(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

S v I 1111111
CUC SO HUU TRi TUE
1-0026468

(51  CI2N 9/42; C12P 19/14 (13) B
(21) 1-2014-03067 (22) 29/01/2013
(86) PCT/JP2013/051883 29/01/2013 (87) WO 2013/121875 A1 22/08/2013
(30) PCT/IP2012/053744 17/02/2012 JP
(45) 25/11/2020 392 (43) 25/02/2015 323A

(73) National University Corporation Mie University (JP)
1577, Kurimamachiya-cho, Tsu-shi, Mie 514-8507 Japan
(72) TAMARU, Yutaka (JP); KATSUYAMA, Takeshi (JP).
(74) Cong ty TNHH mot thanh vién S¢ hiru tri tué¢ VCCI (VCCI-IP CO.,LTD)

(54) PHUONG PHAP SAN XUAT ETANOL TU XENLULOZA

(57) Sang ché dé xuat phuong phap phan huy sinh khéi mém, phuong phap san Xuét hop
chat dich tir sinh khéi mém, va enzym hodc nhom cac enzym dé phan huy sinh khéi mém.
Phuong phap phan hiy sinh khéi mém niay bao gom budc dua enzym dugc chon tir
exoxenlulaza, endoxenlulaza, va endoxenlulaza xur ly dac hi¢u tiép xuc voi sinh khéi mém
nhu ba mia va rom. Ngoai ra, sang_ ché ciing dé xuat phuong phap san xuit hop chat dich,
cu thé 13 etanol tir sinh kh6i mém bang cach két hop phuong phap phan huy sinh kh6i mém
lam mdt budc cia phuong phéap san xuat nay. Sang ché con dé cap dén enzym hodc nhom
cac enzym dé phan huay sinh khéi mém dugc chon tir exoxenlulaza, endoxenlulaza, va
endoxenlulaza xir 1y cu thé.
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Linh vwe ky thuat dwgc dé cap

Séang ché dé cap dén phuong phap phan huy sinh khéi mém. Cu thé hon,
sang ché dé cap dén phuong phép phan hiy sinh khéi mém, bao gom budec dua
enzym tiép xtic v6i sinh khdi mém, va enzym hodc nhém cac enzym dé phan huy
sinh kh6i mém. Ngoai ra, sing ché dé xuat phuong phap san xudt etanol tir sinh
khéi mém.

Tinh trang ky thuit ciia sang ché

P4 ¢6 nhiéu nd luc duogc thuc hién dé phat trién cac cong nghé san Xuét
cac chét hitu ich nhu rugu nhu etanol va butanol, va axit lactic bang cach st
dung sinh khéi g lam nguyén liéu khé nhu phoi bao g6 hoic sinh khéi mém nhu
rom va ba mia.

Viéc san xuét cac chat hitu ich nay tir cac nguyén liéu sinh khéi tho can
su phan huy cac nguyén liéu sinh khdi tho nay thanh duong va sau do 1én men
duong thu dugc. Trong nhirng nam gan day, cac nguyén liéu sinh khéi tho da
dwoc dudng hoa chi yéu nhd cac enzym. Tuy nhién, cic nguyén liéu sinh khoi
thé chira nhidu tap chét khac nhau khac xenluloza, va do dé, c6 van dé ¢ chd cac
enzym kho tac dong dén cac nguyén liéu sinh khéi tho nay. Khi do, dé tang
cudng hiéu qua qua trinh dudng hoa, co cac phuong phap khac nhau bao 2om,
nhu xtt ly so bd, dua cac nguyén liéu sinh khéi tho trai qua qud trinh xu ly bang
hoi nuéc str dung axit sulfuric lodng, nuéc nong ap suit cao, hodc cac phuong
phép tuong tu, xtr ly cac nguyén liu sinh khdi thd nay bang dung dich amoniac
siéu toi han, va cac phuong phép tuong tu (vi du, xem tai liéu sang ché 1).

Ngoai ra, da c6 nhimg nd luc dé phat trién cac vi sinh vat hitu ich ding
cho qua trinh phan huy cac nguyén liéu sinh khbi tho.

Vi du, tai liéu sang ché 2 boc 16 phuong phéap cai thién kha ning phan

hay xenluloza chtra trong cdc nguyén li¢u sinh khdi thé bing cach biéu hién
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enzym thé kham trong d6 endoxenlulaza (GHS) c6 nguédn gbe tir Acidothermus
cellulolyticus dugc dung hop voi xenlobiohydrolaza (CBH) c6 ngudn goc tir
Trichoderma reesei trong Trichoderma reesei san xuét xenlulaza 1am vat chi.

Ngoai ra, trong khi can thiét tién hanh budc duong hoéa va budc 1én men
mdt cach doc 1ap dé thu duge chat hitu ich nhu etanol tir sinh khéi, d& ¢6 nhidu
nd luc dé phat trién cac ky thuat c6 thé tién hanh nhiing budc nay trong mét
budc.

Vi du, tai liéu sang ché 3 boc 16 viéc tao ra vi sinh vat c6 kha ning thiy
phan va 1én men tryc tiép sinh khéi trén co s& lignoxenluloza bang cach lam ting
hoat tinh cua xenlulaza bang su bién dbi. Péng vai trdo nhu mot trong cac
xenlulaza ma hoat tinh ctia né dugc tdng cuong, c6 hydrolaza dugc xac dinh
trong Clostridium phytofermentans va cac chét twong tu, va polynucleotit ma héa
hydrolaza nay va cac chat twong tu.

Ngoai ra, tai liéu sang ché 4 boc 16 k§y thuét biéu hién protein thé kham
bao g@)m mot s6 xenlulaza thu duoc tir vi sinh vat khong san xuét xenlulosom va
vung dockrin thu dugc tir vi sinh vat san xuit xenlulosom trong ndm men voi
muc dich tao ra xenlulosom nhén tao. Tuy nhién, xenlulosom nhén tao nay khong
duge tao ra trong ndm men trong tai liéu nay.

Xenlulosom 1a phtrc chét enzym dugc tao ra tir hai thanh phé‘m, tac 1a,
protein 161 (CbpA) khong biéu hién hoat tinh cia enzym va nhém céc enzym
xenlulosom. Protein 13i (CbpA) c¢6 ving lién két xenluloza (CBD), ving Cohesin,
va ving tuong dong 16p bé mat (SLH). Nhém céc enzym xenlulosom cé ving
dockerin dé lién két véi ving Cohesin ctia protein 18i (CbpA). Nhiing thanh phan
ndy lién két v6i nhau dé tao ra phirc chit enzym (xenlulosom), va nho do,
xenluloza va hemixenluloza c6 thé dugc phan hiy mot cach hiéu qua.

C6 thé noi réng cac vi sinh vt tao ra xenlulosom la cac vi sinh vat hitu

ich dé phan huy va lén men cac nguyén li€u sinh khoi th6. D& lam cac vi sinh vat
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nay, Clostridium cellulovorans (dudi day doi khi dugc dé cap dudi dang C.
cellulovorans)) va cac vi sinh vat tuong tu la da biét.

Clostridium cellulovorans (C. cellulovorans) 13 vi khuan gram duong ky
khi wa nhiét do trung binh. Céc tac gia sang ché dé khing dinh rang Clostridium
cellulovorans (C. cellulovorans) c6 kich thudc hé gen khoang 1 Mb hodc 16n
hon so véi kich thudc hé gen cia Clostridium cellulolyticum va Clostridium
thermocellum thudc cung Chi Clostridium (xem, vi du, tai liéu phi sang ché 1).

Hon nita, tai liéu phi sang ché 2 boc 16 rang Clostridium cellulovorans (C.
cellulovorans) tao ra cac chat hitu ich nhu axetat va butyrat bang cach 1én men
mau thir nghiém chira xenlobioza va cdc chét tuong tu va cling goi ¥ rang c6 tao
ra etanol.

Ngoai ra, nhom céc enzym xenlulosom cé ngudn gbc tir Clostridium
cellulovorans (C. cellulovorans), Endoglucanaza E (EngE), ma la endoxenlulaza
cia ho Glycosyl Hydrolaza 5 (GHS5), Endoglucanaza K (EngK), ma la
endoxenlulaza x{r 1y cta ho Glycosyl Hydrolaza 9 (GH9), Endoglucanaza H
(EngH), ma la endoxenlulaza xu ly cia ho Glycosyl Hydrolaza 9 (GHY),
Exoglucanase S (ExgS), ma 1a exoxenlulaza cua ho Glycosyl Hydrolaza 48
(GH48), va céc enzym tuong tu, 1a da biét.

Trong tai liéu nay, da bdc 10 réng EngK trc ché hoat tinh manh dbi véi
xenluloza khong tan trong nudc (xem, vi duy, tai liéu phi sang ché 3). Ngoai ra,
tai lidu nay ciing boc 16 rang mdi hdn hop ctia ExgS va EngE, hon hop cia ExgS
va EngH, va hon hop ctia EngE va EngH c6 hoat tinh d&c hiéu dbi vé6i xenluloza
dang tinh thé so véi riéng EngE, EngH, hoic ExgS (xem, vi dy, tai liéu phi sdng
ché 4).

Nhu duoc md ta trén day, da c6 goi ¥ rang Clostridium cellulovorans (C.
cellulovorans) hodc enzym hodc nhém céc enzym thu dugc tir vi sinh vat nay la

httu ich dé phan huy va 1én men sinh khoi.
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Tuy nhién, sinh khdi nhu sinh khéi gd va sinh khdi mém chira cac tap
chét khac nhau khéc xenluloza tiy theo loai sinh khéi, khong gidng cac miu thir
nghiém, xenluloza khong tan trong nudc, xenluloza dang tinh thé, va céc chét
tuong tu. Do dé, su phan huly va 1én men truc tiép sinh khéi thuc (b2 mia, rom,
va cac loai twong tu) khong phai luén luon thuc hién dugce.

Theo dé, c6 nhu clu ddi véi phuong phap cé thé phan hiy va 1én men
tryc tiép sinh khdi thuc ma khong can tién hanh bude xir Iy so bd va cac bude
tuong tu cling nhu can bude dudng héa va budc 1én men mot cach doc 14p. Cling
¢6 nhu cdu vé vi sinh vat, enzym hozc nhém cic enzym, va cdc enzym tuong tu
c6 thé phan huy va 1én men sinh khéi thuc phit hop véi loai sinh khéi.

Danh muc tai liéu trich dan

Tai liéu sang ché

Tai liéu sang ché 1: JP 2008-161125 A

Tai lidu sang ché 2: JP 2007-53050 A

Tai lidu sang ché 3: JP 2011-529345 A

Tai liéu sang ché 4: JP 2011-182675 A

Tai lidu phi sdng ché

Tai liéu phi sang ché 1: Y. Tamaru et al., J. Bacteriol., 192, 901-902 (2010)

Tai liéu phi sang ché 2: ROBERT SLEAT et al., Applied va Environmental
Microbiology., July 1984, p.88-93

Tai liéu phi sang ché 3: Takamitsu Arai et al., Appl Microbiol Biotechnol 2006,
71 p,654-660

Tai liéu phi sang ché 4: Koichiro MURASHIMA et al., Journal of Bacteriology
Sept. 2002, p.5088-5095

Ban chit k§ thuét ciia sang ché

Vén dé k¥ thuét clia séng ché

Muc dich cta sang ché 1a d& xuét phuong phap c6 thé phan hiiy mot cach
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thich hop sinh kh&i mém, dic biét sinh khdi thuc nhu bi mia hodc rom tuy theo
loai sinh khdi. Muc dich khac cua sang ché 13 d& xuat phuong phap san xudt chit
hitu ich nhu etanol 1am chét dich bang cach két hop phuong phap phan hiy nay.

Muc dich khéc nira cta sang ché 1 dé xuét enzym hozc dang két hop cua
cac enzym (nhom céc enzym) cé thé tac dong mot cach hiéu qua theo loai sinh
khéi mém.

Céch thuc giai quyét van dé

La két qua ctia nghién ctru cén trong voi muc dich dat duge cac muc dich
néu trén, cac tac gia sang ché da kham phé ra rang khi dua enzym dugc chon tir
exoxenlulaza, endoxenlulaza, va endoxenlulaza xtr ly dac hiéu tiép xuc voi sinh
khéi mém nhu b mia va rom, cé thé phan hiy truc tiép sinh khéi thuc nay. Do
d6, viéc phat hién nay da dugc phat trién thanh phuong phap phan huy sinh khéi
mém cua sang ché. Hon nita, cac tac gid sdng ché d3 kham pha ra rang chit hitu
ich nhu etanol c¢6 thé duoc tao ra & dang chat dich tlr sinh khéi mém nhu ba mia
va rom bang cach két hop phuong phap phan hiy nay.

Ngoai ra, cac tdc gia sang ché con kham phé ra ring enzym hodc nhém
c4c enzym c6 thé tic dong mot cach hiéu qua phu hop véi loai sinh khéi mém
nhu ba mia va rom.

D6 13, sang ché d& cap dén phuong phap phan huy sinh khéi mém,

phuong phép san xuét hop chat dich tir sinh khéi mém, va enzym hozc nhom cac
enzym dé phéan hiy sinh khdi mém nhu dugce bdc 16 trong cac muc tir (1) dén
(20) dudi day.
(1) Phuong phap phéan hay sinh khdi mém, phuong phap nay bao gdm budc dua
enzym tiép xtc véi sinh khéi mém, enzym nay bao gdm exoxenlulaza chira trinh
tu axit amin c6 do dong nhat 90% hodc 16n hon so véi trinh tu axit amin duge
bdc 16 trong SEQ 1D NO: 2.

(2) Phuong phap phén huy sinh khdi mém theo muc (1) néu trén, trong do
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exoxenlulaza bao gom ExgS.

(3) Phuong phap phén hdy sinh khdi mém theo muc (1) hodc (2) néu trén,
phuong phép nay con bao gdm budc dua enzym tiép xuc vé6i sinh khdi mém,
enzym ndy bao gébm endoxenlulaza chira trinh tu axit amin ¢6 d§ dong nhat 90%
ho#c 16n hon so véi trinh ty axit amin dugc bdc 16 trong SEQ ID NO: 4,

(4) Phuong phap phan hiy sinh khdi mém theo muc (3) néu trén, trong d6
endoxenlulaza bao gdm EngE.

(5) Phuong phép phan hiy sinh khéi mém theo muc bt ky trong s6 cac muc tir
(1) dén (4), trong d6 sinh khéi mém bao gdm rom.

(6) Phuong phéap phan huy sinh khéi mém theo muc bt ky trong s6 cac muc tir
(1) dén (4), phwong phéap nay con bao gbém budc dua enzym tiép xtic véi sinh
khéi mém, enzym nay bao gdm endoxenlulaza xir Iy chira trinh tyu axit amin c6
d6 ddng nhét 90% hodc 16n hon so véi trinh ty axit amin dugc bdc 16 trong SEQ
ID NO: 6.

(7) Phuong phap phan hiy sinh khdi mém theo muc (6), trong d6 endoxenlulaza
xir 1y bao gdm EngK.

(8) Phuong phap phan huy sinh khdi mém theo muc (6) hoic (7), trong d6 sinh
khdi mém bao gém ba mia.

(9) Phuong phéap phén hiy sinh khéi mém theo muc bat ky trong s6 cac muc tir
(1) dén (8), trong d6 budc dua enzym tiép xuc véi sinh khéi mém duge tién hanh
bing cach dua vi sinh vat san xult enzym bt ky trong sb cac enzym néu trong
muc 1) dén 3) dudi day tiép xtc véi sinh khéi mém:

1) exoxenlulaza;

2) exoxenlulaza va endoxenlulaza;

3) exoxenlulaza, endoxenlulaza, va endoxenlulaza xr ly.

(10) Phuong phéap phan hiy sinh khdi mém theo muc (9), trong d6 vi sinh vat

bao gdm Clostridium cellulovorans.
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(11) Phuong phép san xuit hop chit dich tir sinh khdi mém, phuong phap nay
bao gdm budc phan hity sinh khéi mém béang phuong phép phan huy sinh khéi
mém theo muc bét ky trong s& cac muc tir (1) dén (10).

(12) Phuong phap san xuét hop chét dich tir sinh khéi mém theo muc (11), trong
d6 chét dich bao gém mot hoac nhiéu loai bat ky dugc chon tir etanol, axit axetic,
axit butyric, axit lactic, axit formic, va hydro.

(13) Enzym hoac nhém céc enzym dé phan hiy sinh khéi mém, bao gdbm mot
hoic nhidu loai bét k¥ trong s cac muc tir 1) dén 3) sau:

1) exoxenlulaza chira trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so
véi trinh tu axit amin duoc boc 16 trong SEQ ID NO: 2;

2) endoxenlulaza chira trinh tu axit amin c6 do ddng nhat 90% hodc 16n hon so
véi trinh tu axit amin dugce boc 16 trong SEQ ID NO: 4; va

3) endoxenlulaza x{r 1y chtra trinh ty axit amin c6 do dong nhét 90% hosc 1én
hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 6.

(14) Enzym hodc nhom céc enzym dé phan huy sinh khéi mém theo muc (13)
néu trén, trong d6 exoxenlulaza bao gdm ExgS, endoxenlulaza bao g6m EngE,
va endoxenlulaza xt 1y bao gdm EngK.

(15) Nhom cac enzym dé phan huy sinh khéi mém theo muc (13) hozc (14), bao
gbm it nhét cac enzym néu trong 1) va 2) sau:

1) exoxenlulaza chtra trinh ty axit amin c6 d¢ ddng nhit 90% hodc 16n hon so
véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 2; va

2) endoxenlulaza chtra trinh tu axit amin c6 do ddng nhat 90% hodc 16n hon so
véi trinh tu axit amin dugce boc 16 trong SEQ ID NO: 4.

(16) Nhom céc enzym dé phan hiy sinh khéi mém theo muc (15), trong d6 sinh
khéi mém bao gdm rom.

(17) Nhom cac enzym dé phan huy sinh khdi mém theo muc (13) hodc (14), bao

gOm it nhat mot enzym ndm trong muc 1) dén 3) duéi day:
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1) exoxenlulaza chira trinh ty axit amin c6 do déng nhét 90% hoic 16n hon so
véi trinh tu axit amin dugce boc 10 trong SEQ ID NO: 2; va
2) endoxenlulaza chra trinh ty axit amin c¢6 do ddng nhat 90% hozc 16n hon so
véi trinh ty axit amin dugc boc 10 trong SEQ ID NO: 4; va
3) endoxenlulaza x{r ly chta trinh ty axit amin c6 do dong nhat 90% hodc 16n
hon so vdi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 6.
(18) Nhoém cac enzym dé phan huy sinh khdi mém theo muc (17), trong d6 sinh
khdi mém bao gdm ba mia.
(19) Nhoém cac enzym dé phan hay sinh khdi mém theo muc (13) hodc (14), bao
gdm it nhat cdc enzym néu trong 1) va 2) sau:
1) exoxenlulaza chira trinh ty axit amin c6 do ddng nhét 90% hozc 16n hon so
véi trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 2; va
2) endoxenlulaza x{r ly chira trinh tu axit amin c6 do dong nhit 90% hoic 16n
hon so véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 6.
(20) Nhom cac enzym dé phan huy sinh khéi mém theo muc (13) hodc (14), bao
gOm it nhat cic enzym néu trong 1) va 2) sau & ty 1é tir 5:95 dén 95:5:
1) exoxenlulaza chira trinh ty axit amin c6 do ddng nhat 90% hoic 16n hon so
véi trinh tu axit amin duogc bde 16 trong SEQ ID NO: 2; va
2) endoxenlulaza xtr ly chtra trinh tuyr axit amin c6 do dong nhat 90% hoic 16n
hon so véi trinh tu axit amin dugc bdc 10 trong SEQ ID NO: 6.
Hiéu qua c6 loi clia sang ché

Theo phuong 4n cua sang ché, c6 thé phan hily mot cach truc tiép sinh
khdi mém bang phuong phap don gian ma khéng can xir Iy so bo va cac cong
doan tuong tu va tao ra chét hitu ich nhu etanol. Hon nita, theo phuong 4n cta
sang ché, cling ¢ thé dé xuit enzym hosc nhém cac enzym c6 kha ning tac dong

mot cach hitu ich, pht hop véi loai sinh khoi mém.
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MO ta vin tit cac hinh vé

FIG.1 1a dd thi thé hién két qué san xuét hop chét dich st dung sinh khéi
mém lam nguyén liéu thd trong C. cellulovorans (Vidu 1).

FIG.2 14 hinh v& thé hién két qua cia phuong phap SDS-PAGE (Vi du 2).

FIG3A 14 hinh v& thé hién két qua cua phuong phap nhuém méau CBB
" (Vi du 3). FIG3B 14 hinh v& thé hién két qua ctia phuong phap thim tach mién
dich (western blotting) (Vi du 3).

FIG.4 13 hinh v& thé hién két qua v& hoat tinh dinh luong ctia enzym dbi
vGi p-nitrophenyl-B-glucosit (Vi du 3).

FIG.5 13 dd thi thé hién cac két qua danh gia hoat tinh ctia ASC (Vi du 3).

FIG.6 1a cac dd thi thé hién céc két qua vé tac dung hiép dong clia céc
enzym (Vi du 4).

FIG.7 12 dd thi thé hién céc két qua vé tac dung hiép ddng clia cac enzym
véi su ¢d mat cua xenlobioza (Vi du 5).

MG ta chi tiét sang ché

“Phuong phap phan huy sinh khdi” theo sang ché dé& cép dén phuong
phép phan huy xenluloza chtra trong sinh khéi mém d biét r& nhu rom va ba
mia bdi enzym.

“Phuong phap phan huy sinh khdi” theo sang ché 1a “phwong phép phan
hay sinh khéi mém” bao gdm budc dua “exoxenlulaza cé trinh ty axit amin c6
do déng nhét 90% hoic 16n hon so véi trinh tu axit amin dugc boc 16 trong SEQ
ID NO: 2” tiép xtic v6i sinh khdi mém, va c6 thé con bao gém cac bude khéc.

Hién tai, “trinh tu axit amin c6 do déng nhat 90% hodc 16n hon” trong
“exoxenlulaza cé trinh tu axit amin c6 do déng nhat 90% hodc 16n hon so véi
trinh ty axit amin duoc boc 16 trong SEQ ID NO: 2” ¢6 nghia 14 trinh ty axit
amin trong dé 90% hodc 16n hon, t8t hon 1a 95% hodc 16n hon, tdt hon nira 1a

98% hodc 16n hon, van tét hon nita 12 99% hodc 16n hon céc gbc axit amin 1a
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gidng véi cac gbe cha trinh ty axit amin duge boc 16 trong SEQ ID NO: 2 khi
trinh tu axit amin dugc boc 16 trong SEQ ID NO: 2 va trinh ty axit amin khac
trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 2 dugc so sanh vdi nhau béng
cach sp xép thang hang céc trinh tu ndy sao cho sd lwong 16n nhét c6 thé cia
cac gbe axit amin khép nhau. O day, trong cach sdp xép cac trinh tu axit amin,
khoéng tréng c6 thé dugc bao gdm dé tao ra do ddng nhét 16n nhét.

Hon nita, trong khi “trinh ty axit amin c6 do déng nhit 90% hodc 16n
hon” 1a trinh tu axit amin c6 do déng nhét 90% hodc 16m hon, “trinh ty axit amin
¢6 do ddng nhat” theo sang ché ciing c6 thé bao gdm trinh tu axit amin cé do
dong nhét 80% hodc 1én hon va trinh ty axit amin c6 do ddng nhét 85% hodc 16n
hon. Dic biét, “trinh tu axit amin c6 do déng nhét 90% hoic 16n hon” 1a duoc uu
tién lam trinh tu axit amin.

Hon ntra, “trinh tu axit amin c¢6 do déng nhét 90% hodc 16n hon” ¢6 thé
bao gdm “trinh ty axit amin trong d6 mot hoic mot vai axit amin bj khuyét, thay
thé hodc bd sung”. Vi du dugc uu tién vé trinh tu axit amin nhu vay 12 trinh tu
axit amin trong d6 1, 2, 3, 4, 5, 6, 7, 8, 9, hodc 10 axit amin bi khuyét, thay thé
hoic bd sung so Vv6i trinh ty axit amin dugc boc 16 trong SEQ ID NO: 2 lam tiéu
chuin. Céc vi du duoc vu tién hon bao gé)m trinh tu axit amin trong do 1, 2, 3, 4,
hoidc 5 axit amin bi khuyét, thay thé hozc b6 sung.

Dé lam enzym c6 trinh tu axit amin nhu vy, c6 thé dé cap dén ExgS cia
ho Glycosyl Hydrolaza 48 (GH48) c6 trinh ty axit amin dugc bdc 10 trong SEQ
ID NO: 2 thu duoc tir Clostridium cellulovorans (C. cellulovorans), vi du, nhu
“exoxenlulaza co trinh tu axit amin c6 do déng nhéat 90% hodc 16n hon so voi
trinh tu axit amin duoc boc 16 trong SEQ ID NO: 2”.

ExgS dugc ma hoa bdi trinh tu bazo duge boc 16 trong SEQ ID NO: 1.
Trong sang ché, “exoxenlulaza c6 trinh tu axit amin c6 do déng nhat 90% hodc

16n hon so véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 2” ¢é thé dugc
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x4c dinh cling bai trinh tu bazo. Céc vi du vé trinh tuy bazo ma héa “exoxenlulaza
¢é trinh tu axit amin ¢ do déng nhét 90% hoic 16n hon so véi trinh tir axit amin
dugc boc 10 trong SEQ ID NO: 2” cia sang ché ciing bao gdm trinh tu bazo c6
do déng nhit 80% hodc 16n hon, trinh tu bazo cé do déng nhét 85% hoic 16n
hon, trinh tu bazo c¢é do déng nhat 90% hodc 16n hon, va trinh tu bazo c¢6 do
déng nhit 95% hodc 16n hon so véi trinh tu bazo dugc boc 16 trong SEQ ID NO:
1 mién sao ching 1 céc trinh tw bazo mé hda exoxenlulaza .

Hon nita, “phuong phép phan huy sinh khéi" theo sang ché co thé 1a
“phuong phap phéan huy sinh khéi” bao gdm budc dua “endoxenlulaza c6 trinh
tu axit amin c6 do déng nhéat 90% hodc 16n hon so véi trinh tu axit amin dugc
boc 16 trong SEQ ID NO: 4” tiép xtic véi sinh khdi mém, va c6 thé con bao gdbm
cac budc khac.

o) day, “trinh ty axit amin c6 do déng nhit 90% hodc 16n hon” trong
“endoxenlulaza cé trinh tu axit amin cé do déng nhit 90% hodc 16n hon so véi
trinh tu axit amin dugc boc 16 trong SEQ ID NO: 4” c¢6 nghia la trinh tu axit
amin trong dé 90% hodc 16n hon, t5t hon 13 95% hodc 16n hon, tdt hon nira 1a
98% hodc 16n hon, van tdt hon nita 12 99% hodc 16n hon cac géc axit amin la
gidng nhau so véi cac gbc axit amin cta trinh ty axit amin dugc bdc 16 trong
SEQ ID NO: 4 khi trinh tu axit amin dugc bdc 19 trong SEQ ID NO: 4 va trinh tu
axit amin khéc trinh tu axit amin duoc boc 16 trong SEQ ID NO: 4 dugc so sanh
véi nhau bang cach sép xép thing hang céc trinh ty nay sao cho s6 luong 16n
nhét c6 thé cua cac gbc axit amin khép nhau. G day, trong su sap xép céc trinh tu
axit amin, khoang trdng c6 thé dugc bao gbm dé tao ra do ddng nhat 16n nhét.

Hon nita, trong khi "trinh tu axit amin c6 do déng nhat 90% hoic 16n
hon" c6 thé 14 trinh tu axit amin c6 do déng nhit 90% hodc 16n hon, “trinh tu
axit amin c6 dd ddng nhat” theo sang ché ciing c6 thé bao gbém trinh tu axit amin

co do déng nhét 80% hodc 16n hon va trinh tu axit amin ¢6 do déng nhét 85%

-12-



26468

hodc 16n hon. Pac biét, “trinh ty axit amin c6 do déng nhét 90% hozc 16n hon”
1a dugc uvu tién lam trinh ty axit amin nay.

Ngoai ra, “trinh tu axit amin c6 do déng nhét 90% hodc 16n hon” c6 thé
bao gdm “trinh tu axit amin trong d6 mot hozic mot vai axit amin bi khuyét, thay
thé hodc b sung”. Vi du dugc uu tién vé trinh tu axit amin nhu vay 1a trinh tu
axit amin trong d6 1, 2, 3,4, 5, 6, 7, 8, 9, hodc 10 axit amin bi khuyét, thay thé
hoac bd sung so voi trinh ty axit amin‘du’qc bdc 16 trong SEQ ID NO: 4 lam tiéu
chuén. Vi du duoc wu tién hon 1a trinh tu axit amin trong d6 1, 2, 3, 4, hodc 5
axit amin bi khuyét, thay thé hoic b sung.

Pé cap dén enzym c6 trinh ty axit amin nhu vay, c6 thé dé cap dén EngE
cia ho Glycosyl Hydrolaza 5 (GHS5) c6 trinh tu axit amin duogc bdc 16 trong SEQ
ID NO: 4 thu duoc tir Clostridium cellulovorans (C. cellulovorans), vi du, nhu
“endoxenlulaza c6 trinh ty axit amin c6 do dong nhét 90% hodc 16n hon so véi
trinh tu axit amin duoc bdc 19 trong SEQ ID NO: 4”.

EngE dugc mi hda bdi trinh tuy bazo dugce boc 16 trong SEQ ID NO: 3.
Theo sang ché, “endoxenlulaza c6 trinh tu axit amin c6 do d@)ng nhét 90% hodc
16n hon so véi trinh tu axit amin duoc bde 16 trong SEQ ID NO: 4” ¢6 thé duoc
x4ac dinh cling bdi trinh ty bazo. Cac vi du vé trinh tu bazo mi hoda
“endoxenlulaza c¢6 trinh tu axit amin cé do déng nhét 90% hoic 16n hon so véi
trinh tu axit amin dugce bdc 16 trong SEQ ID NO: 4” cua sang ché ciing bao gom
trinh tu bazo ¢6 do déng nhét 80% hodc 16n hon, trinh tu bazo cé do déng nhét
85% hodc 16n hon, trinh tu bazo c6 do déng nhit 90% hodc 16n hon, va trinh tu
bazo c6 do dé)ng nhit 95% hodc 16n hon so véi trinh tu bazo duge boc 16 trong
SEQ ID NO: 3 mién sao chiing 1a céc trinh ty bazo mé hoa endoxenlulaza.

Ngoai ra, “phuong phép phan hdy sinh khéi" theo sang ché c6 thé la
“phuong phap phan huy sinh khéi” bao gdm bude dua “endoxenlulaza xt 1y c6

trinh tu axit amin c6 do déng nhat 90% hodc 16n hon so voéi trinh tu axit amin
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duoc boc 16 trong SEQ ID NO: 6” tiép xtc v6i sinh khdi mém, va cé thé con bao
gdm cac bude khac.

Hién tai, “trinh tu axit amin c6 do déng nhat 90% hodc 16n hon” trong
“endoxenlulaza xtr ly cé trinh ty axit amin c6 do ddng nhat 90% hodc 1én hon so
véi trinh tu axit amin dugce bdce 16 trong SEQ ID NO: 6” ¢6 nghia la trinh tu axit
amin trong d6 90% hoac 16n hon, ot hon 13 95% hodc 16n hon, tdt hon nita 12
98% hotic 16n hon, vin tdt hon nira 13 99% hodc 16n hon cac gbc axit amin 1a
gidng nhau so véi cac gbc axit amin cla trinh tu axit amin dugc bdc 1§ trong
SEQ ID NO: 6 khi trinh ty axit amin dugc bdc 16 trong SEQ ID NO: 6 va trinh tu
axit amin khéc trinh tu axit amin dugc boc 16 trong SEQ ID NO: 6 dugc so sadnh
v6i nhau bang cach sip xép thing hang céac trinh ty ndy sao cho sb luong 16n
nhit c6 thé cua cac gbe axit amin khép nhau. § day, trong cach sip xép céc trinh
tu axit amin nay, khoang trong c6 thé dugc bao gdm dé tao ra do ddng nhat 16n
nhét.

Hon nita, trong khi “trinh ty axit amin c6 do ddng nhit 90% hoic 1én
hon” ¢6 thé 13 trinh tu axit amin c6 dd dong nhat 90% hodc 16n hon, “trinh tu
axit amin c6 d6 dong nhéat” theo sang ché ciing c6 thé bao gdm trinh tu axit amin
c6 do ddng nhét 80% hodc 1én hon va trinh ty axit amin ¢ do ddng nhét 85%
hodc 16n hon. Dic biét, “trinh ty axit amin c6 do déng nhéat 90% hodc 16n hon”
1a duoc vu tién lam trinh ty axit amin.

Ngoai ra, “trinh ty axit amin c6 do déng nhét 90% hodc 16n hon” ¢6 thé
bao gém “trinh tu axit amin trong d6 mdt hoac mdt vai axit amin bi khuyét, thay
thé hodc bd sung”. Vi du duoc uu tién vé trinh tu axit amin nhu vay 1a trinh tu
axit amin trong do 1, 2, 3,4, 5, 6, 7, 8, 9, hodc 10 axit amin bi khuyét, thay thé
hoic bd sung so v&i trinh ty axit amin dugc boc 16 trong SEQ ID NO: 6 lam tiéu
chuan. Vi du duoc wu tién hon 1a trinh ty axit amin trong d6 1, 2, 3, 4, hodc 5

axit amin bi khuyét, thay thé hoac b6 sung.
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Pé 1am enzym c6 trinh ty axit amin nhu vay, c6 thé dé cap dén EngK cua
ho Glycosyl Hydrolaza 9 (GH9) c6 trinh ty axit amin dugc bdc 10 trong SEQ ID
NO: 6 thu duoc tur Clostridium cellulovorans (C. cellulovorans), vi du, nhu
“endoxenlulaza x ly co trinh tu axit amin c6 do ddng nhat 90% hosc 16n hon so
véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 6”.

EngK duoc mi hoa boi trinh tu bazo dugc bdc 16 trong SEQ ID NO: 5.
Theo sang ché, “endoxenlulaza xir Iy c6 trinh tu axit amin c6 do déng nhét 90%
hoi#c 16n hon so véi trinh ty axit amin dugce bdce 16 trong SEQ ID NO: 6” ¢c6 thé
duoc x4c dinh cling bdi trinh ty bazo. Cac vi du vé trinh tu bazo mi hoa
“endoxenlulaza xtr Iy cé trinh ty axit amin c6 do déng nhat 90% hodc 16n hon so
vdi trinh tu axit amin dugce bdc 10 trong SEQ ID NO: 6” cua sang ché ciing bao
gém trinh tu bazo ¢6 do déng nhit 80% hodc 16n hon, trinh tu bazo c6 do dé)ng
nhét 85% hoic 16n hon, trinh tu bazo c6 d6 dong nhat 90% hogc 16n hon, va
trinh tu bazo c6 do déng nhét 95% hodc 16n hon so véi trinh tu bazo dugc boc 10
trong SEQ ID NO: 5 mién sao ching 14 c4c trinh ty bazo mé héa endoxenlulaza
xu ly.

Trong “phuong phap phan hdy sinh khéi" theo sang ché, “dua enzym tiép
xtc véi sinh khdi mém” dé cap dén viéc dua enzym tiép xtic v6i sinh khdi mém
sao cho enzym nay c6 thé tac dong dé phan huy sinh khéi mém.

Hién tai, “sinh khéi mém” theo sang ché dé cap dén sinh khéi mém nhu
rom, ba mia, rom lia mi, vo triu, co lau, co ché ve, cd voi, cay lua mién va than
cdy ngo, chung dugc tao ra bing c4ch tao huyén phu cho chinh sinh khdi mém
hodc sau khi cit thanh cac kich thuéc thich hop trong dung mdi nhu nude hodc
dung dich dém (huyén phu chia sinh khéi mém), hodc cac nguyén liéu tuong tu.

Ngoai ra, “sinh khéi mém” theo sang ché ciing bao gdm mdi truong chira
rom 1am co chét va méi truong chira bd mia lam co chét duoc tao ra theo cach

tuong tu nhu néu trong cc vi du cla sang che v6i viéc bd sung cac thanh phéan
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nhu K,HPO43H,0, NH,Cl, KCI, MgSO,7H,0, L-xystein hydroclorua
monohydrat, Trypton, san phdm chiét xuat tir nidm men, va dung dich chira luong
nhé kim loai, vao sinh khdi mém hodc huyén pht chtra sinh khdi mém.

Phuong phap dua enzym tiép xtic véi sinh khdi mém chi can 14 phuong
phap dua enzym tiép xuc véi sinh khéi mém sao cho enzym nay cé thé tac dong
dé phan huy sinh khdi mém, va cac phuong phap bat ky da biét cho dén nay cé
thé duoc sir dung.

Vi du, trong truong hop néu “sinh khéi mém” cua séng ché 13 chinh sinh
khdi mém nay hodc sinh khdi mém mét cach don gian sau khi cat ching thanh
céc kich thuéc thich hop, c6 thé dua ra ddy: phwong phép ngdm sinh khéi mém
trong enzym hodc dung dich chira enzym nay; phuong phép phun enzym hodc
dung dich chira enzym nay vao sinh khéi mém bang cach phun hodc cach tuong
tu; phuong phéap tudi enzym hodc dung dich chira enzym nay 1én trén sinh khéi
mém; va céc phuong phép tuong tu. Ngoai ra, budc xu ly ap sudt nhu giam 4p
hodc ting ap co thé dugc tién hanh néu can dé cho phép enzym thim vao sinh
khdi mém, trong khi d6 enzym duoc dua dén tiép xtc v6i sinh khdi mém hozc
sau khi enzym duogc dua dén tiép xtc véi sinh khéi mém.

Trong trudng hop néu “sinh khi mém” theo sang ché 1a moi truong chira
rom lam co chit, méi trudng chira bd mia lam co chat, hodc cic dang tuong tu,
c6 thé dé cap dén: phuong phép bd sung enzym hoic dung dich chira enzym nay
vao mdi trudng nay; phuong phap tron moi trudng ndy va enzym hodc dung dich
chira enzym nay; va cac phuong phap tuong tu.

Can luu ¥ rang phuong phap “dua enzym tiép xtc v6i sinh khdi mém”
bao gbém khong chi cic phuong phap dua enzym hogic dung dich chira enzym nay
ma con cac phuong phap dua vi sinh vat san xuét enzym hodc nhém cac enzym
tiép xtic vdi sinh khdi mém bang cac phwong phép tuong tu nhu dugc md ta trén

day.

-16-



26468

Cac phuong phép “dua enzym tiép xutc voi sinh khéi mém” nay 1a gidng
nhau ddi véi enzym la “exoxenlulaza cé trinh ty axit amin c6 do df‘)ng nhat 90%
hodc 16n hon so véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 27,
“endoxenlulaza co trinh tu axit amin cé do déng nhét 90% hodc 16n hon so véi
trinh tu axit amin duogc bdc 16 trong SEQ ID NO: 4”, hodc “endoxenlulaza xir ly
cO trinh tu axit amin ¢ do dé)ng nhét 90% hoic 16n hon so véi trinh ty axit amin
duoc boc 16 trong SEQ ID NO: 6”. Cac phuong phap nay 1a tuong tu thdm chi
khi cac enzym d6 dugc dua tiép xtc voi sinh khéi mém dudi dang nhém cac
enzym.

“Phuong phap phan hiy sinh khdi” theo séang ché ciing c¢6 thé bao gdm
budc dua “exoxenlulaza c6 trinh tu axit amin cé do déng nhit 90% hoc 16n hon
so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 2” va “endoxenlulaza c6
trinh tu axit amin c6 do dé)ng nhat 90% hodc 16n hon so véi trinh ty axit amin
duoc boc 16 trong SEQ ID NO: 4” tiép xtc vé&i sinh khéi mém.

Trong budc nay, cac enzym chi can dua tiép xuc véi sinh khéi mém & ty
18 tbi wu cho qué trinh phén hay. Vi dy, “exoxenlulaza c6 trinh tu axit amin c6 do
déng nhit 90% hodc 16n hon so véi trinh tu axit amin dugc bdc 19 trong SEQ ID
NO: 2” va “endoxenlulaza c6 trinh tu axit amin c6 do déng nhét 90% hoic 16n
hon so vdi trinh tu axit amin dugce bdc 16 trong SEQ ID NO: 4” ¢6 thé duoc dua
tiép xuc & ty 1& 5:95, 10:90, 15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55,
50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15, 90:10, 95:5, hodc céc ty
1€ tuong tu.

Céac enzym nay cO thé duoc dua tiép xuc véi sinh khéi mém bang céc
phuong phép dugc dua ra trén ddy. Viéc dua cdc enzym nay tiép xtc voi sinh
khéi mém c6 thé duoc tién hanh bing cach dua “exoxenlulaza c6 trinh tu axit
amin co do déng nhit 90% hodc 16n hon so véi trinh ty axit amin dugc boc 10

trong SEQ ID NO: 27 tiép xtc Vv6i sinh khéi mém, va sau do, dua
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“endoxenlulaza c6 trinh tu axit amin c6 do d@)ng nhat 90% hodc 16n hon so véi
trinh tu axit amin dugc boc 10 trong SEQ ID NO: 4” tiép xtc véi sinh khdi mém.
Trong trudng hop nay, cic enzym nay co thé dugc dua tiép xuc v6i sinh khdi
mém theo thir tu nguoc lai.

Theo cach khéac, “exoxenlulaza cé trinh ty axit amin c6 do déng nhét
90% ho#c 16n hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 2” va
“endoxenlulaza c6 trinh tu axit amin cé do déng nhét 90% hodc 16n hon so véi
trinh tu axit amin dugc boc 16 trong SEQ ID NO: 4” ¢co thé duge dua tiép xuc voi
sinh khdi mém trong mét 1an.

Theo cach khéc, sinh khdi mém ma “exoxenlulaza cé trinh tu axit amin
c6 do ddng nhit 90% hosdc 16n hon so véi trinh ty axit amin dugc bdc 10 trong
SEQ ID NO: 2” duoc dua vao dé tiép xic va sinh khdi mém ma “endoxenlulaza
O trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tur axit amin
duge boc 16 trong SEQ ID NO: 4” da dugc dua vao dé tiép xtc ¢ thé duoc didu
ché riéng biét va sau dé dugc tron v6i nhau.

Céc vi du vé céc phuong phap tiép xtc nay bao gdm phuong phép dua
mdi vi sinh vat san xuht “exoxenlulaza c6 trinh tu axit amin c6 do déng nhét
90% hoac 16n hon so véi trinh tu axit amin dugc bdc 10 trong SEQ ID NO: 2” va
vi sinh vat san xuit “endoxenlulaza cé trinh tu axit amin c6 do d@)ng nhét 90%
hodc 16n hon so vdi trinh tu axit amin dugce bdc 10 trong SEQ ID NO: 4” tiép xuc
v6i sinh kh6i mém.

Ngoai ra, truong hop dua vi sinh vat san xuét “exoxenlulaza cé trinh tu
axit amin c6 do d(‘Bng nhit 90% hoic 16n hon so véi trinh tu axit amin dugc bdc
16 trong SEQ ID NO: 2” va “endoxenlulaza c6 trinh ty axit amin c6 do d@)ng nhét
90% hodc 16n hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 4”
tiép xuc véi sinh khdi mém ciing dwoc bao gom.

Trong “phuong phap phan hiy sinh khbi” bao gdém budc dua
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“exoxenlulaza cé trinh ty axit amin c6 do déng nhat 90% ho#c 16n hon so véi
trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 2” va “endoxenlulaza c6 trinh
ty axit amin c6 do déng nhéit 90% hodc 16n hon so véi trinh tu axit amin duoc
boc 16 trong SEQ ID NO: 4” tiép xtic v6i sinh khdi mém, sinh khéi mém ma mdi
enzym hodc nhém cac enzym dugce dua tiép xtc c6 thé 1a sinh khéi mém da biét
tlr trude dén nay, nhung dic biét tot hon 1a rom.

Ngoai ra, “phuong phép phéan huy sinh khéi” theo sang ché ciing c6 thé
bao gém budc dua “exoxenlulaza cé trinh tu axit amin co6 do déng nhét 90%
hoic 16n hon so v6i trinh ty axit amin dugc boc 10 trong SEQ ID NO: 27,
“endoxenlulaza cé trinh tu axit amin cé do déng nhat 90% hoac 16n hon so véi
trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 4”, va “endoxenlulaza xir 1y c6
trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin
dugce boc 10 trong SEQ ID NO: 6” tiép xtc vé6i sinh khdi mém. Trong budc nay,
cac enzym chi cin dua tiép xtic véi sinh khéi mém & ty 16 t6i vu cho qué trinh
phan huy.

Céc enzym ndy c6 thé duoc dua tiép xtc v6i sinh khdi mém bing cac
phuong phap dugc dua ra trén ddy. Viéc dua cdc enzym nay tiép xtc véi sinh
khéi mém c6 thé duoc tién hanh bing cach dua “exoxenlulaza c6 trinh ty axit
amin c¢6 d6 dong nhat 90% hodc 16n hon so véi trinh tu axit amin dugc bdc 10
trong SEQ ID NO: 2” tiép xtc véi sinh khéi mém, sau d6 dua “endoxenlulaza c6
trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tur axit amin
duogc boc 16 trong SEQ ID NO: 4” tiép xtic v4i sinh khéi mém, va sau d6 dua
“endoxenlulaza x{r 1y c6 trinh ty axit amin c6 do ddng nhét 90% hoic 16n hon so
v6i trinh tu axit amin duge boc 16 trong SEQ ID NO: 6” tiép xuc véi sinh khéi
mém. Trong trudng hop nay, cic enzym nay co thé duoc dua tiép xtic véi sinh
khdi mém theo thir tu bat ky.

Theo cach khac, “exoxenlulaza co trinh tu axit amin c6 do dong nhat
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90% hodc 16n hon so v6i trinh tu axit amin dugc boc 16 trong SEQ ID NO: 27,
“endoxenlulaza co trinh tu axit amin cé do déng nhét 90% hoc 16n hon so véi
trinh tu axit amin dugce boc 16 trong SEQ ID NO: 4”7, va “endoxenlulaza xir Iy cé
trinh tu axit amin c¢6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin
dugc boc 16 trong SEQ ID NO: 6” ¢co thé duoc dua tiép xtc véi sinh khdi mém &
cing mdt thoi diém.

Theo cach khéc, sinh khéi mém ma “exoxenlulaza cé trinh tu axit amin
c6 do déng nhit 90% hodc 16n hon so véi trinh tur axit amin duge boc 1§ trong
SEQ ID NO: 2” di dugc dua vao dé tiép xtc, sinh khdi mém ma “endoxenlulaza
cé trinh tu axit amin c6 d6 d@)ng nhit 90% hodc 16n hon so véi trinh tu axit amin
duoc boc 16 trong SEQ ID NO: 4” da dugc dua vao dé tiép xtic, va sinh khdi
mém ma “endoxenlulaza xtr 1y ¢ trinh ty axit amin c¢6 do dong nhét 90% hoic
16n hon so véi trinh tu axit amin dugce bdc 16 trong SEQ ID NO: 6” da dugce dua
vao dé tiép xtc ¢6 thé duoc diéu ché riéng biét, va sau d6 duoc tron voi nhau.

Céc vi du vé cac phuong phap tiép xtc nay bao gdm phuong phap dua
mdi loai vi sinh vat san xuit “exoxenlulaza c6 trinh tu axit amin c6 do déng nhét
90% ho#c 16n hon so véi trinh tu axit amin dugc bc 16 trong SEQ ID NO: 27, vi
sinh vat san xuht “endoxenlulaza c6 trinh tu axit amin c6 do déng nhét 90% hoic
16n hon so vdi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 47, vi sinh vt
san xuét “endoxenlulaza xi 1y c6 trinh tu axit amin c6 do ddng nhét 90% hoic
16n hon so véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 6” tiép xuc voi
sinh kh6i mém.

Hon nita, cac vi du vé cac phuong phép tiép xdc nay cling bao gom
truong hop dua mdi loai vi sinh vat san xuht “exoxenlulaza c6 trinh tu axit amin
c6 do ddng nhét 90% hodc 16n hon so véi trinh tu axit amin duge bdc 16 trong
SEQ ID NO: 2” va “endoxenlulaza c¢ trinh tu axit amin c¢6 do déng nhat 90%

hodc 16n hon so véi trinh ty axit amin dugc boc 16 trong SEQ ID NO: 47, vi sinh
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vat san xuit “exoxenlulaza c6 trinh tu axit amin c¢6 do déng nhéat 90% hoic 1én
hon so v&i trinh tu axit amin dugc bdc 10 trong SEQ ID NO: 2” va
“endoxenlulaza xir 1y ¢6 trinh ty axit amin c6 do dong nhat 90% hodc 16n hon so
véi trinh tu axit amin dugce boc 16 trong SEQ ID NO: 6”, va vi sinh vat san XUt
“endoxenlulaza ¢ trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi
trinh tu axit amin duoc bdc 10 trong SEQ ID NO: 4” va “endoxenlulaza xur ly c6
trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin
duoc boc 16 trong SEQ ID NO: 6” tiép xtc véi sinh khdi mém.

Ngoai ra, cdc vi du vé cac phuong phap tiép xtic nay ciing bao gdbm
trrong hop dua toan bg vi sinh vat san xuét “exoxenlulaza cé trinh tu axit amin
co do déng nhét 90% ho#c 16n hon so véi trinh tu axit amin duge bdc 1§ trong
SEQ ID NO: 2”, “endoxenlulaza c6 trinh ty axit amin c6 do ddng nhat 90% hoic
16n hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 47, va
“endoxenlulaza x{r 1y ¢ trinh ty axit amin c6 do ddng nhat 90% hoic 16n hon so
véi trinh tu axit amin dugc bde 16 trong SEQ ID NO: 6” tiép xtic voi sinh khéi
mém.

Trong “phuong phap phan hiy sinh khéi" bao gdm budc dua
“exoxenlulaza co trinh tu axit amin c6 do déng nhit 90% hoic 16n hon so véi
trinh tu axit amin duge bdc 10 trong SEQ ID NO: 27, “endoxenlulaza cd trinh tu
axit amin c6 do déng nhat 90% hodc 16n hon so véi trinh tu axit amin dugc bdc
16 trong SEQ ID NO: 4”, va “endoxenlulaza xit Iy c6 trinh ty axit amin c6 do
déng nhat 90% hodc 1on hon so véi trinh tu axit amin dugc boc 19 trong SEQ ID
NO: 6” tiép xuc véi sinh khéi mém, sinh khéi mém ma mdi enzym hodc nhém
cac enzym duoc dua dén dé tiép xuc c6 thé 1a sinh khéi mém bat ky da biét tir
trude dén nay, nhung dic biét t6t hon 14 b mia.

Hon nfta, “phuong phép phan huy sinh khdi” theo sang ché ciing c6 thé

bao gdm budc dua “exoxenlulaza cé trinh tu axit amin c6 do dong nhét 90%
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hodc 16n hon so véi trinh ty axit amin dugc bdc 1o trong SEQ ID NO: 2” va
“endoxenlulaza xur Iy ¢6 trinh ty axit amin c6 do déng nhét 90% hodc 16n hon so
véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 6” tiép xtc véi sinh khéi
mém.

Trong budc nay, cac enzym chi can dua tiép xic voi sinh khéi mém & ty
18 t6i vu cho qud trinh phan hdy. Vi dy, “exoxenlulaza c6 trinh tu axit amin c6 d¢
déng nhat 90% hodc 16n hon so véi trinh tu axit amin dugce bdc 16 trong SEQ ID
NO: 2” va “endoxenlulaza xt ly c6 trinh tu axit amin ¢6 do ddng nhit 90% hoic
16n hon so vdéi trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 6” ¢6 thé dugc
dua tiép xtic & ty 1& 5:95, 10:90, 15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55,
50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15, 90:10, 95:5, hodc cac ty
1€ tuong tu.

Cac enzym nay co thé dugc dua tiép xuc véi sinh khéi mém bing céc
phuong phdp duoc dua ra trén day. Viéc dua cac enzym nay tiép xtic véi sinh
khéi mém c6 thé duoc tién hanh bing cach dua “exoxenlulaza c6 trinh tu axit
amin c6 do dong nhit 90% hodc 16n hon so véi trinh ty axit amin dugc boc 10
trong SEQ ID NO: 27 tiép xuc véi sinh khdi mém, va sau d6 dua “endoxenlulaza
xur 1y ¢6 trinh ty axit amin c6 do déng nhAt 90% hodc 16n hon so voéi trinh tu axit
amin dugce bdc 16 trong SEQ ID NO: 67 tiép xtic véi sinh khdi mém. Trong
trudng hop nay, cac enzym nay co thé dugc dua tiép xic véi sinh khéi mém theo
thir tu nguoc lai.

Theo cach khac, “exoxenlulaza c¢é trinh ty axit amin c6 do déng nhét
90% hoic 1én hon so véi trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 27 va
“endoxenlulaza xtr Iy ¢6 trinh ty axit amin c6 do d6ng nhat 90% hoic 1én hon so
v§i trinh ty axit amin dugc boc 16 trong SEQ ID NO: 6” ¢6 thé dugc dua tiép xac
v6i sinh khdi mém trong mét lan.

Theo cach khéc, sinh khoi mém ma “exoxenlulaza cé trinh tu axit amin
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c6 do déng nhat 90% hodc 16n hon so véi trinh tu axit amin duoc boc 19 trong
SEQ ID NO: 2” di dugc dua vao dé tiép xac va sinh khdi mém ma
“endoxenlulaza xtr 1y ¢6 trinh ty axit amin c6 do ddng nhat 90% hoic 16n hon so
véi trinh tu axit amin dugc boc 16 trong SEQ ID NO: 6” da dugc dua vao dé tiép
xtc ¢6 thé duoc diéu ché riéng biét va sau d6 dugc tron v6i nhau.

Trong cac phuong phap tiép xuc nay, truong hgp dua mdi vi sinh vat san
xuit “exoxenlulaza cé trinh tu axit amin cé do dé)ng nhét 90% hodc 1én hon so
v4i trinh tu axit amin dugc bdc 10 trong SEQ ID NO: 2” va vi sinh vat san xuét
“endoxenlulaza xir 1y ¢6 trinh ty axit amin c6 d déng nhét 90% ho#c 16n hon so
vdi trinh tu axit amin dugc bdc 1§ trong SEQ ID NO: 6” tiép xtic v6i sinh khdi
mém 1a dugc bao gom.

Ngoai ra, truong hop dua vi sinh vat san xuét “exoxenlulaza cé trinh tu
axit amin c6 do déng nhét 90% hodc 16n hon so véi trinh tu axit amin dugc boc
16 trong SEQ ID NO: 2” va “endoxenlulaza xur ly c6 trinh tu axit amin c6 do
déng nhit 90% hodc 16n hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID
NO: 6” tiép xtic v6i sinh khdi mém 12 ciing dugc bao gdm.

Trong “phuong phap phan huy sinh khéi” bao gdm budc dua
“exoxenlulaza cé trinh tu axit amin c6 dd dé)ng nhit 90% hodc 16n hon so véi
trinh tu axit amin duoc bdc 16 trong SEQ ID NO: 2” va “endoxenlulaza xtr Iy ¢6
trinh tu axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin
duogc bdc 16 trong SEQ ID NO: 6” tiép xtic voi sinh khdi mém, sinh khéi mém
ma modi enzym hodc nhom cac enzym duoc dua dén @& tiép xuc c6 thé 1a sinh
khdi mém bt ky da biét tir trude dén nay nhu rom va ba mia.

Trong phuong phéap phan huy sinh khéi mém theo sang ché bao gdm
budc dua vi sinh vat san xuét enzym bét ky trong s6 céc enzym néu trong muc 1)
dén 3) dudi day tiép xic véi sinh khéi mém, vi sinh vét ndy c6 thé 1 vi sinh vt

bat ky da biét mién sao vi sinh vt nay tao ra enzym bét ky trong sd cac enzym tir
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1) dén 3), nhung t6t hon 13 vi sinh vat c6 kha ning tao ra xenlulosom.
Clostridium cellulovorans (C. cellulovorans), ma la vi sinh vat c6 kha néng tao
ra xenlulosom, 1a dic biét duoc wu tién.

Cén luu v ring, trong cac enzym tir 1) dén 3) dudi day, “exoxenlulaza”
de cap dén “exoxenlulaza c6 trinh tu axit amin cé do dé)ng nhét 90% hoic 16n
hon so véi trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 27, “endoxenlulaza”
dé cap dén “endoxenlulaza c6 trinh tu axit amin c6 do dong nhat 90% hodc 16n
hon so vd&i trinh tu axit amin dugc bdc 16 trong SEQ ID NO: 47, va
“endoxenlulaza xir Iy d& cap dén “endoxenlulaza xr 1y ¢4 trinh ty axit amin c6
d6 dong nhét 90% hodc 16n hon so véi trinh ty axit amin dugc bdc 16 trong SEQ
ID NO: 6”.

1) exoxenlulaza
2) exoxenlulaza va endoxenlulaza
3) exoxenlulaza, endoxenlulaza, va endoxenlulaza xur ly

“Phuong phép san xuét hop chit dich tir sinh khéi mém” theo sang ché
chi can bao gdm budc phan hity sinh khdi mém béing “phuong phap phan hiy
sinh khdi” theo séng ché, va c6 thé con bao gdm céac budce khic. “Phuong phap
san xuat hop chét dich tir sinh khdi mém” theo sang ché t6t hon 14 phwong phap
c6 thé san xuét truc tiép chit dich béng cach phan huy sinh khéi mém va sau d6
1én men dudng hodc cac chat twong tu thu dugc tir qua trinh phan hiy nay.

“Hop chét dich” theo sang ché c6 thé 1a hop chat bat ky hodc céc hop
chét tuong tu voi né mién sao né thu dugc bing “phuong phap phan hiy sinh
khdi” theo sang ché. Céc vi du vé “hop chét dich” theo sang ché ciing c6 thé bao
gém etanol, axit axetic, axit butyric, axit lactic, axit formic, va hydro.

“Enzym hoac nhom cac enzym dé phan huy sinh khoi mém” theo sang
ché @& cap dén enzym hoiic nhém céc enzym c6 kha nang phan hiy sinh khoi

mém nhu rom va bd mia, va cic vi du vé chiing bao gom enzym hodc nhém cac
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enzym phéan hdy xenluloza chira trong sinh khéi mém thanh glucoza hodc céc
chét tuong tu.

“Enzym hodc nhém cac enzym” cua sang ché chi can 1a enzym hodc
nhém céc enzym bao gdm mdt hozic nhiéu loai bét ky trong sb cac muc tir 1) dén
3) sau:

1) exoxenlulaza c6 trinh ty axit amin cé do déng nhat 90% hodc 16n hon so véi
trinh tu axit amin dugc boc 16 trong SEQ ID NO: 2;

2) endoxenlulaza c6 trinh tu axit amin c6 do dong nhat 90% hoic 16n hon so véi
trinh tu axit amin dugc boc 16 trong SEQ ID NO: 4; va

3) endoxenlulaza xtr ly c6 trinh tu axit amin c6 do dong nhit 90% hodc 16n hon
so v41 trinh tu axit amin duoc bde 16 trong SEQ ID NO: 6.

Trong sb chung, vi du, dé 1am “exoxenlulaza c6 trinh tu axit amin cé do
déng nhét 90% hodc 16n hon so véi trinh tu axit amin duoc boc 16 trong SEQ ID
NO: 27, ¢6 thé d& cap dén ExgS ciia ho Glycosyl Hydrolaza 48 (GH48) c6 trinh
tu axit amin dugc boc 10 trong SEQ ID NO: 2 thu duoc tir Clostridium
cellulovorans (C. cellulovorans) va cac enzym tuong tu.

Hon nita, vi du, dé 1am “endoxenlulaza c6 trinh tu axit amin c6 do déng
nhat 90% hodc 16n hon so véi trinh tu axit amin duge boc 16 trong SEQ ID NO:
47, ¢ thé dé cap dén EngE cua ho Glycosyl Hydrolaza 5 (GH5) ¢6 trinh tur axit
amin duogc bdc 16 trong SEQ ID NO: 4 thu dugc tir Clostridium cellulovorans (C.
cellulovorans) va hodc céc enzym tuong tu.

Hon nita, vi du, dé 1am “endoxenlulaza xtr 1y c6 trinh ty axit amin c6 do
d(‘A)ng nhit 90% hoZc 16n hon so véi trinh tu axit amin duogc bdc 16 trong SEQ ID
NO: 6”, c6 thé dé cap dén EngK ctia ho Glycosyl Hydrolaza 9 (GH9) c6 trinh tu
axit amin dugc bdoc 16 trong SEQ ID NO: 6 thu dugc tir Clostridium
cellulovorans (C. cellulovorans) va cac enzym tuong tu.

Trong so chung, cac vi du vé “nhoém cdc enzym” phén huy sinh khoi
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mém bao gém nhém cac enzym bao gbm it nhét cac enzym 1) va 2) dugc dé cap
trén day. Trong nhém cac enzym, mdi mot enzym cda 1) va 2) chi can duogc bao
gdm & ty 18 t6i vu cho qua trinh phan hity sinh khéi mém. Vi du, “exoxenlulaza
O trinh tu axit amin c6 d6 déng nhat 90% hoic 16n hon so véi trinh tu axit amin
duogc boc 10 trong SEQ ID NO: 2” [am enzym 1) va “endoxenlulaza c6 trinh tu
axit amin c6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin dugc boc
16 trong SEQ ID NO: 4” 1am enzym 2) c6 thé duoc bao gbém & ty 18 5:95, 10:90,
15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55, 50:50, 55:45, 60:40, 65:35,
70:30, 75:25, 80:20, 85:15, 90:10, 95:5, hodc c4c ty 1& twong tu. Sinh khéi mém
bi phan hily béi “nhém cac enzym” c6 thé 1a sinh kh6i mém bt ky da biét tir
truéc dén nay, nhung dic biét t6t hon 13 rom.

Hon nifa, cic vi du vé “nhdm céc enzym” phan hiy sinh khdi mém bao
gbm nhém céc enzym bao gdm it nhit cc enzym tir 1) dén 3) duogc dé cap trén
day. Trong nhom cac enzym ndy, mdi mdt enzym tir 1) dén 3) c6 thé duoc bao
gbm & ty 1& t6i wu cho qué trinh phan hiy sinh khéi mém. Sinh khbi mém bi
phan hiy boi “nhém céc enzym” nay co thé 13 sinh khéi mém bit ky da biét tir
trude dén nay, nhung dic biét tt hon 13 bi mia.

Ngoai ra, céc vi du vé “nhdém cdc enzym” phén huy sinh khéi mém bao
gdm nhém céc enzym bao gdm & it nhét cac enzym 1) va 3) dugc dé cap trén day.
Trong nhém céc enzym, mdi enzym 1) va 3) chi can dugc bao gdm & ty 18 tdi uwu
cho qua trinh phan hiy sinh khdi mém. Vi dy, “exoxenlulaza cé trinh tu axit
amin co do déng nhat 90% hodc 16n hon so véi trinh tu axit amin dugc boc 19
trong SEQ ID NO: 2” lam enzym 1) va “endoxenlulaza xir Iy c6 trinh ty axit
amin c6 do déng nhit 90% hodc 16n hon so véi trinh tu axit amin dugce bdc 10
trong SEQ ID NO: 6” lam enzym 3) c6 thé dugc bao gébm & ty 18 5:95, 10:90,
15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55, 50:50, 55:45, 60:40, 65:35,
70:30, 75:25, 80:20, 85:15, 90:10, 95:5, hodc cac ty 18 twong tw. Sinh khéi mém
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bi phan hity b&i “nhém cic enzym” ny c6 thé 14 sinh khéi mém bét ky da biét tir
trude dén nay nhu rom va ba mia.

Can luu y ring “nhém céc enzym” dic biét mong mudn tao ra
xenlulosom & thoi diém tac dong lam phan hiy sinh khéi mém nhu rom va ba
mia.

Sang ché dugc mo ta chi tiét hon dudi day bing céc vi du cia sang ché,
nhung séng ché khong chi bi giéi han & cac vi du va cac phuong an bién do6i
khac nhau c6 thé duge tao ra ma khong nim ngoai pham vi clia sang ché.

Vi du thwe hién sang ché

Vidul

San xuét hop chét dich sir dung sinh khdi mém l1am nguyén liéu thd trong C.
cellulovorans

1. Moéi trudng

1) Moi truong chira rom lam co chét

Moi truong chira 0,5% (trong lwong/thé tich) rom lam co chét duoc tao ra
nho céc bude (1) dén (4) duéi day vé6i viée tham khao tai lidu phi sang ché 2.

(1) 1g K,HPO,3H,0, 1g NH,Cl, 0,5g KCl, 0,5g MgSO4 7H,0, 0,15g L-xystein
hydroclorua monohydrat, 0,5g Trypton, 0,5g san phim chiét xuét tir nAm men, 5g
rom, 20ml dung dich chira lugng nhé kim loai, va 0,001g resazurin dugc hoa tan
trong nudc cat dé diéu chinh thé tich dén 1 L.

(2) Sau buéc (1), @ pH dugc diéu chinh dén 7 bang NaOH 4M, va khi CO,
duoc suc vao trong d6 dén khi resazurin bi khit (mau ctia méi truong thay dbi tir
do sang vang) trong khi dugce dun soi.

(3) Sau bude (2), binh cu dugc bit kin va dugc thanh tring trong ndi hap.

(4) Sau buéde (3), 0,05ml dung dich hén hop 10% (trong lwong/thé tich) Na,CO;
va 1,5% (trong luong/thé tich) Na,S-9H,0 duoc bd sung vao dé dé diéu chinh do

pH dén 7,2. Do d6, thu duoc mdi truong chia 0,5% (trong luong/thé tich) rom

-27-



26468

1am co chat.
2) Mbi trudng nudi ciy so bd

Trong phuong phép didu ché méi truong chira rom 1am co chét trong
phan 1) duoc dé cép trén ddy, cac budc (1) dén (3) duoc tién hanh ma khéng c6
rom, va sau do, xenlobioza dugc bd sung sao cho néng dd cubi 14 0,3% (trong
lwong/thé tich). Do d6, méi trudng nuodi ciy so bo chtra xenlobioza duoc tao ra.
2. Chuén bi mau
1) Clostridium cellulovorans (C. cellulovorans) dugc nudi ciy so bd trong mai
truong nudi cdy so bd thu duoc trong phan 1. 2) dugc d& cép trén day & 37°C
trong 1 ngay.

2) Mdt phin méi trudng sau khi nuoi cdy trong phan 1) duoc dé cép trén day
duoc dua vao mdi trudng chira rom lam co chét thu duoc trong phan 1. 1) duoc
de cép trén day, va sau do, viéc nudi céy trong diéu kién tinh duoc tién hanh &
37°C trong 1 thang.

3) Sau quy trinh nudi ciy trong phén 2) dugc dé cap trén day, viéc tach ly tAm
(15.000xg, 15 phut, 4°C) duoc tién hanh dé thu gom dich néi nudi ciy, sau dé
bang cach loc sir dung dung cu loc Millex-LH (0,45 pum). 1 pL dich ndi duoc
tach sic ky.

Pé lam cot sic ky, RT (trademark)-Q-BOND (san xuédt béi Restek
Corporation) dugc sir dung, va céc ndng d6 cua etanol va butanol dugc do &
nhiét d6 SPL 1a 250°C, nhiét d6 c6t 1a 150°C, nhiét do FID 1a 250°C véi dong N,
lam khi mang & toc do tuyén tinh bang 30 cm/giay.

Két qua 13, trong C. cellulovorans, etanol dugc phat hién & ndng dod
90229 ppm trong moi truong chira rom lam co chét, nhu dugc thé hién trong
FIG.1. Theo d6, két qua nay cho thiy ring etanol c6 thé dugc tao ra truc tiép tir
rom, ma 13 sinh khéi thuc, bing cach phan hiy va lén men rom béi C.

cellulovorans.
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Vidu2
Xac dinh enzym hodc nhom cac enzym tac dong mot cach thich hop phu hop voi
co chét
1. Méi truong
1) Méi trudong chira bd mia lam co chét

Moi truong chira 0,5% (trong luong/thé tich) bd mia lam co chét dugc tao
ra bang phuong phap didu ché twong tu nhu ddi v6i mdi truong chira rom lam co
chit trong vi du 1 ngoai trlr ring 5g bi mia dugc st dung lam co chét thay vi
rom.
2) M6i truong chira rom lam co chét

MBoi trudng chira 0,5% (trong lugng/thé tich) rom lam co chét duoc tao ra
bing phuong phap tuong tw nhu trong vi du 1.
3) Mbi trudng nudi ciy so bd

MBoi trudng nudi cdy so bd chira 0,3% (trong lugng/thé tich) xenlobioza
duoc tao ra bang phuong phap tuong tu nhu trong vi du 1.
2. Chun bi miu
1) Clostridium cellulovorans (C. cellulovorans) dugc nudi ciy so bo trong mdi
trudng nudi cdy so bd thu duoc trong phan 1. 3) duoc dé cap trén day & 37°C
trong 1 ngay.
2) Mot phin méi trudong sau khi nudi cdy trong phan 1) dugc dé cap trén day
duoc dua vao trong moi truong chira bd mia lam co chét thu duogc trong phan 1.
1) dugc dé cap trén day hodc mdi trudng chira rom 1am co chét thu duogc trong
phan 1. 2) duogc dé cép trén day, va tiép theo, viéc nudi ciy trong diéu kién tinh
dugc tién hanh & 37°C trong khoang thoi gian nhét dinh.
3) Sau quy trinh nudi cdy trong phan 2) duoc dé cap trén day, viéc tach ly tAm
duoc tién hanh dé thu gom dich ndi nubi cdy, va toan bd protein chira trong dich

ndi nudi cdy duoc két tha bing phuong phap két tia amoni sulfat. Sau khi ria,
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protein két tiia duge hoa tan trong dung dich dém Tris-HCI (pH 7,5), va do do,
thu dugc dung dich protein.

4) Dung dich protein thu dugc trong phan 3) duoc d& cap trén day duoc tinh 13
phan dich ndi. Hon nita, Avicel (trademark) PH-101 (san xuét béi Sigma-Aldrich
Co. LLC.) (duéi day d6i khi duoc dé cap dudi dang Avicel) duoc bd sung lam
xenluloza vao phén dich ndi, hdn hop dugc u ¢ 4°C trong 1 gio, va Avicel va
dich ndi duoc tach bing cach két tua ly tam. Dich ndi duoc tinh 13 phan khong
duge hip phu trén xenluloza (duéi ddy do6i khi duge d& cép dudi dang phén
khéng dugc hap phu). Tiép theo, protein dugc hép phu trén Avicel dugc hoa tan
trong dung dich dém SDS-Sample Buffer, ma duogc tinh 1a phén duoc hép phu
trén xenluloza (dudi day déi khi duoc d& cap dudi dang phan dugc hip phuy).

3. SDS-PAGE

MO&i mau (phan dich ndi, phan khong duoc hép phu trén xenluloza, va
phan duoc hip phu trén xenluloza) dugc tao ra trong phan 2 duoc dé cap trén day
duge tach bing SDS-PAGE, va nhuém mau bing CBB dugc tién hanh. Quy trinh
SDS-PAGE véa nhudém mau biang CBB dugc tién hanh bang cac phuong phap
thong thuong.

Céac dai xuét hién c6 mau séc dic biét ddm trong SDS-PAGE dugc lua
chon, va céc dai xuét hién c6 mau sfc dam trong ca hai phan duoc hép phu ctia
ba mia va rom (BI, B4, R1, va R2 trong FIG.2), dai ma xuAt hién ¢6 mau dam
dang ké trong phan duoc hép phu ctia bd mia (B2 trong FIG.2), va hon nita, dai
ma xuét hién c6 mau dam hau hét chi xuét hién trong ph?m duoc hép phu chira ba
mia (B3 trong FIG.2) mdi dai nay dugc cét, va dung dich lam mit mau CBB
duoc loai bé bing cach rira bing nudc cit vo trung.

4. Xac dinh protein
Trinh ty axit amin cta protein chira trong mdi dai dugc cét ra trong phan

3. néu trén duoc x4c dinh bing phd khdi - sic ky 1éng hiéu ning cao (LTQ
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Orbitrap Velos ETD san xuét béi Thermo Fisher Scientific K.K.).
Trinh ty axit amin xac dinh dugc so véi trinh ty hé gen cia C.
cellulovorans, va protein chira trong mdi dai duoc xac dinh. Cac két qué duoc

thé hién trong Bang 1.

Bang 1

Co Ba | Rom | SEQ Protein

chit | mia ID

NO
Mau Bl |RI - pyruvat feredoxin/flavodoxin oxidoreductaza
B2 |- 4 Ho Glycosyl Hydrolaza 5 (GHS)/ Endoxenlulaza (EngE)
B3 |- 6 Ho Glycosyl Hydrolaza 9 (GH9)/ Endoxenlulaza xtr 1y
(EngK)

B4 | R2 2 Ho Glycosyl Hydrolaza 48 (GH48)/ Exoxenlulaza (ExgS)

5. Két qua phan tich

B1 va R1 la cédc dai & cung vi tri va d& dugc xéc dinh la bao gbm pyruvat
feredoxin/flavodoxin oxidoreductaza lam protein. Pyruvat feredoxin/flavodoxin
oxidoreductaza 13 enzym chuyén héa cua vi khuan ky khi théng thuong duoc st
dung dé san xuét axit axetic va ATP tir axit pyruvic.

B2 d3 duoc x4c dinh 14 bao gém, nhu mot protein, EngE ctia ho Glycosyl
Hydrolaza 5 (GH5) c6 trinh tu axit amin dugc boc 1 trong SEQ ID NO: 4 trong
danh muc trinh tu.

EngE 13 endoxenlulaza va viéc phén tich hé gen da khéng dinh duoc réng
EngE la Endoglucanaza so cAp c6 mit bén ngoai cum gen xenlulosom trong hé
gen cua C. cellulovorans. Ngoai ra, thuc té ring dai & cung vi tri da duoc khing
dinh cho mau nay thu duoc tir méi truong chira rom 1am co chét trong FIG.2 da
goi v rang EngE c6 kha nang 1a thanh phan ciu tric so cap cua xenlulosom.

Hon nita, B3 d3 duoc x4c dinh 1 bao gém, nhu mdt protein, EngK cua
ho Glycosyl Hydrolaza 9 (GH9) ¢6 trinh ty axit amin dugc boc 16 trong SEQ ID
NO: 6 trong danh muyc trinh tu.

EngK 13 endoxenlulaza xtr ly va viéc phan tich h¢ gen da khing dinh
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dugec ring EngK dugc bao gdbm trong cum gen xenlulosom trong C.
cellulovorans genome. Miac du EngK c6 CBM, ho ciia CBM nay la khac so véi
ho ciia CBM ctia CbpA (Ho CbpA: CBM3, ho EngK: CBM4_9).

Hon nita, B4 va R2 la cac dai & cung vi tri va dugc xéc dinh 1a bao g(‘A)m,
nhu mdt protein, ExgS ctia ho Glycosyl Hydrolaza 48 (GH48) c6 trinh tu axit
amin duoc boc 10 trong SEQ ID NO: 2 trong danh muc trinh tu.

ExgS la exoxenlulaza va viéc phén tich hé gen da khing dinh duoc ring
ExgS 1a enzym xenlusome chtra trong cum gen xenlulosom trong hé gen cua C.
cellulovorans. Thuc té 1a ExgS khong c6 modun lién két xenluloza (CBM) chi ra
rang ExgS duogc phuc hdi & trang thai trong d6 CBM ctia CbpA dugc hép phu
trén Avicel va vung dockerin cia ExgS duoc lién két v6i ving cohesin hip phu
ctia CbpA.

Cén luu y rang cac enzym nay duoc mi hoa theo trat tu tir ExgS, EngH,
va sau d6 1a EngK trong cum gen xenlulosom trong sy phén tich hé gen cua C.
cellulovorans, nhung trong hé€ ndy cua sang ché, EngH khoéng phat hién duoc.

Theo do, cac két qua nay cho thdy ring exoxenlulaza (ExgS) c6 trinh tu
axit amin duoc boc 16 trong SEQ ID NO: 2 va endoxenlulaza (EngE) c6 trinh tu
axit amin duoc bdc 16 trong SEQ ID NO: 4 1a quan trong ddi voi qua trinh phan
hiy cta rom.

Ngoai ra, cac két qua nay cho thdy ring exoxenlulaza (ExgS) c6 trinh tu
axit amin duogc boc 16 trong SEQ ID NO: 2, endoxenlulaza (EngE) ¢6 trinh tu
axit amin duogc boc 16 trong SEQ ID NO: 4, va endoxenlulaza xtr ly (EngK) co6
trinh tu axit amin duoc boc 16 trong SEQ ID NO: 6 la quan trong ddi voi qua
trinh phéan hiy cua ba mia.

Vidu3
Khéng dinh -1 vé tac dung hiép ddng cla cac enzym

1. Khéng dinh sy biéu hién cia mdi enzym trong s6 enzyms BglA, ExgS, va
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EngK

BglA, ExgS, va EngK tai to hop, mdi loai nay dugc biéu hién trong
Escherichia coli (E. coli) dung lam vat chi nho céc bude tur 1) dén 5) dudi day.
1) bglA (SEQ ID NO: 7), exgS (SEQ ID NO: 1), va engK (SEQ ID NO: 5) dugc
xen vao sau yéu tb kich hoat (Trigger factor), ma 1a du6i hoa tan ctia pCold-TF
(Takara Bio Inc.) dung lam vecto cho su bidu hién & nhiét d6 thap, va gen dugc
chuyén vao E. coli origami ding lam vt chu dé biéu hién.

2) Pbi véi E. coli origami di dugc chuyén gen trong phén 1) dugc dé cap trén
day, cac khudn lac ma cac gen nay 14n lugt dugc chuyén duoc trai qua qué trinh
sang loc dé sang loc bang phuong phap PCR truc tiép khuén lac, va dugc U trong
moi truong 5-ml LB (duoc bd sung ampixilin (ndng do cubdi: 100 pg/ml)).

3) Cac khuan lac ma cac gen twong Umg da dugc chuyén thu dugc trong phén 2)
dugc d& cap trén day dugc nuodi cdy & 37°C va 180 vong/phit trong 6 gid, va sau
d6, 1ml dung dich nuéi cdy duoc U trong mdi trudng 500-ml 2xYT (dugce bd
sung ampixilin (ndng do cubi: 100 pg/ml)).

Khi n6 dat dén pha sinh trudng l16garit (ODgpo=0,45 dén 0,5), viéc nuoi

cay duoc tién hanh & 15°C & tdc d6 180 vong/phut trong 30 phut, va sau do,
IPTG duoc bd sung vao dé sao cho ndng do cudi 1a 1,0 mM dé géy ra su biéu
hién protein, sau do bang cach i & 15°C & 180 vong/phut trong 24 gid.
4) Mdi vi khuén trong d6 c6 su biéu hién cuta protein thu duoc trong phén 3)
duoc dé cap trén day duoc thu gom bang phuong phap két tta ly tam (10.000xg,
4°C, 10 phut), va duogc tao huyén phu trong 8ml dung dich dém 20 mM phosphat
(pH 7,4, 500 mM NaCl, 10 mM imidazol).

Huyén phu duoc trai qua qud trinh siéu 4m trong khoang 300 gidy trong
khi duoc 1am mat bing da sao cho nhiét do khong tang. Huyén pht nay sau d6
dugc trai qua qué trinh két tia bang phuong phép ly tdm (20.000xg, 4°C, 30

phut) va dich ndi dugc dung lam phén hoa tan. Két tia dugc tao huyén pht trong
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8ml dung dich dém phosphat giéng nhau va két tha nay duoc trai qua qua trinh
siéu Am va dung lam phan khoéng hoa tan.

5) Mdi phén thu duoc trong phan 4) duoc dé cép trén day duoc cho trai qua qua
trinh SDS-PAGE, va nhuém mau béng CBB va qué trinh nhuém mau mién dich
duoc st dung dé khing dinh lidu c¢6 mit hay khong cé mit protein dich.

Két qua 13, di khang dinh dugc rang mdi protein (BglA, ExgS, hoic
EngK) duoc biéu hién trong phén hoa tan va mic biéu hién duoc ting 1én, nhu
duoc thé hién trong FIG.3A 13 két qua cia phuong phap nhuém mau bang CBB.

Ngoai ra, FIG.3B thé hién két qua thim tach mién dich (western blotting)
mdi protein (BglA, ExgS, hodc EngK) bang phuong phap thong thudng st dung
khéng thé khang His. Két qua 13, da khing dinh duoc ring su biéu hién ctia moi
protein (BglA, ExgS, hodc EngK) bi han ché trong phan khéng hoa tan.

2. Po hoat tinh enzym cua ExgS va EngK

D6i voi mdi phan trong cac phan hoa tan thu duge trong phan 1. duoc dé
cap trén diy, hoat tinh enzym dinh lugng duoc danh gia bing phuong phap 1)
hoac 2) dudi day.

1) Hoat tinh ciia B-Glucosidaza dugc danh gia bing cach bd sung 10 pl phan hoa
tan clia moi protein (BglA, ExgS, hodc EngK) vao 1ml dung dich 10 mM
p-nitrophenyl-B-glucosit, i hdn hgp & 37°C trong 5 phit, va sau d6 quan sat su
thay d6i mau sic cua dung dich.

2) Hoat tinh cia xenlulaza dugc danh gia nhu dugc mé ta dudi day.

5% (trong luong/thé tich) Avicel truong n& trong axit phosphoric
(xenluloza truong nd trong axit: ASC) duoc bd sung vao 490 ul dung dich dém
phosphat 20mM (pH 7,4, 500 mM NaCl, 10 mM imidazol) dugc tao huyén phu
trong dng dung tich 1,5ml, va cac dung dich enzym duoc bd sung vao d6 nhu
dugc thé hién trong Bang 2.

Sau d6, viéc nudi cdy duoc tién hanh & 37°C & 180 vong/phut trong 18
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gid, va tiép theo, lugng dudng khir ty do dugc do bang phuong phap DNS,

Bang 2
Nhin ong (cac) Thanh phan

b Phan hoa tan E. coli (origami) chita gen bglA 10 pl

S Phan hoa tan E. coli (origami) chira gen exgS 10 pl

K Phan hoa tan E. coli (origami) chira gen engK 10 pl

S Phan hoa tan E. coli (origami) chira gen exgS Sl

K Phan hoa tan E. coli (origami) chita gen engK Sul
SHK th:?m hoa tan E. coli (origami) chira gen exgS Sul
Phan hoa tan E. coli (origami) chtta gen engK Sul

N1 20ml dung dich dém phosphat (pH 7,4) 10 pl
N2 Phan hoa tan E. coli (origami) 10 pl

FIG4 thé hién céac két qua hoat tinh enzym dinh Iluong cho
p-nitrophenyl-B-glucosit. Két qua 13, chi gian dd thuc nghiém b (miu thu dugc
bing cach bd sung phan hoa tan thu duge tir E. coli (thé bién nap) ma gen bglA
duoc chuyén) duoc tao mau vang nhu dugc thé hién trong FIG4, va hoat tinh
cua B-Glucosidaza dugc quan sat thdy chi & thé bién nap nay.

Ngoai ra, FIG.5 thé hién két qua danh gi4 hoat tinh ASC. Két qua la,
ExgS (ho GH 48) riéng 1é hau nhu khong biéu hién hoat tinh cta xenlulaza nhu
duoc thé hién trong FIG.5. Nguoc lai, EngK (ho GH 9) riéng 1& biéu hién hoat
tinh xenlulaza rat thip. Hon nita, ExgS va EngK hon hop tao ra téc dung hiép
déng ddi vé6i su phan hiy cia ASC, va hoat tinh xenlulaza manh do su gia ting
dang ké luong duong khir da duogc phat hién.

Theo dé, vé6i nhitng két qua nay, di khang dinh dugc rang ExgS va EngK
tai t6 hop khong thé hién hoat tinh cua B-Glucosidaza, nhung lai thé hién hoat
tinh xenlulaza manh bang cach két hop ExgS va EngK.

Vidu 4
Khéng dinh-2 vé tic dung hiép ddng cia cac enzym
1. Khéng dinh su biéu hién ctia mdi enzym ExgS, EngE, va EngK

ExgS, EngE, va EngK tai t5 hop, mdi loai nay duoc biéu hién trong E.

coli dung lam vét chti nho céc budc tr 1) dén 5) duéi day.

1) exgS (SEQ ID NO: 1), engE (SEQ ID NO: 3), va engK (SEQ ID NO: 5) mdi loai
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duoc xen vao pCold-I (Takara Bio Inc.) dung lam vecto cho sy biéu hién & nhiét do
thap, va gen duoc chuyén vao E. coli origami dung lam vat chu dé biéu hién.

2) Béi v6i E. coli origami da duoc chuyén gen thu duoc trong phan 1) duoc dé
cap trén day, cac khudn lac ma céc gen tuong tng dd duge chuyén dugc trai qua
qua trinh sang loc bing phuong phap PCR truc tiép khuén lac, va dugc 0 trong
5ml moi truong LB (dugc bb sung ampixilin (ndng do cudi: 100 pg/ml)).

3) Sau khi cac khuin lac ma cac gen tuong Gng d& dugc chuyén thu duoc trong
phin 2) duoc dé cép trén day duge nudi cdy & 37°C trong 10 gi&, 1ml dung dich
nuéi cdy duoc U trong 500-ml méi trudong 2xYT (dugc bd sung ampixilin (néng
d6 cudi: 100 pg/ml)) va duge nudi cdy bang cach lac 140 vong/phut dén khi nod
dat dén pha sinh truéng 16garit (ODg=0,5). Sau d6, nhiét d6 dugc lam mat
nhanh chéng xubng 4°C va duy tri trong 30 phut, va sau do, IPTG dugc bd sung
vao d6 sao cho ndng do cudi 13 0,5 mM dé gay ra su biéu hién protein, sau d6
bing cach t & 15°C & 140 vong/pht trong 24 gid.

4) Mbi loai vi khun trong d6 su biéu hién clia protein dugc tao ra thu dugc trong
phén 3) duoc dé cap trén day dugc thu gom bing phuong phap két tua ly tam
(8.000xg, 4°C, 10 phut), va dugc tao huyén pht trong 5ml dung dich dém kali
phosphat 50 mM (pH 6,3).

Huyén phu dugc trai qua qué trinh siéu am trong khoang 300 gidy trong
khi duoc lam maét bing d4 sao cho nhiét do khong tang. Sau khi huyén phu dugc
két tua ly tam (1.000xg, 3 phut) va cac doan té bao va cac chit twong tu dugc
loai bo, qué trinh két tha ly tAm & 15.000xg duge tién hanh trong 60 phut dé thu
gom phan khong hoa tan. Dung dich dém Tris/HC1 0,1 mM (pH 7,4, 8M ure)
duge bd sung vao giot clia phén khong hoa tan va két tha dugc tao huyén phu
bang phuong phép siéu 4m, va sau do, qua trinh G dugc tién hanh & 4°C trong 24
gid dé bién tinh va hoa tan.

5) Mbi phan thu dugc trong phan 4) dugc dé cap trén day duoc tri qua qua trinh
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SDS-PAGE, va nhuém mau béng CBB dugc sur dung dé khéng dinh liéu c6 mat
hay khong protein dich. Két qua 13, d3 khang dinh dugc rang moi protein(ExgS,
EngE, hodc EngK) dugc biéu hién chu yéu trong phan khong hoa tan.
2. Két tia enzym

Débi véi mbi enzym, céc protein ma khong hoa tan trong 8M ure (Wako
Pure Chemical Industries, Ltd.) trong phﬁn 1. dugc dé cap trén day duogc loai bd
bang két tua ly tam (15.000xg, 60 phut), va qua trinh thdm tach duoc tién hanh &
4°C trong 24 gid sir dung mang xenluloza tai sinh dugc. Trong quy trinh thAm
tich nay, dung dich dém tai gip nép (20 mM Tris/HCI, pH 7,0, 1,5 mM
xenlobioza (Wako Pure Chemical Industries, Ltd.)) dugc thay d6i bdn lan.

Protein khong hoa tan dugc loai bo bang két taa ly tam (15.000xg, 60
min) va dung dich 10% streptomyxin (Wako Pure Chemical Industries, Ltd.)
(0,15 ml/ml) dugc bd sung vao dé. Viéc nudi cdy dugc tién hanh & 4°C trong 1
gio, va sau do, két tha dugc loai bo bang cach két tia ly tam (15.000xg, 60 min).

Sau d6, dich ndi duoc trai qua qua trinh SDS-PAGE, va nhudém mau béng
CBB va qua trinh nhu¢m mau mién dich duoc str dung dé khéng dinh liéu c6 hay
khong protein dich. Két qua 13, d& khang dinh duoc rang thu dugc cac protein
tinh khiét ctia cac enzym (ExgS, EngE, hoic EngK).
3. Do hoat tinh enzym cua ExgS, EngE, va EngK

Cac enzym thu duogc trong phén 2 dugc dé cap trén ddy duogc tron voi
theo cach ty 1é khac nhau, va sy c6 mat hodc khong c6 mit cia tidc dung hiép
dong cta hoat tinh enzym d6i voi xenluloza truong nd trong axit phosphoric
(xenluloza truong nd trong axit: ASC) dugc didu ché tir xenluloza dang tinh thé
Avicel (Merck Ltd.) dugc danh gia.

Cu thé, dung dich dém chtra 2,5 pl 1M CaCly, 175 pl 20 mM axetat (pH
6,3, 2,5 mM CaCl,), va 62,5 pl ASC (lugng xenluloza: 2%; néng do xenluloza

cubi cting: 0,5%) dugc nap vao éng dung tich 1,5ml va dugc u & 37°C trong 20
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phut.

Péi v6i dung dich ndy, 10 ul (ndng do cubi: 1,6 mM) ctia mdi dung dich
trong cac dung dich enzym diéu ché dugc biang cach tron céc enzym tinh ché
duoc trong phan 2 duoc dé cap trén day két hop & ty 1& 100:0, 75:25, 50:50,
25:75, hodc 0:100 dugc bd sung, va hén hop duoc i & 37°C trong 17 gid trong
khi lic & 140 vong/phtt. Nhiing ty 1& ndy 13 nhiing ty 1& dugc diéu chinh sao cho
ndng d6 cudi cua cac enzym 13 1,6 mM mién sao trong lugng phan ti (MW) clia
ExgS 1a 80,4 kDa, trong lugng phan to¢ (MW) ctia EngE 1a 31,5 kDa, va trong
luong phan tt (MW) cia EngK 12 97,1 kDa. Sau khi phan tng trong 17 gio, phan
ung enzym dugc ngung bang céach gia nhiét & 100°C trong 5 phut, va sau do,
luong duong khur chira trong dung dich dugc do béng phuong phap DNS vé
xenlobioza.

Két qua 13, trong trudong hop két hop ExgS va EngE, su két hop ctia EngE
va ExgS & ty 1€ 75:25 da bidu hién tac dung hiép ddng cao nhat (S25E75 trong
FIG.6A) nhu dugc thé hién trong FIG.6A. Tuy nhién, trong céc trudng hop két
hop EngE va EngK, hau nhu khéng c6 tac dung hiép déng thu duogc & ty 1€ bét
ky nhu dugc thé hién trong FIG.6B. Ngoai ra, nhu dugce thé hién trong FIG.6C,
trong cac truong hop két hop ExgS va EngK, su két hop ctia EngK va ExgS & ty
18 75:25 da thé hién tac dung hiép ddng cao nhat (K75S25 trong FIG.6C).

Theo d6, bang céac két qua nay, da khéng dinh dugc ring hoat tinh enzym
gia tang theo cach hiép ddng bang cach két hop ExgS va EngE hodc ExgS va
EngK ¢ ty 1€ thich hop.

Vidu5
Khing dinh-3 vé tac dung hiép ddng ctia cac enzym

Xenlobioza 12 di biét dung lam chit e ché hoat tinh enzym déi véi

exoxenlulaza (xenlobiohydrolaza). Cac nghién ctu trén CelS thu duge tur C.

thermocellum d3 duoc thuc hién va da dugc thong bao ring hoat tinh enzym cta

-38-



26468

né bi giam xudng 1/10 hozc thap hon ndng d6 xenlobioza bang 5%. Do dé, su
anh hudng cua tac dung hiép dong ciia hoat tinh enzym ctia ExgS, EngE, va
EngK d3 dugc danh gid véi sy ¢ mat cia xenlobioza dung lam chét e ché hoat
tinh.

Cu thé, 2,5 pl dung dich 1M CaCl,, 18,25 pl dung dich dém 40 mM
Tris/HC1 (pH 7,0, 2,5 mM CaCl,, 0% hodc 0,5% xenlobioza (FIG.7: 0 mg/ml
hodc 5,0 mg/ml)), va 62,5 pl ASC (xenluloza content: 2%; ndéng d6 xenluloza
cudi cing: 0,5%) duoc nap vao éng c6 dung tich 1,5-ml va hdén hop duogc U &
37°C trong 20 phut.

Sau d6, 10 pul (ndng dd cudi: 1,6 mM) ctia mdi dung dich enzym hdn hop
didu ché dugc bang cach tron ExgS, EngE, va EngK tinh ché duoc bang phuong
phéap tuong ty trong phan 2 duoc dé cap trén day. trong vi du 4 két hop & ty 16
tron 100:0, 75:25, 50:50, 25:75, hoac 0:100 dugc bd sung vao do, va hdn hop
duoc u ¢ 37°C trong 17 gio. Nhiing ty 1€ nay la nhiing ty 1€ dugc diéu chinh sao
cho ndng do cubi cia cac enzym 1a 1,6 mM mién sao trong luong phan tir (MW)
cua ExgS la 80,4 kDa, trong lugng phan t¢ (MW) cua EngE la 31,5 kDa, va
trong lugng phan tr (MW) cua EngK 13 97,1 kDa.

Sau khi phan Ung trong 17 gio, phan ung enzym dugc ngung bang céch
gia nhiét & 100°C trong 5 phut, va sau do, lugng dudong khir chira trong dung
dich duoc do bing phuong phap DNS ddi véi xenlobioza.

FIG.7 thé hién cac két qua. Trong doan nay, truc y thé hién ty 1& gitra
ndng do xenlobioza trong dung dich phan tng va sé mol enzym dugc bd sung va
truc X thé hién enzym dugc bd sung va ty 1€ gitta cac enzym dugc ky hiéu béng
chit c4i va cac sb. Chir céi s, e, va k trong truc x twong Ung thé hién ExgS, EngE,
va EngK, va mdi tri sb cudi thé hién ty 1€ cua enzym trong cac enzym dugc bd
sung & néng do 1,6 mM. Vi du, e75k25 c6 nghia la EngE véi lugng 75% va
EngK vai lugng 25% duoc bd sung & néng d6 1,6 mM.
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Céc db thi dang c6t 1a khac nhau vé néng dd xenlobioza ban dau trong
dung dich phan ung. Cot nét lidn thé hién truong hop trong do ndng do
xenlobioza ban dau 1a Omg/ml va cot ky hiéu chim thé hién truong hop trong d6
ndng d6 xenlobioza ban dau 1a 5 mg/ml.

Trong sb cac két qua nay, Bang 3 thé hién ty 1¢ hoat tinh ctia xenlobioza
ddi véi céc trudng hop bd sung mdi enzym riéng 1€ va trudong hop ¢ ty 1é enzym
v6i su e ché dap biét thip boi xenlobioza (EngK:ExgS=75:25 hodc 50:50). Két
qua la, da khing dinh duoc ring, trong cac truong hop bb sung mdi enzym riéng
1¢, hoat tinh giam dén 19%, 8%, va 10% lan luot cho ExgS, EngE, va EngK va
cac truong hop nay chiu sy uc ché hoat tinh ¢c6 thé so sanh duoc véi CelS dugc
mo ta trén diy. Tuy nhién, trong cac truong hop co ty 1€ trdn cua ExgS va EngK
cua 25:75 (k75525 trong FIG.7) va 50:50 (k50s50 trong FIG.7), da khéng dinh
duoc ring su c ché hoat tinh tr& nén vira phai va hoat tinh enzym manh tuong

g 1a 44% va 41% duoc duy tri.

Bang 3
Enzym Ty 1€ tron (%) Hoat tinh (%)
EngE 100 8
EngK 100 10
ExgS 100 19
ExgS+EngK 25+75 44
ExgK+ExgS 50+50 41

Kha nang ing dung trong cong nghiép

Phuong phép phén hdy sinh khéi mém theo sang ché co thé dugc st dung
rong rai lam phuong phap phan hiy sinh khdi mém st dung phuong phap don
gian ma khong can xtr 1y so bd. Hon nita, bing cach két hgp phuong phap phén
hiy sinh khdi mém theo sang ché dudi dang budc, dé dang tao ra chit hitu ich
nhu etanol tir sinh khdi mém nay. Ngoai ra, c6 thé d& xuét enzym hodc nhom cac
enzym c6 kha ning tdc ddong mot cach hitu ich, phu hop v6i loai sinh khéi mém.
Danh muc s6 chi dan
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[FIG.2]

M: Gen dénh dau protein

1: Phan dich ndi cua dich ndi nudi cdy chta C. cellulovorans (co chét: bi mia)
2:Phﬁncﬁdlnéicﬁacﬁdnnéinuéicéych&a(lceﬂuhnxvans(cochétronﬂ
3:Ph&lkhéngduochépphu(coch&:bﬁnﬁa)

4: Phan khéng duoc hap phu (co chét: rom)

5: Phan duoc hip phu (co chét: b mia)

6: Phan dugc hip phu (co chét: rom)

B1, B2, B3, B4, R1, R2: phin dai duoc cit

[FIG.3]

M: Céc tiéu chuan SDS-PAGE

b: gen bglA chira thé bién nap

S: gen exgS chtra thé bién nap

K: gen engK chua thé bién nap

[FIG.4]

b: phan hoa tan E. coli (origami) chtra gen bglA

S: phan hoa tan E. coli (origami) chira gen exg$S

K: phan hoa tan E. coli (origami) chira gen engK

N1: 20-ml dung dich phosphat (pH 7,4)

N2: phan hoa tan E. coli (origami)

[FIG.5]

ExgS: phan hoa tan E. coli (origami) chtra gen exg$S

EngK: phan hoa tan E. coli (origami) chira gen engK

ExgS+EngK: phan hoa tan E. coli (origami) chira gen exgS + phan hoa tan E.
coli (origami) chtra gen engK

Déi chitg am: 20-ml dung dich dém phosphat (pH 7,4)

[FIG.6]
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A. S100: 100% ExgS, S75E25: 75% ExgS va 25% EngE, S25E75: 25% ExgS va
75% EngE, E100: 100% EngE

B. E100: 100% EngE, E75K25: 75% EngE va 25% EngK, E25K75: 25% EngE
va 75% EngK, K100: 100% EngK

C. K100: 100% EngK, K75S25: 75% EngK va 25% ExgS, K25S875: 25% EngK
va 75% ExgS, S100: 100% ExgS
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YEU CAU BAO HQ

1. Phuong phap san xuét etanol tir xenluloza truong né trong axit, phuong phép
nay bao gdm cac budc: tao ra san phim phan hily bang cach cho xenluloza
truong nd trong axit tiép xtic v6i hdn hop enzym ctia exoxenlulaza chira trinh tu
axit amin dugc boc 10 trong SEQ ID NO: 2 va endoxenlulaza xir ly chira trinh tu
axit amin duoc bdc 10 trong SEQ ID NO: 6, trong d6 ty 1€ clia exoxenlulaza so
vé6i endoxenlulaza xir 1y trong hdn hop enzym nim trong khoang tir 25:75 dén
50:50; va 1én men san phdm phan huy dé thu dugc etanol.

2. Phuong phap theo diém 1, trong d6 buéc 1én men san phdm phéan huy dugc

thuc hién béng cach st dung C. cellulovorans 1am sinh vat 1én men.
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<120>
<130>

<150>
<151>

<160> 7
<170>
<210> 1
<211>
<212>
<213>

<400> 1
atgagaaaaa

gtagcagcta
tatgttcaac
agtgatgaag
ggtcatgaaa
aagcttactg
attccaggtg
gctacatatg
gctgctgtag
gtatatggta
agcacaagcc
actgtgccac
ctattcactg
gatgctcgtg
gacatcagct
tttgataaat
gctcaatacc
tggagaattg
ttatcaaata

agtttaaaga

2184
ADN
Clostridium cellulovorans

SC-2-PCT

gattaaataa
ctgttaatac
actttaagga
gaatacctta
ctacaagtga
gagatttctc
agactgatca
cagctgaaca
gtaaggatcc
tgcattggtt
cagtatacat
aaccatgtaa
gtgattcaca
cagttcaagc
catatgtagc
actttagaaa
tattaaactg
gatcaagcca
catctgactt

gacaaataga

PCT/JP2012/053744
2012-02-17

PatentIn phién ban 3.1

gatcgttgct
agctcaagtt
tatgtacgct
tcacgcagtt
agctttcagt
aggattcaaa
accaagcgca
tccagatcca
attatacaat
actagatgtt
caacactttc
agacgaaatg
atacgcaact
tacttactat
aaaatctact
agttggaaat
gtactatgct
taaccatttc
taaaccaaag

attctatcaa

gttgctttaa
tcagctgcac
aagatccata
gaaacattaa
tactatatgt
aaagcttggg
agtatgagca
agcatgtacc
gaattaaaat
gataactggt
caaagaggtg
aagtacggtg
caatttaaat
gcacaattag
aagatgggtg
tcaacacaag
tggggtggtg
ggataccaaa
tcaccaaatg

tggttacaat

Phuong phap san xudt etanol tu xenluloza

ctgcaacaac
cagtagtgcc
atgcaaacaa
tggttgaagc
ggcttgaagc
atgtaactga
attatgatcc
catctcaatt
ctacttatgg
atggttttgg
ttcaagaatc
gaagaaacgg
atactaacgc
ctgctaaaga
acttcttaag
caggaactgg
gaatcagctc
acccaatggc
ctgctacaga

ctgctgaagg

tatatcatca
aaataatgag
tggatacttc
accagactat
tatgaacgct
aaagtacata
aaataagcca
acaatttggt
aactagccaa
tggtgcaaca
ttgttgggaa
tttcttagat
tccagacgca
atggggagta
atattcattc
atatgattca
aaactggtct
agcatggata
ttggaataac

tggtatcgcet

60

120

180

240

300

360

420

540

600

660

720

780

840

900

960

1020

1080

1140

1200



ggaggagcta
ttctacggaa
tttggtatgc
ccagcagcta
gatgatgcag
acttggactg
gaagatcttg
gaatctagca
aagatacttg
acaagaaatg
aaaatgccta
tacaaacaag
gatatgacat
ggtacattat
gtaaatgcta
aacactgcta
ttaaagaaag
<210> 2

<211> 727
<212> PRT
<213>
<400> 2

Met Arg Lys

1

Thr Ile Ser

Ala Val

35

Pro

Ala
50

Tyr Lys

Ile
65

Pro Tyr

Gly His Glu

gtaactcaaa
tgggatatac
aagcatggtc
aatcattact
ctaagaaatt
gatcatatac
gagtagcagg
cagatgctgc
attacttatg
atttcaaacg
atggagatgt
atccatcatg
accacagatt
tcacagaccc
tagatttagce
attctgatat

cacttcttgce

Arg Leu

Ser Val

20

Val Pro

Ile His

His Ala

Thr Thr

85

Asn

Ala

Asn

Asn

Val

70

Ser

tggaggaagc
tcctcaccca
aatgcaacgt
tgataaatgg
taagattcct
aggaaattca
ttcactttct
agataaagta
ggcaagctac
tttcaatcaa
aatccaaagt
gccaaaagtt
ctggggtcaa
tactccagga
tatattaaag
gaacggtgat

ttaa

Clostridium cellulovorans

Lys Ile

Ala

Thr

Glu
40

Asn

Ala
55

Asn

Thr

Glu

Glu Ala

26468

tatcaagcat
gtatacgaag
gtggctgaat
gctaaatggg
gctaaattag
aatcttcatg
aatgcattat
gcatataaca
caagatgata
tctgtatata
ggagctactt
gaagctgctt
agtgatatcg
ttaaaaggtg
aaatacatct

ggaaaagtta

Val Ala

10

Val

Val
25

Asn Thr

Tyr Val Gln

Asn Gly Tyr

Val
75

Leu Met

Phe Ser

90

Tyr

-45-

ggccagcagg
atccaggtag
actactacag
cttgtgcaaa
tatggactgg
ttaaagttga
catattatgc
ctgcaaaaga
agggtatagc
ttccatcagg
tcttaagcat
tagcaaatgg
ctatagcatt
atgttaactc
tagattcaac

atgcaatgga

Ala Leu Thr

Ala Gln Val

30

Phe
45

His Lys

Phe
60

Ser Asp

Glu Ala Pro

Tyr Met Trp

tactgcaaca
taacgaatgg
ttcaaaagat
tgttcaattc
acaaccagat
agcttatgga
aaaagctctt
aacttctaga
agttactgaa
ttggacagga
acgttcaaaa
tactggtgtt
tggaacatac
tgatgctaaa
aactaaaatt

tttagcttta

Ala
15

Thr

Ser Ala

Asp Met

Glu Gly

Asp Tyr

80

Leu Glu

95

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2184
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Ala Met Asn Ala Lys Leu Thr Gly Asp Phe Ser Gly Phe Lys Lys Ala
100 105 110

Trp Asp Val Thr Glu Lys Tyr Ile Ile Pro Gly Glu Thr Asp Gln Pro
115 120 125

Ser Ala Ser Met Ser Asn Tyr Asp Pro Asn Lys Pro Ala Thr Tyr Ala
130 135 140

Ala Glu His Pro Asp Pro Ser Met Tyr Pro Ser Gln Leu Gln Phe Gly
145 150 155 160

Ala Ala Val Gly Lys Asp Pro Leu Tyr Asn Glu Leu Lys Ser Thr Tyr
165 170 175

Gly Thr Ser Gln Val Tyr Gly Met His Trp Leu Leu Asp Val Asp Asn
180 185 190

Trp Tyr Gly Phe Gly Gly Ala Thr Ser Thr Ser Pro Val Tyr Ile Asn
195 200 205

Thr Phe Gln Arg Gly Val Gln Glu Ser Cys Trp Glu Thr Val Pro Gln
210 215 220

Pro Cys Lys Asp Glu Met Lys Tyr Gly Gly Arg Asn Gly Phe Leu Asp
225 230 235 240

Leu Phe Thr Gly Asp Ser Gln Tyr Ala Thr Gln Phe Lys Tyr Thr Asn
245 250 255

Ala Pro Asp Ala Asp Ala Arg Ala Val Gln Ala Thr Tyr Tyr Ala Gln
260 265 270

Leu Ala Ala Lys Glu Trp Gly Val Asp Ile Ser Ser Tyr Val Ala Lys
275 280 285

Ser Thr Lys Met Gly Asp Phe Leu Arg Tyr Ser Phe Phe Asp Lys Tyr
290 295 300

Phe Arg Lys Val Gly Asn Ser Thr Gln Ala Gly Thr Gly Tyr Asp Ser
305 310 315 320

Ala Gln Tyr Leu Leu Asn Trp Tyr Tyr Ala Trp Gly Gly Gly Ile Ser
325 330 335

Ser Asn Trp Ser Trp Arg Ile Gly Ser Ser His Asn His Phe Gly Tyr
340 345 350
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Gln Asn Pro Met Ala Ala Trp Ile Leu Ser Asn Thr Ser Asp Phe Lys
355 360 365

Pro Lys Ser Pro Asn Ala Ala Thr Asp Trp Asn Asn Ser Leu Lys Arg
370 375 380

Gln Ile Glu Phe Tyr Gln Trp Leu Gln Ser Ala Glu Gly Gly Ile Ala
385 390 395 400

Gly Gly Ala Ser Asn Ser Asn Gly Gly Ser Tyr Gln Ala Trp Pro Ala
405 410 415

Gly Thr Arg Thr Phe Tyr Gly Met Gly Tyr Thr Pro His Pro Val Tyr
420 425 430

Glu Asp Pro Gly Ser Asn Glu Trp Phe Gly Met Gln Ala Trp Ser Met
435 440 445

Gln Arg Val Ala Glu Tyr Tyr Tyr Ser Ser Lys Asp Pro Ala Ala Lys
450 455 460

Ser Leu Leu Asp Lys Trp Ala Lys Trp Ala Cys Ala Asn Val Gln Phe
465 470 475 480

Asp Asp Ala Ala Lys Lys Phe Lys Ile Pro Ala Lys Leu Val Trp Thr
485 490 495

Gly Gln Pro Asp Thr Trp Thr Gly Ser Tyr Thr Gly Asn Ser Asn Leu
500 505 510

His Val Lys Val Glu Ala Tyr Gly Glu Asp Leu Gly Val Ala Gly Ser
515 520 525

Leu Ser Asn Ala Leu Ser Tyr Tyr Ala Lys Ala Leu Glu Ser Ser Thr
530 535 540

Asp Ala Ala Asp Lys Val Ala Tyr Asn Thr Ala Lys Glu Thr Ser Arg
545 550 555 560

Lys Ile Leu Asp Tyr Leu Trp Ala Ser Tyr Gln Asp Asp Lys Gly Ile
565 570 575

Ala Val Thr Glu Thr Arg Asn Asp Phe Lys Arg Phe Asn Gln Ser Val
580 585 590

Tyr Ile Pro Ser Gly Trp Thr Gly Lys Met Pro Asn Gly Asp Val Ile
595 600 605
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Gln

Pro

625

Asp

Phe

Gly

Leu

Ser

705

Leu

Ser

610

Ser

Met

Gly

Asp

Lys

690

Asp

Lys

Gly

Trp

Thr

Thr

Val

675

Lys

Met

Lys

Ala Thr Phe

Val
630

Pro Asn

His
645

Tyr Arg

Tyr Thr

660

Gly

Asn Ser Asp

Tyr Ile Leu

Asn Gly Asp

710

Ala Leu Leu

Leu

615

Glu

Phe

Leu

Ala

Asp

695

Gly

Ala

Ser

Ala

Trp

Phe

Lys

680

Ser

Lys
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Ile

Ala

Gly

Thr

665

Val

Thr

Val

Arg

Leu

Gln

650

Asp

Asn

Thr

Asn

Ser

Ala

635

Ser

Pro

Ala

Lys

Ala
715

<210> 3

<211> 3093
<212> ADN
<213>

<400> 3
atgaagaaga

gttgttagca
actacgacac
agtatgggag
gctactagtg
ggaaatcttg
aaagcaactg
gcagcagaaa
tatttaccaa
gcagatgtta
gaaagtgtat

actgatgact

725

gaaacagaat
aaccgttggt
agatatatct
atactgctag
cctttgcaaa
ctgcaggaga
gatataatga
aagtttcttg
cagatgcagc
cattatcaga

actcatcagg

gggcttggat

Clostridium cellulovorans

actatcattt
aaaagtatct
tagtgccttt
cttagtatat
ggcaaatggt
aaaaagtaca
tgttgtggtt
gggaatcaca
agcgaaagca
atatcaattt
tgatgcaaca

gagcatggga

ttgctagttt
gccgcagaag
gcacaaaata

caagacgtaa

actgcaaact

ttaaaattcc
aatcttaaca
ggaaacaata
acgtatctac
gttaaaccag
aagatttatg

gatactgctg
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Lys
620

Tyr Lys

Asn Gly Thr

Asp Ile Ala

Thr Pro Gly

670

Ile Asp Leu

685

Ile
700

Asn Thr

Met Asp Leu

tagcaatggt
ctaactacac
ctgatgactg
caaatttcaa
ttgggttaca
atattggaac
aggattattc
catcaatttt
aaaagattac
catcaactgg
ctagtgcgtt

ttttaacata

Gln

Gly

Ile

655

Leu

Ala

Ala

Ala

Asp

Val

640

Ala

Lys

Ile

Asn

Leu
720

attctcttgt
aacaaaaggc
ggcttggatg
tgccatcgac
ggttgttgat
agttactatt
agaagcatat
actaaatgat
tagtgtaaaa
gtcaacttct
tgcacaaaat

tcaaactgct

60

120

180

240

300

360

420

480

540

600

660

720



acaaacgtaa
tttggtatcc
actggaaata
gctgcatatc
tcgattaaac
aagatttctg
gatggtgtta
acattagcaa
gctgctggag
ggttatgatg
aaagcttctt
acagatgcaa
aaagtaacag
tacactcacc
attggttgga
cctgtaacaa
tattcagtaa
atggctcgtg
aatattcacc
aacgaaggta
ttaatatttg
tactttaatg
gaaaataatg
aaggttgctg
ataccatata
gacgcagcat
attcctgtta
aactttacga
gataataata
acattccctt
ctttcaaccg

acagcacttt

atgctatcaa
aaattgttga
acacacaaat
tacaaaaaat
cagcaacagc
ctagtgcttt
gtcttcaata
aagcaaatgc
atgcaaacac
accttgtgat
ggggacttac
cagcaaaagt
attatacgtt
caacagaaat
acttaggaaa
caaagaaaat
gatgggatga
ttgaaacagt
ataataaatt
ctattgtatg
atacaataaa
tcttaaatga
ctaagagact
gtatggtagt
atttagcact
ttattgacaa
ttatcggtga
agttctatgt
attttggtag
atcctgaatt
ttgatccaaa

cattatccta

tgcaggtact
cggaaaccta
tttattaaat
aacttctgtt
aactggggaa
tgcacaaaac
tcaaactgat
tacagcaaac
attaaagttc
taacttaaat
aggaaacaca
aaactatctt
tattaaatat
gagaggtctt
tactttagaa
gtttgataca
aaactatatt
tgtaaactat
ccaaggtcaa
gactcaaatt
tgaaccaaga
atataacgca
tataatggtt
accaaatgat
taatatagct
gactttcaga
attcgcgatt
atcaacagct
cacaggtgag
agtacaagct
cgtattattt

tggcttagat
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gcatttgcaa
gctgctgcag
agttatttac
acagctgatg
gttctttaca
accgatgact
acaactttaa
tttggtataa
catgttggaa
aaagattact
aaacaaattt
caaaaggtta
gtaccaccag
tctgctatgg
tcagttggcg
ttaaaggcag
gatgctaatt
gcacttgcta
tttgatgaag
gcaaaccact
catgaagaag
aaaatagttc
cctacttatt
cctaatgttg
ccaggtacac
atgttaaaca
acagataaag
actgcttatg
agactggggc
atgaaagatg
agtggtacag

tttgtagata
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gtgcaaatgg
aaaaaatgac
caacggatgc
ttacagtaac
caacaccagg
gggcttggat
atgctattag
atattgttga
cagttacaat
cagaagcatt
tattaaactc
ctagtgttac
caccagaatt
atttagtaaa
gagaaactgg
ctggctttaa
atactattga
acgatatgta
cacacaaagc
ttaaagatta
actgggttgg
ctgtaatacg
gtgcttcttc
cagtatctat
caactacctt
acacatttgt
ataacttaca
gaatgccatg
ttttaaatag
gtttcaacaa
catcttgtac

ctgaatttac

aactgcaaac
ttggggactt
aactgcaaaa
agattatcaa
tgttgaaaca
gagcgtaggt
tgctgctggt
tggaaatctt
taaagcaaca
tgcagcagaa
ttatttacca
agctgatgta
ccctgctgat
agacatgaag
ttggggtaat
tacagttccg
tccagcatat
tgccattgtt
tgccatcatt
tagtgataaa
tacttcagaa
tgcaactggc
agattatcct
ccacgcttac
tggtgatgct
taaaaaggga
agacagaatt
tttgtggtgg
aaaaaacctt
tccaagagat
aggctggagc

aaatgatttt

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



acaatagctg
actggtacag
actgcatact
gatagctatg
gaccttacag
gacggtaatg
aatgatacaa
attgatcttg
<210> 4
<211> 1030
<212> PRT
<213>
<400> 4
Met Lys Lys

1

Val Phe Ser

Glu Ala Asn

35
Ala Phe
50

Ala

Thr Ala

65

Ser

Ala Thr Ser

Gln Val Val

Ile
115

Phe His

Val
130

Val Asn

Val
145

Ser Trp

Tyr Leu Pro

tagattacac
gttgggttat
ttactataaa
gtaaggtatt
taacaaaagt
atgtagttaa
tgataaacaa

cattcttaaa

Arg Asn

Cys Val

20

Tyr Thr

Gln Asn

Leu Val

Ala Phe

85

Asp
100

Gly
Gly Thr
Asn

Leu

Gly Ile

Arg

Val

Thr

Thr

Tyr

70

Ala

Asn

Val

Lys

Thr

aagtgaaaat
ggtaaaacct
tgatatggta
accaggaatc
ttacaagaat
ttcacttgat
agctagtgca

aaaagcaata

Clostridium cellulovorans

Ile Leu

Ser Lys

Lys Gly

40

Asp Asp

Gln Asp

Lys Ala

Leu Ala

Thr Ile

120

Asp
135

Tyr

Gly Asn

150

Thr Asp

Ala

Ala Ala
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gtacctcaat
tcaacaatca
agtgcatata
caaggtattt
gcacaacctg
tttgagttat
gatttaaata

taa

Phe
10

Ser Leu

Pro Leu Val

25

Thr Thr Thr

Trp Ala Trp

Thr Asn

75

Val

Asn Gly Thr

90

Ala
105

Gly Glu

Lys Ala Thr

Ser Glu Ala

Thr Ser

155

Asn

Lys Ala Thr
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tagtcctata
aaacaagcgc
agaaagctct
tagttggaga
taaatcttct
taaagaagta

aggatggaaa

Leu Val Leu

Val Ser

30

Lys

Ile
45

Gln Tyr

Met
60

Ser Met

Phe Asn Ala

Ala Asn Phe

Thr
110

Lys Ser

Gly Tyr Asn

125

Tyr Ala Ala

140

Ile Leu Leu

Tyr Leu Gln

tggaaacttg
aactacaaag
tgcaaactat
tactggtgca
aggcgatgta
tgtattaaac

aatcaacata

Ala
15

Met

Ala Ala

Leu Ser

Gly Asp

Ile Asp

Gly Leu

Leu Lys

Asp Val

Glu Lys

Asn Asp

160

Lys Ile

2700

2760

2820

2880

2940

3000

3060

3093
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165 170 175

Thr Ser Val Lys Ala Asp Val Thr Leu Ser Glu Tyr Gln Phe Val Lys
180 185 190

Pro Ala Ser Thr Gly Ser Thr Ser Glu Ser Val Tyr Ser Ser Gly Asp
195 200 205

Ala Thr Lys Ile Tyr Ala Ser Ala Phe Ala Gln Asn Thr Asp Asp Trp
210 215 220

Ala Trp Met Ser Met Gly Asp Thr Ala Val Leu Thr Tyr Gln Thr Ala
225 230 235 240

Thr Asn Val Asn Ala Ile Asn Ala Gly Thr Ala Phe Ala Ser Ala Asn
245 250 255

Gly Thr Ala Asn Phe Gly Ile Gln Ile Val Asp Gly Asn Leu Ala Ala
260 265 270

Ala Glu Lys Met Thr Trp Gly Leu Thr Gly Asn Asn Thr Gln Ile Leu
275 280 285

Leu Asn Ser Tyr Leu Pro Thr Asp Ala Thr Ala Lys Ala Ala Tyr Leu
290 295 300

Gln Lys Ile Thr Ser Val Thr Ala Asp Val Thr Val Thr Asp Tyr Gln
305 310 315 320

Ser Ile Lys Pro Ala Thr Ala Thr Gly Glu Val Leu Tyr Thr Thr Pro
325 330 335

Gly Val Glu Thr Lys Ile Ser Ala Ser Ala Phe Ala Gln Asn Thr Asp
340 345 350

Asp Trp Ala Trp Met Ser Val Gly Asp Gly Val Ser Leu Gln Tyr Gln
355 360 365

Thr Asp Thr Thr Leu Asn Ala Ile Ser Ala Ala Gly Thr Leu Ala Lys
370 375 380

Ala Asn Ala Thr Ala Asn Phe Gly Ile Asn Ile Val Asp Gly Asn Leu
385 390 395 400

Ala Ala Gly Asp Ala Asn Thr Leu Lys Phe His Val Gly Thr Val Thr
405 410 415

Ile Lys Ala Thr Gly Tyr Asp Asp Leu Val Ile Asn Leu Asn Lys Asp
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420 425 430

Tyr Ser Glu Ala Phe Ala Ala Glu Lys Ala Ser Trp Gly Leu Thr Gly
435 440 445

Asn Thr Lys Gln Ile Leu Leu Asn Ser Tyr Leu Pro Thr Asp Ala Thr
450 455 460

Ala Lys Val Asn Tyr Leu Gln Lys Val Thr Ser Val Thr Ala Asp Val
465 470 475 480

Lys Val Thr Asp Tyr Thr Phe Ile Lys Tyr Val Pro Pro Ala Pro Glu
485 490 495

Phe Pro Ala Asp Tyr Thr His Pro Thr Glu Met Arg Gly Leu Ser Ala
500 505 510

Met Asp Leu Val Lys Asp Met Lys Ile Gly Trp Asn Leu Gly Asn Thr
515 520 525

Leu Glu Ser Val Gly Gly Glu Thr Gly Trp Gly Asn Pro Val Thr Thr
530 535 540

Lys Lys Met Phe Asp Thr Leu Lys Ala Ala Gly Phe Asn Thr Val Pro
545 550 555 560

Tyr Ser Val Arg Trp Asp Glu Asn Tyr Ile Asp Ala Asn Tyr Thr Ile
565 570 575

Asp Pro Ala Tyr Met Ala Arg Val Glu Thr Val Val Asn Tyr Ala Leu
580 585 590

Ala Asn Asp Met Tyr Ala Ile Val Asn Ile His His Asn Lys Phe Gln
595 600 605

Gly Gln Phe Asp Glu Ala His Lys Ala Ala Ile Ile Asn Glu Gly Thr
610 615 620

Ile Val Trp Thr Gln Ile Ala Asn His Phe Lys Asp Tyr Ser Asp Lys
625 630 635 640

Leu Ile Phe Asp Thr Ile Asn Glu Pro Arg His Glu Glu Asp Trp Val
645 650 655

Gly Thr Ser Glu Tyr Phe Asn Val Leu Asn Glu Tyr Asn Ala Lys Ile
660 665 670

Val Pro Val Ile Arg Ala Thr Gly Glu Asn Asn Ala Lys Arg Leu Ile
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675 680 685

Met Val Pro Thr Tyr Cys Ala Ser Ser Asp Tyr Pro Lys Val Ala Gly
690 695 700

Met Val Val Pro Asn Asp Pro Asn Val Ala Val Ser Ile His Ala Tyr
705 710 715 720

Ile Pro Tyr Asn Leu Ala Leu Asn Ile Ala Pro Gly Thr Pro Thr Thr
725 730 735

Phe Gly Asp Ala Asp Ala Ala Phe Ile Asp Lys Thr Phe Arg Met Leu
740 745 750

Asn Asn Thr Phe Val Lys Lys Gly Ile Pro Val Ile Ile Gly Glu Phe
755 760 765

Ala Ile Thr Asp Lys Asp Asn Leu Gln Asp Arg Ile Asn Phe Thr Lys
770 775 780

Phe Tyr Val Ser Thr Ala Thr Ala Tyr Gly Met Pro Cys Leu Trp Trp
785 790 795 800

Asp Asn Asn Asn Phe Gly Ser Thr Gly Glu Arg Leu Gly Leu Leu Asn
805 810 815

Arg Lys Asn Leu Thr Phe Pro Tyr Pro Glu Leu Val Gln Ala Met Lys
820 825 830

Asp Gly Phe Asn Asn Pro Arg Asp Leu Ser Thr Val Asp Pro Asn Val
835 840 845

Leu Phe Ser Gly Thr Ala Ser Cys Thr Gly Trp Ser Thr Ala Leu Ser
850 855 860

Leu Ser Tyr Gly Leu Asp Phe Val Asp Thr Glu Phe Thr Asn Asp Phe
865 870 875 880

Thr Ile Ala Val Asp Tyr Thr Ser Glu Asn Val Pro Gln Leu Val Leu
885 890 895

Tyr Gly Asn Leu Thr Gly Thr Gly Trp Val Met Val Lys Pro Ser Thr
900 905 910

Ile Lys Thr Ser Ala Thr Thr Lys Thr Ala Tyr Phe Thr Ile Asn Asp
915 920 925

Met Val Ser Ala Tyr Lys Lys Ala Leu Ala Asn Tyr Asp Ser Tyr Gly
930 935 940
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Lys Val Leu

945

Asp Leu Thr

Leu Gly Asp

Leu Leu Lys

995

Ala
1010

Ser

Phe
1025

Ala

<210> 5

<211> 2679
<212> ADN
<213>

<400> 5
atgcgtagta

acagttgcta
ggagaattaa
gagtcttacc
cttcaagacg
gaacaaggac
tatccaaaaa
caaagagtac
gatgcaacag
acattccctt
tatgtagctg
ccaggcgtag
ttaaagaata
agcgcttcag
ggctacacat

agtatgcctt

Pro Gly

Ile Gln

950

Val Thr

965

Val
980

Asp

Lys Tyr

aaaaattaat
cttcagttgc
tcagaaacaa
cagcaaaatc
gtgtagaagg
ataaatacag
taggtgacca
aattaagagc
ctagaacagc
atacatttac
aaactccaga
caaagaaagc
gttcaggtgt
gagataatgt
tatcagttga

ttactatagg

Lys Val

Gly Asn

Val Leu

Asn
1000

1015

Leu Lys Lys Ala Ile

1030

Clostridium cellulovorans

agcttgcgta
tactactaaa
taaatttgac
tagctttgaa
aagatgggat
agttaaattt
aggtgaacct
tggtgttcca
tgaatttgca
ttttgatgat
accaacaaac
tacagttgtt
tcaagttgct
acatattata
ttcaacaaac

aacagattta

Gly Ile

Tyr Lys

Asp Val
985

26468

Leu Val
955

Asn Ala
970

Val Asn

Asn Asp Thr Met Ile

Asp Leu Asn Lys Asp Gly Lys Ile Asn Ile

acagcattag
actgttagtg
aatggtgttg
atcaaagatg
gttcaattcc
actgtaactg
tataaagaat
acaacaattg
attcaccttg
atgtatgtat
gcaataagag
acaaaagcaa
actggcacaa
gatttctcaa
gttgattcaa

tattctaaaa

Gly Asp Thr

Gln Pro Val

Ser Leu Asp
990

1005

1020

ctacagtact
cagcaacaat
ggttaccatg
gaaaatacta
gtcacagagg
ctgataaaga
attggaacta
atcaaacttt
ctggtgactg
cagatccaca
ttaaccaagt
caactccaat
caacagttaa
attacacaac
caattaatga

tgaaacatga

Gly Ala
960

Asn Leu
975

Phe Glu

Asn Lys Ala

Ile Asp Leu

aagtgtttca
ggtaagtgtt
gacagttgtt
tgtaacagtt
tcttgttata
ttgttacgtt
taactcatat
tgaaatgaga
taaggcagca
attcccagga
aggttactta
aaactggtac
aggcttagat
tccaggaact
ttctgcttca

atcaataaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



tacttctact
ttaactcgtg
ccaagtcctt
ggagaccacg
tatgaaagag
aatatcccag
gatttaatga
aaaggtcatg
cgttacttaa
gcttcacagtt
gaaactgcat
cctggtggtg
gaactttatg
gataaattct
gctttcgact
ttagatgcta
gtagctaata
gaaaaggatg
tcattcgtag
gcagataaga
ttaggacgta
aatccacatc
ggatgtttat
tggggagttg
actaatgaaa
ttaaataagg
aacggagata
aattcaactg
atagatttag
<210> ©

<211> 892

<212> PRT
<213>

taaacagaag
cagcaggaca
ggtataaaga
gtaagtacgt
ctaagaaatt
aaagcggaaa
tgaagatgca
atgaaagatg
aagcaccaag
tatggaaagg
ggaaagcagc
gagcttacgg
aaacaactgg
taaagatgcc
ggggtaatgt
catcaaaagc
caaatagtga
caagtggaaa
ctaaccaagc
aaaaatctaa
acccaatggt
accgtttctg
caggtggtcc
gtactaagcc
tcacaatcaa
atgcaaaaac
ctaagataaa
taatcaaaac

ctttattaaa

tgctattcca
tacaacggat
aaattatagt
tgttaacggt
aggacaagct
cggctatcca
aattccagct
gacagctctt
tacagctgca
tattgatgat
taaggctaat
tgatgacaac
aacatcagaa
aactacatta
tgctggttta
aactgtaaga
aggttatggt
agttataaga
tatcgttatg
ttcgtacttt
acaatcatac
ggcataccaa
taacacagga
agctgctaaa
ctggaatgca
aatagatatt
tgctatcgat
agctaacgct

gaagaaactt

Clostridium cellulovorans
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ataacaatgc
ttgatgccaa
ctagatgtta
ggtatctctg
aatgtagctc
gatattcttg
ggtaaaactt
gcaatccgtc
acattaaacc
gcatattctg
ccagcaatat
gtaacagatg
tatcttgact
actggtggag
ggaacaattt
gctaatgttg
actccaatgg
acaataactg
ggttacgctt
aatgggttaa
gttactggat
gctgacaaca
ttacaagatc
tgcttcatgg
ccaattgcat
actattccac
ttagctatgt
gatatgaata

ctttcttaa
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catatgctga
ctgatgcaag
caggtggatg
tttggacaat
catttgcaga
atgaatcacg
acgctggtat
cagaccaaga
ttgctgctac
ctaagtgttt
atgcaccatt
aattctactg
acatgaagaa
aagacaaagg
ctcttgctat
ctgccgctge
ttcaaggacc
gctatccatg
atgactttac
caagtgctat
atggttctaa
cattccctaa
catgggttaa
acaatataga
ggatgtcttc
ctactacatc
taaagaaata

atgatggaaa

acgtactgat
ttcaagtgat
gtatgacgct
gatgaaccaa
taatacaatg
tttccaaatg
ggctcaccat
tccaatgaaa
agctgcacaa
agcgtctgcet
tgaaaatggt
ggcagcagca
taattcttca
attatcaggt
tggtgataaa
tgatgtattt
agcatttgag
gggttcaaac
aaaaggcgat
ggactattta
cccactagaa
agctccagca
aggctcaggt
atcatggtca
atacatggat
aggtgatgta
tatcctagac

aattaatgct

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2679
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<400> ©

Met Arg Ser Lys Lys Leu Ile Ala Cys Val Thr Ala Leu Ala Thr Val
1 5 10 15
Leu Ser Val Ser Thr Val Ala Thr Ser Val Ala Thr Thr Lys Thr Val
20 25 30
Ser Ala Ala Thr Met Val Ser Val Gly Glu Leu Ile Arg Asn Asn Lys
35 40 45

Phe Asp Asn Gly Val Gly Leu Pro Trp Thr Val Val Glu Ser Tyr Pro
50 55 60

Ala Lys Ser Ser Phe Glu Ile Lys Asp Gly Lys Tyr Tyr Val Thr Val
65 70 75 80

Leu Gln Asp Gly Val Glu Gly Arg Trp Asp Val Gln Phe Arg His Arg
85 90 95

Gly Leu Val Ile Glu Gln Gly His Lys Tyr Arg Val Lys Phe Thr Val
100 105 110

Thr Ala Asp Lys Asp Cys Tyr Val Tyr Pro Lys Ile Gly Asp Gln Gly
115 120 125

Glu Pro Tyr Lys Glu Tyr Trp Asn Tyr Asn Ser Tyr Gln Arg Val Gln
130 135 140

Leu Arg Ala Gly Val Pro Thr Thr Ile Asp Gln Thr Phe Glu Met Arg
145 150 155 160

Asp Ala Thr Ala Arg Thr Ala Glu Phe Ala Ile His Leu Ala Gly Asp
165 170 175

Cys Lys Ala Ala Thr Phe Pro Tyr Thr Phe Thr Phe Asp Asp Met Tyr
180 185 190

Val Ser Asp Pro Gln Phe Pro Gly Tyr Val Ala Glu Thr Pro Glu Pro
195 200 205

Thr Asn Ala Ile Arg Val Asn Gln Val Gly Tyr Leu Pro Gly Val Ala
210 215 220

Lys Lys Ala Thr Val Val Thr Lys Ala Thr Thr Pro Ile Asn Trp Tyr
225 230 235 240

Leu Lys Asn Ser Ser Gly Val Gln Val Ala Thr Gly Thr Thr Thr Val
245 250 255
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Lys Gly Leu Asp Ser Ala Ser Gly Asp Asn Val His Ile Ile Asp Phe
260 265 270

Ser Asn Tyr Thr Thr Pro Gly Thr Gly Tyr Thr Leu Ser Val Asp Ser
275 280 285

Thr Asn Val Asp Ser Thr Ile Asn Asp Ser Ala Ser Ser Met Pro Phe
290 295 300

Thr Ile Gly Thr Asp Leu Tyr Ser Lys Met Lys His Glu Ser Ile Lys
305 310 315 320

Tyr Phe Tyr Leu Asn Arg Ser Ala Ile Pro Ile Thr Met Pro Tyr Ala
325 330 335

Glu Arg Thr Asp Leu Thr Arg Ala Ala Gly His Thr Thr Asp Leu Met
340 345 350

Pro Thr Asp Ala Ser Ser Ser Asp Pro Ser Pro Trp Tyr Lys Glu Asn
355 360 365

Tyr Ser Leu Asp Val Thr Gly Gly Trp Tyr Asp Ala Gly Asp His Gly
370 375 380

Lys Tyr Val Val Asn Gly Gly Ile Ser Val Trp Thr Met Met Asn Gln
385 390 395 400

Tyr Glu Arg Ala Lys Lys Leu Gly Gln Ala Asn Val Ala Pro Phe Ala
405 410 415

Asp Asn Thr Met Asn Ile Pro Glu Ser Gly Asn Gly Tyr Pro Asp Ile
420 425 430

Leu Asp Glu Ser Arg Phe Gln Met Asp Leu Met Met Lys Met Gln Ile
435 440 445

Pro Ala Gly Lys Thr Tyr Ala Gly Met Ala His His Lys Gly His Asp
450 455 460

Glu Arg Trp Thr Ala Leu Ala Ile Arg Pro Asp Gln Asp Pro Met Lys
465 470 475 480

Arg Tyr Leu Lys Ala Pro Ser Thr Ala Ala Thr Leu Asn Leu Ala Ala
485 490 495

Thr Ala Ala Gln Ala Ser Arg Leu Trp Lys Gly Ile Gly Asp Ala Tyr
500 505 510
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Ser Ala Lys Cys Leu Ala Ser Ala Glu Thr Ala Trp Lys Ala Ala Lys
515 520 525

Ala Ser Pro Ala Ile Tyr Ala Pro Phe Glu Asn Gly Pro Gly Gly Gly
530 535 540

Ala Tyr Gly Asp Asp Asn Val Thr Asp Glu Phe Tyr Trp Ala Ala Ala
545 550 555 560

Glu Leu Tyr Glu Thr Thr Gly Thr Ser Glu Tyr Leu Asp Tyr Met Lys
565 570 575

Asn Asn Ser Ser Asp Lys Phe Leu Lys Met Pro Thr Thr Leu Thr Gly
580 585 590

Gly Glu Asp Lys Gly Leu Ser Gly Ala Phe Asp Trp Gly Asn Val Ala
595 600 605

Gly Leu Gly Thr Ile Ser Leu Ala Ile Gly Asp Lys Leu Asp Ala Thr
610 615 620

Ser Lys Ala Thr Val Arg Ala Asn Val Ala Ala Ala Ala Asp Val Phe
625 630 635 640

Val Ala Asn Thr Asn Ser Glu Gly Tyr Gly Thr Pro Met Val Gln Gly
645 650 655

Pro Ala Phe Glu Glu Lys Asp Ala Ser Gly Lys Val Ile Arg Thr Ile
660 665 670

Thr Gly Tyr Pro Trp Gly Ser Asn Ser Phe Val Ala Asn Gln Ala Ile
675 680 685

Val Met Gly Tyr Ala Tyr Asp Phe Thr Lys Gly Asp Ala Asp Lys Lys
690 695 700

Lys Ser Asn Ser Tyr Phe Asn Gly Leu Thr Ser Ala Met Asp Tyr Leu
705 710 715 720

Leu Gly Arg Asn Pro Met Val Gln Ser Tyr Val Thr Gly Tyr Gly Ser
725 730 735

Asn Pro Leu Glu Asn Pro His His Arg Phe Trp Ala Tyr Gln Ala Asp
740 745 750

Asn Thr Phe Pro Lys Ala Pro Ala Gly Cys Leu Ser Gly Gly Pro Asn
755 760 765
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Thr Gly Leu

770

Thr
785

Lys Pro

Thr Asn Glu

Ser Tyr Met

Thr
835

Pro Pro

Ile Asp Leu

850

Ile
865

Lys Thr

Ile Asp Leu

<210> 7

<211> 1338
<212> ADN
<213>
<400> 7

Gln Asp

Ala Ala

Pro

Lys

Trp Val

775

Cys Phe

790

Ile Thr

805

Asp Leu

820

Thr Ser

Ala

Met

Ala Asn

Ile

Asn

Gly

Leu

Ala

Asn Trp

Lys

Asp

Val
840

Asp

Lys
855

Lys

Asp Met

870

Ala Leu

885

Leu

Lys Lys

Clostridium cellulovorans

atggaaaagc taagatttcc caaagatttt

attgaaggag
ataccaggaa
tataaagaag
gcttggccta
tatagggatt
cattgggatc
gattactatg
tggataactc
gctccaggaa
cactttaagg
ttaaatcttt

agaagtgatg

cttacaaaga
atgtagctaa
atgttcagct
gaattttccc
taattgatga
ttccacaaaa
ttgattatgc
ataatgagcc
ttaaagatat
cagttaaagc
caacctgtta

gatggaacaa

agatgagaaa
aatgcataat
attaaaaagc
aaaaggtttt
actaattaaa
gcttcaggat
aaacttatta
atgggttgca
gaaaatggca
ttatagagaa
ttcaaattca

cagatggttt

26468

Lys Gly Ser

Met Asn

795

Asp

Ala
810

Asn Pro

Ala Thr

825

Lys

Asn Gly Asp

Tyr Ile Leu

Asn Asn Asp

875

Leu Leu

890

Lys

atttttggaa
ggtgaatcta
ggtgatattg
cttggaatta
ggcgagataa
aatgatatag
attggagggt
ttcagagagt
tcatatcttg
ttgttagctg
ttagaacaag
gctgatgaag

ttagatgctg
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Gly Gly

780

Trp

Ile Glu Ser

Ile Ala Trp

Ile
830

Ile Asp

Thr Lys Ile

845

Asp Asn Ser

860

Gly Lys Ile

Ser

cagccactgc
tttgggatag
cttgtgatca
aaagttatag
accagaaggg
aaccagctat
gggcaaatcc
tcggagatag
gctatgcttt
cacataacat
atgggcaaat
aagatattgc

cattaaaagg

Val Gly

Ser
800

Trp

Met
815

Ser

Thr

Ile

Ala

Asn

Thr Val

Ala
880

Asn

agcatatcaa
gtttagtcat
ctatcataga
gttttcaatt
aattcagttc
aacaatttat
gcaagttgct
agtaaaaaca
aggagttcat
attattatcg
aggtataaca
tgcagcccat

aacttatcct

60

120

180

240

300

360

420

480

540

600

660

720

780



gaggatatga
tttactgagg
gtaaagaata
acagaaatgg
agggattatg
gttaatagag
gctgctgcat
ttcatggata
aactataaaa

gaaagatcta

taaaaatctt
tatttgaaac
actctgaagc
gttgggagat
ggaacataga
acggtaaagt
taagtgctat
attttgagtg
ctcaggagag

ataagtaa

tagcgataca
ttctgatttt
ttttatcggt
atatccgcaa
tttatacata
tgaagatgaa
agaagcggga
ggctgaagga

aacaataaag

26468

aatattatgc
ttaggaataa
gctgaaagtg
gggctttatg
acagaaaacg
aatagattag
gtacctttaa
tatgaaaaaa

aagagtgctt

-60-

ctgaactacc
attattatac
tagcaatgga
atttgctaac
gtgcagcttt
attatttata
agggatatta
gatttggaat

attggtataa

taaagagtta
acgacaagtt
taatcctaaa
gaggatacac
taatgatatg
cactcatttt
tatttggtct
agtacatgta

ggagcttata

840

900

960

1020

1080

1140

1200

1260

1320

1338
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FIG.1
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FIG.3
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FIG.5
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FIG.6

A

U/umol
1.3

e T TR . <

1,2
1,1%
1

1,08

5100 $7SE25 S2SE75 £100

1,18

11

1.05

ELOD EY5K28 E25K75 K100

<.
U/remol
1,286

1,2




26468

FIG.7
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