

ctg
Leu

ggg
Gly

ttc
Phe

Tttt
Phe

ttc
Phe

cca
Pro
20

ggt
Gly

tcg
Ser

gtt
Val

ccc
Pro

ggc
Gly
100

gtc
val

cgc
Arg

ggc
Gly

atc
Ile

ggc
Gly
180

4060

ctg
Leu

tcg
Ser

agc
Ser

tcc
Ser

cag
Gln

cct
Pro

aat
Asn
85

Tttt
Phe

aaa
Lys

aac
Asn

cgc
Arg

act
Thr
165

aag
Lys

tac
Tyr

cca
Pro

ccg
Pro

tat
Tyr

gtt
Val

ccg
Pro
70

tcg

Ser

gcce
Ala

gca
Ala

ccc
Pro

tac
Tyr
150

cac
His
aag

Lys

48

gec
Gly
-10

aca
Thr

aca
Thr

gtc
Val

gaa
Glu
55

ctg
Leu

ctt
Leu

tgg
Trp

gac
Asp

tcc
Ser
135

tac

Tyr

tac
Tyr

ggt
Gly

ctt
Leu

gtc
Val

cag
Gln

agc
Ser
40

gte
Val

aac
Asn

caa
Gln

gga
Gly

gga
Gly
120

tct

Ser

tac
Tyr

tcc
Ser

tcg
Ser

cag
Gln

aac
Asn

agc
Ser
25

gac
Asp

gac
Asp

aag
Lys

gac
Asp

gtg
Val
105

cga
Arg

tgt
Cys

aag
Lys

ttt
Phe

cct
Pro
185

gtc
Val

acc
Thr
10

tcc
Ser

ttc
Phe

att
Ile

acc
Thr

cat
His
90

gcg
Ala

ggc¢
Gly

acc
Thr

aac
Asn

tcg
Ser
170

gtt
Val

gcg
Ala

gaa
Glu

tct
Ser

gat
Asp

ccg
Pro

ttc
Phe
75

ctg
Leu

tcc
Ser

cct
Pro

aac
Asn

gat
Asp
155

gtg
Val

tcc
Ser

48

96

144

192

240

288

336

384

432

480

528

576

624

66/96



4060 67/96

aac gag gga ttg gac tac tac gag gac atc tgc aag act gcc ctc tct 672
Asn Glu Gly Leu Asp Tyr Tyr Glu Asp Ile Cys Lys Thr Ala Leu Ser
190 195 200
ttc ggc atc aag ccc gtc atc acg ctg ttc cac 1gg gat acc ccg gca 720
Phe Gly Ile Lys Pro Val Ile Thr Leu Phe His Trp Asp Thr Pro Ala
205 210 215
aac ctc ctg ttt gag tat gga ggt ttc ctc aat ggc acg atc gtc gat 768
Asn Leu Leu Phe Glu Tyr Gly Gly Phe Leu Asn Gly Thr Ile Val Asp
220 225 230 235
gac tac tac tac tac gcc gac att gtc ttc cgg cgg ttg ggc aag tac 816
Asp Tyr Tyr Tyr Tyr Ala Asp Ile Val Phe Arg Arg Leu Gly Lys Tyr
240 245 250
gcg gag acg ttc ttc acg ttc aac gag cca cgc gtc tac tgc agc gag 864
Ala Glu Thr Phe Phe Thr Phe Asn Glu Pro Arg Val Tyr Cys Ser Glu
255 260 265
tac act ggt cct ccc ttc gat gcc tac tac gag cga tac ggc ctc aac 912
Tyr Thr Gly Pro Pro Phe Asp Ala Tyr Tyr Glu Arg Tyr Gly Leu Asn
270 275 280
tcc tcg act gec cca tac cct tgt tecg tac aac ctt ttg cge gct cat 960
Ser Ser Thr Ala Pro Tyr Pro Cys Ser Tyr Asn Leu Leu Arg Ala His
285 290 295
ggc gcc get gtc ggg cga tac cgc gec ctt gtc aag gag ggc tcc atc 1008
Gly Ala Ala Val Gly Arg Tyr Arg Ala Leu Val Lys Glu Gly Ser Ile
300 305 310 315
aag tcc ggt gag att gcg ttc aag aac gat gac agc tat cag ctt cct 1056
Lys Ser Gly Glu Ile Ala Phe Lys Asn Asp Asp Ser Tyr Gln Leu Pro
320 325 330
cag aat cct gat tcc gat gca gac aaa cgg gca gca aaa cgt cac ttt 1104
Gln Asn Pro Asp Ser Asp Ala Asp Lys Arg Ala Ala Lys Arg His Phe
335 340 345
gac ttc tac atc ggg atc ttc tcc caa ccg gtt tac gga aat ggg tac 1152
Asp Phe Tyr Ile Gly Ile Phe Ser Gln Pro Val Tyr Gly Asn Gly Tyr
350 355 360
tac ccg gaa aca gtg cgt aac aca atc tcc gaa cgc ttc ctg cct gag 1200
Tyr Pro Glu Thr Val Arg Asn Thr Ile Ser Glu Arg Phe Leu Pro Glu
365 370 375
ttc acc gct gct gaa cge gag cag att cag ggt agc gcc gac ttc tac 1248
Phe Thr Ala Ala Glu Arg Glu Gln Ile Gln Gly Ser Ala Asp Phe Tyr
380 385 390 395
gcg atc gat gga tat cgg acc aac atc gca tct geca gec ccg aat ggg 1296
Ala Ile Asp Gly Tyr Arg Thr Asn Ile Ala Ser Ala Ala Pro Asn Gly
400 405 410
att gac gct tgc ttg cgt aac gct agc gac cct aac tgg ccg gtg tgc 1344
Ile Asp Ala Cys Leu Arg Asn Ala Ser Asp Pro Asn Trp Pro Val Cys
415 420 425

49



caa gac
Gln Asp

ttg 888
Leu Gly

445

ccg tat
Pro Tyr
460

aag aag
Lys Lys

ctg cgc
Leu Arg

tac tac
Tyr Tyr

ggt atc
Gly Ile
525

gag tgg
Glu Trp
540

tac acc
Tyr Thr

tat cgg
Tyr Arg

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

<220>
<223>

aac
Asn
430

cct
Pro

ctc
Leu

atc
Ile

caa
Gln

cag
Gln
510

cca
Pro

ggt
Gly

gac
Asp

gac
Asp

18
602
PRT

tcg
Ser

ccc
Pro

cga
Arg

tac
Tyr

gac
Asp
495

gat
Asp

ttg
Leu

tcg
Ser

ccc
Pro

ttc
Phe
575

Trinh tv

Cau tric

<400> 18

Met Met Val Ala

-20

Ala Pro Ala Leu

-5

Gly Ile Ile Pro

15

aac aca ggc
Asn Thr Gly

gca gac cca
Ala Asp Pro
450

tac caa ttc
Tyr Gln Phe
465

ctg acc gaa
Leu Thr Glu
480

ctg tat gcg
Leu Tyr Ala

tac ctg gcg
Tyr Leu Ala

gcc gge gtc
Ala Gly Vval
530

gga ttg gaa
Gly Leu Glu

545
gac ttg ccc
Asp Leu Pro
560

atc aag aac
Ile Lys Asn

nhan tao

téng hop

Trp Trp Ser
-15

Ala Ala Pro
-1 1

cag
Gln
435

aat

Asn

aag
Lys

ttc
Phe

ctt
Leu

cag
Gln
515
Tttt
Phe

cag
Gln

cgc
Arg

cac
His

Leu

Gln

Ile Ser Glu Arg

tat
Tyr

gcc
Ala

gtc
Val

2424
Gly

ctc
Leu
500

tgc
Cys

gct
Ala

cgc
Arg

aca
Thr

aag
Lys
580

4060

gcc
Ala

aac
Asn

ttg
Leu

Tttt
Phe
485

tac
Tyr

atg
Met

tgg
Trp

Tttt
Phe

ttc
Phe
565

aag
Lys

acc
Thr

tgg
Trp

aag
Lys
470

gct
Ala

gat
Asp

ctg
Leu

tcc
Ser

ggc
Gly
550

aag
Lys

taa

ctg
Leu

ctg
Leu
455

gag
Glu

gag
Glu

act
Thr

gcc
Ala

ttc
Phe
535

atg
Met

ctc
Leu

gaa
Glu
440

tac
Tyr

aac
Asn

cct
Pro

gat
Asp

atc
Ile
520

gtt
Val

cag
Gln

tcc
Ser

ggt
Gly

aac
Asn

ttc
Phe

ttc
Phe

cga
Arg
505

aag

Lys

gac
Asp

tat
Tyr

ttt
Phe

Phe Leu Tyr Gly Leu Gln

-10

Phe Ser Pro Thr Val Asn

5

Tttt
Phe

acg
Thr

aac
Asn

tcc
Ser
490

acc

Thr

gag
Glu

aac
Asn

gtg
Val

ctc
Leu
570

Val

Thr
10

gca
Ala

gcg
Ala

tac
Tyr
475

tat
Tyr

gct
Ala

gac
Asp

ttc
Phe

aac
Asn
555

gcc
Ala

Ala

Glu

Pro Ser Pro Thr Gln Ser Ser Ser

20

50

25

1392

1440

1488

1536

1584

1632

1680

1728

1776

1809
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Ser

Ala

Val

60

Ser

Pro

Val

Ser

Tyr

140

Leu

Ser

Asn

Phe

Asn

220

Asp

Ala

Ser

Ser

45

Glu

Val

Lys

Ala

His

125

Thr

Ala

Trp

Glu

Gly

205

Leu

Tyr

Glu

Gly

30

Gly

Ser

Pro

Asp

Gln

110

Trp

Ser

Arg

Thr

Gly

190

Ile

Leu

Tyr

Thr

Pro

Leu

Pro

Lys

Val

95

Gln

Asp

Asp

Met

Arg

175

Leu

Lys

Phe

Tyr

Phe
255

val

Ala

Arg

Thr

80

Lys

Tyr

Phe

Ile

Ala

160

Val

Asp

Pro

Glu

Tyr

240

Phe

Ile

Asn

Ile

65

Pro

Ala

Glu

Leu

Thr

145

Ala

Val

Tyr

Vval

Tyr

225

Ala

Thr

Pro

Leu

50

Ser

Val

Pro

Gly

Cys

130

Asp

Met

Pro

Tyr

Ile

210

Gly

Asp

Phe

Ala

35

Trp

Ala

Leu

Glu

Ala

115

His

Leu

Gly

Phe

Glu

195

Thr

Gly

Ile

Asn

Gly

Ser

Val

Pro

Gly

100

Val

Arg

Gly

Ile

Gly

180

Asp

Leu

Phe

Val

Glu
260

4060

Ser

Gln

Pro

Asn

85

Phe

Lys

Asn

Arg

Thr

165

Lys

Ile

Phe

Leu

Phe

245

Pro

Tyr

Val

Pro

70

Ser

Ala

Ala

Pro

Tyr

150

His

Lys

Cys

His

Asn

230

Arg

Arg

51

Val

Glu

55

Leu

Leu

Trp

Asp

Ser

135

Tyr

Tyr

Gly

Lys

Trp

215

Gly

Arg

Val

Ser

40

Val

Asn

Gln

Gly

Gly

120

Ser

Tyr

Ser

Ser

Thr

200

Asp

Thr

Leu

Tyr

Asp

Asp

Lys

Asp

Val

105

Arg

Cys

Lys

Phe

Pro

185

Ala

Thr

Ile

Gly

Cys
265

Phe

Ile

Thr

His

90

Ala

Gly

Thr

Asn

Ser

170

Val

Leu

Pro

Val

Lys

250

Ser

Asp

Pro

Phe

75

Leu

Ser

Pro

Asn

Asp

155

Val

Ser

Ser

Ala

Asp

235

Tyr

Glu

69/96



Tyr

Ser

Gly

300

Lys

Gln

Asp

Tyr

Phe

380

Ala

Ile

Gln

Leu

Pro

460

Lys

Leu

Thr

Ser

285

Ala

Ser

Asn

Phe

Pro

365

Thr

Ile

Asp

Asp

Gly

445

Tyr

Lys

Arg

Gly

270

Thr

Ala

Gly

Pro

Tyr

350

Glu

Ala

Asp

Ala

Asn

430

Pro

Leu

Ile

Gln

Pro

Ala

Val

Glu

Asp

335

Ile

Thr

Ala

Gly

Cys

415

Ser

Pro

Arg

Tyr

Asp
495

Pro

Pro

Gly

Ile

320

Ser

Gly

Val

Glu

Tyr

400

Leu

Asn

Ala

Tyr

Leu

480

Leu

Phe

Tyr

Arg

305

Ala

Asp

Ile

Arg

Arg

385

Arg

Arg

Thr

Asp

Gln

465

Thr

Tyr

Asp

Pro

290

Tyr

Phe

Ala

Phe

Asn

370

Glu

Thr

Asn

Gly

Pro

450

Phe

Glu

Ala

Ala

275

Cys

Arg

Lys

Asp

Ser

355

Thr

Gln

Asn

Ala

Gln

435

Asn

Lys

Phe

Leu

Tyr

Ser

Ala

Asn

Lys

‘340

Gln

Ile

Ile

Ile

Ser

420

Tyr

Ala

Val

Gly

Leu
500

4060

Tyr

Tyr

Leu

Asp

325

Arg

Pro

Ser

Gln

Ala

405

Asp

Ala

Asn

Leu

Phe

485

Tyr

Glu

Asn

Val

310

Asp

Ala

Vval

Glu

Gly

390

Ser

Pro

Thr

Trp

Lys

470

Ala

Asp

52

Arg

Leu

295

Lys

Ser

Ala

Tyr

Arg

375

Ser

Ala

Asn

Leu

Leu

455

Glu

Glu

Thr

Tyr

280

Leu

Glu

Tyr

Lys

Gly

360

Phe

Ala

Ala

Trp

Glu

440

Tyr

Asn

Pro

Asp

Gly

Arg

Gly

Gln

Arg

345

Asn

Leu

Asp

Pro

Pro

425

Gly

Asn

Phe

Phe

Arg
505

Leu

Ala

Ser

Leu

330

His

Gly

Pro

Phe

Asn

410

Val

Phe

Thr

Asn

Ser

490

Thr

Asn

His

Ile

315

Pro

Phe

Tyr

Glu

Tyr

395

Gly

Cys

Ala

Ala

Tyr

475

Tyr

Ala

70/96



Tyr

Gly

Glu

540

Tyr

Tyr

Tyr

Ile

525

Trp

Thr

Arg

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

220>
221>
<222>

<220>
<221>
222>

<220>
<221>
222>

<400>
atg ctt gtc

Met

gtt
Val

ctg
Leu

gtg
Val
30

gtc
Val

cca
Pro

Leu

g8c
Gly

gag
Glu
15

teg

Ser

gaa
Glu

gta
Val

Gln

510

Pro

Gly

Asp

Asp

19
1785
ADN

Asp

Leu

Ser

Pro

Phe
575

Tyr

Ala

Gly

Asp

560

Ile

Leu

Gly

Leu

545

Leu

Lys

Ala

Val

530

Glu

Pro

Asn

Gln

515

Phe

Gln

Arg

His

Sterigmatomyces elviae

CcDS

(1)..(1785)

sig_peptit

(1)..(57)

mat_peptit
(58)..(1782)

19
Val
gca
Ala
-1
tct

Ser

tcg
Ser

aaa
Lys

aac
Asn

gga
Gly

atc
Ile

gtg
Val

ccc
Pro

gac
Asp

aac
Asn

ctt
Leu
-15

cct
Pro

acc
Thr

tat
Tyr

att
Ile
50

agc
Ser

gct
Ala

gct
Ala

aac
Asn

aat
Asn
35

cca
Pro

Tttt
Phe

ttg
Leu

ttc
Phe

act
Thr
20

caa
Gln

gtc
Val

gcg
Ala

act
Thr

cca
Pro

cag
Gln

gat
Asp

gag
Glu

gtc
Val

Cys

Ala

Arg

Thr

Lys
580

gct
Ala

atc
Ile

acc
Thr

gca
Ala

aca
Thr

ccc
Pro

4060

Met

Trp

Phe

Phe
565

Lys

ctg
Leu
-10

act
Thr

tcg
Ser

ctc
Leu

cca
Pro
55

aaa
Lys

Leu Ala

Ser

Phe
535

Gly Met

550

Lys

tta
Leu

cca
Pro

ctc
Leu

gac
Asp
40

agc
Ser

acc
Thr
53

Leu

ggt
Gly

gat
Asp

cct
Pro
25

aag

Lys

atc
Ile

cct
Pro

Ile
520

Val

Gln

Ser

gcc
Ala

ttg
Leu
10

tca

Ser

ctg
Leu

tcc
Ser

act
Thr

Lys Glu Asp

Asp Asn Phe

Tyr Val Asn

555

Phe Leu Ala

act
Thr

gct
Ala

gcg
Ala

tgg
Trp

agc
Ser

ctg
Leu

570

cgt
Arg
-5

ggt
Gly

agc
Ser

gct
Ala

gtt
Val
60

ccc
Pro

tat
Tyr

geg
Gly

gct
Ala

gag
Glu
45

gtt
Val

cga
Arg

48

96

144

192

240

288
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tct
Ser

aag
Lys

gct
Ala
110

cca
Pro

tac
Tyr

act
Thr

gcc
Ala

atc
Ile
190

cat
His

aat
Asn

gag
Glu

cgt
Arg

cac
His
270

acc
Thr

gca
Ala

ctt
Leu

Tttt
Phe
95

gat
Asp

cag
Gln

tat
Tyr

gta
Val

gat
Asp
175

aac
Asn

tgg
Trp

ggc
Gly

cat
His

gta
Val
255

ttt
Phe

tat
Tyr

ctg
Leu

cag
Gln
80

ggt
Gly

gec
Gly

caa
Gln

tat
Tyr

tca
Ser
160

agt
Ser

gag
Glu

agt
Ser

agc
Ser

ttc
Phe
240

tac

Tyr

gga
Gly

aac
Asn

gtc
Val

65

gat
Asp

gtc
Val

cgt
Arg

tgc
Cys

aag
Lys
145

ctc
Leu

cct
Pro

ctc
Leu

aca
Thr

tcg
Ser
225

ggt
Gly

tgc
Cys

ggt
Gly

att
Ile

aac
Asn
305

cat
His

gcc
Ala

gsc
Gly

aac
Asn
130

caa
Gln

acc
Thr

gtc
Val

atc
Ile

cca
Pro
210

gtt
Val

gac
Asp

tcc
Ser

ccc
Pro

tta
Leu
290

agt
Ser

gct
Ala

acc
Thr

ccc
Pro
115

aac
Asn

gat
Asp

ctt
Leu

agc
Ser

gat
Asp
195

ctc
Leu

gaa
Glu

aga
Arg

gaa
Glu

aac
Asn
275

aaa

Lys

gga
Gly

acc
Thr

gcc
Ala
100

tct
Ser

tac
Tyr

atc
Ile

tct
Ser

aaa
Lys
180

aat
Asn

aat
Asn

gat
Asp

gta
Val

tac
Tyr
260

atc

Ile

gca
Ala

aag
Lys

agt
Ser
85

gat
Asp

cac
His

acc
Thr

gca
Ala

tgg
Trp
165

gaa
Glu

ggc
Gly

ctg
Leu

ttc
Phe

acc
Thr
245

act

Thr

aat
Asn

cac
His

atc
Ile

70

gsc
Gly

cag
Gln

tgg
Trp

tca
Ser

cga
Arg
150

tca
Ser

gga
Gly

atc
Ile

gtg
Val

gct
Ala
230

aca
Thr

ggc
Gly

gcc
Ala

gga
Gly

aag
Lys
310

4060

cgc
Arg

cag
Gln

gat
Asp

gac
Asp
135

atc
Ile

cgt
Arg

ctc
Leu

gaa
Glu

ttc
Phe
215

agc
Ser

ttc
Phe

gag
Glu

acg
Thr

cgt
Arg
295

aaa
Lys

aaa
Lys

tat
Tyr

tac
Tyr
120

atc
Ile

aag
Lys

atc
Ile

caa
Gln

cca
Pro
200

gaa

Glu

tat
Tyr

ctt
Leu

cct
Pro

acc
Thr
280

gcc
Ala
ggt

Gly

54

ttc
Phe

gaa
Glu
105

ctt
Leu

act
Thr

gcc
Ala

aag
Lys

ttt
Phe
185

gtc
Val

tac
Tyr

gct
Ala

act
Thr

Tttt
Phe
265

gct
Ala

gtt
Val

gaa
Glu

ccc
Pro
90

ggt
Gly

tgc
Cys

gac
Asp

atg
Met

ccc
Pro
170

tac
Tyr

gtc
Val

gge
Gly

aag
Lys

ttc
Phe
250

aat

Asn

ccc
Pro

caa
Gln

gtc
Val

75

aaa
Lys

gcc
Ala

cat
His

ctt
Leu

gga
Gly
155

ttc
Phe

gat
Asp

acc
Thr

gcc
Ala

ctt
Leu
235

aac
Asn

gat
Asp

tat
Tyr

gaa
Glu

gca
Ala
315

gec
Gly

gtc
Val

cgt
Arg

gegt
Gly
140

gta
Val

gec
Gly

gac
Asp

ctg
Leu

ttc
Phe
220

gtt
Val

gag
Glu

tat
Tyr

cct
Pro

tac
Tyr
300

att
Ile

ttc
Phe

aag
Lys

ctc
Leu
125

cgc
Arg

aac
Asn

acg
Thr

Tttt
Phe

ttc
Phe
205

ctt
Leu

ttt
Phe

cct
Pro

tgg
Trp

tgc
Cys
285

aga

Arg

aaa
Lys

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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aac
Asn

gta
Val

cag
Gln
350

atc
Ile

att
Ile

ctt
Leu

tcg
Ser

tac
Tyr
430

gct
Ala

aca
Thr

gea
Gly

ctg
Leu

gcc
Ala
510

gct
Ala

cga
Arg

gac
Asp

gaa
Glu
335

cct
Pro

tcc
Ser

aaa
Lys

gca
Ala

gat
Asp
415

caa
Gln

gca
Ala

ctc
Leu

Tttt
Phe

tac
Tyr
495

ttg

Leu

tgg
Trp

ttc
Phe

gat
Asp
320

gcg
Ala

att
Ile

act
Thr

gea
Gly

aga
Arg
400

ccc
Pro

acc
Thr

tgg
Trp

aaa
Lys

gct
Ala
480

gac

Asp

gat
Asp

tcc
Ser

gsec
Gly

agt
Ser

gcc
Ala

tac
Tyr

gaa
Glu

agt
Ser
385

gct
Ala

aat
Asn

atg
Met

cta
Leu

gag
Glu
465

Ccgg
Arg

aca
Thr

gcc
Ala

ttc
Phe

atg
Met
545

tat
Tyr

aag
Lys

ggt
Gly

ttc
Phe
370

ggt
Gly

gcg
Ala

tgg
Trp

gat
Asp

tat
Tyr
450

gca
Ala

cct
Pro

gac
Asp

att
Ile

gtt
Val
530

cag
Gln

ccc
Pro

cga
Arg

gat
Asp
355

ctg
Leu

gac
Asp

ccc
Pro

cct
Pro

ggec
Gly
435

gac
Asp

ttc
Phe

tac
Tyr

cgt
Arg

cat
His
515
gac

Asp

ttc
Phe

gtg
Val

cac
His
340

gea
Gly

cca
Pro

ttt
Phe

aat
Asn

gta
Val
420

Tttt
Phe

acc
Thr

aac
Asn

gaa
Glu

gcc
Ala
500

gac

Asp

aat
Asn

gtg
Val

cca
Pro
325

ttc
Phe

aag
Lys

tac
Tyr

ttc
Phe

ggc
Gly
405

tgc
Cys

gct
Ala

agc
Ser

tat
Tyr

tac
Tyr
485

att
Ile

gac
Asp

ttc
Phe

aac
Asn

gtc
Val

gat
Asp

ttc
Phe

ctc
Leu

gcc
Ala
390

atc
Ile

caa
Gln

ttc
Phe

ttc
Phe

gac
Asp
470

ctc
Leu

tac
Tyr

ggc
Gly

gaa
Glu

tac
Tyr
550

4060

aac
Asn

ttc
Phe

cca
Pro

acc
Thr
375

ata
Ile

caa
Gln

gac
Asp

get
Gly

aag
Lys
455

aag
Lys

tac
Tyr

tac
Tyr

att
Ile

tgg
Trp
535

acg
Thr

cca
Pro

tac
Tyr

gac
Asp
360

gat
Asp

gac
Asp

gcc
Ala

aac
Asn

ccc
Pro
440

ttg

Leu

atc
Ile

cct
Pro

caa
Gln

cct
Pro
520

gct
Ala

aca
Thr

55

gac
Asp

att
Ile
345

acc
Thr

gat
Asp

gca
Ala

tgc
Cys

agc
Ser
425

ccg
Pro

cgc
Arg

tac
Tyr

tac
Tyr

gac
Asp
505

ctg

Leu

tcc
Ser

ctg
Leu

tcc
Ser
330

ggc
Gly

gtt
Val

gag
Glu

tat
Tyr

gta
Val
410

cct
Pro

gca
Ala

tac
Tyr

atc
Ile

gsc
Gly
490

tac

Tyr

gct
Ala

ggt
Gly

gaa
Glu

gaa
Glu

att
Ile

aga
Arg

aaa
Lys

cga
Arg
395

gct
Ala

gaa
Glu

gac
Asp

cag
Gln

tca
Ser
475

ttc
Phe

atg
Met

ggt
Gly

ctt
Leu

aga
Arg
555

gcc
Ala

ttc
Phe

aac
Asn

gec
Ala
380

acc
Thr

aac
Asn

gga
Gly

ccc
Pro

ctt
Leu
460

gag
Glu

gac
Asp

gct
Ala

gtc
Val

gaa
Glu
540

gag
Glu

gat
Asp

agt
Ser

acc
Thr
365

atg
Met

aac
Asn

atc
Ile

caa
Gln

aac
Asn
445

aag
Lys

Tttt
Phe

gtc
Vval

gag
Glu

ttt
Phe
525

cag

Gln

tac
Tyr

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728
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4060 74/96

aag ctc tcc ttc ctg ctt tat cgt gac ttc att gaa aac cac agt tgc 1776
Lys Leu Ser Phe Leu Leu Tyr Arg Asp Phe Ile Glu Asn His Ser Cys
560 565 570

gaa gat taa 1785
Glu Asp
575

<210> 20

<211> 594

<212> PRT

<213> Sterigmatomyces elviae

<400> 20
Met Leu Val Gly Leu Ala Leu Thr Ala Leu Leu Gly Ala Thr Arg Tyr
-15 -10 -5

Val Gly Ala Ile Pro Ala Phe Pro Ile Thr Pro Asp Leu Ala Gly Gly
-1 1 5 10

Leu Glu Ser val Thr Asn Thr Gln Thr Ser Leu Pro Ser Ala Ser Ala
15 20 25

Vval Ser Ser Pro Tyr Asn Gln Asp Ala Leu Asp Lys Leu Trp Ala Glu
30 35 40 45

Val Glu Lys Asp Ile Pro Val Glu Thr Pro Ser Ile Ser Ser Val Val
50 55 60

Pro Val Asn Asn Ser Phe Ala Val Pro Lys Thr Pro Thr Leu Pro Arg
65 70 75

Ser Leu Gln Asp His Ala Thr Ser Gly Arg Lys Phe Pro Lys Gly Phe
80 85 90

Lys Phe Gly Val Ala Thr Ala Asp Gln Gln Tyr Glu Gly Ala val Lys
95 100 105

Ala Asp Gly Arg Gly Pro Ser His Trp Asp Tyr Leu Cys His Arg Leu
110 115 120 125

Pro Gln Gln Cys Asn Asn Tyr Thr Ser Asp Ile Thr Asp Leu Gly Arg
130 135 140

Tyr Tyr Tyr Lys Gln Asp Ile Ala Arg Ile Lys Ala Met Gly Val Asn
145 150 155

Thr Val Ser Leu Thr Leu Ser Trp Ser Arg Ile Lys Pro Phe Gly Thr
56



Ala

Ile

190

His

Asn

Glu

Arg

His

270

Thr

Ala

Asn

Val

Gln

350

Ile

Ile

Leu

Asp

175

Asn

Trp

Gly

His

Val

255

Phe

Tyr

Leu

Asp

Glu

335

Pro

Ser

Lys

Ala

160

Ser

Glu

Ser

Ser

Phe

240

Tyr

Gly

Asn

Val

Asp

320

Ala

Ile

Thr

Gly

Arg
400

Pro

Leu

Thr

Ser

225

Gly

Cys

Gly

Ile

Asn

305

Ser

Ala

Tyr

Glu

Ser

385

Ala

Val

Ile

Pro

210

Val

Asp

Ser

Pro

Leu

290

Ser

Tyr

Lys

Gly

Phe

370

Gly

Ala

Ser

Asp

195

Leu

Glu

Arg

Glu

Asn

275

Lys

Gly

Pro

Arg

Asp

355

Leu

Asp

Pro

Lys

180

Asn

Asn

Asp

Val

Tyr

260

Ile

Ala

Lys

Vval

His

340

Gly

Pro

Phe

Asn

165

Glu

Gly

Leu

Phe

Thr

245

Thr

Asn

His

Ile

Pro

325

Phe

Lys

Tyr

Phe

Gly
405

Gly

Ile

Val

Ala

230

Thr

Gly

Ala

Gly

Lys

310

Val

Asp

Phe

Leu

Ala

390

Ile

4060

Leu

Glu

Phe

215

Ser

Phe

Glu

Thr

Arg

295

Lys

Asn

Phe

Pro

Thr

375

Ile

Gln

Gln

Pro

200

Glu

Tyr

Leu

Pro

Thr

280

Ala

Gly

Pro

Tyr

Asp

360

Asp

Asp

Ala

57

Phe

185

Val

Tyr

Ala

Thr

Phe

265

Ala

Val

Glu

Asp

Ile

345

Thr

Asp

Ala

Cys

170

Tyr

Val

Gly

Lys

Phe

250

Asn

Pro

Gln

Val

Ser

330

Gly

Val

Glu

Tyr

Val
410

Asp

Thr

Ala

Leu

235

Asn

Asp

Tyr

Glu

Ala

315

Glu

Ile

Arg

Lys

Arg

395

Ala

Asp

Leu

Phe

220

Val

Glu

Tyr

Pro

Tyr

300

Ile

Ala

Phe

Asn

Ala

380

Thr

Asn

Phe

Phe

205

Leu

Phe

Pro

Trp

Cys

285

Arg

Lys

Asp

Ser

Thr

365

Met

Asn

Ile

75/96



4060

Ser Asp Pro Asn Trp Pro Val Cys Gln Asp Asn

415

Tyr Gln

430

Ala Ala

Thr Leu

420

Thr Met Asp Gly Phe Ala Phe Gly Pro
435 440

Trp Leu Tyr Asp Thr Ser Phe Lys Leu
450 455

Lys Glu Ala Phe Asn Tyr Asp Lys Ile
465 470

Gly Phe Ala Arg Pro Tyr Glu Tyr Leu Tyr Pro

480 485

Leu Tyr Asp Thr Asp Arg Ala Ile Tyr Tyr Gln

495

Ala Leu

510

Ala Trp

Arg Phe

Lys Leu

500

Asp Ala Ile His Asp Asp Gly Ile Pro
515 520

Ser Phe Val Asp Asn Phe Glu Trp Ala
530 535

Gly Met Gln Phe Val Asn Tyr Thr Thr
545 550

Glu Asp

575

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

<220>
<223>

<220>
<221>
222>

<220>
<221>

Ser Phe Leu Leu Tyr Arg Asp Phe Ile
560 565

21

1791

ADN

Trinh ty nhén tao

Beta-galactosidaza

DS
(1)..(1791)

sig peptit
58

Ser

425

Pro

Arg

Tyr

Tyr

Asp

505

Leu

Ser

Leu

Glu

Pro

Ala

Tyr

Ile

Gly

490

Tyr

Ala

Gly

Glu

Asn
570

Glu

Asp

Gln

Ser

475

Phe

Met

Gly

Leu

Arg

555

His

Gly

Pro

Leu

460

Glu

Asp

Ala

Val

Glu

540

Glu

Ser

Gln

Asn

445

Lys

Phe

Val

Glu

Phe

525

Gln

Tyr

Cys

76/96



222>

220>
<221>
222>

<400>
atg atg gtc
Met Met Val

gca
Ala
-5

ggt
Gly

agc
Ser

gct
Ala

gtt
Val
60

ccc
Pro

gec
Gly

gtc
Val

cgt
Arg

get
Gly
140

gta
Val

ggc
Gly

gac
Asp

-20

cct
Pro

g88
Gly

gct
Ala

gag
Glu
45

gtt
Vval

cga
Arg

ttc
Phe

aag
Lys

ctc
Leu
125

cgc

Arg

aac
Asn

acg
Thr

Tttt
Phe

(1)..(63)

mat_peptit
(64)..(1788)

21

gct
Ala

ctg
Leu

gtg
Val
30

gtc
val

cca
Pro

tct
Ser

aag
Lys

gct
Ala
110

ccCa

Pro

tac
Tyr

act
Thr

gcc
Ala

atc
Ile

gcg
Ala

ttg
Leu

gag
Glu
15

tcg
Ser

gaa
Glu

gta
Val

ctt
Leu

Tttt
Phe
95

gat
Asp

cag
Gln

tat
Tyr

gta
Val

gat
Asp
175

aac
Asn

tgg
Trp

gct
Ala
-1

tct
Ser

tcg
Ser

aaa
Lys

aac
Asn

cag
Gln
80

ggt
Gly

ggc
Gly

caa
Gln

tat
Tyr

tca
Ser
160

agt

Ser

gag
Glu

tgg
Trp

atc
Ile

gtg
Val

ccc
Pro

gac
Asp

aac
Asn
65

gat
Asp

gtc
Val

cgt
Arg

tgc
Cys

aag
Lys
145

ctc
Leu

cct
Pro

ctc
Leu

tct
Ser
-15

cct
Pro

acc
Thr

tat
Tyr

att
Ile
50

agc
Ser

cat
His

gcc
Ala

gec
Gly

aac
Asn
130

caa

Gln

acc
Thr

gtc
Val

atc
Ile

cta
Leu

gct
Ala

aac
Asn

aat
Asn
35

cca
Pro

Tttt
Phe

gct
Ala

acc
Thr

ccc
Pro
115

aac
Asn

gat
Asp

ctt
Leu

agc
Ser

gat
Asp

ttt
Phe

ttc
Phe

act
Thr
20

caa
Gln

gtc
Vval

gcg
Ala

acc
Thr

gcc
Ala
100

tct
Ser

tac
Tyr

atc
Ile

tct
Ser

aaa
Lys
180

aat
Asn

4060

ctg
Leu

cca
Pro

cag
Gln

gat
Asp

gag
Glu

gtc
Val

agt
Ser
85

gat
Asp

cac
His

acc
Thr

gca
Ala

tgg
Trp
165

gaa

Glu

gec
Gly

tac
Tyr

atc
Ile

acc
Thr

gca
Ala

aca
Thr

ccc
Pro
70

ggec
Gly

cag
Gln

tgg
Trp

tca
Ser

cga
Arg
150

tca
Ser

gga
Gly

atc
Ile

59

ggc
Gly
-10

act
Thr

tcg
Ser

ctc
Leu

cca
Pro
55

aaa
Lys

cgc
Arg

cag
Gln

gat
Asp

gac
Asp
135

atc

Ile

cgt
Arg

ctc
Leu

gaa
Glu

ctt
Leu

cca
Pro

ctc
Leu

gac
Asp
40

agc
Ser

acc
Thr

aaa
Lys

tat
Tyr

tac
Tyr
120

atc

Ile

aag
Lys

atc
Ile

caa
Gln

cca
Pro

cag
Gln

gat
Asp

cct
Pro
25

aag
Lys

atc
Ile

cct
Pro

ttc
Phe

gaa
Glu
105

ctt
Leu

act
Thr

gcc
Ala

aag
Lys

ttt
Phe
185

gtc
Val

gtc
Val

ttg
Leu
10

tca
Ser

ctg
Leu

tcc
Ser

act
Thr

ccc
Pro
90

gegt
Gly

tgc
Cys

gac
Asp

atg
Met

ccc
Pro
170

tac

Tyr

gtc
Val

gcg
Ala

gct
Ala

gcg
Ala

tgg
Trp

agc
Ser

ctg
Leu
75

aaa
Lys

gcc
Ala

cat
His

ctt
Leu

gga
Gly
155

ttc
Phe

gat
Asp

acc
Thr

48

96

144

192

240

288

336

384

432

480

528

576

624

672

77/96



ctg
Leu

ttc
Phe
220

gtt
Val

gag
Glu

tat
Tyr

cct
Pro

tac
Tyr
300

att
Ile

gcc
Ala

ttc
Phe

aac
Asn

gcc
Ala
380

acc

Thr

aac
Asn

gea
Gly

ttc
Phe
205

ctt
Leu

Tttt
Phe

cct
Pro

tgg
Trp

tgc
Cys
285

aga
Arg

aaa
Lys

gat
Asp

agt
Ser

acc
Thr
365

atg
Met

aac
Asn

atc
Ile

caa
Gln

190

cat
His

aat
Asn

gag
Glu

cgt
Arg

cac
His
270

acc
Thr

gca
Ala

aac
Asn

gta
Val

cag
Gln
350

atc
Ile

att
Ile

ctt
Leu

tcg
Ser

tac
Tyr
430

tgg
Trp

g8c
Gly

cat
His

gta
Val
255

ttt
Phe

tat
Tyr

ctg
Leu

gac
Asp

gaa
Glu
335

cct
Pro

tcc
Ser

aaa
Lys

gca
Ala

gat
Asp
415

caa
Gln

agt
Ser

agc
Ser

ttc
Phe
240

tac
Tyr

gea
Gly

aac
Asn

gtc
Val

gat
Asp
320

gcg
Ala

att
Ile

act
Thr

gga
Gly

aga
Arg
400

ccc

Pro

acc
Thr

aca
Thr

tcg
Ser
225

gegt
Gly

tgc
Cys

ggt
Gly

att
Ile

aac
Asn
305

agt
Ser

gcc
Ala

tac
Tyr

gaa
Glu

agt
Ser
385

gct
Ala

aat
Asn

atg
Met

cca
Pro
210

gtt
Val

gac
Asp

tcc
Ser

ccc
Pro

tta
Leu
290

agt
Ser

tat
Tyr

aag
Lys

ggt
Gly

ttc
Phe
370

get
Gly

gcg
Ala

tgg
Trp

gat
Asp

195

ctc
Leu

gaa
Glu

aga
Arg

gaa
Glu

aac
Asn
275

aaa
Lys

gga
Gly

ccc
Pro

cga
Arg

gat
Asp
355

ctg
Leu

gac
Asp

ccc
Pro

cct
Pro

ggc
Gly
435

aat
Asn

gat
Asp

gta
Val

tac
Tyr
260

atc
Ile

gca
Ala

aag
Lys

gtg
Val

cac
His
340

gga
Gly

cca
Pro

ttt
Phe

aat
Asn

gta
Val
420

ttt
Phe

4060

ctg
Leu

ttc
Phe

acc
Thr
245

act
Thr

aat
Asn

cac
His

atc
Ile

cca
Pro
325

ttc
Phe

aag
Lys

tac
Tyr

ttc
Phe

gec
Gly
405

tgc
Cys

gct
Ala

gtg
Val

gct
Ala
230

aca
Thr

ggec
Gly

gcc
Ala

gga
Gly

aag
Lys
310

gtc
Val

gat
Asp

ttc
Phe

ctc
Leu

gcc
Ala
390

atc
Ile

caa
Gln

ttc
Phe

60

ttc
Phe
215

agc
Ser

ttc
Phe

gag
Glu

acg
Thr

cgt
Arg
295

aaa
Lys

aac
Asn

ttc
Phe

cca
Pro

acc
Thr
375

ata

Ile

caa
Gln

gac
Asp

get
Gly

200

gaa
Glu

tat
Tyr

ctt
Leu

cct
Pro

acc
Thr
280

gcc
Ala

ggt
Gly

cca
Pro

tac
Tyr

gac
Asp
360

gat
Asp

gac
Asp

gcc
Ala

aac
Asn

ccc
Pro
440

tac
Tyr

gct
Ala

act
Thr

ttt
Phe
265

gct
Ala

gtt
Val

gaa
Glu

gac
Asp

att
Ile
345

acc
Thr

gat
Asp

gca
Ala

tgc
Cys

agc
Ser
425

ccg
Pro

geg
Gly

aag
Lys

ttc
Phe
250

aat
Asn

ccc
Pro

caa
Gln

gtc
Vval

tcc
Ser
330

ggc
Gly

gtt
Val

gag
Glu

tat
Tyr

gta
Val
410

cct

Pro

gca
Ala

gcc
Ala

ctt
Leu
235

aac
Asn

gat
Asp

tat
Tyr

gaa
Glu

gca
Ala
315

gaa
Glu

att
Ile

aga
Arg

aaa
Lys

cga
Arg
395

gct
Ala

gaa
Glu

gac
Asp

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392
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ccc
Pro

ctt
Leu
460

gag
Glu

gac
Asp

gct
Ala

gtc
Val

gaa
Glu
540

gag
Glu

agt
Ser

aac
Asn
445

aag
Lys

ttt
Phe

gtc
Val

gag
Glu

Tttt
Phe
525

cag

Gln

tac
Tyr

tgc
Cys

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

<220>
223>

<400>

gct
Ala

aca
Thr

gga
Gly

ctg
Leu

gcc
Ala
510

gct
Ala

cga
Arg

aag
Lys

gaa
Glu

22
596
PRT
Trinh ty

22

gca
Ala

ctc
Leu

ttt
Phe

tac
Tyr
495

ttg
Leu

tgg
Trp

ttc
Phe

ctc
Leu

gat
Asp
575

Cau truc

Met Met Val Ala

-20

Ala Pro Ala Leu

-5

Gly Gly Leu Glu

15

Ser Ala Val Ser

tgg cta
Trp Leu

aaa gag
Lys Glu
465

gct cgg
Ala Arg

480

gac aca
Asp Thr

gat gcc
Asp Ala

tcc ttc
Ser Phe

gge atg
Gly Met

545

tcc ttc
Ser Phe
560

taa

nhan tao

téng hgp

Trp Trp

Ala Ile

-1 1

Ser Val

Ser Pro

tat
Tyr
450

gca
Ala

cct
Pro

gac
Asp

att
Ile

gtt
Val
530

cag

Gln

ctg
Leu

gac
Asp

ttc
Phe

tac
Tyr

cgt
Arg

cat
His
515

gac
Asp

ttc
Phe

ctt
Leu

acc
Thr

aac
Asn

gaa
Glu

gcc
Ala
500

gac

Asp

aat
Asn

gtg
Val

tat
Tyr

Ser Leu Phe

-15

Pro Ala Phe

Thr Asn Thr

20

Tyr Asn Gln

4060

agc
Ser

tat
Tyr

tac
Tyr
485

att
Ile

gac
Asp

ttc
Phe

aac
Asn

cgt
Arg
565

Leu

Pro

Gln

Asp

ttc
Phe

gac
Asp
470
ctc
Leu

tac
Tyr

ggc
Gly

gaa
Glu

tac
Tyr
550

gac
Asp

Tyr

Ile

Thr

Ala
61

aag
Lys
455
aag
Lys

tac
Tyr

tac
Tyr

att
Ile

tgg
Trp
535

acg

Thr

ttc
Phe

Gly

-10

Thr

Ser

Leu

ttg
Leu

atc
Ile

cct
Pro

caa
Gln

cct
Pro
520

gct
Ala

aca
Thr

att
Ile

Leu

Pro

Leu

Asp

cgc
Arg

tac
Tyr

tac
Tyr

gac
Asp
505

ctg

Leu

tcc
Ser

ctg
Leu

gaa
Glu

Gln

Asp

Pro

25

Lys

tac
Tyr

atc
Ile

ggc
Gly
490

tac

Tyr

gct
Ala

ggt
Gly

gaa
Glu

aac
Asn
570

Val

Leu

10

Ser

Leu

cag
Gln

tca
Ser
475
ttc
Phe

atg
Met

ggt
Gly

ctt
Leu

aga
Arg
555

cac
His

Ala

Ala

Ala

Trp

1440

1488

1536

1584

1632

1680

1728

1776

1791
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Ala

Val

60

Pro

Gly

Val

Arg

Gly

140

Val

Gly

Asp

Leu

Phe

220

Val

Glu

Tyr

Glu

45

Val

Arg

Phe

Lys

Leu

125

Arg

Asn

Thr

Phe

Phe

205

Leu

Phe

Pro

Trp

30

Val

Pro

Ser

Lys

Ala

110

Pro

Tyr

Thr

Ala

Ile

190

His

Asn

Glu

Arg

His
270

Glu

Val

Leu

Phe

95

Asp

Gln

Tyr

Val

Asp

175

Asn

Trp

Gly

His

Val

255

Phe

Lys

Asn

Gln

80

Gly

Gly

Gln

Tyr

Ser

160

Ser

Glu

Ser

Ser

Phe

240

Tyr

Gly

Asp

Asn

65

Asp

Val

Arg

Cys

Lys

145

Leu

Pro

Leu

Thr

Ser

225

Gly

Cys

Gly

Ile

50

Ser

His

Ala

Gly

Asn

130

Gln

Thr

Val

Ile

Pro

210

Val

Asp

Ser

Pro

35

Pro

Phe

Ala

Thr

Pro

115

Asn

Asp

Leu

Ser

Asp

195

Leu

Glu

Arg

Glu

Asn
275

Val

Ala

Thr

Ala

100

Ser

Tyr

Ile

Ser

Lys

180

Asn

Asn

Asp

Val

Tyr

260

Ile

4060

Glu

Val

Ser

85

Asp

His

Thr

Ala

Trp

165

Glu

Gly

Leu

Phe

Thr

245

Thr

Asn

Thr

Pro

70

Gly

Gln

Trp

Ser

Arg

150

Ser

Gly

Ile

Val

Ala

230

Thr

Gly

Ala

62

Pro

55

Lys

Arg

Gln

Asp

Asp

135

Ile

Arg

Leu

Glu

Phe

215

Ser

Phe

Glu

Thr

40

Ser

Thr

Lys

Tyr

Tyr

120

Ile

Lys

Ile

Gln

Pro

200

Glu

Tyr

Leu

Pro

Thr
280

Ile

Pro

Phe

Glu

105

Leu

Thr

Ala

Lys

Phe

185

Val

Tyr

Ala

Thr

Phe

265

Ala

Ser

Thr

Pro

90

Gly

Cys

Asp

Met

Pro

170

Tyr

Val

Gly

Lys

Phe

250

Asn

Pro

Ser

Leu

75

Lys

Ala

His

Leu

Gly

155

Phe

Asp

Thr

Ala

Leu

235

Asn

Asp

Tyr
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Pro

Tyr

300

Ile

Ala

Phe

Asn

Ala

380

Thr

Asn

Gly

Pro

Leu

460

Glu

Asp

Ala

Cys

285

Arg

Lys

Asp

Ser

Thr

365

Met

Asn

Ile

Gln

Asn

445

Lys

Phe

Val

Glu

Thr

Ala

Asn

Val

Gln

350

Ile

Ile

Leu

Ser

Tyr

430

Ala

Thr

Gly

Leu

Ala
510

Tyr

Leu

Asp

Glu

335

Pro

Ser

Lys

Ala

Asp

415

Gln

Ala

Leu

Phe

Tyr

495

Leu

Asn

Val

Asp

320

Ala

Ile

Thr

Gly

Arg

400

Pro

Thr

Trp

Lys

Ala

480

Asp

Asp

Ile

Asn

305

Ser

Ala

Tyr

Glu

Ser

385

Ala

Asn

Met

Leu

Glu

465

Arg

Thr

Ala

Leu

290

Ser

Tyr

Lys

Gly

Phe

370

Gly

Ala

Trp

Asp

Tyr

450

Ala

Pro

Asp

Ile

Lys

Gly

Pro

Arg

Asp

355

Leu

Asp

Pro

Pro

Gly

435

Asp

Phe

Tyr

Arg

His
515

Ala

Lys

Val

His

340

Gly

Pro

Phe

Asn

Val

420

Phe

Thr

Asn

Glu

Ala

500

Asp

4060

His

Ile

Pro

325

Phe

Lys

Tyr

Phe

Gly

405

Cys

Ala

Ser

Tyr

Tyr

485

Ile

Asp

Gly

Lys

310

Val

Asp

Phe

Leu

Ala

390

Ile

Gln

Phe

Phe

Asp

470

Leu

Tyr

Gly

63

Arg

295

Lys

Asn

Phe

Pro

Thr

375

Ile

Gln

Asp

Gly

Lys

455

Lys

Tyr

Tyr

Ile

Ala

Gly

Pro

Tyr

Asp

360

Asp

Asp

Ala

Asn

Pro

440

Leu

Ile

Pro

Gln

Pro
520

Val

Glu

Asp

Ile

345

Thr

Asp

Ala

Cys

Ser

425

Pro

Arg

Tyr

Tyr

Asp

505

Leu

Gln

Val

Ser

330

Gly

Val

Glu

Tyr

Val

410

Pro

Ala

Tyr

Ile

Gly

490

Tyr

Ala

Glu

Ala

315

Glu

Ile

Arg

Lys

Arg

395

Ala

Glu

Asp

Gln

Ser

475

Phe

Met

Gly
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Val

Glu

540

Glu

Ser

Phe

525

Gln

Tyr

Cys

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

<220>
<223>

<220>
<221>
222>

<220>
<221>
222>

<220>
<221>
<222>

<400>
atg atg gtc
Met Met Val

gca
Ala
-5

gea
Gly

tcc
Ser

gca
Ala

gtg
Val

-20

cct
Pro

ggc
Gly

gct
Ala

gag
Glu
45

gtg
Val

4060

Ala Trp Ser Phe Val Asp Asn Phe Glu Trp Ala Ser Gly Leu

530

535

Arg Phe Gly Met Gln Phe Val Asn Tyr Thr Thr Leu Glu Arg

545

550

555

Lys Leu Ser Phe Leu Leu Tyr Arg Asp Phe Ile Glu Asn His

Glu

23
1791
ADN

Trinh ty nhan tao

Asp
575

560

Beta-galactosidaza

DS

(1)..(1791)

sig peptit

(1)..(63)

mat_peptit

(64)

23

gct
Ala

ctg
Leu

gtt
Vval
30

gtt
Val

ccc
Pro

gCg
Ala

ttg
Leu

gaa
Glu
15

tcc

Ser

gag
Glu

gtg
Val

..(1788)

tgg
Trp

gct
Ala
-1

agc

Ser

agc
Ser

aag
Lys

aac
Asn

tgg
Trp

att
Ile

gtc
Val

ccg
Pro

gat
Asp

aac
Asn

tct
Ser
-15

ccc
Pro

aca
Thr

tac
Tyr

atc
Ile
50

tcc
Ser

cta
Leu

gct
Ala

aac
Asn

aac
Asn
35

ccc
Pro

ttc
Phe

Tttt
Phe

ttc
Phe

acc
Thr
20

caa
Gln

gtt
Val

gcc
Ala

565

ctg
Leu

cca
Pro

caa
Gln

gac
Asp

gaa
Glu

gtg
Val

tac
Tyr

atc
Ile

acg
Thr

gct
Ala

aca
Thr

cct
Pro
64

gec
Gly
-10

act
Thr

tcc
Ser

ctt
Leu

cca
Pro
55

aag
Lys

ctt
Leu

ccc
Pro

ctc
Leu

gat
Asp
40

tcc

Ser

acg
Thr

cag
Gln

gat
Asp

cca
Pro
25

aag

Lys

atc
Ile

ccg
Pro

570

gtc
Val

ttg
Leu
10

tct

Ser

ctg
Leu

agc
Ser

acc
Thr

gcg
Ala

gcc
Ala

gct
Ala

teg
Trp

tct
Ser

ctc
Leu

48

96

144

192

240

288
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60

ccg
Pro

geg
Gly

gtc
Val

cgg
Arg

gea
Gly
140

gtg
val

gec
Gly

gac
Asp

ctc
Leu

ttt
Phe
220

gtc
val

gag
Glu

tac
Tyr

cca
Pro

tat
Tyr
300

cgc
Arg

ttc
Phe

aag
Lys

ctg
Leu
125

cgt
Arg

aat
Asn

act
Thr

ttc
Phe

ttc
Phe
205

ctc
Leu

ttc
Phe

ccg
Pro

tgg
Trp

tgc
Cys
285

cgsg
Arg

tcc
Ser

aag
Lys

gcc
Ala
110

cct
Pro

tac
Tyr

act
Thr

gct
Ala

atc
Ile
190

cat
His

aac
Asn

gaa
Glu

cgt
Arg

cat
His
270
acg

Thr

gct
Ala

ctg
Leu

ttc
Phe
95

gac
Asp

cag
Gln

tac
Tyr

gtc
val

gac
Asp
175

aac
Asn

tgg
Trp

ggc
Gly

cac
His

gtg
Val
255

ttc
Phe

tac
Tyr

ctg
Leu

cag
Gln
80

gga
Gly

ggc
Gly

caa
Gln

tac
Tyr

tcg
Ser
160

tcg
Ser

gaa
Glu

tct
Ser

agc
Ser

ttt
Phe
240

tac

Tyr

ggt
Gly

aac
Asn

gtc
Val

65

gat
Asp

gtt
Val

cgc
Arg

tgc
Cys

aag
Lys
145

ctt
Leu

cct
Pro

ctc
Leu

acc
Thr

agc
Ser
225

ggg
Gly

tgc
Cys

gea
Gly

atc
Ile

aac
Asn
305

cat
His

gcc
Ala

gges
Gly

aac
Asn
130

cag
Gln

acc
Thr

gtt
Val

att
Ile

cct
Pro
210

gtg
Val

gac
Asp

agc
Ser

ccg
Pro

ctt
Leu
290

tcg
Ser

gct
Ala

act
Thr

ccg
Pro
115

aac
Asn

gat
Asp

ctg
Leu

tcg
Ser

gac
Asp
195

ctg
Leu

gaa
Glu

cgc
Arg

g2ag
Glu

aac
Asn
275

aag

Lys

2444
Gly

act
Thr

BCg
Ala
100

agc
Ser

tac
Tyr

atc
Ile

agc
Ser

aag
Lys
180

aat
Asn

aat
Asn

gac
Asp

gtg
Val

tat
Tyr
260

atc

Ile

gcg
Ala

aag
Lys

4060

tcg
Ser
85

gac
Asp

cac
His

acc
Thr

gcc
Ala

tgg
Trp
165

gag
Glu

gea
Gly

ctg
Leu

Tttt
Phe

aca
Thr
245

acg

Thr

aac
Asn

cat
His

atc
Ile

70

44
Gly

cag
Gln

tgg
Trp

tct
Ser

cgg
Arg
150

tcg
Ser

gt
Gly

atc
Ile

gtg
Val

gcg
Ala
230

acc
Thr

gec
Gly

gca
Ala

ges
Gly

aag
Lys
310
65

cgg
Arg

cag
Gln

gat
Asp

gac
Asp
135

atc
Ile

cgc
Arg

ttg
Leu

gag
Glu

Tttt
Phe
215

tcc
Ser

ttc
Phe

gaa
Glu

acg
Thr

cga
Arg
295

aag
Lys

aag
Lys

tac
Tyr

tac
Tyr
120

atc
Ile

aag
Lys

atc
Ile

cag
Gln

cct
Pro
200

gag
Glu

tat
Tyr

ctt
Leu

ccc
Pro

acc
Thr
280

gct
Ala

get
Gly

ttc
Phe

gaa
Glu
105

ctg
Leu

act
Thr

gcc
Ala

aag
Lys

ttc
Phe
185

gtt
Val

tac
Tyr

gca
Ala

acc
Thr

ttc
Phe
265

gca

Ala

gtt
Val

gaa
Glu

cca
Pro
90

gec
Gly

tgc
Cys

gac
Asp

atg
Met

ccc
Pro
170

tac
Tyr

gtg
Val

ggt
Gly

aag
Lys

ttc
Phe
250

aac

Asn

ccc
Pro

cag
Gln

gtt
Val

75

aaa
Lys

gcc
Ala

cac
His

ttg
Leu

ggc¢
Gly
155

Tttt
Phe

gat
Asp

aca
Thr

gcc
Ala

ctg
Leu
235

aac
Asn

gac
Asp

tat
Tyr

gag
Glu

gca
Ala
315

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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atc
Ile

gca
Ala

ttc
Phe

aac
Asn

gcc
Ala
380

acc
Thr

aac
Asn

geg
Gly

cct
Pro

ctt
Leu
460

gaa
Glu

gac
Asp

gece
Ala

gtg
Val

gag
Glu
540

aag
Lys

gat
Asp

tcg
Ser

aca
Thr
365

atg
Met

aac
Asn

atc
Ile

cag
Gln

aac
Asn
445

aag
Lys

ttc
Phe

gtt
Val

gag
Glu

ttc
Phe
525

caa
Gln

aac
Asn

gtt
Val

cag
Gln
350

atc
Ile

atc
Ile

ctt
Leu

tcg
Ser

tat
Tyr
430

gcg
Ala

act
Thr

ggt
Gly

ctc
Leu

gca
Ala
510

gct
Ala

cgc
Arg

gat
Asp

gaa
Glu
335

ccc
Pro

agc
Ser

aag
Lys

gct
Ala

gat
Asp
415

cag
Gln

gcg
Ala

ctc
Leu

ttc
Phe

tat
Tyr
495

ctg

Leu

tgg
Trp

ttt
Phe

gac
Asp
320

gct
Ala

atc
Ile

aca
Thr

ggt
Gly

cga
Arg
400

ccg
Pro

acg
Thr

tgg
Trp

aaa
Lys

gcc
Ala
480

gac

Asp

gat
Asp

tcc
Ser

gec
Gly

tcc
Ser

gcg
Ala

tat
Tyr

gaa
Glu

tcc
Ser
385

gct
Ala

aat
Asn

atg
Met

ctc
Leu

gag
Glu
465

cga
Arg

aca
Thr

gct
Ala

ttc
Phe

atg
Met
545

tac
Tyr

aaa
Lys

ggc¢
Gly

ttc
Phe
370

ggc
Gly

gct
Ala

teg
Trp

gat
Asp

tac
Tyr
450

gcc
Ala

ccc
Pro

gac
Asp

atc
Ile

gtc
Val
530

cag
Gln

cct
Pro

cga
Arg

gat
Asp
355

ctg
Leu

gac
Asp

cca
Pro

ccg
Pro

ggc
Gly
435

gac
Asp

ttc
Phe

tat
Tyr

cga
Arg

cac
His
515
gac

Asp

ttc
Phe

gtg
Val

cat
His
340

ggc
Gly

cct
Pro

ttc
Phe

aac
Asn

gtc
Val
420

Tttt
Phe

acg
Thr

aac
Asn

gag
Glu

gct
Ala
500

gac

Asp

aac
Asn

gtc
Val

4060

ccc
Pro
325

ttc
Phe

aag
Lys

tac
Tyr

ttc
Phe

gea
Gly
405

tgt
Cys

gcc
Ala

agc
Ser

tac
Tyr

tat
Tyr
485

atc

Ile

gat
Asp

ttc
Phe

aac
Asn

gtt
val

gac
Asp

ttc
Phe

ctc
Leu

gca
Ala
390

atc
Ile

caa
Gln

Tttt
Phe

ttc
Phe

gac
Asp
470

ctg

Leu

tac
Tyr

gst
Gly

gaa
Glu

tac
Tyr
550

66

aac
Asn

ttc
Phe

cct
Pro

act
Thr
375

atc
Ile

cag
Gln

gac
Asp

ggc
Gly

aag
Lys
455

aag
Lys

tat
Tyr

tac
Tyr

att
Ile

tgg
Trp
535

aca
Thr

cca
Pro

tac
Tyr

gat
Asp
360

gat
Asp

gat
Asp

gcc
Ala

aac
Asn

cca
Pro
440

ctg
Leu

atc
Ile

ccc
Pro

cag
Gln

cca
Pro
520

gcg
Ala

acc
Thr

gac
Asp

atc
Ile
345

acc
Thr

gac
Asp

gct
Ala

tgt
Cys

agc
Ser
425

cca
Pro

cgg
Arg

tac
Tyr

tat
Tyr

gac
Asp
505

ttg

Leu

tcc
Ser

ctc
Leu

tct
Ser
330

gec
Gly

gtc
Val

gag
Glu

tac
Tyr

gtt
Val
410

cct
Pro

gcg
Ala

tat
Tyr

atc
Ile

get
Gly
490

tac

Tyr

gcg
Ala

g8c
Gly

gag
Glu

gaa
Glu

atc
Ile

cgc
Arg

aag
Lys

cgc
Arg
395

gcc
Ala

gaa
Glu

gac
Asp

cag
Gln

agc
Ser
475

ttt
Phe

atg
Met

ggt
Gly

ctt
Leu

cgc
Arg
555

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

84/96



gag tac
Glu Tyr

agc tgc
Ser Cys

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

<220>
<223>

<400>
Met Met
-20

Ala Pro
-5

Gly Gly

Ser Ala

Ala Glu
45

Val Vval
60

Pro Arg

Gly Phe

Val Lys

Arg Leu

125

Gly Arg
140

aag ctc
Lys Leu

gag gat
Glu Asp
575

24
596
PRT
Trinh tv

Cau trdc
24

Val Ala

Ala Leu

Leu Glu
15

Val Ser
30

Val Glu

Pro Val

Ser Leu

Lys Phe

95

Ala Asp
110

Pro Gln

Tyr Tyr

4060

tct ttc ctg ctg tat cgt gat ttc atc gag aat cat
Ser Phe Leu Leu Tyr Arg Asp Phe Ile Glu Asn His
560 565 570

taa

nhan tao

téng haop

Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala
-15 -10

Ala Ile Pro Ala Phe Pro Ile Thr Pro Asp Leu Ala
-1 1 5 10

Ser Val Thr Asn Thr Gln Thr Ser Leu Pro Ser Ala
20 25

Ser Pro Tyr Asn Gln Asp Ala Leu Asp Lys Leu Trp
35 40

Lys Asp Ile Pro Val Glu Thr Pro Ser Ile Ser Ser
50 55

Asn Asn Ser Phe Ala Val Pro Lys Thr Pro Thr Leu
65 70 75

Gln Asp His Ala Thr Ser Gly Arg Lys Phe Pro Lys
80 85 90

Gly val Ala Thr Ala Asp Gln Gln Tyr Glu Gly Ala
100 105

Gly Arg Gly Pro Ser His Trp Asp Tyr Leu Cys His
115 120

Gln Cys Asn Asn Tyr Thr Ser Asp Ile Thr Asp Leu
130 135

Tyr Lys Gln Asp Ile Ala Arg Ile Lys Ala Met Gly
145 150 155

67

1776

1791
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Val

Gly

Asp

Leu

Phe

220

Val

Glu

Tyr

Pro

Tyr

300

Ile

Ala

Phe

Asn

Ala
380

Asn

Thr

Phe

Phe

205

Leu

Phe

Pro

Trp

Cys

285

Arg

Lys

Asp

Ser

Thr

365

Met

Thr

Ala

Ile

190

His

Asn

Glu

Arg

His

270

Thr

Ala

Asn

Val

Gln

350

Ile

Ile

Val

Asp

175

Asn

Trp

Gly

His

Val

255

Phe

Tyr

Leu

Asp

Glu

335

Pro

Ser

Lys

Ser

160

Ser

Glu

Ser

Ser

Phe

240

Tyr

Gly

Asn

Val

Asp

320

Ala

Ile

Thr

Gly

Leu

Pro

Leu

Thr

Ser

225

Gly

Cys

Gly

Ile

Asn

305

Ser

Ala

Tyr

Glu

Ser
385

Thr

Val

Ile

Pro

210

Val

Asp

Ser

Pro

Leu

290

Ser

Tyr

Lys

Gly

Phe

370

Gly

Leu

Ser

Asp

195

Leu

Glu

Arg

Glu

Asn

275

Lys

Gly

Pro

Arg

Asp

355

Leu

Asp

Ser

Lys

180

Asn

Asn

Asp

Val

Tyr

260

Ile

Ala

Lys

Val

His

340

Gly

Pro

Phe

4060

Trp

165

Glu

Gly

Leu

Phe

Thr

245

Thr

Asn

His

Ile

Pro

325

Phe

Lys

Tyr

Phe

Ser

Gly

Ile

Val

Ala

230

Thr

Gly

Ala

Gly

Lys

310

Val

Asp

Phe

Leu

Ala
390

68

Arg

Leu

Glu

Phe

215

Ser

Phe

Glu

Thr

Arg

295

Lys

Asn

Phe

Pro

Thr

375

Ile

Ile

Gln

Pro

200

Glu

Tyr

Leu

Pro

Thr

280

Ala

Gly

Pro

Tyr

Asp

360

Asp

Asp

Lys

Phe

185

Val

Tyr

Ala

Thr

Phe

265

Ala

Val

Glu

Asp

Ile

345

Thr

Asp

Ala

Pro

170

Tyr

val

Gly

Lys

Phe

250

Asn

Pro

Gln

Val

Ser

330

Gly

Val

Glu

Tyr

Phe

Asp

Thr

Ala

Leu

235

Asn

Asp

Tyr

Glu

Ala

315

Glu

Ile

Arg

Lys

Arg
395
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Thr

Asn

Gly

Pro

Leu

460

Glu

Asp

Ala

Val

Glu

540

Glu

Ser

Asn

Ile

Gln

Asn

445

Lys

Phe

Val

Glu

Phe

525

Gln

Tyr

Cys

<210>
<211>

<212>

<213>

<220>

<223>

<220>

<221>

<222>

Leu

Ser

Tyr

430

Ala

Thr

Gly

Leu

Ala

510

Ala

Arg

Lys

Glu

25
30

ADN
Trinh ty nhan tao

Ala

Asp

415

Gln

Ala

Leu

Phe

Tyr

495

Leu

Trp

Phe

Leu

Asp
575

Arg

400

Pro

Thr

Trp

Lys

Ala

480

Asp

Asp

Ser

Gly

Ser
560

Poan moi F1

dac diém khac

(21)..(21)

Ala

Asn

Met

Leu

Glu

465

Arg

Thr

Ala

Phe

Met

545

Phe

Ala

Trp

Asp

Tyr

450

Ala

Pro

Asp

Ile

Val

530

Gln

Leu

Pro

Pro

Gly

435

Asp

Phe

Tyr

Arg

His

515

Asp

Phe

Leu

Asn

Val

420

Phe

Thr

Asn

Glu

Ala

500

Asp

Asn

Val

Tyr

4060

Gly

405

Cys

Ala

Ser

Tyr

Tyr

485

Ile

Asp

Phe

Asn

Arg
565

Ile

Gln

Phe

Phe

Asp

470

Leu

Tyr

Gly

Glu

Tyr

550

Asp

69

Gln

Asp

Gly

Lys

455

Lys

Tyr

Tyr

Ile

Trp

535

Thr

Phe

Ala

Asn

Pro

440

Leu

Ile

Pro

Gln

Pro

520

Ala

Thr

Ile

Cys

Ser

425

Pro

Arg

Tyr

Tyr

Asp

505

Leu

Ser

Leu

Glu

Val

410

Pro

Ala

Tyr

Ile

Gly

490

Tyr

Ala

Gly

Glu

Asn
570

Ala

Glu

Asp

Gln

Ser

475

Phe

Met

Gly

Leu

Arg

555

His
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4060

<223> nlaa, ¢, g, hoac t

220>

<221> dac diém khac

<222>  (27)..(27)

<223> nlaa, c, g, hoac t

<220>
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