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(54) PHUONG PHAP SAN XUAT HOP CHAT PICH BANG CACH LEN MEN

(57) Sang ché dé cap dén phuong phép san xudt hop chat dich bang cach 1én men.
Bing cach nuoi cdy vi khuan c6 kha niang san xuit axit 2-ketoglutaric hoac din
xudt ctia n6é dudi dang hop chat dich, va kha nang san xuét axit xylonic tir
xyloza, ma dugc truyén hoat tinh xylonat dehydrataza, hoat tinh 2-keto-3 -
deoxyxylonat dehydrataza va hoat tinh 2-ketoglutaric semialdehyt
dehydrogenaza, hodc trong dé cic hoat tinh nay dugc lam tang, trong moi truong
nuoi cdy chita xyloza diing 1am ngudn cacbon dé tao ra va tich lity hop chat dich

trong moi trudng nay, va thu gom hop chat dich tr méi trudng, hop chat dich

duoc tao ra.
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Linh vire ky thuit dwoc dé cip

Sang ché d& cap dén phuong phap san xuit hop chit dich nhur céc axit amin
dang L bing céch 1én men st dung vi sinh v4t, chinh x4c hon, phuong phép san xuét

hop chét dich bing cach 1én men nhu vAy sir dung xyloza 1dm nguyén liéu thé.
Tinh trang k¥ thuft ciia sing ché

Céc phwong phap san xut hop chit dich nhwr céc axit amin dang L béng céch
1én men st dung vi khudn bao gdm phuong phép sir dung vi khudn kiéu dai (ching
kidu dai), phwong phép sir dung chiing khuyét dudng bit ngudn tir ching kiu dai nay,
phuong phép sir dung chiing d6t bién diéu hoa co ché trao dbi chit bt ngudn tir ching
kiéu dai ndy dudi dang chiing khang cac duoc chit khac nhau, phwong phép st dﬁng
chiing ¢6 cac tinh chét ciia cd ching khuyét dudng va thé dot bién didu hoa qua trinh

trao d6i chat, va v.v..

Vi dy, axit L-glutamic chu yéu duoc san xuét béng c4ch 1én men st dung vi
khudn san xudt axit L-glutamic ctia vi khudn duoc goi 1a coryneform thude ho
Brevibacterium, Corynebacterium hodc Microbacterium hodc ching d6t bién cua
chiing (& cap dén, vi duy, tai liéu phi sang ché 1). Ding lam c4c phwong phép sén xuit
axit L-glutamic bing cach sir dung cdc ching khac, cac phuong phép da biét sir dung
vi sinh vt thudc ho Bacillus, Streptomyces, Penicillium, hodc cac loai tuong tu (aé cép
dén, vi dy, tai lidu sang ché 1), cic phuong phép st dung vi sinh vét thudc ho
Pseudomonas, Arthrobacter, Serratia, Candida, hodc céc ho tuong ty (dé cép dén, vi
du, tai liéu sang ché 2), cac phwong phap st dung vi sinh vét thudc ho Bacillus, hoic
Aerobacter aerogenes (hién tai 1a ho Enterobacter aerogenes), hodc cac ho tuong tu
(dé cap dén, vi dy, tai liéu sang ché 3), cac phuong phap sir dung ching dot bién cia
Escherichia coli (dé cap dén, vi dy, tai lieu sang ché 4), va v.v.. Hon thé nita, cling d&
boc 16 cic phuong phap sin xult axit L-glutamic st dung vi sinh vét thudc ho
Klebsiella, Erwinia, Pantoea, hodc Enterobacter (48 cap dén, vi dy, céc tai lidu séng
ché 5 dn 7).

Trong nhitng nim gin ddy, cic kg thuit ADN téi t§ hop duoc si dung trong
phuong phép san xudt cac hop chét dich bing phuong phap ly tdm. Vi duy, kha ning
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san xuét axit amin dang L ctia vi khuln dugc cai thién bing cach lam tang su bidu hién
chia gen m& hoa enzym sinh tdng hop axit amin dang L (c4c tai lidu séng ché 8 va 9),
hodc bing cach 1am ting sw hip thu ngudn cacbon vao hé sinh téng hop axit amin

dang L (tai liéu séng ché 10).

Trong phwong phép san xufit céc chit thong thudng bing cach ly tim, ding
lam nguén cacbon, sacarit, titc 13, glucoza, fructoza, sucroza, mat duong, dich thuy
phan tinh bdt va v.v. d8 duge sir dung, nhung ching c6 gi4 thanh trong d6i cao, va
viéc st dung nguyén li€u sinh khéi thu dugce tir thue vat va vat liéu tuong tu cling dugce

uu tién trong nhitng nim gin day.

Mic du cac nguyén li€u thé bao gdm céc thanh phén dn dugc nhu tinh bot va
chit béo va ddu hién tai chu yéu duoc st dung dudi dang nguyén liéu sinh khéi, trong
twong lai cAn phai thay dbi nguyén liéu sinh khdi nhu vy bing cdc nguyén lidu bao
gém cac thanh phén khong &n duge, cu thé 13, xenluloza, hemixenluloza, lignin, va v.v..
Xenluloza va hemixenluloza & dang sinh khéi khéng #n dugc duge chuyén héa thanh
cac pentoza hodc hexoza nh¢ qua trinh tién xtr Iy so bd st dung nhiét hodc axit, va xir
ly sacarit héa str dung enzym xenlulaza, va chiing c6 thé duge str dung 1am céc nguyén
liéu thoé trong qué trinh 1én men (cAc tai liéu sang ché 11 va 12). Pa biét ring néu
sacarit hdn hop clia cic pentoza hoic hexoza nhu vay dugce diing 1dm céc nguyén liéu
thd cho qua trinh 1én men axit amin v.v., Escherichia coli wu tién déng héa glucoza, va
két qua 13, hién twong ting sinh trong hai budc (diauxy), sy sinh trudng bi tri hoan, v.v.

da duoc quan sat thiy (cac tai lidu phi sang ché 2 va 3)

Trong Escherichia coli, qua trinh ddng hoa xyloza bao gdm xyloza isomeraza
.duqc mi hoa bdi gen xpyld va xylulokinaza duge ma héa bdi gen xylB 1 da bit, va
cling da biét ring céc axit amin dang L c6 thé duoc tao ra tir xyloza bing cich dua qua
trinh d6 vao Escherichia coli hodc Corynebacterium glutamicum (tai liéu phi séng ché

5, tai lidu séng ché 13, tai lidu phi sdng ché 7).

Ciing da c6 thong béo ring Caulobacter crescentus va Haloferax volcanii c6
qué trinh chuyén héa xyloza thanh axit 2-ketoglutaric théng qua axit xylonic trong
nim budc, khong str dung qua trinh d4 biét théng thudng nhu vay nhu duge mé ta trén
day (tai liéu phi sing ché 6). Hon thé nita, cdc vi du v& su bidu hién cta qua trinh d&

biét d6 trong Escherichia coli 14 ciing da biét (tai liéu phi sang ché 8, tai liéu sang ché
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Tai liéu sang ché
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$62000-189169

Tai lidu séng ché 7: Pon yéu ciu cip bing sing ché Nhat Ban chwa thim dinh
s6 2000-189175

Tai lidu sang ché 8: Pon sing ché M¥ s6 5,168,056
Tai liéu sang ché 9: Pon séng ché My s6 5,776,736
Tai liéu sdng ché 10: patent M s6 5,906,925

Tai liéu sang ché 11: Pon yéu ciu cp bing sing ché Nhat Ban chua thim
dinh trén co s& don PCT (Kohyo) sb 9-507386

Tai ligu séng ché 12: Pon yéu ciu cip bing sang ché Nhat Ban chua thim
dinh trén co s& don PCT sb 11-506934

Tai liéu séng ché 13: Patent chau Au sé 1577396
Tai liéu séng ché 14: patent M s6 7,923,226
Tai liéu phi séng ché
Tai liéu phi séng ché 1: Akashi K. et al., Axit amin Fermentation, Japan

Scientific Societies Press, pp,195-215, 1986

Tai lidu phi sang ché 2: Nichols N.N. et al., Appl. Microbiol. Biotechnol.,
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2001 Jul, 56(1-2):120-125

Tai liéu phi séng ché 3: Gonzalez, R., Biotechnol. Prog., 2002 Jan-Feb,
18(1):6-20

Tai liéu phi sdng ché 4: Song S. et al., J. Bacteriol., 1997 Nov, 179 (22):7025-
7032

Tai liéu phi sing ché 5: Tao H. et al., J. Bacteriol., 2001 May, 183 (10):2979-
2988

Tai liéu phi sang ché 6: Stephens, C. et al., J. Bacteriol., 2007 Mar., 189
(5):2181-2185

Tai liéu phi sang ché 7: Gopinath, V. et al., Appl. Microbiol. Biotechnol., 2011
Jul,, 28

Tai liéu phi sang ché 8: Huaiwei, L et al., Bioresour Technol., 2011 Aug., 22
Bian chét ky thudt ciia sing ché
Vén dé duoc giai quyét bai sang ché

Muc dich ciia sing ché 13 @& xuét vi sinh vt ma c6 thé tao ra mot cach hiu

qua hop chit dich nhu axit L-glutamic trong m6i truong nubi ciy chia xyloza, va
phuong phép san xuét hop chét dich sir dung vi sinh vat nay.
Céc phuong phap thuc hién

Céc tac gia sang ché dd nghién ctru sy phét trién cia vi sinh vét bing cich
nhén gidng st dung qu4 trinh chuyén héa xyloza thanh axit 2-ketoglutaric théng qua
axit xylonic v6i muc dich phat trién vi khuin san xuét axit amin c6 hoat tinh ddng héa
pentoza hojic hexoza bing c4ch nhan giéng, Két qua 13, ho d4 kham phd ra ring vi sinh
vit bi€u hién qua trinh nhu vay nhu dwge md ta trén ddy c6 thé ddng hoa xyloza mot
cach hi€u qud, va hoan thanh sang ché.

Do d6, séng ché duogc d& cap nhu sau.
(1) Phuong phap sén xuét hgp chét dich bao gdm budc nudi cdy vi khun c6 kha ning
tao ra hop chét dich trong méi trudng nudi cAy chira xyloza ding lam ngudn cacbon,
d& tao ra va tich lity hop chét dich trong méi truedng ndy, va thu gom hop chét dich tir

mdi trudng, trong do:
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hop chét dich 13 axit 2-ketoglutaric hoic din xuit cia no,

vi khuln c6 kha ning san xuét axit xylonic tir xyloza, va hoat tinh xylonat
dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza va hoat tinh 2-ketoglutaric

semialdehyt dehydrogenaza d3 dugc truyén hodc 13m ting trong vi khuén.

(2) Phuong phép nhu duge md ta trén day, trong d6 céc hoat tinh enzym cua xylonat
dehydrataza, 2-keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt
dehydrogenaza duoc truyén hoc 1am ting trong vi khudn bing céch nhép vao lan luot

~ r r h Y 2 r l"\ . 7\ *A X . Z
cac gen mé hda c4c enzym ndy & dang c6 thé biéu hién vao vi khuan.

(3) Phuong phép nhu duwoc mé ti trén ddy, trong d6 gen md héa mdi xylonat
dehydrataza, 2-keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt
dehydrogenaza thu dugc tir vi sinh vat thuéc ho Caulobacter, Escherichia,
Agrobacterium, Herbaspirillum, Actinoplanes, Cupriavidus, Pseudomonas, Zobellia,

Thermobacillus, Arthrobacter, Azospirillum, Halomonas, Bacillus, hodc Aspergillus.

(4) Phuong phdp nhu duge mb ta trén ddy, trong d6 vi khudn c6 thd san xudt axit

xylonic tlr xyloza vi ¢c6 mot trong céc dic di€m sau:

(A) hoat tinh xyloza dehydrogenaza, hodc hoat tinh xyloza dehydrogenaza va

hoat tinh xylonolactonaza duge truyén hozc 1am ting trong vi khuén, hogc

(B) vi khuin c6 hoat tinh glucoza dehydrogenaza ma xtic tic phan Ung san

xuét axit xylonic tir xyloza.

(5) Phuong phdp nhu dugc mo ta trén diy, trong d6 glucoza dehydrogenaza sir dung
pyroloquinolin quinon 1am coenzym, va vi khudn thé hién hoat tinh glucoza
dehydrogenaza vi né ¢4 kha ning san xuét pyroloquinolin quinon, hodc dwoc nubdi ciy
trong méi trudng nudi cy chira pyroloquinolin quinon.

(6) Phuong phip nhu dugec mé ta trén ddy, trong d6 vi khudn c6 thé san xuét axit
xylonic tir xyloza vi né dd dugc dua vao gen ma hda xyloza dehydrogenaza, hodc cic
gen m3 hoa xyloza dehydrogenaza va xylonolactonaza & dang c6 thé bidu hién duge.
(7) Phuong phép nhu dugc mé ta trén ddy, trong d6 vi khudn duoc bién ddi sao cho
hoat tinh cta 2-ketoglutarat dehydrogenaza 1a gidm.

(8) Phuong phép nhu duge mo ta trén ddy, trong d6.vi khudn duoc tiép tuc bién dbi sao

cho hoat tinh ctia sucxinat dehydrogenaza 1 giam.
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(9) Phwong phap nhu duoc md ta trén day, trong d6 vi khudn nay 1a vi khuén dudng

rudt hoac vi khuan coryneform.

(10) Phuong phap nhu duge mo ta trén day, trong d6 vi khudn nay 12 vi khuan thudc

ho Pantoea.
(11) Phuong phap nhu dugc md ta trén day, trong d6 vi khudn nay 14 Pantoea ananatis.

(12) Phuong phap nhu dugc md ta trén day, trong d6 vi khudn nay 14 vi khuén thude

ho Escherichia.
(13) Phuong phép nhu dugc mb ta trén ddy, trong d6 vi khudn nay 1a Escherichia coli.

(14) Phuong phap nhu dugc mo ta trén day, trong d6 vi khuan nay 1a vi khudn thudc

ho Corynebacterium.

(15) Phuong phép nhu dugc mo ta trén day, trong d6 vi khudn nay 12 Corynebacterium

glutamicum.

(16) Phuong phap nhu duge md ta trén ddy, trong d6 dan xuét cta axit 2-ketoglutaric
1a hop chét duge chon tir nhom bao gdm axit L-glutamic, L-glutamin, L-arginin, L-

xitrulin, L-ornithin, L-prolin, putresxin, va axit y-aminobutyric.
Mo ta van tiat cac hinh vé

Fig. 1 md ta cdc do thi thé hién cac két qua cta thir nghiém su sinh truéng bd
trg d6i véi ching bidu hién operon NXA thu dugc tir C. crescentus st dung chung
thiéu hut gen icd. E1-0KG, M9-0KG, M9-Xyl, va E1-Xyl 1a mdi truong t5i thiéu M9
hodc mdi truong tong hop El chira axit 2-ketoglutaric hodc xyloza ding lam ngudn

cacbon duy nhat.

Fig. 2 mo ta cac do thi thé hién cac két qua ctia qua trinh nudi cy dé san xuét
axit L-glutamic ctia chiing san xudt axit L-glutamic E. coli biéu hién operon ccrNXA E.

coli.

Fig. 3 m6 ta cic do thi thé hién cac két qua ctia qua trinh nudi cdy dé san xuét
axit L-glutamic ctia chiing biéu hién operon ccrNXA st dung ching thiéu hut qu4 trinh
dong hoa xyloza dic trung cho E. coli dung lam vét chu.

Fig. 4 mo ta cac do thi thé hién cac két qua cta qua trinh nudi cdy dé san xuét

axit L-glutamic ctia chiing biéu hién operon ccrNXA st dung plasmit loai s6 ban sao
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trung binh.

Fig. 5 m6 ta cac dd thi thé hién cac két qui clia qud trinh nudi cdy dé san xuét
axit L-glutamic ctia cac ching bidu hién gen ddng déng xyID thu dugc tir céc loai vi
sinh vat khdc nhau. Atu, Hse, Amis, va Aor 1An luot 14 Agrobacterium tumefaciens,

Herbaspirillum seropedicae, Actinoplanes missouriensis, va Aspergillus oryzae.

Fig. 6 md ta cac db thi thé hién cac két qua clia qué trinh nudi cdy d& san xudt
axit L-glutamic ciia céc chiing biéu hién gen ddng ding xylX thu dugc tir céc loai vi
sinh vit khic nhau. Art, Atu, Cne, Zga, Tco, va Selo 1an luot 14 Arthrobacter
globiformis,  Agrobacterium  tumefaciens,  Cupriavidus  necator, Zobellia
galactanivorans, Thermobacillus composti, va Pseudomonas elodea.

Fig. 7 m6 ta cic db thi thé hién cac két qua ctia qua trinh nudi ciy d8 san xuft
axit L-glutamic ctia cdc ching biéu hién gen ddng déng xyld thu dugc tir cac loai vi
sinh vat khac nhau. Hbo va Abr I4n luot 1a Halomonas boliviensis va Azospirillum

brasilense.
M3 ta chi tiét sang ché

Phuong phép theo sang ché 1a phuong phép san xuét hop chit dich bao gdm
bude nudi cdy vi khudn c6 kha ning tao ra hop chét dich trong méi truomg nuéi cly
chita xyloza ding 1am ngudn cacbon d tao ra va tich liiy hop chét dich trong méi

trudng ndy, va thu gom hop chit dich tir mdi trudng, trong d6:
hop chét dich 13 axit 2-ketoglutaric hosic din Xuét clia né, va

vi khudn c6 kha niing sén xudt axit xylonic tir xyloza, va hoat tinh xylonat
dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza va hoat tinh 2-ketoglutaric

semialdehyt dehydrogenaza d& duoc truyén hodic 1am ting trong vi khuén.

Hop chit dich 13 axit 2-ketoglutaric (axit a-ketoglutaric, tKG) hodc din xut
ctia n6. Céc vi du v& din xuft cia axit 2-ketoglutaric bao gdm axit L-glutamic, L-

glutamin, L-arginin, L-xitrulin, L-ornithin, L-prolin, putresxin, va axit y-aminobutyric.

“Kha ning san xuét hop cht dich" c6 nghia 14 kha niing cta vi khun duoc st
dung theo sang ché dé tao ra hop chét dich theo cach sao cho hop chét dich c6 thé
duoc thu gom tir céc té bao hoic mi trudng, khi duge nudi cy trong méi trudng nay,

t6t hon 1a kha ning san xuét hop chét dich véi lwong 16n hon so véi Iwong c6 thé thu
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duoc bing ching kidu dai hodc chimg khong dugc bién d6i dugc nudi cdy trong cing
didu kién. Vi khuln c6 thé c6 kha ning san xuit hai hogic nhiéu loai trong céc hop chét
dich.

Hop chét dich bao gdm hop chét nhu hop chét dich & dang tr do va/hodc mubi

ctia né, vi du, sulfat, hydroclorua, cacbonat, mudi amoni, mudi natri, mudi kali, va v.v..
<1> Vi khuén theo séng ché

Vi khuén theo séng ché 13 vi khudn c6 kha ning tao ra axit xylonic tir xyloza,
ma hoat tinh xylonat dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza, va
hoat tinh 2-ketoglutaric semialdehyt dehydrogenaza dugc truyén, hosic trong d6 cac

hoat tinh nay dugc lam ting.

Vi khuén theo séng ché ¢6 thé 1a vi khuin vén khéng c6 hoat tinh xylonat
dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza, va hoat tinh 2-ketoglutaric
semialdehyt dehydrogenaza, nhung dugc truyén hoat tinh enzym nay, hosc vi khuén
vbn c6 nhitng hoat tinh enzym niy trong d6 nhiing hoat tinh enzym ndy dugc ting

cuodng.

Kha ning san xuét axit xylonic tir xyloza dat dugc béng, vi du, mot hoic ca
hai céch sau:
1) truyén ho#ic 1am ting hoat tinh xyloza dehydrogenaza, va
2) ¢6 hoat tinh glucoza dehydrogenaza ma cé thd xfic tdc phan ‘mg san xuft axit
xylonic tr xyloza.

Céc vi du vé c4c vi sinh vit ma c6 nghia 1) c6 thé duoc sir dung bao gdm vi
khudn Escherichia va vi khudn coryneform, va céc vi du v& vi sinh vét c6 dic tinh 2)
bao gbm vi khuln Pantoea, va v.v..

P6i voi 1), bén canh hoat tinh xyloza dehydrogenaza, hoat tinh
xylonolactonaza ciing c6 thé dugc 1am ting.

Vi khuén thudc nhing chi nay s& duoc gii thich duéi day.

Axit xylonic tao ra dugc tir xyloza dwgc chuyén héa thanh axit 2-ketoglutaric
bdi xylonat dehydrataza, 2-keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric
semialdehyt dehydrogenaza. Qu4 trinh ma trong d6 xyloza dwoc chuyén héa thanh axit
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2-ketoglutaric bdi xylonat dehydrataza, 2-keto-3-deoxyxylonat dehydrataza, va 2-
ketoglutaric semialdehyt dehydrogenaza ciing dugc goi 1a qua trinh Weimberg (J. Biol.
Chem., 236:629-636). Trong ban mé ta ndy, qua trinh Weimberg va, bén canh qud trinh
Weimberg, qué trinh ma trong d6 xyloza dugc chuyén héa thanh axit xylonic béi
xyloza dehydrogenaza va/hoic xylonolactonaza c6 thé dugc dé cép chung dén dusi

dang qua trinh NXA (ddng héa xyloza méi - Novel Xyloza Assimilation).

Cho du vi khudn ¢6 qua trinh Weimberg, hay qué trinh niy d3 dugc dua vao vi
khudn c6 thé duge xac dinh bang céch do hoat tinh enzym ciia xylonat dehydrataza, 2-
keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza trong
dich chiét vi khun, hodc khing dinh kha ning ddng hoéa axit xylonic, ma duoc tich Iy
& ching khéng c6 qué trinh Weimberg. Hon thé nita, cho dii vi khudn c6 qua trinh
NXA hodc qua trinh nay dugc dwa vao vi khudn cé thé dwgc x4c dinh béng cach do
hoat tinh enzym cua xyloza dehydrogenaza va/hodc xylonolactonaza bén canh céc
enzym néu trén. Hon thé nita, nhitng hoat tinh enzym ndy ciing c6 thé duoc xac dinh

béng cach do axit xylonic tao ra dwgc tir xyloza.

Theo sang ché, xylonat dehydrataza 1i enzym ma xtic tdc ngugc phan tng sau
(EC4.2,1.82), va ciling dugc goi la D-xylo-aldonat dehydrataza, D-xylonat dehydrataza,
hodc D-xylonat hydro-lyaza.

Axit D-Xylonic -> 2-dehydro-3-deoxy-D-xylonat + H,O

Hoat tinh xylonat dehydrataza c6 thé duoc do bang cach, vi du, tron dung dich
axit D-xylonic va mAu thir nghiém cho phép phan tmg nay xay ra, sau d6 két thic phan
{ing ndy bing cach bb sung dung dich 1am ngimg phan tmg chra dung dich nude 1%
semicarbazit hydroclorua va dung dich nuéc 1,5% natri axetat, va do d6 hép thu cta

dung dich phan g lodng & 250 nm (Dahms, A.S., et al., Methods Enzymol., 1982, 90
Pt E:302-5).

Theo sing ché, 2-keto-3-deoxyxylonat dehydrataza (2-keto-3-deoxy-xylonat

dehydrataza) 14 enzym ma xtic tdc nguge phan tng sau (EC4.2,1-).
2-Dehydro-3-deoxy-D-xylonat -> 2-oxoglutaric semialdehyt + H,O

Hoat tinh 2-keto-3-deoxyxylonat dehydrataza c6 thé dugc do béng cach, vi du,

tron dung dich chira axit 2-keto-3-deoxyxylonic 1am co chit va mAu thir nghiém cho
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phép phan Umg nay xay ra, va sau d6 do su suy gidm axit 2-keto-3-deoxyxylonic.

Theo séng ché, 2-ketoglutaric semialdehyt dehydrogenaza la oxidoreductaza

~ ma xuc tic nguge phan Umg sau (EC1.2,1.26).
2-Oxoglutaric semialdehyt + NAD(P) -> axit 2-oxoglutaric + NAD(P)H

Hoat tinh 2-ketoglutaric semialdehyt dehydrogenaza c6 thé duge do bang céch,
vi dy, do su suy gidm NAD(P). Vi du, hoat tinh cia enzym nay c6 thé dugc do béng
cach bd sung 2-ketoglutaric semialdehyt vao hdn hop ciia axit pyrophosphoric (pH
8,5), NAD(P), va mAu thir nghiém, va do ¢ hip thu cia hdn hop phan tmg & 340 nm
(Adams, E., et al., J. Biol. Chem., 1967, 242, 1802-1814).

Xyloza dehydrogenaza (D-xyloza-1-dehydrogenaza) 1la mdt trong céc
dismutaza ddi véi pentoza va axit glucuronic, va 14 oxidoreductaza m xic tdc nguoc
phén tmg sau (EC1,1,1,175).

D-Xyloza + NAD(P)" -> D-xylonolacton + NADP)H + H'

Hoat tinh D-xyloza-1-dehydrogenaza c6 thé dugc do bing cach, vi dy, tron
xyloza, mAu thir nghiém, va NAD(P) dé cho phép phan ting xay ra, va do do hép thy
ctia hén hop phan tmg & 340 nm (Stephens, C. et al., J. Bacteriol., 2007, 189(5):181-
2185).

Xyloza dehydrogenaza ctia Caulobacter crescentus c6 thd xtc tac cho phén
mg chuyén héa D-xyloza thanh axit xylonic.

Theo sang ché, xylonolactonaza 13 enzym ma xlc tdc ngugc phan (mg sau
(EC3,1,1.68).
D-Xylonolacton -> axit D-xylonic

Hoat tinh xylonolactonaza c6 thé duogc do béng céch, vi dy, tron xylonolacton
va miu thir nghiém cho phép phéan tmg niy xay ra, va dinh hrong xylonolacton con lai
theo phuong phép hydroxamat (Appl. Microbiol. Biotechnol., 29:375-379, 1988; Appl.
Microbiol., Biotechnol., 27:333-336, 1988).

Céac gen mé héa cdc enzym ndy, xylonat dehydrataza, 2-keto-3-deoxyxylonat
dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza, cé thé 1 céc gen cia vi

sinh vt bit ky c6 qud trinh Weimberg, va cic vi du bao gbm, vi dy, céc gen thu duge
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tr cAc vi sinh vat nhu vi khudn thudc ho Caulobacter, Escherichia, Agrobacterium,
Herbaspirillum, Actinoplanes, Cupriavidus, Pseudomonas, Zobellia, Thermobacillus,

Arthrobacter, Azospirillum, Halomonas, Bacillus, hodc nim soi thude ho Aspergillus.
Céc vi du v& vi khun Caulobacter bao gbm Caulobacter crescentus.

Dung 1am Caulobacter crescentus, ching CB-15 va ching CB-13 1a da biét,
va dugc bdo quan & Vién gidng chudn My (Address: P.O. Box 1549, Manassas, VA
20108, United States of America) 14n ot duéi dang ATCC 19089 va ATCC 33532.
Hon thé nita, chﬁng NA-1000 (J. Bacteriol., 192:3678-88, 2010) va chung K31 ciing

c6 thé duge sir dung.

Céc trinh tir ciia hé gen cia Caulobacter crescentus CB15, NA1000, va céac
ching K31 14n luot duoc ding ky dudi dang sb ding ky Ngan hang gen AE005673,
CP001340, va CP000927.

Céc gen cia cac enzym ciia cac ching Caulobacter crescentus CB15, NAiOOO,

va K31 duge ding ky & Ngan hang gen bing cach ky higu gen sau.

Bang 1
Ky hiéu gen (Ngan hang gen)
Gen Enzym S6 EC
CB15 | NAI1000 K31
Xylonat CC_082 |CCNA_0086
2.1 - -

xylD dehydrataza EC4.2.1.82 3 p Caul_4000

2-keto-3-

C 082
xylX deoxyxylonat EC:4.2.1 c E CCNA,;_—OO%
dehydrataza
2-Ketoglutaric
82 |C
xylA semialdehyt EC:1.2.1.26 CC_082 |CCNA, 0036 Caul 4001
1 4 -
dehydrogenaza
Xyloza CC_082 [CCNA_0086
/B :1.1.1. - -

Xy dehydrogenaza EC:1.1.1.175 0 3 Caul_4002
xylC | Xylonolactonaza | EC:3.1.1.68 CC‘9‘081 CCN[;—OOSG Caul 4003
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Ngoai ra, gen xyloza dehydrogenaza va gen 2-ketoglutaric semialdehyt
dehydrogenaza ciia Caulobacter crescentus 1an lugt c6 thé dugc dé cip & dang cerxylB

va cerxylA.

Hon thé nita, cac vi du v& céc enzym ctia qué trinh NXA (Qua trinh ddng héa
xyloza méi - Novel Xyloza Assimilation) bao gdm, bén canh enzym ciia vi khuén
Caulobdcter, vi dy, xyloza dehydrogenaza ctia Hypocrea jecorina (Trichoderma
ressei) (FEMS Microbiol. Lett., 277, 249-254, 2007); ycbD cta Bacillus subtilis (2-
ketoglutaric semialdehyt dehydrogenaza, loai III); 2-ketoglutaric semialdehyt
dehydrogenaza (loaill) clia Pseudomonas putida; 2-ketoglutaric semialdehyt
dehydrogenaza, loai 1, loai II, loai III ctia Azospirillum brasilense. (J. Bac. Chem., 282,

6685-6695, 2007 dbi véi cac loai ndy), va cac ddng ding clia chiing.

Cu thé, d6i véi gen xylonat dehydrataza, gen y/AG va gen yagF cia vi khuén
thuéc ho Escherichia nhu Escherichia coli ¢6 thé duwgc st dung. Gen yjhG cua
Escherichia coli dugc thé hién trong SEQ ID NO: 34, va gen yagF cua Escherichia
coli dugc thé hién trong SEQ ID NO: 36. Hon thé nita, d6i véi xylonat dehydrataza,
cac ddng ding gen xylD cia céc vi sinh vat thudc ho Agrobacterium, Herbaspirillum,
Actinoplanes, hodc Aspergillus, nhu Agrobacterium tumefaciens, Herbaspirillum
seropedicae, Actinoplanes missouriensis, va Aspergillus oryzae, ciing c6 thé duoc st

dung.

Hon thé nita, d8i véi 2-keto-deoxyxylonat dehydrataza, cic ddng ding ctia gen
xylX cta vi khuln thudc ho Agrobacterium, Pseudomonas, Zobellia, Thermobacillus,
hodc Arthrobacter, nhu Agrobacterium tumefaciens, Cupriavidus necator,
Pseudomonas elodea, Zobellia galactanivorans, Thermobacillus composti, va

Arthrobacter globiformis, ciing c6 thé duoc sir dung.

Hon thé nita, d6i v6i 2-ketoglutaric semialdehyt dehydrogenaza, cic gen cia
vi khuln thudc ho Azospirillum, Halomonas, hodc Bacillus, nhu céac déng ding gen
xylA cva Azospirillum brasilense va Halomonas boliviensis, va ycbD of Bacillus

subtilis, cling c6 thé duoc sir dung.

Trinh ty nucleotit clia cic gen va céc trinh ty axit amin duge dé cép trén day

dugc ma héa bdi ching duge thé hién trong bang 11.

Trong Caulobacter crescentus, cic gen cla ndm enzym cliia qua trinh NXA
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cAu thanh c4u tric operon nhu duge mé ta duéi day. Trinh tu nucleotit cia operon ndy
dugce dﬁng ky & Ngén hang gen véi sb ding ky AAK22808 Caulobacter crescentus.
Trinh tw nucleotit ciia operon niy duoc thé hién trong SEQ ID NO: 23. Trinh tv axit
amin cia 2-keto-3-deoxyxylonat dehydrataza, 2-ketoglutaric semialdehyt
dehydrogenaza, xyloza dehydrogenaza, va xylonolactonaza dugc mé héa bdi operon
ny dugc thd hién trong cac SEQ ID NO: 24 dén 27. Hon thé nita, trinh tuy nucleotit
cta gen xylD trong operon ndy, va cdc trinh tu axit amin ctia xylonat dehydrataza dugc
mi3 héa boi n6 1an lugt dugce thé hién trong SEQ ID NOS: 28 va 29. Trinh tir nucleotit
ctia SEQ ID NO: 28 tuong tmg véi cac vi tri 5509 dén 7296 cta trinh ty ciia SEQ ID
NO: 23.

Mic di, hai vi tri duoc goi ¥ & dang codon khoi ddu ctia xplX, cdc vi tri tir
1175 dén 1177 duoc md ta dudi dang codon khéi ddu trong SEQ ID NO: 23. Hai
codon khoi du ciing dwoc goi ¥ cho xyID, va céc vi tri tir 1 dn 3 hoc céc vi tri tir 13
dén 15 ctia SEQ ID NO: 28 ¢6 thé duoc str dung 1am codon khoi du. Khi cdc vj tri tir
13 dén 15 duge xem 13 codon khéi ddu, trinh tu axit amin ca xylonat dehydrataza clia
SEQ ID NO: 29 bét d4u tir Leu ciia vi tri 5.

Mic du glucoza dehydrogenaza 14 enzym gbc ma xic tic ngugc phan mg
dudi day (EC1.1.1.119), “glucoza dehydrogenaza ma c6 thé xtic tic phan tng san xuét
axit xylonic tir xyloza" c6 nghia 1a enzym ma c6 thé chuyén héa D-xyloza thanh D-

xylonolacton bang cach sir dung pyroloquinolin quinon 1am coenzym.
B-D-Glucoza + NADP -> D-glucono-1,5-lacton + NADPH + H'

Pyroloquinolin quinon c6 thé dugc tao ra béi kha ning c6 duge ban déu béi vi
sinh vét, hodic c¢6 thé dugc bd sung vao méi trudng (Appl. Environ. Microbiol., 2009
May, 75(9) 2784-2791).

Theo sang ché, dbi véi vi khudn ma tao ra axit 2-ketoglutaric hodc din xuét
clia n6, mong mudn ring qué trinh phén hiy ciia axit 2-ketoglutaric bi suy gidm hoic
mét di. Pbi voi su suy gidm hodc mét di qua trinh phin hay cta axit 2-ketoglutaric,
mong mudn ring céc hoat tinh hodic hoat tinh clia a-ketoglutarat dehydrogenaza
va/hodc sucxinat dehydrogenaza gidm di hoic mit di. Theo sing ché, hoat tinh o-
ketoglutarat dehydrogenaza (duéi diy ciing dugc @8 cap dudi dang "o-KGDH") c6

nghia 13 hoat tinh xtc tic phan tmg khir carboxyl bing cich oxy héa axit o-
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ketoglutaric (axit 2-oxoglutaric) d& tao ra sucxinyl-CoA. Phan tmg dugc dé cap trén
day dugc xtc tdc bdi ba loai enzym, a-KGDH (Elo, a-ketoglutarat dehydrogenaza,
EC:1.2.4.2), dihydrolipoamit S-sucxinyltransferaza (E20, EC: 2.3.1.61), va
dihydrolipoamit dehydrogenaza (E3, EC:1.8.1.4). D6 1a, ba loai phdn nhém nay 1in
lugt xtc tic cdc phan vmg dudi ddy, va hoat tinh xtc tic phan ting bao gdm sw két hop
cia ba loai phan ing dugc goi 1a hoat tinh a-KGDH. Hoat tinh 0-KGDH nay c6 thé
duge khing dinh bing c4ch do theo phuong phap ctia Shiio va céc dong téc gia (Isamu
Shiio va Kyoko Ujigawa-Takeda, Agric. Biol. Chem., 44 (8), 1897-1904, 1980).

Elo: 2-oxoglutarat + [sucxinyltransferaza c6 gbc dihydrolipoyllysin] lipoyllysin =
[sucxinyltransferaza cé gbc dihydrolipoyllysin] S-sucxinyldihydrolipoyllysin + CO,

E20: CoA + enzym N6-(S-sucxinyldihydrolipoyl)lysin = sucxinyl-CoA + enzym N6-
(dihydrolipoyl)lysin

E3: protein N6-(dihydrolipoyl)lysin + NAD" = protein N6-(lipoyD)lysin + NADH + H'

a-KGDH ciing dugc goi 14 oxoglutarat dehydrogenaza ho#c 2-oxoglutarat
dehydrogenaza.

G vi khudn Enterobacteriaceae nhw Pantoea ananatis, céc phan nhém protein
cd ba loai hoat tinh enzym nay 14n luot tao ra phtrc chét. Céc phén nhém nay 14n lugt
duogc ma héa boi sucAd, sucB va Ipd, va cac gen sucA va sucB c¢6 mat & phia sau tir gen
sucxinat dehydrogenaza sét-luu huynh protein (sdkB) (patent M¥ sb 6,331,419). Mic
du cac gen ndy duge mé ta dudi dang céc gen clia Enterobacter agglomerans AJ13355

trong patent néu trén,ching nay sau d6 dugc phan loai lai vao Pantoea ananatis.

Pé 1am gen ma héa o-KGDH ctia vi khudn dudng rudt, trinh tir cac nucleotit
clia gen sucA, gen sucB va gen sucC c6 mit & ving phia sau va cdc trinh ty axit amin
clia cAc phin nhém ctia Pantoea ananatis dugc bdc 16 trong Pon yéu cu cip bing
sang ché chau Au chua thdm dinh s6 2100957 A1. Hon thé nita, c4c gen sucd, sucB va
sucC ma héa 0-KGDH ctia Escherichia coli duge cong khai cho cong chiing 14n luot
v6i s6 ding ky Ngan hang gen NP_415254 vA NP_415255.

Trong vi khuén coryneform, phan nhém Elo dugc ma héa bdi gen odhd (duoc
ding ky duéi dang NCgl1084 c6 sb ding ky NC_003450, ma ciing duoc goi 14 gen
sucA), va phin nhém E3 dugc mi héa bdi gen Ipd (s6 ding ky Y16642). Mat khac,
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udc tinh ring phin nhém E2o0 dugc mi héa bodi gen odhd cung véi phan nhém Elo
lam protein hai chitc nang (Usuda et al., Microbiology, 142, 3347-3354, 1996), hodc
duge m3 héa boi gen duge ding ky dudi dang NCgl2126 c6 sé ding ky NC_003450,
ma khac so v&i gen odhA. Do d6, theo sing ché, mic dit gen odhA 13 gen m3 héa phén

nhom Elo, nd cling m& héa E2o.

Trinh tu nucleotit clia gen odhA cia Brevibacterium lactofermentum va trinh
ty axit amin clia phdn nhém Elo nhd d6 duge ma hoéa (W02006/028298), trinh tu
nucleotit cia NCgl2126 c6 sb ding ky NC_003450 néu trén va trinh tir axit amin clia
phén nhém E2o0 nho d6 duge mé héa, cling nhu trinh tu nucleotit ciia NCgl1084 c6 sb
ding ky NC 003450 néu trén va trinh ty axit amin cia phin nhém EJo nho dé duge
ma hoa duge bdc 16 trong Pon yéu ciu cip bing sang ché chau Au chua thim dinh sé
2100957 Al.

Theo séng ché, cic gen mi héa mdi phan nhém o-KGDH, va cum gen chira
chuing c6 thé duoc goi chung 1a “gen méi héa o-KGDH".

Sucxinat dehydrogenaza (dudi ddy ciing dwgc dé cép dudi dang "SDH") l1a
enzym cia EC:1.3.99.1, ma xic tic ngugc phan tmg sau. Theo sing ché, hoat tinh
SDH c6 nghia 14 hoat tinh xtic tdc cho phan g nay.

Axit sucxinic + FAD -> axit fumaric + FADH,

SDH bao gém ba hodc bdn cAu triic phan nhém phu thudc vao loai vi sinh vét,
va hoat tinh cta chiing c6 thé duoc 1am giam hodc méit di bing cach bién ddi it nhit
mot trong céc protein ndy sao cho né khéng thuc hién chiic niing théng thudng. Cu thé,
SDH bao gdm céc phin nhém sau (tén clia cic gen ma héa céc phin nhém duge mo ta
trong ngodc don), va protein neo mang dugc ma hoa riéng r& bdi sdhC hoic bdi sdhC

va sdhD phu thudc vao céc ho.

SDHA: phén nhém flavoprotein (sdhA4)
SDHB: phan nhém Fe-S protein (sdhB)
SDHC: protein neo mang (sdhC)
SDHD: protein neo mang (sdhD)

Hon thé nita, phitc chdt phin nhém SDH c6 thé ¢6 hoat tinh cta ca SDH va

fumarat reductaza. Vi du, phitc chét phan nhém SDH ciia vi khuén coryneform c6 hoat
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tinh cta ca SDH va fumarat reductaza (W02005/021770).

Hoat tinh SDH c6 thé dwoc khing dinh bing cach do sy giam clia 2,6-
dicloindophenol (DCIP) dimg lam chi s§ chi din. Phuong phép cu thé dugc md ta
trong Tatsuki Kurokawa va Junshi Sakamoto, Arch. Microbiol., (2005) 183:317-324.

Theo sang ché, cdc gen mi hoa cac phan nhém SDH, va operon chita chiing ¢6

thé duogc goi chung 13 “céc gen mi héa SDH."

Pé lam gen ma héa SDH ctia vi khudn dudng rudt, céc trinh tur nucleotit ctia
c4c gen cuia Pantoea ananatis ndy va céc trinh ty axit amin clia cidc phdn nhém nay
duoc bdc 1 trong WO2008/075483.

Pé 1am céc gen ma héa SDH cla vi khuén coryneform, vi du, d@ bdc 16 cic
trinh tw ciia operon sdh Corynebacterium glutamicum (s6 ding ky NCgl0359 (sdhC)
NCgl0360 (sdhA4) NCgl0361 (sdhB)), va operon sdh Brevibacterium flavum (Pon yéu
clu clp bing sang ché Nhit Ban chua thdm dinh s§ 2005-095169, Pon yéu cdu cip
bing sang ché chiu Au chua thim dinh s§ 1672077 A1, WO2008/075483).

Pé 1am giam ho¥ic mét hoat tinh ctia 0-KGDH va SDH, cic phuong phap dugc
mo ta dudi day dé 1am giam hoat tinh ciia enzym ma xtc téc phén tmg phan nhénh tir
qué trinh sinh tdng hop axit L-glutamic, v tao ra cdc hop chit khac cé thé duge sir
dung.

Hon thé nita, trong vi sinh vét theo sang ché, hoat tinh ctia enzym ma két hop

A z A 1. 7 A \ ~ ~
xyloza vao cic t€ bao c6 theé duge lam téing hon nita.

Céc vi du v& enzym ma két hop xyloza vio t€ bao bao gdm D-xyloza
permeaza, va cdc vi du vé gen mi héa D-xyloza permeaza bao gdm gen xy/E. Trinh t
nucleotit clia gen xy/E cia Escherichia coli md héa D-xyloza permeaza, va trinh tu
axit amin dugc mé héa bdi gen nay 1an lugt dugce thé hién trong cac SEQ ID NO: 30
va 31.

Hon thé nita, mong mudn ring, trong vi sinh vat theo sing ché, xyloza
isomeraza (xyld) va xylulbza kinaza (xy/B) la gidam. Gen xyloza isomeraza (xyld) va
gen xyluloza kinaza (xyIB) cta Escherichia coli 14n lugt dugc boc 16 dudi dang
NC000913.1 gi:1613i436 va 16131435.

Theo sang ché, axit xylonic c6 thé dugc tich lity trong méi trudng niy, va cu
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thé 1a trong Escherichia coli, mong mudn ring hoat tinh ctia xylonat dehydrataza duoc
l1am ting hon nita. Vi duy, t6t hon 13 1am ting d& thé hién hoat tinh ciia ching vé6i luong
10 pmol/min/mg protein hoic cao hon, t8t hon nita 14 15 umol/min/mg protein hogc

cao hon, t6t vn hon nita 13 17 pmol/min/mg protein ho#c cao hon.

Céc phuong phap truyén hoat tinh ctia enzym dich vao vi sinh vét hogic lam
ting hoat tinh clia enzym dich ctia vi sinh vét s& dugc giai thich dudi day.

Khi vi sinh vit khéng cé hoat tinh ban ddu cha enzym dich, hoat tinh cla
enzym dich c6 thé dugc truyén cho vi sinh vét bing cich dwa gen clia enzym dich vio
vi sinh v4t d6. Hon thé nita, khi vi sinh vét c6 hoat tinh ciia enzym dich, b%lng cach dua
gen enzym dich ngoai, 1am ting s6 ban sao clia gen clia enzym dich ndi sinh, hoic bién
ddi trinh tw ki8m soat sy bidu hién nhur yéu t6 khoi ddu ctia gen cia enzym dich dé lam
tang su bidu hién ctia gen, hoat tinh ctia enzym dich c6 thé dugc lam ting. Theo sang
ché, viéc thé hién "dua gen clia enzym dich" c6 nghia 14 khong chi dwa gen clia enzym
dich vao vi sinh vt ma ban ddu khéng c6 hoat tinh cta enzym dich, ma con dua gen
enzym dich ngoai vao vi sinh vit cé hoat tinh clla enzym dich, va dua gén clia enzym
dich n6i sinh x&‘lo vi sinh V4t ¢6 hoat tinh ciia enzym dich d& 1am ting sy bidu hién cia

gen cia enzym dich ndi sinh do.

Pé dua gen clia enzym dich, vi dy, gen clia enzym dich dugc tach dong thanh

vecto thich hgp, va vi sinh vt chd dugc bién nap vai vecto thu dugc nay.

Céc vi du v& vecto duoc st dung d& bién nap bao gdm plasmit ma c6 thé tu
sao chép trong vi sinh vat dugc chon. Céc vi du vé plasmit c6 thé tu sao chép trong vi
‘sinh vét thudc v& ho Enterobacteriaceae bao gom pUC19, pUC18, pBR322, RSF1010,
pHSG299, pHSG298, pHSG399, pHSG398, pSTV28, pSTV29, pTWV228, pTWV229
(cic vecto pHSG, pSTV va pTWV 1 c6 sin tir Takara Bio), pMW119, pMW118,
pMW219, pMW218 (céc vecto pMW c6 sén tit Nippon Gene), va v.v.. Hon thé nita,
céc plasmit cho vi khudn coryneform bao gdm pAM330 (Pon yéu ciu cip bing sing
ché Nhat Ban chua thAm dinh s§ 58-67699), pHM1519 (Pon yéu ciu cip bing sing
ché Nhat Béan chua thdm dinh s6 58-77895), pSFK6 (Pon yéu ciu cip bing sang ché
Nhat Ban chua thdm dinh s§ 2000-262288), pVK7 (Cong bd Pon yéu ciu cp bing
sang ché M¥ s 2003/0175912), pAJ655, pAJ611, pAT1844 (Pon yéu cu cép bing
séng ché Nhat Ban chua thim dinh s 58-192900), pCG1 (Pon yéu ciu cip bing sang
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ché Nhat Ban chua thdm dinh s§ 57-134500), pCG2 (Pon yéu ciu cip bing sing ché
Nhat Ban chua thdm dinh s 58-35197), pCG4, pCG11 (Pon yéu cAu cép bing sang
ché Nhat Ban chua thdm dinh sb 57-183799), pHK4 (Pon yéu ciu cdp bing séng ché
Nhat Ban chwa thdm dinh s6 5-7491), va v.v..

Cac vi du v& cac phirong phép bién nap bao gdm xtt Iy cac t& bio nhan bing
canxi clorua d& 1am ting kha ning thim thiu dbi véi ADN, ma d4 dwogc bao cao ddi
véi Escherichia coli K-12 (Mandel, M. va Higa, A., J. Mol. Biol., 1970, 53:159-162),
tao ra céc té bao kha bién tir cac t& bao ma & pha sinh trudng, sau d6 bing cach bién
nap bﬁng ADN, ma di duogc bao cao dbi voi Bacillus subtilis (Duncan, C.H., Wilson,
G.A. va Young, F.E., 1977, Gene, 1:153-167), va v.v.. Theo céch khéc, phuong phip
lam cho céc t& bao nhin ADN vio c4c t& nguyén sinh hodc t€ bao trin, ma c6 thé d&
dang hép thu AND t4i td hop, sau d6 bang cach dua ADN t4i t6 hgp ndy vao cic té bao
nhan ADN, ma c6 thé sir dung cho Bacillus subtilis, xa khuén va ndm men (Chang, S.
va Choen, S.N., 1979, Mol. Gen. Genet., 168:111-115; Bibb, M.J., Ward, J.M. va
Hopwood, O.A., 1978, Nature, 274:398-400; Hinnen, A., Hicks, J.B. va Fink, GR,,
1978, Proc. Natl. Sci., USA, 75:1929-1933) cling c6 thé dugc st dung. Ngoai ra, qua
trinh bién nap clia céc vi sinh vét cling ¢ thé duge tién hanh bang phwong phép xung
dién (Pon y8u ciu cép bing sdng ché Nhat Ban chua thdm dinh s6 2-207791).

Gen cia enzym dich cfing c6 thé dugc dua vao bing cach dua gen vao nhidm
sic thé cta vat chi vi sinh vit. Gen cia enzym dich ¢6 thé duge dua vao trong nhiém
sic thé ctia vi sinh vt bing phuong phdp dua ngu nhién né vao nhifm sic thé sir
dung doan di dong hodc Mini-Mu (Pon yéu cAu clp bing séng ché Nhat Ban chua
thAm dinh s6 2-109985, patent My s6 5,882,888, Cong bb patent chau Au s6 805867
B1), hodic bing phwong phép tai t& hop ddng nhit str dung trinh tir cé trén ADN nhiém
séc thé trong nhiéu ban sao & dang dich. Dung 1am trinh ty c6 trén ADN nhiém séc thé
trong nhidu ban sao, ADN lip, va duoc lip dao & vi tri ddu cta yéu t§ di dong c6 thé
dwoc str dung. Theo cach khéc, bang cach sir dung phuong phép hoa nhap didu khidn
boi Red (W02005/010175), cling c6 thé dwa gen dich vao nhi€m sic thé. Hon thé nita,
gen dich ciing c6 thé duge dua vio nhiém sic thd bing cach tai nap st dung thé thuc
khuén nhu thé thye khun P1, hodic bing céch st dung vecto van chuyén lién két. Hon
thé nita, cfing c6 thé dua gen ciia enzym dich sir.dung gen khéng cin thiét cho qua
trinh san xuét chit dich lam dich, nhu dugc mé ta trong WO03/040373. M6t hodc
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nhidu ban sao ciia gen clia enzym dich cé th8 dugc dua vao trong trinh tu dich bing

c4c phuong phap nhu duge mo ta trén day.

Sy truyén gen dich trén nhidm sic thé c6 thé dugc khing dinh bing phuong
phéap lai Southern st dung doan do c6 trinh tu b sung v&i gen dich hoic mdt phin clia
no.

Mic dir diy dd nu sb ban sao ctia gen dich dugc dua vao 1a khéng nhé hon 1,
s6 ban sao t6t hon 1a 2 hodc 16n hon, t6t hon nita 14 3 hodc 1én hon, vin t5t hon nita 13
5 hoiic 16n hon. Péi véi gen xylonat dehydrataza dimg lam gen dich, cu thé, tdt hon 14

dura 2 hoic nhidu ban sao ciia gen nay.

Hon thé nfta, hoat tinh clia gen ctia enzym dich c6 thé dwogc 181 wu hoéa bing
céch st dung két hop su thay thé hodc dot bién ctia trinh tir kiém soét sy biéu hién nhwr
yéu t5 khéi ddu cta gen clia enzym dich nhw duge mé ta dudi day. Cu thé, t5t hon 14
gen xylonat dehydrataza dugc bidu hién qua muc boi sy thay thé hodc dot bién cha
trinh tu kidm soét su biéu hién thay vi hodc cling véi su ting s6 ban sao dugc dé cép
trén day.

Céc vi du vé& phuong phép lam ting sy biéu hién clia gen ctia enzym dich bao
gdm thay thé trinh tu kidm so4t sy bidu hién nhu yéu t§ khéi ddu cia gen cla enzym
dich bing trinh trr c6 d6 manh thich hop trén ADN nhim sic thé hoic plasmit ¢ lam
ting su bidu hién ctia gen nay. Vi du, doan khéi déu thr, doan khoi déu lac, doan khoi
dau trp, doan khoi déu trc, doan khai dau pL, doan khoi dAu tac, va v.v. 13 da biét dudi
dang trinh ty thudng duge sir dung. Hon thé nita, cic bién thé ctia doan khéi diu tac
dwoc st dung trong céc vi du dugc mo ta trén day (doan khoi déu PtacA, doan khoi
diu PtacB) ciing c6 thé dwoc st dung. Céc phuong php ‘danh gid d6 manh cia cac
doan khoi ddu va cdc doan khdi ddu manh duge mo ta trong tai liu ctia Goldstein va
Doi (Goldstein, M.A. va Doi R.H., 1995, Prokaryotic promotérs in biotechnology,
Biotechnol. Annu. Rev., 1, 105-128), va v.v..

Hon thé nfta, cling c6 thd dua sy thay thé nucleotit dbi véi méf vai nucleotit
vao ving doan khoi dau ciia gen d8 1am bién dbi n6 thanh doan khéi ddu c6 d6 manh
thich hop, nhu duge bdc 16 trong Cong bd qubc t& W000/18935. Sur thay thé trinh t
kiém soat sw bidu hién c6 thé dugc tién hanh theo c4ch twong ty nhw, vi du, phuong

phép thay thé gen sir dung platmit nhay nhiét 4. Céc vi du v& céc vecto c6 yéu tb gbe
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sao chép nhay nhiét d0 va co thé st dung cho Escherichia coli va Pantoea ananatis
bao gdm, vi dy, platmit nhay nhiét d6 pMAN997 dugc mé ta trong Cong bb quéc té
W099/03988, cac din xuét clia nd, va v.v.. Hon thé nita, sy thay thé trinh tu kiém soat
su bidu hién ciing c6 thé duoc tién hanh bing phwong phap sir dung ADN mach thing
nhw phuong phap duge goi 12 “phwong phdp hoda nhap dwoc diéu khién boi Red” sir
dung recombinaza Red ctia thé thye khudn A (Datsenko, K.A. va Wanner, B.L., 2000,
Proc. Natl. Acad. Sci. USA. 97:6640-6645), va phuong phap st dung su két hop ciia
phuong phép hoa nhép dugc diéu khién bdi Red va hé phan cét thé thuc khuén A (Cho,
E.H., Gumport, R.I., Gardner, J.F., J. Bacteriol. 184: 5200-5203 (2002)) (aé cép dén
W02005/010175). Su bién dbi trinh tir kiém soét sy bidu hién c6 thé dugc két hop véi

viéc |am tidng sO ban sao cuia gen.

Hon thé nita, d3 biét rﬁng su thay thé cia mot vai nucleotit trong doan dém
gitta vi tri lién két ribosom (RBS) va codon khdi ddu sy dich mé, dic biét trinh tr &
ngay phia trude tinh tir codon khoi ddu, anh hudng 16n dén hidu qua dich ma mARN,

va do d6 trinh ty nay c6 thé duoc bién dbi dé cai thién luong dich ma.

Khi gen dich dugc dwa vao plasmit khuéch dai hojc nhi®m sic thé néu trén,
doan khoi ddu bt ki c6 thé dugc sir dung d& bidu hién gen nay mién sao doan khai
dAu dugc chon thuc hién chirc ning & vi sinh vét duge sit dung. Doan khéi ddu c6 thé
1a doan khéi dAu nguyén thé d6i véi gen duoc sir dung, hosic doan khoi du duge bién
d6i. Sy biéu hién ciia gen ciing c6 thé duoc kiém soat bﬁng cach lya chon thich hgp
doan khéi dau ma thye hién chic néng trong vi sinh vat dugc st dung, hodc b?mg cach

1am cho c4c ving -35 va -10 cila doan khoi dAu gin hon véi trinh ty trong ddng.

Cho du hoat tinh ciia enzym dich c6 thé duge ting cudng hay khéng, c6 thé
khéng dinh dwoc bing céch so sanh céc hoat tinh clia enzym dich ciia ching duogc bién
dbi va chiing gc")c ho#c khéng duoc bién dbi. Néu hoat tinh cia enzym dich ctia chiing
duoc bién ddi dugc 1am ting so véi ching gbc hodc chimg khéng duoc bién dbi nay,

‘hoat tinh ctia enzym dich dugc lam tang. Hon thé nita, khi chiing géc khong c6 hoat
tinh ctia enzym dich, néu hoat tinh ctia enzym dich cé thé duoc xéc dinh & ching duge

bién déi, hoat tinh ctia enzym dich dugc lam ting.

Gen clia enzym dich ¢6 thé thu dugc bing PCR sir dung c4c oligonucleotit

didu ché duoc dua trén thong tin trinh trr dwoc dé cp trén day hodc thdng tin trinh ty
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ctia gen ho#c protein @4 biét d6i v6i vi sinh vat & dang doan khéi d4u, hodc qué trinh
lai stt dung oligonucleotit didu ché dugc dua trén thong tin trinh tur duge & cap trén
day dudi dang doan do tir ADN nhim séc thé hoic thu vién ADN nhiém séc thé ctia vi
sinh vit c6 enzym dich.

Hon thé nita, enzym dich va gen ma héa né c6 thé 1 chit ddng déng hojc thé
bién d6i nhan tao clia nd, hodc protein c6 su dot bién bao ton, hodc gen mi héa nd

mién sao hoat tinh enzym duoc duy tri.

Chét ddng déng, thé bién dbi nhan tao ctia né, hodc protein cé sy dot bién bao

tdn hofic cac gen ma hoa ching dwoc dé cap dudi dang bién thé bao ton.

<A o A 9 , 7 A 1x , . r \ . .
Bién thé bao ton cia enzym dich c6 thé 13, vi dy, protein ¢6 trinh ty axit amin
néu trén ctia mdi enzym, nhung bao gém su thay thé, khuyét doan, xen doan, bd sung

hodc hién twong tuong tur ciia mét hodc mot vai goc axit amin & mot hodc mot vai vi tri.

Mic dir sé lwgng “mot hodic mot vai” géc axit amin cé thé khic nhau phu
thudc vao vi tri trong cdu tric ba chidu hodc céc loai gbc axit amin clia protein, cu thé,
t6t hon 1a 1 dén 20, t5t hon nta 12 1 d&n 10, vin t4t hon nita 14 1 dén 5. Dot bién bao
tdn thudmg 12 sy thay thé bao tdn. Sw thay thé bao tdn 14 d6t bién trong d6 d6t bién xay
ra 14n nhau trong sé Phe, Trp, va Tyr, néu vi tri thay thé 1a axit amin thom; trong s6
Leu, Ile va Val, néu vi tri thay thé 13 axit amin ky nudc; gitta Gln va Asn, néu vi tri
thay thé 13 axit amin phan cuc; trong sb Lys, Arg va His, néu vi trf thay thé 13 axit amin
bazo; gilta Asp va Glu, néu vi tri thay thé 12 axit amin axit; va gilta Ser va Thr, néu vi
trf thay thé 13 axit amin c6 nhém hydroxyl. Nhitng sw thay thé dwoc xem 1 sy thay thé
béo tdn bao gém, cu thé, sy thay thé cta Ser hodc Thr cho Ala, sy thay thé cha Gln,
His hodc Lys cho Arg, su thay thé cua Glu, Gln, Lys, His ho#c Asp cho Asn, sy thay
thé ctia Asn, Glu hodic Gln cho Asp, su thay thé cta Ser hodic Ala cho Cys, su thay thé
cua Asn, Glu, Lys, His, Asp hodc Arg cho Gln, su thay thé cta Gly, Asn, Gln, Lys hodc
Asp cho Glu, su thay thé ctia Pro cho Gly, su thay thé ctia Asn, Lys, Gln, Arg hoéc Tyr
cho His, su thay thé ctia Leu, Met, Val hodc Phe cho Ile, su thay thé cua Ile, Met, Val
hodc Phe cho Leu, st thay thé ctia Asn, Glu, Gln, His hoic Arg cho Lys, su thay thé
cta Ile, Leu, Val hodc Phe cho Met, sy thay thé coa Trp, Tyr, Met, Ile hodc Leu cho
Phe, su thay thé cta Thr hoic Ala cho Ser, su thay thé ca Ser hodic Ala cho Thr, sw
thay thé clia Phe hodc Tyr cho Trp, sy thay thé ctia His, Phe hodc Trp cho Tyr, va su
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thay thé ctia Met, Ile hodic Leu cho Val. Sy thay thé axit amin, khuyét doan, xen doan,
b sung, dio doan dugc d& cap trén ddy hodc hién turong trong tur c6 thé 1a két qua cia
su dot bién x4y ra trong tu nhién hodc sy bién @i do sw khac nhau vé& mit c4 thé hoic
su khac nhau ciia céc ho vi sinh vAt ma tir d6 cic gen duoc tao din xudt (thé dot bién
hoic bién thé). Cac protein nhu vay c6 thé thu duoc bang cach, vi du, bién ddi trinh tyr
nucleotit ctia gen ctia enzym dich kidu dai bing cach gy dot bién dic hidu vi tri sao
cho gbc axit amin & cac vi tri dic hiéu clia protein dugc ma héa bao gém su thay thé,

: A Y - A A . .
khuyét, chén, hodc b6 sung goc axit amin.

Hon thé nita, protein nhwr vy c6 sy ddt bién bao tdn nhu duge mod ta trén day
c6 thé 13 protein thé hién d6 ddng nhét bing, vi du, 80% hoc 16n hon, t6t hon 13 90%
hozc 16n hon, tét hon nita 12 95% hogic 16n hon, van 5t hon nita 1a 97% hoic 16n hon,
t8t hon nira 1a 98% hodic 16n hon, dic biét tét hon nita 1 99% hoéc 16n hon, so véi
trinh tw axit amin ddy da, va c6 chitc ning twong dwong clia chitc ning cia protein

kidu dang. Trong ban mo t4 ndy, "d6 ddng nhit" c6 nghia 1 "sy giéng nhau".

Mi&n sao gen cta enzym dich kiéu dai m3 héa trinh tur axit amin nay nhw duoc
mo t& trén diy, khéng chi gidi han & céc gen ciia Caulobacter crescentus, Haloferax
volcanii, va tuong ty, cling c6 thé 14 céc gen bét ky ¢6 codon twong duong véi codon
bét ky.

Gen loai kiéu dai cfing c6 thé 13 ADN ma c6 thé lai véi trinh tur nucleotit bd trg
véi trinh ty nucleotit ctia mbi gen enzym, hoiic doan do ma c6 thé didu ché dugc tir
trinh tw bd tro nay dudi cac diéu kién nghiém ngit, va ma héa protein cé cac chirc
ning tuong duong véi chitc ning chia enzym dich kiéu dai. “Piéu kién nghiém ngit”
@& cap dén diéu kién ma xay ra sy lai dic hidu, va lai khong dic hiéu 13 khong duge
tién hanh. Céc vi du v& didu kién nghiém ngit bao gdm diéu kién ma dudi d6 cdc ADN
c6 db déng nhét cao lai v&i nhau, vi du, cic ADN c6 d6 déng nhét khoéng nhd hon 80%,
t6t hon 14 46 ddng nhét khong thip hon 90%, t6t hon nita 12 d6 ddng nhét khéng thip
hon 95%, van t6t hon nita 14 d6 ddng nhét khong thdp hon 97%, tét hon nita 1a d6
ddng nhét khéng nhd hon 98%, dic biét tt hon nita 1a d6 ddng nhit khong thip hon
99%, lai v6i nhau, va cic ADN d0 ddng nhit nhé hon gid trj néu trén khong lai véi
nhau, hodc céc diéu kién tuong ng véi viéc 1am sach ctia phwong phép lai Southern
thong thuong, tirc 14, cac didu kién 1am sach mot 14n, t8t hon 14 2 hozc 3 14n, & ndng do

mudi va nhiét d6 1 x SSC, 0,1% SDS & 60°C, tét hon 13 0,1 x SSC, 0,1% SDS & 60°C,
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tét hon nita 12 0,1 x SSC, 0,1% SDS & 68°C.

D& lam doan dd, mdt phén trinh tr ma 13 bd sung v6i gen ctia enzym dich ciing
c6 thé duoc sir dung. Poan do nhu vy cé thé dugc didu ché bﬁng PCR sir dung céc
oligonucleotit didu ché dugc duwa trén trinh tir gen @3 biét ding 1am doan mdi va doan
ADN chtra trinh tir nucleotit ding 1am mAu. Vi dy, khi doan ADN c¢6 d6 dai khoang
300 bp dugc ding 1am doan dd ndy, cdc didu kién lam sach ciia phuong phép lai ndy
c6 thé 13, vi dy, 50°C, 2 x SSC va 0,1% SDS.

Viéc m6 ta duoge dé cép trén ddy lién quan dén céc bién thé béo tdn cia cic
protein dugc dé cép trén ddy va cdc gen mi héa ching duge st dyng tuong tw cho cic

gen khac dugc mo ta dudi day dbi véi vi khudn ma tao ra cic hop chit dich.

Vi sinh vat duogc sit dung trong séng ché c6 thé vén da c6 kha ning sin xuét
hop chét dich, hogic kha ning ndy c6 thd dugc truyén bing cdch nhan gibng sir dung
phuong phép dot bién, k§ thust ADN tai td hop hoic cac phuong phap twong tu.

Vi sinh vat dugce st dung theo sang ché bao gom, nhung khong chi gidi han &,
vi khudn thudc ho Enterobacteriaceae nhw vi khuan thudc ciac chi Escherichia,
Pantoea, va Enterobacter, vi khudn coryneform nhw Corynebacterium glutamicum va

Brevibacterium lactofermentum, va vi khuln Bacillus nhw Bacillus subcillis.

Theo séng ché, vi khuén coryneform bao gdm cac vi khuén nay duoc phan loai
vao ho Brevibacterium, nhung hién tai dugce phén loai vao ho Corynebacterium (Int. J.
Syst. Bacteriol., 41, 255 (1981)), va bao gff)m vi khudn thudc ho Brevibacterium lién
quan mat thiét v6i ho Corynebacterium. Céc vi du vé vi khuln coryneform nhu vy

duoc liét ké dudi day.
Corynebacterium axetoacidophilum
Corynebacterium axetoglutamicum
Corynebacterium alkanolyticum
Corynebacterium callunae
Corynebacterium glutamicum
Corynebacterium lili_um

Corynebacterium melassecola
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Corynebacterium thermoaminogenes (Corynebacterium efficiens)
Corynebacterz'um herculis
Brevibacterium divaricatum
Brevibacterium flavum
Brevibacterium immariophilum
Brevibacterium lactofermentum (Corynebacterium glutamicum)
Brevibacterium roseum
Brevibacterium saccharolyticum
Brevibacterium thiogenitalis
Corynebacterium amoniacgenes
Brevibacterium album
Brevibacterium cerinum
Microbacterium amoniacphilum
Céc vi du cu thé vé vi khudn bao gém cac vi khudn sau.
Corynebacterium axetoacidophilum ATCC 13870
Corynebacterium axetoglutamicum ATCC 15806
Corynebacterium alkanolyticum ATCC 21511
Corynebacterium callunae ATCC 15991
Corynebacterium glutamicum ATCC 13020, ATCC 13032, ATCC 13060
Corynebacterium lilium ATCC 15990
Corynebacterium melassecola ATCC 17965
Corynebacterium thermoaminogenes AJ12340 (FERM BP-1539)
Corynebacterium herculis ATCC 13868
Brevibacterium divaricatum ATCC 14020
Brevibacterium flavum ATCC 13826, ATCC 14067

Brevibacterium immariophilum ATCC 14068
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Brevibacterium lactofermentum ATCC 13869 (Corynebacterium glutamicum ATCC
13869) |

Brevibacterium roseum ATCC 13825

Brevibacterium saccharolyticum ATCC 14066
Brevibacterium thiogenitalis ATCC 19240
Brevibacterium amoniacgenes ATCC 6871, ATCC 6872
Brevibacterium album ATCC 15111

Brevibacterium cerinum ATCC 15112

Microbacterium amoniacphilum ATCC 15354

~ Céc ching niy c6 sin tir Vién gidng chudn M§ (ATCC) (dia chi: P.O. Box
1549, Manassas, VA 20108, 1, Hoa ky). D6 13, s6 ding ky duoc chi dinh cho mdi
ching. Céc ching c6 thé dwgc sip xép theo thi ty st dung s§ ding ky niy
(http://www.atcc.org/). S& ding ky duge chi dinh cho cic ching dwoc liét k& trong
danh muc cia4 ATCC. Ching AJ12340 dugce luu gilt ngay 27 théng 10 ndm 1987 &
Vién khoa hoc sinh hoc va k§ thuit con ngudi qubc gia thude Uy ban Khoa hoc va
cdng nghé Codng nghiép (hi¢n tai 1a co quan hoat ddng doc 14p, Vién cong nghé va
déanh gia quéc gia, Co quan luwu gift sinh vét ddc quyén quéc t&, Tsukuba Central 6, 1-1,
Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken, 305-8566, Japan), v6i s§ ding ky FERM
BP-1539 dua trén Hig¢p udc Budapest.

Vi sinh véit thudc ho Enterobacteriaceae dugc st dung theo sang ché bao
gdm, nhung khéng chi gi6i han &, vi khuén thudc chi Escherichia, Enterobacter,
Pantoea, Klebsiella, Serratia, Erwinia, Salmonella, Morganella hodc chi tuong ty va
c6 kha ning san Xuét hop chét dich. Pic biét, vi khuln thudc ho Enterobacteriaceae
theo phan loai duge thé hién trong dit liu NCBI (Trung tim thong tin céng nghé sinh
hoc quéc gia) (http://www.ncbi.nlm.nih.gov/htbin-
post/Taxonomy/wgetorg?mode=Tree&id=1236&lvl=3&keep=1&srchmode=1&unlock
) ¢6 thd dugc st dung. Trong s& cac vi khudn ctia ho Enterobacteriaceae, vi khuin
thudc ho Escherichia, Enterobacter, hodc Pantoea t6t hon 1a duoc st dung lam ching

goc.

Vi khuén Escherichia ma c6 thé dugc str dung 1am chiing gbc bao gdm, nhung
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khong chi giéi han &, vi khuan Escherichia duge thong béo bdi Neidhardt va céc ddng
tac gia (Neidhardt, F.C. et al., Escherichia coli va Salmonella Typhimurium, Hi€p héi
vi sinh vit M§, Washington D.C., 1029 Bang 1), nhu Escherichia coli. Cac vi du cu
thd v& Escherichia coli bao gbm ching Escherichia coli W3110 (ATCC 27325), va
ching MG1655 (ATCC 47076), ma thu dugc tit ching Escherichia coli K12 (kidu gbe),

va v.v..

Cu thé, Pantoea bacteria, Erwinia bacteria va Enterobacter bacteria duoc
phén loai 1a y-proteobacteria, va ching rat gin v& mit danh phép véi kidu con lai (J.
Gen. Appl. Microbiol., Dec. 1997, 43(6), 355-361; International Journal of Systematic
Bactetiology, Oct. 1997, pp,1061-1067). Trong nhitng nim gin day, mot s6 vi khuén
thudc ho Enterobacter dugc phan loai lai dudi dang Pantoea agglomerans, Pantoea
dispersa, hoic ho twong tu, dua trén co s& céc thir nghiém lai AND-ADN, v.v..
(International Journal of Systematic Bacteriology, July 1989, 39(3).p,337-345). Hon
thé nita, mot s& vi khuin thudc ho Erwinia da duoc phén loai lai duéi dang Panfoea
ananas hodc Pantoea stewartii (8 cip dén: International Journal of Systematic
Bacteriology, Jan. 1993, 43(1), pp,162-173). Ngoai ra, sau d6 Pantoea ananas cling d&

dugc phén loai lai duéi dang Pantoea ananatis.

Céc vi du v& Enterobacter bacteria bao gdm Enterobacter agglomerans (hién
tai dwoc phan loai lai dudi dang Pantoea ananatis v.v.), Enterobacter aerogenes, va
v.v.. Cu thé, cac chiing dugc minh hoa trong Pon yéu cu cip bing sang ché chau Au
chua thidm dinh sb 952221 ¢6 thé dugc sit dung. Ching tiéu biéu ctia ho Enterobacter
1a Enterobacter agglomeranses ATCC 12287 (hién tai dugc phéan loai lai dudi dang

Pantoea ananatis).

r 9 *A ‘K 9 s l"\ ;\ .
Céc ching ti€u bi€u cia vi khuan Pantoea bao gom Pantoea ananatis,
Pantoea stewartii, Pantoea agglomerans, va Pantoea citrea. Céc vi du cu thé bao gdm

cac chung sau:

Pantoea ananatis AJ13355 (FERM BP-6614, Pon yéu ciu cip bing séang ché chau Au
chwa thdm dinh s6 0952221)

Pantoea ananatis AJ13356 (FERM BP-6615, Pon yéu cu cip bang sang ché chiu Au
chua thdm dinh s6 0952221)

Mic du céc ching ndy dugc md td dudi dang Enterobacter agglomerans
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trong Don yéu ciu cip bing sing ché chau Au chua thim dinh s6 0952221, hién tai ‘
ching dugc phén loai & dang Pantoea ananatis dga trén sy phan tich trinh tu

nucleotit cia 16S rRNA v.v., nhu duge md ta trén day.

Chii Pantoea ananatis AJ13355 duwoc phén 14p tir dit & ving Iwata-shi,
Shizuoka, Japan duéi dang chiing ma c6 thé ting sinh trong méi trudng nudi ciy chira
axit L-glutamic v& ngudn cacbon & d6 pH thap. Chiing SC17 dugc chon 1am chiing dot
bién san xuit chét dich c6 d6 nhét thip tir chiing AT13355 (patent M§ s6 6,596,517).
Chung Pantoea ananatis AJ13355 duoc Iuu gift & Vién khoa hoc sinh hoc va ky thudt
con ngudi qudc gia, Co quan khoa hoc va cong nghé cong nghiép, Bo thuong mai
qubc té va cong nghi€p (hién tai 14, Vién cong nghé va danh gia qudc gia, Co quan hru
gitt sinh vat doc quyén qudc té, dia chi: Tsukuba Central 6, 1-1, Higashi 1-Chome,
Tsukuba-shi, Ibaraki-ken, 305-8566, Japan) ngay 19 thang 2 nim 1998 va ding ky
duéi sb ding ky FERM P-16644. Viée luu giit ndy sau d6 duge chuyén thanh luu giit
qubc t& dudi sy quy dinh ctia Hiép uéc Budapest ngay 1 thdng 11 ndm 1999 va dugc
chi dinh vé6i sé ding ky FERM BP-6614. Ching Pantoea ananatis SC17 duge  cung
chp s rieng AJ416, va duge luu gift ngay 4 thdng 2 nim 2009 tai Vién cong nghé va
danh gi4 quéc gia, Co quan lwu gift sinh vat doc quyén quéc té (dia chi: Tsukuba
Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken, 305-8566, Japan), va duoc
chi dinh v6i sé ding ky FERM BP-11091,

Céc vi du vé vi khuln Pantoea ananatis sin xuét axit L-glutamic con bao gdm
cac ching SC17sucA/RSFCPG+pSTVCB, AJ13601, NP106, va NAl. Ching
SC17sucA/RSFCPG+pSTVCB thu dwgc bang cich dua plasmit RSFCPG chira gen
xitrat syntaza (glt4), gen phosphoenolpyruvat carboxylaza (prpC), va gen glutamat
dehydrogenaza (gdhd) thu dugc tir Escherichia coli, va plasmit pSTVCB chita gen
xitrat syntaza (gltd) thu duwgc tU Brevibacterium lactofermentum, vao ching
SC17sucA, ma 12 ching khuyét gen suc4 thu dugc tir ching SC17 (patent M§ sb
6,596,517). Ching AJ13601 dugc chon tr ching SC17sucA/RSFCPG+pSTVCB vi
khi ning ctia n6 khang axit L-glutamic & nong d6 cao, d6 pH thép; Hon thé nita,
ching NP106 thu dugc tt ching AJ13601 bing cich loai bd plasmit
RSFCPG+pSTVCB (W02010/027045). Ching AJ13601 dugc luu gift tai Vién cong
nghé va danh gis qubc gia, Co quan luu gift sinh vat doc quyén qudc t& (Tsukuba
Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken, Japan, postal code: 305-
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8566) ngay 18 thang 8 ndm 1999, va dugc chi dinh s6 ding ky FERM P-17516. Sau d6,
viéc luu gift nay dugc chuyén sang Iuu git quéc t& dudi sy quy dinh ctia Hiép udc
Budapest ngay 6 thidng 7 nim 2000, va dugc chi dinh sb dang ky FERM BP-7207.
Ching nay duoc x4c dinh ngudn gbéc 13 Enterobacter agglomerans khi né dugc phan
lap, va duoc lwu gitt dudi dang Enterobacter agglomerans. Tuy nhién, gin ddy da
dugc phén loai lai 14 Pantoea ananatis dya trén sy phén tich trinh tur cial 6S rRNA va

V. V..

Ching NAl 1& ching twong ung v6i ching NP106 c6 RSFPPG
(W0O2008/020654) ma trong d6 gen gitd ctia RSFCPG dugc mo ta trén day duge thay
thé bing gen metyl xitrat syntaza (prpC) (WO2010/027045).

y r A . A . o A .. \ ')
Céc vi du vé€ vi khuan Erwinia bao gom Erwinia amylovora va Erwinia
carotovora, va cac vi du v€ vi khuan Klebsiella bao gdm Klebsiella planticola. Cac vi

du cu thé bao gbm cac ching sau:
Erwinia amylovora ATCC 15580
Erwinia carotovora ATCC 15713

Klebsiella planticola AJ13399 (FERM BP-6600, Pon yéu ciu cip bing sang ché chau
Au chua thdm dinh s 955368)

Klebsiella planticola AT13410 (FERM BP-6617, Pon yéu cau cip bing sang ché chiu
Au chua thdm dinh s6 955368).

Duéi d4y, cic phwong phép truyén kha ning san xuét hop chit dich cho céc vi
sinh vt nhuy dugc mo ta trén ddy, hodc cic phuong phép 1am ting kha ning san xudt

hop chét dich ctia cac vi sinh vét nhu vay duge md ta.

Pé truyén kha ning san xut hop chit dich, cdc phuong phap thudng duge st
dung trong viéc nhan giéng vi khudn coryneform hodc vi khun thudc loai Escherichia
(xem "Lén men axit amin", Gakkai Shuppan Center (Ltd.), chinh stra 14n 1, cong bd
ngay 30 thing 5 nam 1986, trang 77-100) c6 thé duge st dung. Cac phuong phép nay
bao gdm thu nhén thé d6t bién khuyét dudng, ching khéng chét twong tr hop chit dich,
hoic thé dot bién diéu hoa qué trinh trao ddi chét, ciu tric ching tai td hop trong d6 su
biéu hién ctia enzym sinh téng hop hop chét dich dugc lam ting, va v.v.. Trong qué
trinh nhén giéng vi khuln san xuit hop chét dich, cac dic tinh dwoc truyén nhu dot
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bién khuyét duong, kha ning khang chit tvong ty, hodc dot bién didu hoa qud trinh
trao ddi chit. Sy biéu hién ciia enzym sinh téng hop hop chit dich cé thé dwoc 1am
ting riéng r& hodc két hop ciia hai hoic nhiéu enzym. Hon thé nita, céc dic tinh truyén
nhu dot bién khuyét dudng, kha ning khéng chit twong tu, hoc d6t bién diéu hoa qud
trinh trao d8i chét c6 thd dugc két hop voi sy gia ting céc enzym sinh téng hop.

Chiing d6t bién khuyét dudng, ching khing chit twong ty, hoiic ching dot
bién didu hoa co ché trao ddi chét c6 kha ning san xudt hop chit dich c6 thé thu duoc
bing cé;:h dwa chimg gbc hodc chimg kidu dai trai qua qué trinh d6t bién thong thudng,
nhu tiép xtic voi tia X hodc chiéu tia UV, hodc xtt ly véi chét gay dot bién nhu N-
metyl- '-nitro-N-nitrosoguanidin, V.v., va sau d6 lya chon cdc ching ma thé hién thé
hién tinh khuyét dudng, kha ning khéng chét twong tw, hoic dot bién didu hoa qua
trinh trao ddi chét va ma ciing c6 kha ning san xuét hop chét dich. Hon thé nita, vi
khuin san xut hop chét dich cfing c6 thé thu dugc bing cach lam ting hoat tinh cha

enzym sinh tdng hop ciia hop chét dich bdi qua trinh t4i t6 hop gen.

Dudi day, céc vi du vé phuong phap truyén kha ning san xuét hop chét dich va

céc vi sinh vit ma kha niing san xuét hop chit dich duroc truyén s& duogc gii thich.

Céc vi du vé phuong phép truyén hosc Jam tang kha ning san xuit hop chit
dich bing cach nhén giéng bao gdm, vi du, phuong phap bién ddi vi sinh v4t sao cho
su biéu hién ctia gen ma héa enzym bao gdm trong qué trinh sinh téng hop ctia hop
chit dich dugc 1am ting. Vi du, cic vi du vé enzym bao gdm trong qué trinh sinh tng
hop axit L-glutamic bao gém glutamat dehydrogenaza (gdhd), glutamin synthetaza
(glnd), glutamat synthetaza (gltBD), aconitat hydrataza (acnA, acnB), Xitrat syntaza
(gltd), phosphoenolpyruvat carboxylaza (ppc), pyruvat carboxylaza, pyruvat
dehydrogenaza (aceEF, IpdA), pyruvat kinaza (pykd, pykF), phosphoenolpyruvat
syntaza (ppsA), enolaza (eno), phosphoglyxeromutaza (pgmA, pgml), phosphoglyxerat
kinaza (pgk), glyxeraldehyt-3-phophat dehydrogenaza (gapAd), trioza phosphat
isomeraza (tpid), fructoza bisphosphat aldolaza (fbp), phosphofructokinaza (pfk4,
pka); glucoza phosphat isomeraza (pgi), metyl xitrat syntaza (prpC), va v.v.. Tén cla
gen dugc md ta trong ngoic don sau tén enzym (diéu twong tur ciing dugc 4p dung cho
phin mé ta dudi ddy).

Su biéu hién clia céc gen dugc d& cp trén dy c6 thd dugc lam ting bing
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phuong phép duge mo ta d& 1am ting céc hoat tinh clia cic enzym cla qué trinh NXA

dugc mo ta trén day.

Céc vi du v& céc vi sinh vét duge bién dbi sao cho sur bidu hién ctia gen xitrat
syntaza, gen pyruvat dehydrogenaza, va/hodc gen glutamat dehydrogenaza trong s6
céc gen cta enzym duogc d& cép trén ddy dugc lam ting bao gbm céc vi sinh vat dugc
md ta trong WO00/18935, Pon yéu ciu cip bing sang ché chau Au chua thim dinh sb
1010755, va v.v..

Hon thé nita, sy bién dbi dé truyén kha ning san xuét axit L-glutamic ciing c6
th8 dugc tién hanh bing céch lam giam hodc 1dm mét hoat tinh clia enzym ma xic téc
phan tmg ma phin nhénh tr qud trinh sinh tdng hop axit L-glutamic va tao ra hop chit
khéc axit L-glutamic. Céc vi du vé cdc enzym ma xtic tic phan mg ma phén nhénh tir
qué trinh sinh tdng hop axit L-glutamic va tao ra hop chét khac axit L-glutamic bao
gdm 2-oxoketoglutarat dehydrogenaza, sucxinat dehydrogenaza, isoxitrat lyaza, axit
axetohydroxy syntaza, axetolactat syntaza, format axetyltransferaza, lactat
dehydrogenaza, glutamat decarboxylaza, 1-pyrolin dehydrogenaza, axetyl-CoA
hydraza (Cong bb don sang ché qubc t& W02006/057450), va v.v..

Pé 1am gidm hodc lam mét hoat tinh ctia enzym dich, si dot bién c6 thé duge
dwa vao gen clia enzym trén hé gen bing phuong phép giy dot bién thong thudong hoic
k¥ thuat tai td hop gen sao cho hoat tinh ndi bao cia enzym la thip hoic giam. Viéc
dwa su d6t bién nhu vay c6 thé dat dwoc bing cach, vi du, sit dung phwong phép tai tb
hop di truyén @& 1am mét gen ma héa enzym trén hé gen hodc @& bién dbi trinh tw kiém
soat sy bidu hién nhu doan khdi ddu hoic trinh tyr Shine-Dalgarno (SD). Ciing cé thé
dat duoc béng cach dua su dot bién d8 thay thé axit amin (d6t bién sai nghia), codon
két thic (dot bién vo ngia), hodc sy dot bién dich khung dé bd sung hodc lam khuyét
mot hodc hai nucleotit vao cic ving mi hdéa enzym trén hé gen, hodc lam mét médt
phén ho#c hoan toan gen nay (J. Biol. Chem., 272:8611-8617, 1997). Hoat tinh enzym
cling ¢6 thé dugc 1am gidm ho#ic 1dm mét bing cach cAu triic gen ma héa enzym dot
bién, ma viing mi héa ciia né dwoce 1am khuyét hoan toan hosc mét phin, va thay thé
né cho gen thong thudng trén hé gén bing qua trinh t4i t5 hgp ddng nhét hojc phwong
phép twong tyr, hogic bing c4ch dua doan di ddng hogic yéu t6 IS vao gen nay.

Vi dy, d€ dua sy 46t bién ma lam gidm hogc lam mat cic hoat tinh clia enzym
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duoc @ cip trén diy bing phuong phép tai td hop di truyén, cac phuong phap sau
duge st dung. Gen ddt bién duogc tao ra bing cach bién d6i mot phin trinh ty ciia gen
dich sao cho n6 khong ma hoa enzym ma c6 thé thyuc hién chirc ning théng thudng, va
sau d6 vi khuln thudc ho Enterobacteriaceae cb thé duge bién nap v&i ADN chira gen
5t bién d& gy ra qud trinh tAi td hop clia gen twong tmg trén hé gen véi gen dot bién
8 thay thé gen dot bién cho gen dich trén hé gen. Céc vi du vé sy thay thé gen nhu
vay sir dung qud trinh tAi t8 hop ddng nhit bao gbém phuong phép st dung ADN mach
théng nhu phuong phép dugc goi 14 phuong phdp hoa nhap duoc diéu khién boi Red
(Datsenko, K.A, va Wanner, B.L., 2000, Proc. Natl. Acad. Sci. USA, 97:6640-6645),
va phuong phép st dung phuong phap hda nhip dugc diéu khién bdi Red két hop véi
hé cét thu duoc tir thé thuce khudn A (Cho, E.H., Gumport, R.1., Gardner, J.F,, 2002, J.
Bacteriol., 184:5200-5203, dé& c4p dén W02005/010175, Pon yéu ciu cip bing sing
ché Nga s6 2006134574), phuong phép sit dung plasmit chita thé gdc sao ma nhay
nhiét d9 (patent M§ s6 6,303,383, Pon yéu cdu cép bing sing ché Nhit Ban chua
thdm dinh s& 05-007491), va v.v.. Hon thé nita, qué trinh gy d6t bién dic hiéu diém
nhu vy dua trén sy thay thé gen stt dung qud trinh t4i t5 hop ddng nhit ciing c6 thé

duoc tién hanh bing c4ch str dung plasmit ma khong thé sao chép trong vt chi.

Hon thé nita, kha niing san xut axit L-glutamic & vi khun coryneform ciing
c6 thé dat dwoc bing phuong phép lam khuéch dai gen yggB (NCgl 1221;NP_600492.
Reports small-conductance. [gi:19552490], WO2006/070944), va phuong phédp nhdp
gen yggB d6t bién ma trong d6 su d6t bién duge dua vio ving mi héa.

Céc vi du v& phwong phép 1am ting kha ning san xuét axit L-glutamic bao
gébm budc dwa cdc gen mi hoéa D-xyluloza-5-phosphat phosphoketolaza va/hodc
fructoza-6-phosphat phosphoketolazé (ching dugc goi chung 14 phosphoketolaza). Cac -
vi du v& céc vi sinh vat ma dugc 1am ting hoat tinh clia phosphoketolaza bao gdm céc
vi sinh vét sau (WO2006/016705):

Brevibacterium lactofermentum ATCC 13869AsucA (pVK9-xfp)
Brevibacterium lactofermentum ATCC 13869AsucA (pVK9-PS2_xpkA)

Kha ning sin xuét axit L-glutamic cfing c6 thé dwoc truyén bing cach lam
ting hoat tinh 6-phosphogluconat dehydrataza, hoat tinh 2-keto-3-deoxy-6-

phosphogluconat aldolaza, hoic ca hai hoat tinh d6. Cac vi du v& vi sinh vat ma hoat
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tinh 6-phosphogluconat dehydrataza ciia né va hoat tinh 2-keto-3-deoxy-6-
phosphogluconat aldolaza dirgc 1am ting bao gdm vi sinh vat dwgc boc 16 trong Pon
yéu cu cp bing sang ché Nhat Ban chua thdm dinh s§ 2003-274988. Hon thé nita,
khé ning san xuft axit L-glutamic cfing ¢6 thé duogc truyén bing cach khuéch dai cac
gen yhfK va ybjL, ma la céc gen tiét axit L-glutamic (WO2005/085419,
W02008/133161).

Duing lam vi sinh vét san xuét axit L-glutamic dugc st dung trong séng ché, vi
sinh vt cé kha nidng tich liiy axit L-glutamic trong mdi trudng long vaéi lugong 1on hon
ndng d6 bao hoa cia axit L-glutamic khi dugc nudi cly dudi didu kién axit (dudi diy
cling dugc d& cap dudi dang kha ning tich lity axit L-glutamic duéi didu kién axit) c6
thé dwoc st dung. Vi du, bing céch thu chiing ma khéng axit L-glutamic trong méi
truomg c6 do pH thAp dwoc ci thién bing phuong phép duge mod ta trong Pon yéu ciu
cép bing sang ché chau Au chwa thim dinh s§ 1078989, kha ning tich lily axit L-

glutamic va&i lugng 16m hon ndng do bio hoa c6 thé duoc truyén.

Ding 1am phuong phap truyén hoic lam ting kha ning san xuft axit L-
gluteimic khdc, ciing c6 thé d& cap dén c4c phuong phap truyén kha ning khéng chit
twong tw axit hitu co, chét tc ché ho hip hoic cic chit twong tu, va phuong phép
truyén tinh nhay cho chit rc ché tdng hop thanh té bao. Céc vi du bao gdm, vi du,
phuong phép truyén kha ning khéng axit monofloaxetic (Pon yéu ciu cip bing séng
ché Nhat Ban chua thdm dinh s6 50-113209), phuong phap truyén kha ning khang
adenin hodc khé ning khang thymin (Pon yéu ciu cip bang sang ché Nhat Ban chua
thdm dinh s 57-065198), phuong phap lam gidm ureaza (Pon yéu ciu cip bing sang
ché Nh4t Ban chwa thdm dinh s 52-038088), phuong phap truyén kha ning khéng axit
malonic (Pon yéu cdu cip bing sang ché Nhat Ban chua thdm dinh s§ 52-038088),
phuong phap truyén kha ning khang benzopyron hogic naphtoquinon (®on yéu ciu cip
bing sdng ché Nhat Ban chwa thim dinh sé 56-1889), phuong phép truyén kha ning
khing HOQNO (Pon yéu ciu cip bing séng ché Nhat Ban chua thdm dinh s 56-
140895), phuong phép truyén kha ning khéng axit a-ketomalonic (Pon yéu ciu cip
bing séng ché Nhat Ban chua thAm dinh s6 57-2689), phuong phap truyén kha ning
khéng guanidin (Pon yéu cdu cip bing sing ché Nhit Ban chwa thdm dinh s 56-
35981), phuong phap truyén tinh nhay penixilin (Pon yéu ciu cip bing sang ché Nhat
Bén chua thim dinh sb 4-88994), va v.v..
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_ A s X 11z A A , )
Céc vi du cu thé v vi khuan khang nhu vay bao gdm céc ching sau.

Brevibacterium flavum AJ3949 (FERM BP-2632, dé c4p dén Pon yéu cdu cép bing
sang ché Nhat Ban chua thAm dinh s§ 50-113209)

Corynebacterium glutamicum AJ11628 (FERM P-5736, @& cip dén Pon yéu clu cip
bang sang ché Nhat Ban chua thdm dinh sé 57-065198)
Brevibacterium flavum AJ11355 (FERM P-5007, d& cdp dén Pon yéu ciu cip bing
sang ché Nh4t Ban chua thAm dinh sb 56-1889)
Corynebacterium glutamicum AJ11368 (FERM P-5020, & cap dén Pon yéu clu cp
bing sang ché Nhat Ban chua thdm dinh sé 56-1889)
Brevibacterium flavum AJ11217 (FERM P-4318, @& cip dén Pon yéu ciu cip bing
sang ché Nhat Ban chua thdm dinh sb 57-2869)
Corynebacterium glutamicum AJ11218 (FERM P-4319, @& cap d&&n Pon yéu ciu cip
bing sang ché Nhat Ban chua thAm dinh sb 57-2869)
Brevibacterium flavum AJ11564 (FERM BP-5472, d¢ cip dén Don yéu ciu cép bing
sang ché Nhat Ban chua thdm dinh sb 56-140895)
Brevibacterium flavum AJ11439 (FERM BP-5136, @& cap dén Pon yéu ciu cép bing
sdng ché Nhat Ban chua thim dinh s6 56-35981)
Corynebacterium glutamicum H7684 (FERM BP-3004, d& cap dén Don yéu ciu cép
bing sang ché Nhat Ban chua thiAm dinh s 04-88994)
Brevibacterium lactofermentum AJ11426 (FERM P-5123, dé cap dén Pon yéu ciu cép
bing sing ché Nhat Ban chwa thdm dinh sé 56-048890)
Corynebacterium glutamicum AJ11440 (FERM P-5137, d& cdp dén Pon yéu ciu cp
bing sang ché Nhat Ban chua thim dinh sb 56-048890)
Brevibacterium lactofermentum AJ11796 (FERM P-6402, d& cép dén Pon yéu ciu cip
bing séng ché Nhat Ban chwa thim dinh sb 58-158192)

Céc vi du dwoc wu tién v& cac vi sinh vét c6 kha ning san xuét L-glutamin 13
vi khudn ma hoat tinh glutamat dehydrogenaza ctia né dugc lam tang, vi khuén ma
hoat tinh glutamin synthetaza (glnd) cia né dugc lam ting, va vi khudn ma gen

glutaminaza ctia né dugc bj gidn doan (Pon yéu ciu cip bing sang ché chau Au chua
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thdm dinh sd 1229121 va 1424398). Viéc lam ting hoat tinh glutamin synthetaza ciing
c6 thé dat dugc bing cach 1am gidn doan glutamin adenylyltransferaza (glnE) hodc
lam gidn doan protein d6i chimg PII (g/nB). Hon thé nita, ching thudc ho Escherichia
va c6 glutamin synthetaza d6t bién ma trong d6 gbc tyrosin & vi tri 397 duoc thay thé
bing gbc axit amin khéc cling ¢6 thd dugc minh hoa dudi dang vi khuén wu tién san

xut L-glutamin (Cong bd Pon yéu ciu cip bing séng ché My s6 2003/0148474).

Phuong phép truyén hoic 1am ting kha ning san xudt axit L-glutamib khéc 1a
phuong phap truyén kha niing khang 6-diazo-5-oxo-norleuxin (Pon yéu clu cép bing
sang ché Nhat Ban chua thAm dinh s§ 3-232497), phuong phap truyén kha ning khéng
chét twong tw purin va kha ning khéng methionin sulfoxit (Pon yéu ciu cip bing séng
ché Nhat Ban chua thim dinh sé 61-202694), phuong phép truyén kha ning khang axit
a-ketomalonic (Pon yéu ciu cip bing sing ché Nhat Ban chua thAm dinh s6 56-
151495), va v.v.. Céac vi du cu thé v& vi khuén coryneform c6 kha néng san xuft axit L-

glutamic bao gém c4c ching sau.

Brevibacterium flavum AJ11573 (FERM P-5492, Pon yéu ciu cp bing sing ché
Nhét Ban chua thdm dinh sb 56-161495)

Brevibacterium flavum AJ11576 (FERM BP-10381, Pon yéu cu cip bing sang ché
Nhét Ban chua thim dinh s 56-151495)

Brevibacterium flavum AJ12212 (FERM P-8123, Pon yéu ciu cip bing sang ché Nhat
Ban chwa thdm dinh s6 61-202694)

Cac vi du v& cdc vi sinh vét c6 kha ning san xult L-prolin bao gdm, vi du, vi
khudn c6 y-glutamy] kinaza ma dwoc khir nhay qué trinh trc ché ngugc bdi L-prolin, va
vi khufn ma hé phén huy L-pfolin ctia n6 duge 1am giam. Phuong phap bién dbi vi
khuén bing cach st dung ADN mé héa y-glutamyl kinaza giam kba ning e ché
nguoc bdi prrolin duoc bbc 16 trong tai liéu: Dandekar, A.M., Uratsu S.L., J.
Bacteriol., 170, 12:5943-5 (1988). Hon thé nita, cic vi du vé phuong phép thu dugc vi
khuAn ma hé phan hity L-prolin ctia né dugc 1am gidm bao gbm, vi du, phuong phép
dua sy dot bién vao trong gen prolin dehydrogenaza d& 1am giam hoat tinh enzym. Vi
du v& vi khuln c6 kha ning san xuét L-prolin bao gdm ching Escherichia coli NRRL
B-12403 va chiing NRRL B-12404 (Patent Anh s6 2075056), ching Escherichia coli
VKPM B-8012 (Cong bd Pon yéu ciu cp bang sang ché My sb 2002/0058315), va
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céc ching c6 plasmit d6t bién dugc bdc 16 trong Patent Ptrc s6 3127361 hoic plasmit
dot bién duoe boc 16 trong tai liéu cia Bloom F.R. va cic ddng tc gia (The 15th

Miami Winter Symposium, 1983, p,34).

Hon thé nita, c4c vi sinh vt c6 kha ning san xuit L-prolin dwoc wu tién ciing
bao gdm ching Escherichia coli 702 (VKPMB-8011), ma 14 ching khang 3,4-
dehydroxyprolin va azetidine-2-carboxylat, ching 702ilvA (chiing VKPMB-8012), ma
12 ching thiéu hut ilvA cta ching 702, ching E. coli ma hoat tinh ctia protein cia né
dugc mi héa boi gen b2682, b2683, b1242 hodc b3434 duoc lam téing (Pon yéu cAu
cAp bing sang ché Nhat Ban chua thdm dinh s6 2002-300874), va v.v..

Céc vi du v& céc chiing san xut L-prolin cta vi khuén coryneform bao gdm
ching khang DL-3,4-dehydroprolin (FERM BP-1219, patent M§ sé 4,224,409), cic
chiing ma hoat tinh xitrat synthetaza tdng 1,4 14n hotc 16n hon so v6i cac ching gbe
cua ching (FERM P-5332, FERM P-5333, FERM P-5342, FERMP-5343, Patent Nhét
Ban sb 1426823), va ching ma dic tinh khuyét dudng axit axetic dugc truyén (FERM
P-5931). '

Céc vi du v& vi sinh v4t c6 kha ning sn xuét L-arginin bao gdm c4c ching
dot bién Escherichia coli c¢6 kha ning khang a-metylmethionin, p-flophenylalanin,
D-arginin, arginin hydroxamat, AEC (S-(2-aminoetyl)-xystein), o-metylserin, B-2-
thienylalanin, hodc sulfaguanidin (d& cdp d@én Pon yéu ciu cip bing sang ché Nhit
Ban chua thdm dinh s§ 56-106598). Ching Escherichia coli 237, ma la ching sin
xuft L-arginin chita N-axetylglutamat syntaza hoat tinh manh cé sy dot bién vé kha
ning khang su trc ché ngugc boi L-arginin (Pon yéu cdu cip bing sing ché Nga sb
2000117677), ciing 13 vi khudn san xuit L-arginin dugc wu tién. Ching 237 dugc luu
giit tai Vién vi sinh vt céng nghiép qudc gia Nga (VKPM) (GNII Genetika) ngay 10
théng 4 nim 2000 voi s6 ding ky VKPM B-7925, va viéc luu gitr ban ddu dugc
chuyén thanh luu gitt qudc t& dua trén Higp wdc Budapest ngay 18 thang 5 nim 2001.
Chung Escherichia coli 382, ma 14 din xuét cta ching 237 va 1 ching sén xuft L-
arginin c6 kha ning san xut dugc cai thién ¢ ddng hoéa axit axetic (Pon yéu ciu cip
bing sang ché Nhat Ban chua thdm dinh s§ 2002-017342), cling c6 thé dugc sir dung.
Ching Escherichia coli 382 duoc huu gift tai Vién vi sinh vat cng nghiép quéc gia
Nga (VKPM) ngay 10 thang 4 nim 2000 véi sé ding ky VKPM B-7926.

-36-



22414

Ding 1am vi sinh vat c6 kha ning san xult L-arginin, cdc vi sinh vét trong d6
luong biéu hién cia mét hodic nhidu gen ma héa enzym sinh tdng hop L-arginin gia
tang cling c6 thé dugc sir dung, Céc vi du v& enzym sinh téng hop L-arginin bao gbm
mdt hodic nhidu enzym dugc chon tir N-axetylglutaminat synthetaza (argd), N-
axetylglutamyl phosphat reductaza (argC), ornithin axetyl transferaza (argJ), N-
axetylglutamat kinaza (argB), axetylornithin transaminaza (argD), axetylornithin
deaxetylaza (argE), orithin carbamoyl transferaza (argF), axit argininosucxinic
synthetaza (argG), axit argininosucxinic lyaza (argH), va carbamoyl phosphat syntaza
(carAB). Tt hon nita 13 st dung gen N-axetylglutamat syntaza d6t bién (argd) ma hoa
enzym ma trong d6 trinh tur axit amin twrong tmg vé6i cdc vi tr tir 15 dén 19 clia enzym
kidu dai 1a dugc thay thé va su e ché nguoe bdi L-arginin nhd d6 duge bd qua (Pon
yéu cdu cp bing sang ché chau Au chua thdm dinh sé 1170361).

Mic du vi khudn coryneform sén xudt L-arginin 13 khong bi gi6i han cu thé
mién sao vi khuén coryneform niy ¢6 kha ning san xuét L-arginin 14 duoc chon, cac vi
du bao gdm cac ching kidu dai cia vi khudn coryneform; vi khuin coryneform khang
céc tac nhin nhit dinh bao gdém céc duogc chét sulfa, 2-thiazolalanin, axit a-amino-p-
hydroxyvaleric, va v.v., vi khufn coryneform thé hién tinh khuyét dudng déi véi L-
histidin, L-prolin, L-threonin, L-isoleuxin, L-methionin hodc L-tryptophan bén canh
kha ning khang 2-thiazolalanin (Pon yéu cdu cp bing sing ché Nhat Ban chwa thdm
dinh s6 54-44096); vi khuin coryneform khéng axit ketomalonic, axit flomalonic hogc
axit monofloaxetic (Pon yéu ciu cAp bing sang ché Nhat Ban chua thdm dinh sb 57-
18989); vi khuén coryneform khang argininol (Pon yéu céu cép bang sang ché Nhit
Ban chua thim dinh sé 62-24075); vi khuén coryneform khéng X-guanidin (X 14 din
xudit ctia axit béo hodic mach béo, Pon yéu ciu cip bing sing ché Nhat Ban chua thdm
dinh sb 2-186995), va v.v..

Vi khuén coryneform c6 kha ning san xut L-arginin c6 thé dwgc lya chon lam
ching dot bién khéng 5-azauraxil, 6-azauraxil, 2-thiouraxil, 5-flouraxil, 5-bromouraxil,
5-azaxytosin, 6-azaxytosin va v.v.; ching d6t bién khéng arginin hydroxamat va 2-
thiouraxil; ching d6t bién khang arginin hydroxamat va 6-azauraxil (Pon yéu cu cp
bing séng ché Nhait Ban chura thim dinh s§ 49-126819); ching khang chit twong tu
histidin hosc chét twong tw tryptophan (Pon yéu ciu cip bing séng ché Nhét Ban chua
thim dinh s6 52-114092); chiing d6t bién khuyét dudng it nhét mot trong sé methionin,
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histidin, threonin, prolin, isoleuxin, lysin, adenin, guanin va uraxil (ho#c tién chét
uraxil) (Pon yéu cdu cip bing sing ché Nhat Ban chua thdm dinh s§ 52-99289);
ching dot bién khéng arginin hydroxamat (céng bd patent Nhat Ban s§ 51-6754);
ching d6t bién khuyét dudng dbi véi axit sucxinic hoic khang chit tuong tu trén co s&
axit nucleic (Pon yéu ciu cip bing sing ché Nhat Ban chua thAm dinh s6 58-9692);
ching d6t bién thiéu kha ning phan hiy arginin, khang chit @i khéng arginin va
canavanin va khuydt dudng d6i véi lysin (Pon yéu cdu cip bing sing ché Nhit Ban
chua thAm dinh s 52-8729); ching d6t bién khéng arginin, arginin hydroxamat,
homoarginin, D-arginin va canavanin, hogc khing arginin hydroxamat va 6-azauraxil
(Pon yéu clu cip bing sang ché Nhat Ban chua thim dinh s§ 53-143288); ching dot
bién khéng canavanin (Pon yéu clu cip bing séng ché Nhat Ban chua thim dinh sb

53-3586), hodc cac ching tuong tu.
Céc vi du cu thé v& vi khuén coryneform cé kha ning sén xuét L-arginin bao
gbm céc ching sau.
Brevibacterium flavum AJ11 16§ (FERM P-4161)
Brevibacterium lactofermentum AJ12092 (FERM P-7273)
Brevibacterium flavum AJ1 1?;36 (FERM P-4939)
Brevibacterium flavum AJ11345 (FERM P-4948)
Brevibacterium lactofermentum AJ12430 (FERM BP-2228)

Hon thé nita, ching thiéu hut ArgR, ma 13 tién chét arginin (Céng bd Pon yéu
cAu cip bing sang ché M§ s6 2002/0045223), va chiing ma trong d6 hoat tinh glutamin
synthetaza dwgc lam ting (Céng bd Pon ydu cdu cip bing sang ché My sb
2005/0014236) ciing c6 thé dugc st dung.

L-xitrulin va L-ornithin c6 chuﬁg qua trinh sinh téng hop théng thuwong véi L-
arginin, va kha niing san xuft L-xitrulin vi L-ornithin c6 thé dugc truyén bing cach
lam ting cdc hoat tinh enzym cla N-axetylglutamat syntaza (argd), N-
axetylglutamylphosphat reductaza (argC), ornithin axetyltransferaza (argJ), N-
axetylglutamat kinaza (argB), axetylornithin transaminaza (argD), va axetylornithin
deaxetylaza (argE) (W02006/35831).

Ding lam axit vi khuAn san xut y-aminobutyric (GABA, ching ma hoat tinh
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cia glutamat decarboxylaza ctia né dugc lam ting (Microb. Cell Fact., 2010, Nov.
12:9:85; Cac axit amin, 2010 Nov., 39(5):1107-16; Céng bb Pon yéu ciu clp bing
sang ché M¥ s6 2010/0324258) c6 thé dwgc sir dung.

Ding 1am vi khuén san xut putresxin, chiing ma 4-hydroxybutyrat reductaza,
sucxinyl-CoA reductaza (tao aldehyt), va 4-hydroxybutyrat dehydrogenaza ctia no
duge 1am ting (W02011/047101), va ching ma y-aminobutyraldehyt dehydrogenaza
cta n6 dugc lam ting (FEBS Lett., 2005 Aug. 1, 579 (19):4107-12) cé thé dugc st
dung.

<2> Phwong phép sén xuét céc hop chit dich

Bing c4ch nudi ciy vi khuin nhu dugc md ta trén dy trong méi truong nudi
cdy chita xyloza diing 1am ngudn cacbon dé tao ra va tich lity hop chét dich trong moi
trudmg nay, va thu gom hop chit dich tir méi trudng nay, hop chét dich c6 thé duoc tao

ra.

Dung 1am mdi trudng duge st dung cho qué trinh nudi cdy, mdi truong thdng
thudng chira ngudn cacbon, ngudn nito va cdc mudi khodng cling nhu céc chit dinh
dudng hitu co dang vét nhu cac axit amin va vitamin, néu cén, c6 thé duge st dung.

Hodc 12 méi trudng tdng hop hodic mdi trudng tir nhién c6 thé duogc st dung.

Ding lam ngudn cacbon, mi&n sao xyloza dugc chita, cdc ngudn cacbon khéc,
vi dy, dudng nhwr glucoza, glyxerol, fructoza, sucroza, maltoza, manoza, galactoza,
arabinoza, dich thily phén tinh bot va mét dudng c6 thé dugc sir dung. Ngoai ra, céc ‘
axit hitu co nhu axit axetic va axit xitric, va cdc ruqu nhu etanol cling c6 thé duge sit

dung riéng ré& hodc két hop véi cac ngudn cacbon khac.

Mic du ty 1€ trén cla xyloza va céc ngudn cacbon khac 13 khong bi gi¢i han
mot cich cu thé, ty 18 cta xyloza: ngudn cacbon khdc (ty 18 trong luong) tét hon 1a
1:0,1 dén 100, t&t hon nita 14 1:0,1 @n 10, t6t hon nita 14 1:0,1 d&n 5, vAn t6t hon nita
12 1:1 &én 5, t6t hon nita 12 1:1 dén 3.

Nf?mg dd cha ngu?)n cacbon trong mdi trudng 1a khong bi gidi han mot céch cu
thé mifn sao ndng d6 thich hop dé san xult hop chét dich 14 dwoc chon. Tuy nhién,
ndng 49 clia ngudn cacbon trong méi trudng tdt hon 13 khoang 0,1 dén 50% trong

luc_mg/thé tich, t6t hon nita 13 khoang 0,5 dén 40% trong lwong/thé tich, dic biét tét
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hon nita 13 khoang 1 dén 30%.

Xyloza hodc hdn hgp ciia xyloza va hexoza nhu glucoza c6 thé thu duoc tir
ngudn cip sinh khéi khéac nhau ma khéng duge si dl_mg hoan toan. Céac pentoza va
hexoza nhu vay c6 thé dwogc giai phdng ra khéi sinh khéi bing cach thity phén bing
hoi nuéc va‘hoic axit ddm dic, thiy phin bing axit long, thity phan bing enzym nhu
xenlulaza, ho#c xit ly béng kiém. Khi hop chit 1a hop chét loai xenluloza, xenluloza
duoc thily phin thanh sacarit mt cach ddng thoi hodc theo trinh tu, va sacarit cé thé
duoce st dung dé san xut hop chit dich. Do hemixenluloza thudng dé dang thity phan
hon thanh sacarit so véi xenluloza, tdt hon 14 thiiy phén hop chét loai xenluloza trudc,
tach céc pentoza, va sau d6 thiy phin xenluloza bing cach xtr Iy véi hoi nuée, axit,

kidm, xenlulaza, hodic su két hop ciia cdc phwong phap nay dé tao ra hexoza.

Xyloza dugc chira trong méi trudng duoe sir dung trong sdng ché cling c6 thé
duoc cAp bing cich chuyén héa mdi hexoza thanh xyloza (D-xyloza) sit dung vi sinh

vét cé qua trinh chuyén héa glucoza, galactoza hofic arabinoza thanh xyloza.

Ding lam ngudn nito, amoniac, ure, c4c mudi amoni nhw amoni sulfat, amoni
cacbonat, amoni clorua, amoni phosphat va amoni axetat, cic mudi axit nitric va v.v.
c6 thé dugc sit dung. Ding 1am cdc chit dinh dudng hitu co dang vét, cic axit amin,
vitamin, c4c axit béo, c4c axit nucleic, cc chit chira cdc chit néu trén nhu pepton, axit
casamino, dich chiét ndm men, sian phdm phén hily protein nim men va v.v. c6 thé
duoc sir dung. Khi chiing @6t bién khuyét dudng ma cAn axit amin hodc c4c chét tuong
tur cho su sinh trudng cia ndé duge sir dung, t6t hon 1a bd sung chét dinh dudng cin
thiét. Ding 1am cac mudi khodng, c4c mudi clia axit phosphoric, cdc mubi magie, cic

A . 7 Ae & ’ As N ’ A 9
mudi canxi, cdc muoi sdt, cdc mudi mangan va v.v. ¢6 theé dugce st dung.

Viéc nudi cdy t6t hon 12 dugc tién hanh trong céc didu kién wa khi, trong khi
d6 nhiét @9 1én men dugc kiém sodt & 20 dén 45°C, va @6 pH tir 3 dén 9. Dé diéu
chinh d6 pH, céc chét kidm hojc axit hitu co hodc vb co, khi amoniac, va v.v. ¢6 thé
duoc st dung. Luong cdn thiét clia hop chét dich duoc tich lity trong mdi trudmg
nudi cdy hojc céc t& bao t6t hon 13 sau 10 dén 120 gid nudi cly dudi cac didu kién

nhu duge mo ta trén day.

Hon thé nfta, khi hop chét dich 13 axit L-glutamic, viéc nudi céy c6 thé duoc

tién hanh d tao ra va tich Ity axit L-glutamic véi viéc két ta axit L-glutamic trong
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mdi truedng nudi cdy bing cach sit dung, ding 1dm méi trudng, méi trudng 1ong dugc
didu chinh @ théa mén didu kién ma dudi didu kién d6 axit L-glutamic dugc két tia.
Céc vi du v& didu kién ma dudi didu kién nay axit L-glutamic dugc két tia bao gdm, vi
du, @6 pH tir 5,0 dén 4,0, t5t hon 14 tir 4,5 dén 4,0, t6t hon nfta 13 tir 4,3 dén 4,0, dic
biét tdt hon nira 1a tir 4,0. Pé thu dugc mét cach déng thoi ca sy cai thién su sinh
trudmg dudi didu kién axit va sy két tha hidu qua axit L-glutamic, pH t6t hon 14 5,0 dén
4,0, tdt hon nita 12 4,5 dén 4,0, vin t8t hon nira 12 4,3 dén 4,0. Viée nudi cly c6 thé
duoc tién hanh & d6 pH duoc a8 cép trén ddy trong toan bd hodc mot phén qua trinh
nudi cAy.

Hop chét dich dugc thu gom c6 thé chira c4c té bao vi sinh vat, cac thanh phﬁn
ctia méi truong, do dm, va céc san phém trao ddi chét cia vi sinh vat bén canh hgp
chit dich. D6 tinh khiét ctia hop chét dich thu gom dugc 1 50% hoic cao hon, t&t hon
12 85% hodc cao hon, dic biét tot hon nita 13 95% hoic cao hon (patent Nhit Ban sb
1214636, patent M sé 5,431,933, 4,956,471, 4,777,051, 4,946,654, 5,840,358,
6,238,714, Céng b6 Pon yéu ciu chp bing sang ché My s6 2005/0025878).

Hop chét dich thu duoc theo sdng ché c6 thé duge thu gom tir méi trudng nudi
cly sau khi hoan thanh viéc nubi cdy bang cich két hop céc phuong phép théng
thudng d4 biét nhuw phwong phép nhua trao dbi ion (Nagai, H. et al., Separation
Science va Technology, 39(16), 3691-3710), phuong phép tich mang (Pon yéu ciu
cAp bing sang ché Nhat Ban chua thdm dinh s 9-164323 va 9-173792), phuong phép
két tinh (W02008/078448, W02008/078646), va cic phuong phép khéc.

Hon thé nita, khi hop chit dich ling dong trong méi trudng niy, né c6 thé
duoc thu gom bing cach ly tdm, loc hoic phuong phép tuong tr. Hop chét dich dugc
ling dong trong méi trudmg va hop chit dich hoa tan trong méi trudng c6 thd dugc
tach ddng thoi sau khi hop chéit dich hoa tan trong méi trudng dugc két tinh.

Vi du thye hién sdng ché
Dudi day, sang ché s& dugc gii thich chi tiét hon véi viéc tham khéo céc vi du.
Thanh phin ctia méi trudng dwoc sit dung trong cac vi du sau ddy dugc thé
hién duéi day. '

[Mbi trudng LB]
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Bacto trypton 10 g/l
Dich chiét nAm men 5¢/1
NaCl 5g1
pH 7,0

[LBGMY]

Céc thanh phin twong tu nhwr céc thanh phin ctia méi trudng LB cdng véi cac thinh
phin cta méi trudng t6i thidu (5 g/l glucoza, 2 mM magie sulfat, 3 g/l monokali
phosphat, 0,5 g/l natri clorua, 1 g/l amoni clorua, 6 g/l dinatri phosphat)

[M6i truong MSII-Glucoza]

Nhom A

Glucoza 40 g/l
MgSO4 7H,0 | 0,5 g/l
Nhém B |

(NH4)2SO4 20 g/l
KH,PO, 2¢g/1
NaCl 0,5 g/l
Dich chiét nAm men 2 g/l
CaCl,"7H,O0 0,25 g/l
FeSO,4 7H,0 20 mg/l
MnSO4nH,0O 20 mg/l

Céc thanh phén & dang vét* 4 ml/

L-Lys 200 mg/1
DL-Met 200 mg/l
DAP 200 mg/l

Céc thanh phin ciia cdc Nhém A va B dugc hép riéng biét & 120°C trong 20

phit, va sau d6 dwgc tron.
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*Cac thanh phén & dang vét

CaCl,2H,0 0,66 g/l
ZnSO4 7H,0 0,18 g/l
CuSO45H,0 0,16 g/l
MnS0,'4H,0 0,15 g/l
CoCly'6H,0 0,18 g/l
H;BO; 0,10 g/l
Na,MoOy 0,30 g/l
[Mi truong MSII-nyoza]

Céc thanh phin twong ty nhu céc thanh phén clia méi trudng MSII-Glucoza
ngoai trir ring glucoza (40 g/l) duge thay thé bang xyloza (40 g/1)

[Moi truong MSII-GX]

Céc thanh phin twong tr nhur céc thanh phin ctia méi trudng MSII-Glucoza
ngoai trir ring glucoza (40 g/l) dugc thay thé bing hdn hop cla glucoza (20 g/l) va
xyloza (20 g/1)

[Mbi trudong MSII-SX]

Céc thanh phén twong ty nhu cic thanh phin ciia méi trudng MSII-Glucoza
ngoai trir ring glucoza (40 g/l) dugc thay thé bing hdn hop gdm sucroza (20 g/l) va
xyloza (20 g/l).

[Mbi trudmg téng hop E1]

Nhém A

NH,CI 20 mM
MgSO4 7TH,0 2 mM
Na,HPO, 40 mM
KH,PO, 30 mM
CaCl, 0,01 mM
FeSO4 7TH,0 0,01 mM

-43-



22414

MnSO4-4 dén SH,0 0,01 mM

Xitrat SmM

pH te do

Loc thanh tring

Nhoém B-1

Ngudn cacbon 50 (hodic 100) mM
Loc thanh tring

Nhém B-2

Thiamin HCI 1 mM

Thanh phén nay dwogc bb sung vio thanh phin ctia nhém B-1 sau khi loc thanh
tring (0,22 pm).

Nhém C
MES-NaOH (pH 6,8) 50 mM
Loc thanh tring (0,22 pm)

Céc dung dich chira cdc thanh phin ciia cdc nhém A dén C & cic ndng do cao

gip 5 14n duoc didu ché 1am dung dich gbc.

[Méi trudng CM-Dex]

Polypepton 10 g/

Dich chiét nAm men 10 g/l
Glucoza 5¢/1
KH,PO,4 1g/1

Urea 3¢/l
MgSO4 7H,0O 0,4 g/
FeSO,7TH,0 0,01 g/l
MnSO,"5H,0 0,01 g/l
Dich loc @du nanh 1,2 g/l (T-N)
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(Dich thity phan d4u nanh)
pH 7,5 dugc diéu chinh bing KOH

[Moi truémg Glc]

Glucoza 80 g/1
(NHy4),SO4 _ 30 g/l
KH,PO4 1g/1
MgSO, 7H,0 0,4 g/1
FeSO4 7H,O 0,01 g/
MnSO4 5H,0 0,01 g/l
Vitamin B1 200 pg/l
Biotin 60 pg/l
Dich loc ddu nanh 0,48 g/1 (T-N)
(Dich thiy phan ddu nanh)

pH 8,0 duoc diéu chinh bing KOH
[Moi trudong Xyl (biotin duge han ché)]

Céc thanh phdn twong tw nhwr cic thanh phin ciia mdi trudng Glc ngoai trir ring
glucoza (80 g/l) dugc thay thé bing xyloza (80 g/1), va biotin khéng dugc bao gdm.

[MSi treong MS]

Nhoém A

Glucoza hoic xyloza 40 g/l
Glucoza va xyloza (1:1)40 g/l

MgSO, 7TH,0 1 g/l
Nhom B

(NH,4),50,4 20 g/l
KH,PO, 1 g1
Dich chiét nim men 2 g/l
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FeSO,4 7TH,0O 10 mg/1
MnSO4'nH,0 10 mg/l

Céc thanh phin ctia cic Nhém A va B duge hép riéng biét & 120°C trong 20
phut, va sau d6 dugce tron, va 50 g/l canxi cacbonat theo Dugc dién Nhat Ban dugc bd
sung.
Vidu 1: Dua qud trinh NXA vao Pantoea ananatis

(1) Chu trac plasmit pTWV228Ptac_cctNXA dé dua vao qué trinh NXA

Pébi v6i vi khun @4 biét ma qué trinh NXA d4 dugc thdng béo, C. crescentus
14 da biét (Stephens, C. et al., J. Bacteriol., 189(5):181-2185, 2007). Pé thu dugc cic
gen mi hda cic enzym ctia qua trinh NXA ctaC. crescentu, phuong phép sau duge st

dung.

Hé gen ctia C. crescentus c6 39 dai khoang 4 Mb, trong d6 nim gen tao ra ciu
tric operon (Journal of Bacteriology, 189:2181-2185, 2007). H gen dugc tich ra tir
chiing c6 hé gen d3 biét ctia C. crescentus (CB-15 (ATCC 19089), c¢6 sén tir ATCC), va
su tich dong céc gen ndy va viée chu triic vecto biéu hién ddi véi céc gen nay b suy
giam.

Vecto biéu hién dwoc cdu triic bing cach sir dung kit tach dong Clontech In-
Fusion.

Bén loai doan ADN sau ddy dugc lam khuéch dai bing PCR sir bdung ADN
nhidm séc thé cta C. crescentus CB-15 (ATCC 19089) vi ), ii) va iii) sau, va pMW119
vi iv) sau 1am mAu. C4c doan mdi dugc sir dung d& PCR duoc chi ra trong ngodc don.
i) trinh tir doan khai ddu tac (gidr ddy duoc @& cap dén dudi dang "Ptac", PtwvPtact:
SEQ ID NO: 1, 0823Ptacr: SEQ ID NO: 2)

if) Poan chitra xylX, ccrxylA, ccrxylB va xylC (Ptac0823f: SEQ ID NO: 3, 0819r: SEQ
ID NO: 4)

iii) xyID va ving phia sau n6 khoang 120 bp (0819f: SEQ ID NO: 5, 219¢c0819r: SEQ
 ID NO: 6)

iv) pMW119/Smal (219f: SEQ ID NO: 7, 219r: SEQ ID NO: 8)

Sau d6, bing PCR sir dung céc san phAm PCR tinh khiét ctia i) va ii) lam mfu,
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cling nhu PtwvPtacf va 0819r ding 1am cac doan mdi, doan Ptac_xylXccrAccrBC bao
gdm cac san phdm PCR néu trén dugc lién két ddng thoi dugc khuéch dai. Phan tmg
dung hop duoc tién hanh véi ba Ptac_xylXccrAcerBC thu dugc va san phim PCR ciia
iii) va iv) st dung kit tach dong Clontech In-Fusion, ching E. coli IM109 duoc bién
nap voi san phAm phan tmg, va plasmit pPMW119 Ptac_ccrNXA dich thu dugc tir thé

bién nap d6.

Sau d6, bing cach st dung pMWI119 Ptac_ccrNXA lam méu, cling nhu
PtwvPtacf va 219CC0819r 1am céc doan mdi, operon ccrNXA chira Ptac duoc khuéch
dai. Phan tng dung hop duoc tién hanh vé6i san phdm dwgc khuéch dai thu duoc va,
pTWV228 dwoc phén cét bdi Smal, ching E. coli IM109 dugc bién nap véi san phdm
phan img, va plasmit dich pTWV228Ptac_ccrNXA thu duoc tir thé bién nap do.

(2) Céu tric plasmit pUT-MuKm chira pUT399 mang Mini-Mu khéng kanamyxin

pUT399 14 plasmit ¢6 gbc sao chép R6K va ving mob cin thiét dé van chuyén

lién két, va khong thé sao & ching khong ¢ gen pir (c6 sin tir Biomedal, ¢ cdp dén

tai ligu R. Simon., et al., BIO/TECHNOLOGY NOVEMBER 1983, 784-791; patent
My¥ s6 7,090,998).

pCE1134 (Pon yéu cu cip bing sing ché Nhit Ban chua thim dinh s 2-
109985) 1a plasmit chira MudIT1734, va mang gen khéng Km va gen lacXYZ trong don
vi Mini-Mu. Béng phuwong phép dugc mé ti duéi ddy, doan ADN khéng c6 ving
lacXYZ duge didu ché tir don vi Mini-Mu ctia pCE1134, va dugc tidch dong thanh
pUT399.

Bing PCR sir dung pCE1134 lam miu, cling nhu cdc doan mdi attL-F (SEQ
ID NO: 9) va nptlI-R (SEQ ID NO: 10), doan chira yéu t§ trc ché MuCts ciia gen
MuAB m3 héa du bén trai va transposaza, va gen khdng Km 1a thu dugc. Hon thé nira,
bing céch st dung pCE1134 1am mfy, ciing nhu cic doan mdi attR-F (SEQ ID NO:
11) va attR-R (SEQ ID NO: 12), doan chira d4u bén phai 1a thu dugc theo cich twong
tu. PCR trao d8i chéo dugc tién hanh bing c4ch st dung hai doan nay 1am mfu, ciing
nhu cdc doan mdi attL-F va attR-R, va doan thu duoc khoang 2,3 kb dugc dua vao
pUT399 & vi tri Smal. Theo céch nay, plasmit pUT-MuKm la thu dugc.

Do don vi Mini-Mu duoc cu triic nhur duge mé ta trén diy c6 gen khang Km

va vi tri NofI ghi nhén 8 bazo [am vj trf tich dong trong don vi van dong, cdc gen khéc
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nhau c6 thé duoc tich dong thanh né.
(3) Su thay thé ciia gen khang thubc pTWV228Ptac_ccrNXA

Gen khédng ampixilin pTWV228Ptac_ccrNXA dugc thay thé bing gen khang
kanamyxin bing phuong phap ARed.

Bing cach st dung pUT_MuKm lam mAu, ciing nhu cic doan mbi Ap-Km-fw
(SEQ ID NO: 13) va Ap-Km-rv (SEQ ID NO: 14), trinh tu chira gen khang kanamyxin
(doan nzpll) dugc khuéch dai.

PCR nay dugc tién hanh bing cich st dung PrimeSTAR HS Polymeraza
(Takara Bio) theo phuong phép dugc huéng din dbi véi enzym nay.

Plasmit h trg RSF_Red TER (Céng b Pon yéu cdu cip bing sing ché My
s6 2009/0286290A1, W02008/O75483) dugc dua vao E. coli IMI109 cb
pTWV228Ptac_ccrNXA, va céc té bio duge nudi cdy trong 50 ml mdi trudng LB
(containing 1 mM IPTG, 100 mg/l ampixilin, va 25 mg/l cloramphenicol) ¢ 37°C dén
khi gi4 tri OD660 bing 0,4., ‘

RSF_Red TER dugc d& cép trén dy 12 plasmit trg gitp dé gy ra sy hoa nhép
phu thudc A (phwong phép hoa nhap dwgc diéu khién bdi Red, phuong phép ARed), va
n6 c6 thé gy cam mg su biéu hién ciia cdc gen cia A gam, bet va exo v6i gen lacl.
Plasmit nay cfing chira gen levansucraza (sacB), va c6 thé loai plasmit ra khoi té bao
¢6 gen ndy trong mdi trudng nuodi cly chira sucroza. Hon thé nita, plasmit ndy cling

chira gen khang cloramphenicol.

Céc & bao duoc nudi cdy nhu duge md ta trén ddy dugc thu gom, dugc rira hai
14n bing dung dich 10% glyxerol bing cich ly tdm, va tao huyén phi 1 ml dung dich
10% glyxerol. Sau d6, cac té bao dwoc bién nap voi doan npll thu dugc trén day bing
c4ch mé& 18 bé‘ing dién, va cac thd bién nap duogc lya chon trong mdi trudng LB agar
chira 40 mg/l kanamyxin. Céc thé bién nap thu dugc dugc 1 trong méi trwedong LB agar
(chita 1 mM IPTG, 10% sucroza, va 40 mg/l kanamyxin), va duogc nudi ciy qua dém &
37°C d& thu duge dong don. b3 khing dinh dugc réng thé bién nap thu duge khéng
th8 sinh truéng trong mdi trudng LB agar chita 100 mg/l ampixilin, va nhd d6 da
khing dinh dugc ring gen khang ampixilin pTWV228Ptac_ccrNXA dugc thay thé
bing gen khing kanamyxin. Plasmit thu dwgc duge chi dinh 13
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pTWVPtac_ccrNXA Km.
(4) Chu tric plasmit chita xyID

Viéc cu tric dwoc tién hanh bing cich sir dung kit tich dong Clontech In-

Fusion.

Péu tién, bing PCR sir dung plasmit chira pUC18 trong do6 mdi gen dugc tich
dong ding lam mAu, ciing nhw xylD_IFS_5742-10-5 (SEQ ID NO: 15) vi
xylD_IFS_5742-10-6 (SEQ ID NO: 16) ding lam cic doan mdi, doan ADN chira xyID
duge khuéch dai. Cu thé, né dugc tich dong thanh pUC18 ma vi tri SAI clia n6 duge

loai bb bing phwong phép dwgc mb ta dudi ddy.

Bing PCR sir dung ADN hé gen ctia chiing C. crescentus CB-15 1am mAu,
CCO0819-01F 4691-88-7 (SEQ ID NO: 17) va CC0819-01R_5659-9-1 (SEQ ID NO:
18), ciing nhu CC0819-02F_5659-9-2 (SEQ ID NO: 19) va CC0819-02R_4691-88-10
(SEQ ID NO: 20) dung 1am c4c doan mdi, cac doan 1130 bp va 653 bp 14n luot duge
khuéch dai. Sau do6, pUC18 dugc phdn c4t boi Smal va hai doan duge khuéch dai néu
trén duge 1ip ghép bang phwong phip lip ghép in vitro (Nature Methods, 6(5), 343-
345, 2009) dé thu duoc pUC18-xylD ma trong d6 vi tri Sfil dugc loai bo, va gen xyID

duogc xen doan.

Theo céch khéc, pSTV28-Ptac-Ttrp dugc phin cét bsi Smal bang phwong
phép thong thudng. Phan tmg dung hop dwoc tién hanh véi doan ADN clia gen xylD vi
doan vecto ADN, ching E. coli JM109 dwoc bién nap v6i san phidm phan tmg, va
plasmit dich pSTVPtac_xylD_Ttrp thu duoc tir thé bién nap nay.

pSTV28-Ptac-Ttrp dugc ciu triic nhu sau.

Poan ADN (PtacTtrp) c6 doan khoi du tac (c6 trinh tr SEQ ID NO: 32) va
trinh tu cla dban két thic #p duge tdng hop, va dugc lién két gitta cac vi tri Kpnl-
BamHI cia vecto pMW219 @& thu dugc pMW219-Ptac-Ttrp. Nhitng luong twong tw
ctia pSTV28 va pMW219-Ptac-Ttrp, c4 hai dugc phén cit bdi Kpnl va BamHI dugce
tron, va duge lién két, IM109 dugc bién nap véi san phim lién két nay, va plasmit
duge tach ra tir khudn lac ma thé hién kha ning khiang Cm. D3 kh'fmg dinh duogc rﬁng
plasmit thu dugc thé hién c4c dai khoang 400 bp va 3 kbp (chinh x4c, 389 bp va 2994

bp), ma dugc mong doi 14 két qua cha sy phéan cit kép boi Kpnl va BamHI, va do d6
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thu dugc pSTV28-Ptac-Ttrp.
(4) San xuét axit L-glutamic bing Pantoea ananatis duge nhap qua trinh NXA

Ching P. ananatis NA1 dugc bién nap véi pTWVPtac_ccrNXA Km bing
céch md 18 bing dién (48 cap dén patent My s6 6,682,912). PSi véi ching duge dua
pTWVPtac_ccrNXA _Km, mbi trudng trong dia chira LBGM9 dugc bd sung

kanamyxin & ndng d6 cudi bing 40 mg/l dugc st dung.

Céc t& bao ctia chiing P. ananatis NA1 va ching bién nap dugc nudi cdy qua
dém & 34°C trén dia LBGM9, mdi dia dugc cao léy mot luwgng twong g véi 1/6 dia,
duge @ trong 5 ml méi trudng MSII-Xyloza hojc MSII-GX dugce chira trong éng thir
nghiém 16m, va dugc nudi cly & 34°C va 120 vong/phtit trong 48 gid, va sacarit du,
lugng axit L-glutamic (Glu), va axit xylonic tich ty dugc do. Cac két qua duoc thé hién

trong céc bang 2 va 3.

Béng 2 (San xuét Glu trong méi trudng MSII-GX)

Chiing dugc tiéu | dugc tiéu | Glu (g/) su été %) xylonic
(x51) thy thy 1 (@

NAl 0,129 + 21,8 229 (11,5+0,1{25,7+0,3(18,4+0,2
0,001

NA1/pTWV228Pt| 0,134+ 21,8 229 |[31,3%+0,1{69,8+0,1{ 0,0
ac_ccrNXA _Km 0,006
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Bang 3 (San xuét Glu trong mdi trudng MSII-Xyloza)

OD660  |Xyl (@/l)| Glu(g/) | Hitu Axit
Ching (x51) tiéu thu sudt(%) | xylonic
4
NAl 0,019+ 0,006 0,0 0,0 0,0 0,0

NA1/pTWV228Ptac cc | 0,069+ | 41,0 |32,7+0,9|80,5+2,2|10,1+1,9
NXA_Km 0,008

Khi ching P. ananatis NA1 dugc nudi cdy véi ngudn cacbon hdn hop ciia
glucoza va xyloza (mdi truong MSII-GX), higu sut axit glutamic 13 25,7% (bang 2).
Trong trudmg hop ndy, su tich lity axit xylonic dugc quan sat, va do d6 da cho thdy
rang hiu hét xyloza dugc chuyén héa thanh axit xylonic. Uéc tinh ring sy tich lily axit
xylonic & chiing P. ananatis NA1 dugc tao ra bdi hoat tinh ctia glucoza dehydrogenaza

cua P. ananatis.

Miit khéc, khi chiing P. ananatis NA1 dugc duta vao pTWVPtac ccrNXA Km
duoc nudi cdy voi ngudn cacbon hdn hop ciia glucoza va xyloza (moi trudng MSII-
GX), di cho thdy hiéu suft axit glutamic rét cao so véi ching gbc (hiéu sudt: 69,9%).
Néu coi nhu ring ching gc hdu nhwr khong san xuét axit glutamic tir xyloza, va thiy
ring hiéu sult axit glutamic tir glucoza ctia ching duoc gén pTWVPtac_ccrNXA_Km
1a trong dwong v6i ching gbe, hidu suit ctia axit glutamic tao ra dugc tir xyloza nhd
qué trinh NXA c6 thé dwoc ude tinh khoang 86%. Thuc té 13, khi viéc nuoi chy dugc
tién hanh véi xyloza ding 1am ngudn cacbon duy nhit (MSII-Xyloza), ching dwoc gin
pTWVPtac_ccrNXA Km tao ra Glu & hidu sut 12 80% (bang 3).

Vi du 2: Dua qué trinh NXA vao Escherichia coli
(1) Sy biéu hién ciia qua trinh NXA trong E. coli

Bing cach st dung ching thiéu hut isoxitrat dehydrogenaza (Aicd), ma 1a
enzym cla chu trinh TCA va tao ra aKG tir axit isoxitric, su biéu hién cta qué trinh
NXA dat duge nh sy sinh trdng bd trg trong mdi trudmg tdi thidu chira xyloza ding
lam ngudn cacbon duy nhit. Vi ching thidu hut gen icd khong thé tao ra oKG, 16
khong thé sinh truérﬁg trong mdi trwdmg tdi thidu chira xyloza ding 1am ngudn cacbon
duy nhét, nhung néu kha ning san xult aKG tir xyloza c6 thé dwoc truyén bing cach
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dua qué trinh NXA, chiing nay cin c6 kha niing sinh truéng trong méi trudng nhu viy.

Cu thé, ching JW1122, ma 13 ching thiu hut gen icd ctia Keio Collection
(http://cgsc.biology.yale.edu/Person.php?ID99553, ¢ sin tir Trung tAm ngudn gen E.
coli & Yale CGSC, Trung tim vt liéu di truyén gbc Coli), dugc str dung lan ching vi
khuln vat chi, va bing cich dwa va biéu hién qui trinh NXA & ching d6 st dung
plasmit, dugc ddnh gia xem li¢u qué trinh NXA ciing ¢ thé thye hién chirc ning trng
E. coli hay khoéng.

Trong béng 4, céc plasmit duge cAu triic va céc két qua cta su sinh trudng bd
tro & chiing thiéu hut gen icd d4 duoe chi ra. Pa khing dinh dugc ring chiing nay dwoc
gin plasmit pMW119 Ptac_ccrNXA (diéu ché duge trong vi du 1) chira operon cila
qué trinh NXA (xylX, ccrxyld, ccrxylB, xylC, xyID) va doan khéi du tac & dang két
hop ¢6 thé sinh truéng trong méi trudng t&i thifu M9 (dia) (Sambrook, J. et al,
Molecular Cloning, Cold Spring Harbor Laboratory Press (1989)) chira xyloza ding

1am ngudn cacbon duy nhét.

Nghién ctru twong tir cling ¢4 dwgc tién hanh bing cdch nuéi ciy trong moi
truedng 16ng. Su sinh truéng (0.D.) méi trudng t6i thifu M9 va méi trudng tdng hop
El chita xyloza hofic aKG ding 1am ngudn cacbon duy nhét duoc do theo thoi gian
bing cach st dung dung cu nudi cdy cho 36 miu. Céc két qua dwoc thé hién trong Fig.
1. Tuong tu viéc nuéi ciy trén dia, ching dugc dwa vao qua trinh NXA t6t hon 14 duge
sinh trudng trong méi trudng M9 hoic El chira xyloza dimg 1am ngudn cacbon duy
nhét, trong khi d6 chiing c6 vecto d6i chimg khong sinh trudng trong méi trudng nhu
viy. Xem nhw 13 cic két qua Ia thu dwge bdi chiing ndy sinh truéng bing cach dong
hda xyloza thong qua qud trinh NXA, tic 14, qua trinh NXA thu dugc tir C. crescentus

ciling thuc hién dugce chitc ning trong E. coli.
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Bang 4

Vecto |Poankhdiddu| Gen | Su sinh trudng trong méi trudng M9-xyloza

pTWV229 | Nguyén thé xylX
cerxylAd
ccrxylB X
xylC
xylD
pMW119 Ptac xylX
' cerxylA

ccrxylB _ o
xylC
xylD

pTWV228 Ptac xylX

cerxyld

cerxylB o
xylC
xylD

(2) S bidu hién ctia qué trinh NXA & ching san xuét axit L-glutamic E. coli

Diing lam ching san xut axit L-glutamic E. coli, MG1655AsucA (Cong b
Pon yéu ciu cAp bing sing ché My s6 2005/0106688), ma 1a ching thiéu hut cKGDH,
duoc sir dung. pMW119 Ptac_ccrNXA hodc pMW119 ding lam d8i ching dwgc dua
vao ching néu trén d& thu dugc -MG1655AsucA/pMW119Ptac ccrNXA va
MG1655AsucA/pMW119. Mbi ching ndy dugc nudi cdy trong binh ciu chia méi
trudmg nudi ciy MS chira glucoza (40 g/1), xyloza (40 g/1), hodc glucoza va xyloza (20
g/l) ding l1am ngudn cacbon. Viéc nudi cy dugc tién hanh trong 24 gid trong moi
trudmg chi chira glucoza ding 1am ngudn cacbon, va trong 48 gidr trong mdi trudng
con lai. Cac két qua duoc thé hién trong Fig. 2. Céc sb 325, 425 va 513 gin véi tén

ching dugc thé hién trong hinh v& 1a c4c sb dong.

Khi hé hdn hop clia glucoza va xyloza duge st dung diing 1am ngudn cacbon,
trong khi ching d6i ching (MG1655AsucA/pMW119) tich lity 15 dén 16 g/l axit L-
glutamic, ching biéu hién operon ccrNXA (MG1655AsucA/pMW119Ptac_ccrNXA)

cho thiy sy tich lily axit L-glutamic khoang 12 g/l, va do d6 cé xu hudng thé hién su
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tich Iiiy va hiéu suft cla axit L-glutamic gidm. Ngoai ra, khi xyloza dugc sir dung
ding 1am ngudn cacbon duy nhét, két qua twong tw 13 thu dwoc. D8i véi cac san phdm
phu, céc axit hitu co va axit xylonic dugc phﬁn tich. Két qua 13, da biét dugc ring axit

axetic va axit xylonic chti yéu dugc tich lity.
(3) Phan tich diém gi6i han tdc d6 ciia qua trinh NXA trong E. coli

Vi axit xylonic, ma 13 chét trung gian clia qu4 trinh NXA, duoc xéc dinh trong
dich ndi nuéi cdy vi khuén E. coli san xuit axit L-glutamic biéu hién operon ccrNXA
nhu dugc md ta trén d4y, duge xem nhu ring cé kha ning cao ring mét phén xyloza

| duoc két hop dwoc ddng héa thong qua qué trinh NXA. Hon thé nita, cic vin d& duoc
dy dinh 14 nhu sau.

i) trong khi xyloza duogc két hop vao céc té bao c6 thé duoc ddng hda bdi ca hé ddng
héa xyloza dic trung cho E. coli va qué trinh NXA, luong nhit dinh ctia xyloza c6 thé
dugc sir dung bdi hé dic trung cho E. coli ndy do su khédc nhau vé& hoat tinh hodc dic
tru'ng' v& mit co chét cha enzym th nhét cia hé dic trung cho E. coli, xyloza
isomeraza (XylA), va enzym thi nhit ciia qué trinh NXA, xyloza dehydrogenaza
(XDH), va do d6 tbc d6 dong clia dong trao dbi chit di qua qua trinh NXA c6 thé tro

nén nhd hon.

ii) c6 thé c6 diém gidi han téc d6 trong qué trinh NXA, hodc qué trinh phin nhénh d&
biét, va do d6 aKG c6 thé khong duoc tao ra.

Pugc xem nhu 13 vAn @ cia i) c6 thé dugc 1am giam bing c4ch lam ting
lugng clia céc enzym ciia qué trinh NXA béng céch thay dbi vecto biéu hién operon
NXA tlr vecto loai s6 ban sao thiAp (pMW119) cho vecto loai sb ban sao trung binh
(pTWV228), va nhe d6 1am ting luong hip thu ciia co chét vao qud trinh ccrNXA.

Ciing dwoc xem nhu 13 vin d& cia ii) c6 thé dugc khic phuc bing cich cai
thién chiing bing cach nhén giéng dwa trén phan tich diém gidi han téc do va cac két
qua ctia ching.

Dua trén viéc xem xét néu trén, cic qué trinh sau day d4 dwoc tién hanh:

a) ciu tric ching tir ching thiéu hut qué trinh ddng héa xyloza dic hiéu & E. coli
(AsucAAxylA) 1am vét chu, trong d6 operon ccrNXA dugce bidu hién va do d6 dong

cacbon dugc ép di qua qué trinh NXA, va viéc d4nh gid né bing cach nudi cdy,
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b) cdu triic vecto bidu hién operon ccrNXA sir dung vecto sb ban sao trung binh, ciu
trac chiing st dung vecto biéu hién nhu vay, va viéc d4nh gia né bing cach nudi cdy,

va
¢) phan tich diém gi6i han téc do.

Bing c4ch lam khuyét gen ddng héa xyloza dic hiéu E. coli xyld t
MG1655AsucA theo phuong phap A-Red st dung cic doan mdi xylA-H1P1-5742-5-1
(SEQ ID NO: 21) va xylA-H2P2-5742-5-2 (SEQ ID NO: 22), ching
MG1655AsucAAxylA la thu dugc. pMW1 19Ptac_ccrNXA duoc dua vao chiing nay dé
thu dugc ching bidu hién operon cctNXA thiéu hut xylA.

Cac két qua ciia vide nudi cly san xuét axit L-glutamic dugc tién hanh bing
céch nudi cly ching bidu hién operon ccrNXA thiéu hut xyld theo cach trong tu nhu
duoc mé ta trong phin (3) néu trén dugc thé hién trong Fig. 3. Trong Fig. 3, "ccrNXA"
13 pMW119Ptac_ccrNXA, va céc sb phia sau 13 s6 dong.

Trong khi chiing d6i chimg vecto clia chimg AsucAAxylA khéng thé ddng héa
xyloza, va c6 thé tao ra té bao va tao ra axit L-glutamic chi tir glucoza, chiing biéu hién
operon ccrNXA thé hién sy tidu thu xyloza va vi§c san xuét axit L-glutamic, ma dugc
xem 12 thu dugc tir xyloza. Tuy nhién, da kham phé ra ring lwong tich lity axit L-
glutamic ctia né 14 nhé hon Iwong thu dugc bing chiing miu (ching AsucA), va né tich
lity axit xylonic, ma 14 chét trung gian trao ddi chét clia qua trinh ccrNXA. Tir cac két
quéa ndy, da cho thiy ring dong trao ddi chit clia toan bd qua trinh cerNXA c6 thé
khong diy da. Hon thé nita, do viée san xuét san phim phu aKG 14 khong dugc thiy,
nén né dwoc xem 1a cung cAp NADPH cén thiét cho sy biéu hién ciia hoat tinh ciia

GDH khong c6 vin d& bt ky & gia doan nay.

Sau d6, vecto bidu hién operon ccrtNXA duoc céu tric st dung vecto sd ban
sao trung binh. Ving tac chita doan khéi déu operon ccrNXA dugc khuéch dai bing
cach sir dung pMW119 Ptac_ccrNXA lam mau, ciing nhu PtwvPtacf (SEQ ID NO: 1)
va 0819r (SEQ ID NO: 4) diing 1am cc doan méi. pTWV228 duge phan cét bdi Smal,
va dugc sir dung cling véi doan PCR ctia ving tac chita doan khoi ddu operon ccrNXA
d& tién hanh phan g dung hop, chimg E. coli IM109 dugc bién nap véi san phim
phan {mg, va plasmit dich pTWVPtac_ccrNXA thu duoc tir thé bién nap d6. Plasmit

nay dugc dua vao chiing MG1655AsucA, va ching thu duge duge nudi céy theo cach
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twong ty nhu duge md ta trong phin (3) néu trén. Cac két qua duoc thé hién trong Fig,
4. Trong hinh nay, "AsucA" 1a ching MG1655AsucA, va "/pTWV" va "/v" ¢6 nghia la
chiing chira pTWV228. Hon thé nita, tir pTWV110 d&n pTWV119 chi ra s§ dong cta
pTWV228Ptac_ccrNXA.

Khi chi glucoza dugc st dung dung lam ngudn cacbon, ching biéu hién
operon ccrNXA sb ban sao trung binh tich lily axit L-glutamic véi hrong vé co ban
twong dwong v6i lrong thu duge biang ching d6i chimg. Tuy nhién, khi hé nuéi ciy
hdn hop clia glucoza va xyloza dugc sir dung, sy tich lity axit L-glutamic ¢ xu hudng
suy giam. Hon thé nita, céc két qua cha céc ching anh em ciing dao dong. Mot trong

*cée 1y do chdp nhan dugc 13 sy suy gidm cla vecto biéu hién s ban sao trung binh.
Hon thé nita, gibng nhu cac ching dugc md ta trén day, su tich Ity axit xylonic 13 thu
duoc.

P& khing dinh xem ligu cic hoat tinh clia cic enzym cia qud trinh ccrNXA
duoc 1am ting boi su gia ting vé sb ban sao ctia operon NXA, hoat tinh cia XDH, ma
12 enzym thir nhit ctia qué trinh NXA, 14 duge do. Cac két qua duge thé hién trong

Béng 5. "7513" va "1110" trong c4c tén ching dugc @& cip trong bang 5 13 céc sé dong.

Bang 5: Céc két qua do hoat tinh XDH (xyloza dehydrogenaza)

Chiing Hoat tinh déc hiéu Hoat tinh
(pmol/min/mg-protein) tuong dbi

MG1655AsucA/pMW119 ND

MG1655AsucA/pMWcerNXA7513 | 21,5 1,0

MG1655AsucA/pMW228 ND

MG1655AsucA/pMWcerNXA1110 | 140,4 6,5

ND: khong x4c dinh dugc

Luu y: hoat tinh twong @i dugc chi ra dudi dang hoat tinh tuong d6i dya trén
hoat tinh djc hiéu ctia cerNXA7513 duoc ldy 14 1.

Ching dugc gin vecto bidu hién ban sao trung binh thé hién hoat tinh XDH
cao hon khoang 7 14n so véi ching duge gin vecto bidu hién sé ban sao thip. Pa

khong khing dinh dugc 1am sao xyloza dwgc phan bd thuc sy vao trong t& bao & diém
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phén nhanh ctia xyloza isomeraza (XylA) déc trung d6i v6i E. coli va XDH, va do do6
ciing vin dugc xem nhu 13 hoat tinh ciia XDH, ma 13 enzym thtr nhit clia qua trinh
NXA, c6 thé 1a khéng ddy dt. Tuy nhién, do sy ting hoat tinh XDH khéng tao ra hiéu
qua cai thién sy tich iy axit L-glutamic, va dya trén sy tich ldiy axit xylonic, va v.v.,
dugc xem nhu 12 hofic 12 mdt hofic nhiéu enzym cta qua trinh NXA c6 thé lam gi6i

han tbc d6.

Do d6, diém gi6i han téc d6 cia qué trinh NXA dugc phén tich. Do axit
xylonic dugc tich lily dudi dang chét trung gian trao ddi chit, duoc xem 14 it nhit mot
diém giéi han t6c @6 c6 thé tdn tai trong qu4 trinh tir axit xylonic dén aKG ma khong
phéi 12 qua trinh trao dbi chit tir xyloza dén axit xylonic. Hon thé nita, trong chu tric
clia operon ccrNXA, trong khi cc enzym ctia qud trinh tir xyloza dén axit xylonic
dugc mi hoa bdi cic gen & cdc vi tri thir ba va thit tu, cic enzym ctia qua trinh tir axit
xylonic dén 0K G duge m3 hoéa bdi cac gen dinh vi & céc vi tri du tién, tht hai va thir
nam. Hoat tinh ctia XDH, ma gen ctia n6 & vi tri thi ba trong operon, d& dugc xéc dinh
in vitro, va do d6 dugc xem nhu 13 néu hoat tinh ctia enzym duge mé héa bdi gen & vi
tri thtr ndm trong operon (XylD) ciing c6 thé duoc x4c dinh hon nita, c6 thé ding lam
bing chimg chi tiét v& qua trinh sao m3 va dich mi ctia toan bd operon NXA. Do d9,
uéc tinh ring mot trong ba phén g tir axit xylonic #n «KG tao ra diém giéi han téc

6, va cdc thir nghiém duéi ddy duoc tién hanh.

Cac plasmit pSTVPtac_xylD_Ttrp, pSTVPtac_xylX_Ttrp, va
pSTVPtac_ccrxylA_Ttrp ma Ian lugt bidu hién cac gen xyID, xylX, va cerxyld, dugce

diéu ché nhu sau.

pSTV28-Ptac-xylX-Ttrp dugc tao ra bing cach tao ra doan xylX bdi PCR sit
dung pUC18-xylX, ma 1a plasmit tao ra dugc bing cich tach dong xylX tir vi trf ma
SAI da duoc tach loai thanh pUCI1S, ding lam miu, cling nhu xyIX-IFS-5742-10-1
(SEQ ID NO: 38) va xylX-IFA-5742-10-2 (SEQ ID NO: 39) ding lam céc doan mdi,
va tach dong plasmit thu dugc thanh pSTV28-Ptac-Ttrp duge phén cét bdi Smal bing
phuong phép tich dong ndi dung hop.

pSTV28-Ptac-ccrxylA-Ttrp duoc tao ra bing cach diéu ché doan bing phuong
phép PCR st dung pUC18-cerxylA, ma 13 plasmit diéu ché duoc bing cach tich dong
ccrxylA ma tir &6 vi tri Sfit @4 dugc tch loai thanh pUC18, ding lam mAu, cling nhu
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xylA_IFS 5742-10-3 (SEQ ID NO: 40) va xylA_IFA_5742-10-4 (SEQ ID NO: 41)
dimg 1am c4c doan mdi, va tich dong plasmit thu dwgc thanh pSTV28-Ptac-Ttrp dugc
phén ct boi Smal bang phuong phép ndi dung hop.

pSTV28-Ptac-xyID-Ttrp dugc tao ra bang cich diéu ché doan xy/D bing
phuong phép PCR sir dung pUC18-xylID, ma 13 plasmit diéu ché duoc bing céch tach
dong xyID ma tir @6 vi tri Sfit dd dugc téch loai thinh pUC1S, ding 1am mAu, ciing
nhu xyID IFS 5742-10-5 (SEQ ID NO: 42) va xylD_IFA_5742-10-6 (SEQ ID NO:
43) diing 1am cic doan mdi, va tach dong plasmit thu duge thanh pSTV28-Ptac-Tirp
dwoc phén cit bdi Smal bing phuong phap ndi dung hop.

Céc plasmit pUC18-xylX, pUCI18-ccrxylA, va pUC18-xylD duoc @ cép trén

day 14n lwot duoc diéu ché nhu duge mo ta trén day.

Bing phwong phép PCR st dung hé gen ADN ctia ching C. crescentus CB-15
diing lam mAu, CC0823-01F_4691-87-1 (SEQ ID NO: 44) va CC0823-01R_4691-87-2
(SEQ ID NO: 45), cling nhu CC0823-02F_4691-87-3 (SEQ ID NO: 46) va CC0823-
02R._4691-87-4 (SEQ ID NO: 47) lam céc doan mdi, cic doan 900 bp va 280 bp lén
luot duge khuéch dai. Sau d6, pUC18 dugc phin c.;?'lt bdi Smal, va hai doan Guoc
khuéch dai dwoc d& cap trén ddy dugc ldp ghép bing phwong phép lép ghép in vitro
(Nature Methods, 6(5), 343-345, 2009) dé& thu dugc pUC18-xyIX ma trong d6 vi tri

Sfil dugce loai bo, va gen xylX duge cheén vao.

Bing phwong phép PCR str dung hé gen ADN ctia chiing C. crescentus CB-15
lam mAu, CC0822-01F 4691-87-5 (SEQ ID NO: 48) va CC0822-01R_5659-8-7 (SEQ
ID NO: 49), CC0822-02F 5659-8-8 (SEQ ID NO: 50) va CC0822-02R_5659-8-9
(SEQ ID NO: 51), CC0822-03F_5659-8-10 (SEQ ID NO: 52) va CC0822-03R_5659-
8-11 (SEQ ID NO: 53), CC0822-04F 5659-8-12 (SEQ ID NO: 54) va CC0822-
04R_5659-8-13 (SEQ ID NO: 55), cling nhu CC0822-05F_5659-8-14 (SEQ ID NO:
56) va CC0822-05R_4691-87-14 (SEQ ID NO: 57) ding 1am céc doan mdi, nim doan,
11v02 (175 bp), 12v02 (325 bp), 13v02 (260 bp), 14v02 (193 bp), va 15v02 (544 bp),
1an luogt duoc khuéch dai. Sau d6, hai doan 11v02 va 12v02 dugc lién két bing PCR
trao d6i chéo sir dung hai doan ndy lam miu, cling nh CC0822-01F 4691-87-5 va
CC0822-02R_5659-8-9 dung lam céc doan mdi. Tuong tu, hai doan 13v02 va 14v02

dugce lién Kkét béng PCR trao ddi chéo st dung hai doan ndy lam mAu, cling nhu
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CC0822-03F_5659-8-12 va CC0822-04R_5659-8-13 ding l1am c4c doan mdi. Hai
doan nay va doan 15v02 duogc d& cip trén diy duoc lién két bing phuong phép lip
ghép in vitro (Nature Methods, 6(5), 343-345, 2009). Poan dugc lién két thu duoc
duoc khuéch dai bing cach PCR st dung né lam mAu, cling nhu CC0822-01F_4691-
87-5 va CC0822-05R_4691-87-14 ding 1am céc doan mdi. Sau dé, pUC18 dugc phan
cét boi Smal, va doan dugc lién két duoc @ cép trén ddy duoc 1ip ghép bing phwong
phép 1ip ghép in vitro (Nature Methods, 6(5), 343-345, 2009) & thu dugc pUCI18-
cerxylA ma trong d6 vi tri Sfil dugc loai bd, va gen cerxyld duge chén.

Béng phwong phép PCR sit dung hé gen ADN ctia chiing C. crescentus CB-15
lam mAu, CC0819-01F 4691-88-7 (SEQ ID NO: 17) va CC0819-01R_5659-9-1 (SEQ
ID NO: 18), ciing nhuy CC0819-02F 5659-9-2 (SEQ ID NO: 19) va CCO0819-
02R_4691-88-10 (SEQ ID NO: 20) ding 1am céc doan mdi, cic doan 1130 bp va 653
bp 14n Iugt duge khuéch dai. Sau @6, pUC18 dugc phan cit bdi Smal, va hai doan
dwoc khuéch dai dugc dé cp trén day dugc lip ghép bing phuong phép lip ghép in
vitro (Nature Methods, 6(5), 343-345, 2009) dé thu dugc pUC18-xyID ma trong d6 vi
tri SAIl duoc loai bo, va gen xyID dugce chén.

Phin chiét enzym thd dwoc diéu ché tir chiing biéu hién operon ccrNXA
(MG1655AsucA/pTWV228Ptac_ccrNXA), vi cAc chimg chira mdi plasmit bidu hién
mdt trong cac gen xylD, xylX, vi ccrxyld duge &8 cép trén day,
(MG1655AsucA/pSTVPtac_xylD_Ttrp, MG1655AsucA/pSTVPtac_xyIX Ttrp, va
MG1655AsucA/pSTVPtac_cerxylA_Ttrp), va sau 6 m8i phén chiét enzym thé ctia
chiing chi chira vecto, hoic cac chiing biéu hién mét trong céc gen xyID, xylX, va
cerxyld dugce bd sung vao phin chiét enzym thé ctia ching biéu hién operon ccrNXA
d6, va hoat tinh d& san xuét oK G tir axit xylonic cia mbi hén hop 13 duge do. Cac két

qua duoc thé hién trong bang 6. Trong Bang 6, "1110" gin véi tén ching 13 s& dong.

Bang 6: Do cac két qué hoat tinh sin xudt aKG tir axit xylonic

(D| ZBucA/pTWVPtac ccrNXA 1110
CFE((D+2) @|IM109/pSTVPtac Tirp
Khéng xylD xyIX cerxylA
Hoat tinh d3c hidu
R 3 135 348 1,34 1,91
{(pmol/min/mg-protein) ! 4
‘ ’ 1.0 Z6 1,0 1.4
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Luu y: Hoat tinh twong dbi dugc chi ra duéi dang hoat tinh tuong d6i dwa trén
hoat tinh dic hiéu ctia hé hdn hop ccrNXA1110 va pSTV28-Ptac-Ttrp 14y 14 1.

V6i hé ma phin chiét enzym tho ctia ching chi bidu hién gen xyID duoc bd
sung, sy gia ting hoat tinh san xuit aKG dugc quan sat. Tir két qua nay, d4 cho thdy
ring xylonat dehydrataza (XylD) dugc ma héa bodi gen xyID tao ra diém gi6i han toc
d6 ctia qué trinh NXA duge cu tric trong E. coli bing céch biéu hién dj thé.

Do dong trao ddi chit ciia todn bd qua trinh ndy c6 thé duge cai thién bing
cach lam ting hon nita su bidu hién cta gen xyID trong chiing biéu hién operon
ccrNXA nhu duge dé xudt bing céch do hoat tinh enzym, ching bidu hién ting gen
xyID duge cAu tric bing cich dwa vecto biéu hién gen xyID vao ching biéu hién
operon cctNXA, va dugce danh gia bing cach nudi cdy @8 san xuit axit L-glutamic sir
dung glucoza va xyloza ding 1am ngudn cacbon. Ding lam ching biéu hién operon
ccrNXA, MG1655AsucA/pMW119Ptac_ccrNXA va
MG1655 AsucA/pTWV228Ptac_ccrNXA dugce st dung.

Viéc nudi cdy duoc tién hanh theo cach tuong ty nhu duge mb ta trong phﬁn

(3) néu trén.

Céc két qua duge thé hién trong bang 7. Chiing 1am ting su biéu hién gen xylD
th& hién s tich lily va hiéu suét axit L-glutamic dwoc lam ting dang k&. Sy tich Iy
axit L-glutamic 13 23 dén 25 g/l trai nguoe véi 15 dén 16 g/l chung d6i ching, va hidu
sult dya trén sacarit tieu thu dat tir 57 d&én 60% trdi ngugc véi tir 37 dén 40% cia
ching d6i chimg. axit xylonic, ma 13 chit trung gian trao d6i chét, 12 khéng thiy dugc
v6i ching duge 1am ting sw bidu hién gen xyID. Mt khac, hidu qua 1am ting su biéu
hién gen xyID chi dugc thiy & ching bidu hién mang vecto bidu hién operon ccrNXA
loai sb ban sao trung binh, va hiéu qua nay khong thiy dwoc & chung bidu hién mang
vecto loai s& ban sao thip. Tir cdc két qua nay, duge xem nhr 13 viée loai b didm gidi
han téc @9 ciia quy trinh nay bing cach 1am ting hoat tinh ctia todn bd qua trinh NXA
nhd viée 1am ting s ban sao clia cic vecto va lam ting hon nita sy biéu hién cia gen
xyID tao ra sy ci thién luong san xuét axit L-glutamic. Ngoai ra, khi hoat tinh san
xuit oK G tir axit xylonic ciia ching dugc 1am ting su bidu hién ciia gen xyID dugce do,
né ting khoang 10 14n so véi gia trj trude khi lam ting (Bang 8). Cac sb "1110", "17"

va "19" gén véi cc tén ching dugc d& cap trong cic bang 7 va 8 14 céc sb dong.
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Béng 7: K&t qua d4nh gi4 ching biéu hién operon ccrNXA + xyID bing qua trinh nubi

chy dé san xuét L-Glu

Chiing L-Glu(g/l) Hli;i“at 0.D,600
MG1655AsucA/pTWV228 15,7 37,6 23,9
MG1655AsucA/pTWVeerNXA1110 16,3 39,2 16,6
MG1655AsucA/pTWVcerNXA/pSTVPtacTtrp 16,3 39,2 22,9
MG1655AsucA/pTWVcerNXA/xylD17 25,4 61,1 14,3
MG1655AsucA/pTWVcerNXA/xyID19 24,2 58,1 16,0
Béng 8: Cac két qua do hoat tinh san xut oK G tir axit xylonic

Hoat tinh d&c hi¢u Hoat tinh

Chiing T

(pmol/min/mg-protein) | tuong doi
MG1655AsucA/pTWV228/pSTVPtacTtrp ND
MG1655AsucA/pTWVcerNXA1110 1,9 1,0
MG1655AsucA/pTWVcerNXA/pSTVxylD17 20,2 10,8
MG1655AsucA/pTWVcerNXA/pSTVxylD19 17,1 9,2

Luu y: Cac két qua di v6i MG1655AsucA/pTWVcerNXA 1110 1a céc gid trj

thu dugc trong céc thit nghi¢ém st dung cédc mé khdc nhau.
ND: khéng xac dinh dugc

Luu ¥: Hoat tinh twong d6i duoc chi ra duéi dang hoat tinh tuong dbi dya trén
hoat tinh d#c hiéu ctia ccrNXA1110 Iy 1am 1.

Vi dy 3: Dua qué trinh NXA vao Corynebacterium glutamicum
(1) Céu triic plasmit pVK9Peftu_ccrNXA dé dua vao d6 qué trinh NXA

Plasmit c6 trinh tir chira trinh ty doan khéi ddu ctia gen Tu yéu t6 kéo dai (EF-
Tu), tuf (WO2008/114721, SEQ ID NO: 33, gid ddy dwoc dé cip dén du6i dang
"Peftu") va xyID duge lién két & phia sau tir trinh tw doan khéi diu duge cdu tric bing
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sit dung kit tach dong Clontech In-Fusion Cloning HD (Clontech). Pau tién, PCR
duge tién hinh bing céch sir dung ADN nhidm séc thé ctia ching C. glutamicum
ATCC 13869 1am mAu, ciing nhu cic doan mdi Peftu(Pst) (SEQ ID NO: 58) va
Peftu Rv (SEQ ID NO: 59) d8 thu dugc doan chira trinh tu Peftu. PCR nay duoc tién
hanh bing cich sir dung PrimeSTAR HS Polymeraza theo phwong phép huéng din
kém theo enzym nay.

Hon thé nita, PCR duoc tién hanh bing cach sir dung pTWV228Ptac_ccrNXA
lam mAu, cling nhu céc doan mdi Peftu xyIXABCD fw (SEQ ID NO: 60) va
Peftu_xyIXABCD_rv (SEQ ID NO: 61) dé thu dugc doan chia trinh ty xyIX4ABCD
ctia C. crescentus. PCR niy duoc tién hanh bing cich sir dung PrimeSTAR GXL
Polymeraza theo theo phuong phép huéng dén kém theo enzym nay.

Sau d6, doan Peftu va doan chtra xyIXABCD thu dugc trén ddy dugc trdn véi
pVKO duoc xtt 1y bing PstI va BamHI, va duogc sit dung dé tién hanh phan tng dung
hop theo phurong phap huéng din sir dung kit tdch dong Clontech In-fusion HD. pVK9
1 vecto con thoi thu duge béi pHSG299 diu bing (Takara Bio) & vi tri 4vall, va chén
ving ¢6 thé ti sao chép trong vi khuén coryneform duge chira trong pHK4 (Pon yéu
cdu cép bing sang ché Nhat Ban chua thdm dinh s6 05-007491), ma dugc cit bing
BamHI va Kpnl, va dugc 1am bing ddu (Pon yéu ciu clp bing sing ché Nhit Ban
chua thAm dinh s§ 2007-97573, Céng b Pon yéu cdu cip bing sing ché M¥ sb
2005/0196846). E. coli JM109 dugc bién nap véi hén hgp phan tmg dung hop. Céc thé
bién nap dugc lya chon trong méi trudng agar chira méi trudng LB duge bd sung
kanamyxin & ndng d6 cudi bang 50 mg/l. Plasmit dich pVK9Peftu_ccrNXA thu dugc

tir thé bién nap thu duge.

(2) Séan xuét axit L-glutamic bang Corynebacterium glutamicum dugc dua vao d6 qua
trinh NXA

Chung C. glutamicum ATCC 13869 duoc bién nap véi pVKO9Peftu_ccrNXA
dugc d& cép trén diy bing phuong phip xung dién (Pon yéu cu cép bing sang ché
Nhét Ban chua thim dinh s§ 2-207791). Ching dwgc gén pVK9Peftu_ccrNXA duge
Iya chon trong méi trudng agar chita moi truong CM-Dex dugc bd sung kanamyxin &
ndng d6 cudi bing 25 mg/l. Hon thé nita, ching C. glutamicum ATCC13869 dugc bién

nap v&i pVKD9 ciing duoc Iya chon theo cach twong tw dung 1am chiing dbi ching.
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Khé ning ddng hoéa xyloza va kha niing sin xufit axit L-glutamic ciia céc thé
bién nap thu dugc duoc dénh gia bing cach tién hanh nudi cdy sir dung binh ciu
Sakaguchi. C4c t& bio clia m3i chiing bién nap dwoc nudi cdy & 31,5°C trong 24 gi®
trong mdi trudng CM-Dex agar dugc bd sung kanamyxin & néng d6 cudi bing 25 mg/l
duge cao 14y luong tuwong tmg véi 1/6 dia, va duge u trong 20 ml méi trudng Gle duge
chira trong binh ciu Sakaguchi, 1 g canxi cacbonat dugc thanh tring truéc bing khong
khi néng duoc bd sung, va lic méi trudng nudi cdy & 31,5°C va 120 vong/phiit trong
24 gid. M6i trudng nudi cdy thu duge véi thé tich 1 ml duge @ trong 20 ml méi trudng
Xyl (biotin dioc han ché) dugc chira trong binh ciu Sakaguchi, 1 g canxi cacbonat
duoc thanh tring trudc bing khong khi néng duge bd sung, va viée lic moi trudng
nudi ciy duoc tién hanh & 31,5°C va 120 vong/phut trong 73 gidy. Cac két qua duoc thé
hién trong bang 9.

Ching C. glutamicum ATCC 13869 dugc nhdp pVK9 hiu nhu khong sinh
trudng trong moi tredng Xyl, va ciing khong thé hién khi ning sin xudt axit L-
glutamic. Mt khac, chiung C. glutamicum ATCC 13869 dugc nhép
pVK9P_eﬁu_ccrNXA'sinh trudng trong mdi trudng Xyl, va tich lily axit L-glutamic. Tir
céc két qua ndy, da cho thiy ring viéc dua qué trinh NXA vao vi khuin coryneform

dugc cai thién kha ning ddng héa xyloza, va ching niy san xuft axit L-glutamic tir

xyloza.

Bang 9

Chiing OD620 Xyltiéuthy Glu Hiéu sudt Axit xylonic
(x101) (&) C4Y) (%) 4V

ATCC13869/pVK9 0,048 +0,013 0 0 0 0

ATCC13869/

0,404 £0,01057,1+0,222,5+0,3 43+£0,5 44,5+1,5
pVK9Peftu ccrNXA

(3) Chu triic chiing dugc 1am ting hon nita sy biéu hién gen xyID

Do ching C. glutamicum ATCC 13869 chira pVK9Peftu_ccrNXA tich lily axit
xylonic, nén dugc cho ring hoat tinh ciia san phdm gen xyID 13 khong ddy di. Do d6,
da nd lyc dé chu tric plasmit cho sw biéu hién clia qué trinh NXA trong d6 gen xylD

dugc 1am ting hon nita bing cch dua moét hodc nhidu ban sao ciia gen xyID vao
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. plasmit pVK9 Peftu_ccrNXA.
(4) Chu trtic plasmit pVS7PmsrA_xy1D cho sy biéu hién ciia gen xyID

Plasmit c6 trinh trr bao gdm trinh tr doan khoi ddu cia gen msrd (peptit
methionin sulfoxit reductaza A) (it ddy duoc @ cap dén dudi dang "PmsrA") va gen
xyID ctia C. crescentus dugc lién két & phia sau tir trinh ty doan khaoi du duoc cdu tric

béng sir dung kit Clontech In-Fusion Cloning HD.

Pau tién, PCR duoc tién hanh bing cach sit dung ADN nhiém séc thé cta
ching C. glutamicum ATCC 13869 lam mfu, cling nhu cic doan mdi PmsrA(Pst)
(SEQ ID NO: 62) va PmsrAR (SEQ ID NO: 63) d thu dugc doan chira trinh tur
PmsrA. Hon thé nita, PCR duogc tién hanh bing céch sir dung pTWV228Ptac_ccrNXA
1am miu, cling nhu cdc doan mdi PmsrA _xylD fw (SEQ ID NO: 64) va
Peftu_xyIXABCD rv dé thu dugc doan chira trinh ty gen xyID ctia C. crescentus. Cic
PCR duoc tién hanh bing céch st dung PrimeSTAR HS Polymeraza theo phuong
phép hudng dan kém theo enzym nay.

Sau d6, cac 'doan chita doan PmsrA va gen xyID thu dugc trén ddy duoc tron
v6i vecto con thoi pVS7 (phuong phép céu tric duge thé hién dudi day) dwoc xit Iy
bing PsiI va BamHI, va duge sir dung d8 tién hanh phan tmg dung hop theo phwong
phép huéng dan st dung kit tich dong Clontech In-fusion HD, va sai d6 E. coli
IM109 duge bién nap vé6i hdn hop phéan ting ndy. Céc thé bién nap nay dugc lya chon
trong mdi trudng agar chira méi tredng LB duge bd sung spectinomyxin & ndng d6

cudi bing 25 mg/I. Plasmit dich pVS7PmsrA_xylID thu dugc tir thé bién nap thu duoc.

pVS7 14 plasmit thu dugc bing cach thay thé gen khang cloramphenicol cia
pVC7 (Pon yéu ciu clp bing sang ché Nhit Ban chwa thdm dinh sé 2000-201692,
patent chiu Au s6 1004671) bing gen khing spectinomyxin. Gen khang
spectinomyxin ndy c6 thé thu dugc bing cich didu ché plasmit pDG1726 tir ching
Escherichia coli ECE101E dugc ban bdi Bacillus Genetic Stock Center (BGSC), va
thu 14y gen khang nay tlr plasmit diing 1am caset. Bang PCR str dung pDG1726 lam
mau, cling nhu cdc doan mdi SpeR-F (SEQ ID NO: 65) va SpcR-R (SEQ ID NO: 66),
gen khéang spectinomyxin dugc khuéch dai. Poan gen thu duge duge trdn véi pVC7
dugc xit 1y bing Smal, phan tmg lién két dugc tién hanh theo phuong phép cua
Ligation Mix <Mighty Mix> clia Takara Bio, va E. coli IM109 dugc bién nap véi hdn
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hop phan Gng nay. Céc thé bién nap dwgc lya chon trong méi trudng agar chira méi
tredmg LB duogc bd sung spectinomyxin & nng d6 cudi bing 25 mg/l. pVC7-spc chita
pVC7 dugce chén bing gen khing spectinomyxin thu duge tir thé bién nap thu duoc.
Hon thé nita, PCR duoc tién hanh bing cich sit dung pVC7-spe 1am mAu, cling nhur
céc doan mdi spe(GTG khéi ddu)-F (SEQ ID NO: 67) va spe(két thic)-R (SEQ ID
NO: 68) d& 1am khuéch dai gen khéng spectinomyxin.

Theo cach riéng biét, PCR duoc tién hanh bing cach st dung pVC7 1am mAu,
cling nhu cic doan mdi Spe-pVC7-Cm-F (SEQ ID NO: 69) va Spc-pVC7-Cm-R (SEQ
ID NO: 70) d thu dugc doan ADN bao gbm pVC7 trong d6 gen khang
cloramphenicol dugc loai bd. Poan ADN nay va doan ADN cua gen khing
spectinomyxin thu dugc trén ddy tir pVC7-spc dugc trén, va dugc sit dung 8 tién
hanh phén ‘mg dung hop theo phuong phép huéng din kém theo kit tich dong
Clontech In-fusion HD, va E. coli IM109 dugc bién nap véi hén hop phén Ung thu
duge. Céc thé bién nap duoc trdi qua qué trinh chon loc trong mdi trudng agar chira
mdi trudng LB dwoc bd sung spectinomyxin & ndng d6 cubi bang 25 mg/l. pVS7 thu

dugce tir thé bién nap thu dugc.
(5) Chu triic plasmit pVK9Peftu_ccrNXA ™ c’fuqc lam ting honnita gen xy/D

Poan ADN chira gen khang spectinomyxin (Spc) va PmsrA xylD dugc
khuéch dai bing céch st dung pVS7PmsrA_xylD lam méu, ciing nhu cdc doan mdi
ME_Spc_fw (SEQ ID NO: 71) va ME_Peftu_xyIXABCD _rv (SEQ ID NO: 72). Poan
ADN thu duge duge xen vao pVK9Peftu _ccrNXA in vitro theo phuong phiap hudng
din kém theo kit Ez-Tn5™ Custom Transposome Construction Kit (Epicentre), va
doan thu duoc dugce sir dung dé bién nap E. coli DH5a.. Céac thé bién nap dugc trdi qua
qué trinh chon loc trong méi trudng agar chira méi trudng LB agar dugc bd sung
kanamyxin va spectinomyxin & ndng d6 cubi bing 50 mg/l va 25 mg/l. Céc plasmit
duoc tach ra tir céc th bién nap thu duogc, va plasmit ma da khéng dinh duoc ring v1
tri chén ctia trinh tu Spc-PmsrA_xylD khong ndm trén trinh tir Peftu_ccrNXA béng
phép phén tich trinh ty nucleotit xung quanh trinh tu Spc-PmsrA_xylD duoc chi dinh
pVK9Peftu_ccrNXA™P.

(6) San xuét axit L-glutamic bing chiing duoc nhip qué trinh NXA ¢6 gen xylD dugce

lam ting hon nita
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pVK9Peftu_ccrNXA'P duge dua vao ching C. glutamicum ATCC 13869 bing
phuong phép xung dién, va cic t& bao dwoc sir dung cho mdi trudng CMDex agar
chita 25 mg/l kanamyxin. Kha ning sin xuét axit L-glutamic ctia ching dugc sinh
trrdng & 31,5°C duge danh gid theo phuong phép twong ty nhu phuong phap ciia phin |
(2) néu trén. Céc két qua duge thé hién trong bang 10.

Ching chita pVK9Peftu ccrNXA™ tich Ity axit D-xylonic v6i lugng nho,
nhung tich Ifly axit L-glutamic vdi iuc_mg l6n hon so véi ching chira
pVK9Peftu_ccrNXA. Bing két qua niy, di chimg minh dugce ring axit L-glutamic c6
thd duoc tao ra hiéu qua hon tir D-xyloza théng qua qué trinh NXA bing céch 1am

tdng hon nita gen xyID.

Bang 10: San xuft axit L-glutamic ctia chiing duge nhip qué trinh NXA dugc lam ting

hon nita gen xyID.

Xyl tiéu on x Axit
Chin 0OD620 thu L-Glu Hiéu suit N lonic‘
s (x101) ' @ %
(gh (€Y
ATCC13869/ 0297+ 583
42401 7101 502+0,1
pVK9Peftu ccrNXA 0,004 0,11
ATCC13869/ 0351+ 71,9+
VROPn sl AT 000 vee  27S5+01382504 227404
p | corNXA , ,
Vi du 4

(1) Su thay thé céc gen cia qué trinh NXA:

Trong céc vi du dugc d& cép trén ddy, bing cach sit dung cac gen xylX, cerxyld,
cerxylB, xylC va xylD cta vi khuln da biét C. crescentus, ma qué trinh NXA dd dugc
thong bdo, da chimg minh dugc ring axit glutamic c6 thé dugc tao ra tir xyloza théng
qua qué trinh NXA. Trong vi du nay, cdc gen twong tu ciia xyID, xylX, va ccrxyld thu
duoc tir cdc loai sinh vat khic C. crescentus, va dugc danh gid xem li€u cac gen nay cé
thé thay thé cho céc gen cta C. crescentus. Ding 1am ngudn gen, cic loai sinh vat
dugc mé ta trong bang 11 14 duge chon. Ky hiéu gen clia cadc gen (Ngan hang gen) 1a
cling da biét. Cac sb xac dinh trinh tw clia céc trinh ty nucleotit ciia céc gen va cdc

trinh tu axit amin dugc ma hoa bdi chiing duge sit dung trong danh muc trinh tir duge
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thé hién trong bang 12. Trong bang 12 nay, "gc" c6 nghia 1 trinh ti nucleotit gen ¢6
trong ty nhién, va "dugce t61 wu" c6 nghia 13 trinh tyr nucleotit ma codon ctia né dugc

t61 wu héa theo viée str dung codon trong E. coli.

Trong phin mé ta sau d4y, cic enzym dugc ma hoa bdi cic gen ddng déng

xyID, xyIX, va xylA 14n lugt c6 thé dugc @ cdp & dang XyID, XylX, va XylA.

Bang 11

Sinh vét Phén loai Vibttht  [Ky hidu gen

| Agrobacterium tumefaciens 54 |o-proteobacteria [xylD(Atu) [EHJ96830
Herbaspirillum seropedicae B-proteobacteria |xylD(Hse) Hséro_4498
Escherichia coli y-proteobacteﬁa yihG ECK4286
Escherichia coli y-proteobacteria |yagF ECK0270
Actinoplanes missouriensis Actinobacteria xylD(Amis) |[AMIS 27920
Asﬁergillus oryzae' Fungi ‘ xylD(Aor) [AOR 1 412134
|Agrobacterium tumefaciens 54 Ia-proteobac'teria xy.lX(Atu). EHJ96825 |
Cupriavidus necator - B-proteobacteria kle(Cne) CNE_2c03420
Pseudomonas elodea y-proteobacteria [xylX(Selo) ZP_099‘55741
Zobellia <gr'a'lactanivorans Bacteroidetes xylX(Zga) zobellié_23 18
Thermobacillus composti Firmicutes xyIX(Tco) [ZP_08919992.1
Arthrobacter globiformis Actinobacteria’ [xyIX(Art) |ARGLB_037 02150
Azospirillum brasilense .~ |a-proteobacteria [xylA(Abr) |[BAE94276.1
Halomonas boliviensis &-proteobacteria xylA(Hbo) |ZP 09188044.1
Bacillus subtilis Firmicutes ycbD BSU02470
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Bang 12
. SEQ ID NO SEQ ID NO
Viét tat - R . \ . .
(Trinh ty nucleotit) | (trinh tir axit amin)
Gbéc 73
xylD(Atu) — - 74
Puoc tdi wu héa | 75 .
Géc 76
xylD(Hse) —— — 77
' Puoc t6i vu hda | 78 .
yjhG 34 35
yagF 36 37
| Gée 79
xylD(Amis) re - 80
Puoc t6i wu héa | 81
Géc 82
xylD(Aor) = - : , 83
. Puoc t6i wru héa | 84
‘Gée 85
xylX(Atu) — 86
| Pugc t6i vu héa | 87
Géc 88
xylX(Cne) —— - 89
Puoc t6i vru hda | 90
Gée 91 :
xylX(Selo) — 92
Pugc t6i wru hda | 93
X(Zga) Géc 94 o5
X a) [ TR
Y & Puogc toi wru hda | 96
Gbe . 97
xylX(Tco) - 98
: Puogc t6i wvu hda | 99
R 100
xylX(Art) = 101
Puoc t6i wu héda | 102
Géc 103
xylA(Abr) — 104
Puoge t61i vu héa | 105
A(Hbo) Géc 106 107
X 0 -
Y Duoc t0i wu héa | 108
ycbD ‘ 1109 110

(2) Chu tric cc plasmit d& x4c dinh hoat hoat tinh ctia XyID, XylX, va XylA,
pTWVPtac_ccrNXA_AxylD Km, pTWVPtac_cerNXA AxylX Km, va
pTWVPtac_ccrNXA_AcerxylA_Km
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Viéc ciu trac duge tién hanh bing céch sir dung k_it tach dong Clontech In-
Fusion. . |
| Déiu tién, bing PCR sir dung pTWVPtac_ccrNXA_Km lam mdu, cling nhu
Ptac_xyIXABC F (SEQ ID NO: 111) va Ptac_xylXABC R (SEQ ID NO: 112) ding
lam céc doan mdi, doan ADN ngoai trir xyID dugc khuéch dai. San phdm PCR dugc sir
dung d& tién hanh phan Umg dung hop theo phuong phép cia kit tich dong Clontech
In-fusion HD, ching E. coli IM109 dugc bién nap véi san phdm phan tng, va plasmit
dich pTWVPtac_cerNXA_AxylD Km thu duge tir thé bién nap ds.

Theo caich tuong tu nhy duwge md t&  trén day,
pTWVPtac_ccrNXA AxylX Km duge cu triic bing sir dung Ptac xylABCD F
(SEQ ID NO: 113) va Ptac_xylABCD R (SEQ ID NO: 114) ding 13m céc doan mdi,
va pTWVPtac_cerNXA_AccrxylA_Km dugc chu triic bing st dung Ptac_ xyIXBCD_F
(SEQ ID NO: 115) va Ptac_xleBCD_R (SEQ ID NO: 116) dung lam céc doan mdi.

(3) Céu triic Pantoea ananatis d& xé4c dinh cac hoat tinh XyID, XyIX, va XylA

Ching P. ananatis NA1 duoc bién nap v6i pTWVPtac_cerNXA_ AxylD Km
duoc md ta trén ddy bing phuong phédp md 15 bing dién. Ching duoc ciu tric ndy
dugc @& cip dén P. ananatis NA2 AxylD. DPé nuéi cly P. ananatis NA2 AxyID, modi
trudng trong dfa chira LBGM9 ma kanamyxin va tetraxyclin duogc bd sung l4n Iugt &

céc néng do cudi 40 mg/l va 12,5 mg/l, dugc sir dung.

. Theo phwong phdp twong tw, ching P. ananatis NA1 dugc bién nap voi
pTWVPtac ccrNXA AxylX Km hofic pTWVPtac cerNXA AcerxylA Km dé ciu
tric chiing P. ananatis NA2 AxylX va ching P. ananatis NA2 AccrxylA.

(4) Chu tric cic plasmit bidu hién dong d?mg xyID, xylX, va xylA

Céc plasmit dé bidu hién ciia yjAG hoic yagF, pSTV28-Ptac-yjhG-Ttrp va
pSTV28-Ptéc-yagF-Ttrp, duge didu ché nhu sau.

pSTV28-Ptac-yjhG-Ttrp dugc didu ché bing cach khuéch dai doan yjAG bing
PCR sir dung hé gen ADN cuia ching E. coli MG1655 1am miu, cfing nhu yjhG _F
(SEQ ID NO: 117) va yjhG R (SEQ ID NO: 118) ding 1am cic doan mdi, va tich
dong doan duge khuéch dai nay thanh pSTV28-Ptac-Ttrp duoc phan cét bdi Smal theo
phuong phép tadch dong ndi dung hop.
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pSTV28-Ptac-yagF-Ttrp dugc didu ché theo céch tuong tw nhu duérc md ta
trén day bing céch sir dung yagF_F (SEQ ID NO: 119) va yagF_R (SEQ ID NO: 120)
dung 1am céc doan mbi.

Plasmit d& bidu hién ctia xyID(Hse), pSTV28-Ptac-xyID(Hse)-Ttrp, duge diéu
ché nhu sau. Poan ADN c6 céc trinh tu cia doan khoi déu tac, xle(Hsé), va yéu tb
két thiic trp (Ptac-xylD(Hse)-Ttrp) dugc tbng hop, va dugc lién két voi vecto pUCS7
(dwgc mua tir Thermo Fischer Scientific) dugc phén cit bdi EcoRV & thu duwoc
pUCS57-Ptac-xylD(Hse)-Ttrp. khi doan ADN duogc téng hop, céc codon duge t1 wu
héa sao cho doan nay 12 thich hop & biéu hién trong E. coli. Nhiing luong twong
duong ctia pSTV28 va pUCS57-Ptac-xylD(Hse)-Ttrp, cd hai duoc phan cét bdi EcoRI
va Kpnl, dugc tron, va phan tmg lién két duoc tién hanh. Sau d6, IM109 dugc bién nap
v6i san phim lién két ndy, va plasmit duoc tdch ra tir thé thuc khuén thé hién kha ning
khang Cm & thu dugc pSTV28-Ptac-xylD(Hse)-Ttrp.

Céc plasmit d6i véi sy biéu hién cia xyID(Amis), xyID(Aor), xplX(Cne),
xylX(Zga), xylX(Tco), xylA(Abr), va ycbD, pSTV28-Ptac-xylD(Amis)-Ttrp, pSTV28-
Ptac-xyID(Aor)-Ttrp, pS'I'V28;Ptac-xyD((Cné)-Ttrp, pSTV28-Ptac-xylX(Zga)-Ttrp,
pSTV28-Ptac-xylX(Tco)-Ttrp, pSTV28-Ptac-xylA(Abr)-Ttrp, va pSTV28-Ptac-ycbD-
Ttrp, ciing dugce didu ché theo phuong phép tuong ty. Viée t6i wu héa codon khong
duoc tién hanh d6i véi YebD. o

Plasmit d6i v6i sy bidu hién cta xylD(Atu), pSTV28-Ptac-xylD(Atu)-Ttrp,
duge didu ché nhu sau. Poan ADN c6 céc trinh ti ctia doan khéi diu tac, xyID(Atu),
va yéu t6 két thic trp (Ptac-xylD(Atu)-Ttrp) dugc tdng hop, va duoc lién két voi vecto
pJET1.2 (dugc mua tit Thermo Fischer Scientific) duge phéin cét bdi EcoRV dé thu
dugce pJET1,2-Ptac-xylD(Atu)-Ttrp. Khi doan ADN dugc tdng hop, c4c codon duge
t5i wu héa sao cho doan nay 14 thich hgp @& bidu hién trong E. coli. Nhimmg lugng
trong duong clia pSTV28 va pIET1,2-Ptac-xylID(Atu)-Ttrp, c& hai dugc phan cit bdi
EcoRI va Kpnl, dugc trdn, va phan tmg lién két duoc tién hanh. Sau d6, IM109 duoc
bién nap véi san phadm lién két niy, va plasmit duoc tich ra tir thé thie khudn thé hién
kha ning khédng Cm d8 thu dugc pSTV28-Ptac-xyID(Atu)-Ttrp.

Céc plasmit dbi vé6i su bidu hién ciia xyLX(Atu) hodc xylA(Hbo), pSTV28-Ptac-
xylX(Atu)-Ttrp va pSTV28-Ptac-xylA(Hbo)-Tirp, ciing dugc diéu ché theo phuong
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phép twong tur.

Plasmit d8i véi sy biéu hién ciia xyIX(Art), pSTV28-Ptac- xyIX(Art)-Trp,
duogc didu ché nhu sau. Poan ADN c6 céc trinh tir ciia doan khdi ddu tac, xyIX(Art), va
yéu t§ khoi dhu trp (Ptac-xylX(Art)-Ttrp) dwoc téng hop, va dugce lign két Vi vecto
pCC1 (dwgc mua tir Epicentre) dugc phan cit bdi EcoRV @ thu duge pCCl-Ptac-
xyIX(Art)-Ttrp. Khi doan ADN dugc tdng hop, c4c codon duge t6i wu héa sao cho
doan nay 14 thich hop d& bidu hién trong E. coli. Nhing luong twong duong ciia
pSTV28 va pCC1-Ptac-xyIX(Art)-Ttrp, ca hai dugc phin cit bdi EcoRI va Kpnl, dugce
trdn, va phén tmg lién két dwoc tién hanh. Sau d6, IM109 dugc bién nap véi san phdm
lién két ndy, va plasmit dwoc téch ra tir th thyc khuén thé hién kha ning khing Cm dé
thu dugc pSTV28-Ptac-xylX(Art)-Ttrp.

(5) Xé4c dinh hoat tinh clia cic ddng déng xylD

Ching P. ananatis NA2 AxylD dugc bién. nap v6i pSTV28-Ptac-Ttrp,
pSTV28-Ptac;xle-Ttrp, pSTV28-Ptac—xle(Atu)—Tt1‘p; pSTV28-Ptac-xylD(Hse)-Ttrp,
pSTV28-Ptac-yjhG-Ttrp, pSTV28-Ptac-yagF-Ttrp, pSTV28-Ptac-xylD(Amis)-Ttrp,
hodc pSTV28-Ptac-xle(A6r)—Ttrp bing phuong phép mé 16 bing dién (d& cap dén
patent M§ s6 6,682,912). D6i véi viéc nudi cdy cac thé bién nap, mdi trudng chira
trong dia chita LBGM9 ma kanamyxin, tetraxyclin va cloramphenicol dwoc bd sung &

cac néng d6 cudi 40 mg/l, 12,5 mg/l va 25 mg/l, dugce sit dung,

Céc t& bao ciia mbi thé bién nap dwgc nudi cly qua dém & 34°C trén dia
LBGM9 ma cac duc_ré chét duge bd sung duge cao voi lugng tuong tng v6i 1/6 té bao
trén dia, dugc U trong 5 ml médi tredmg MSII-SX duge chira trong 6ng thir nghiém 16m,
va dugc nudi cly & 34°C va 120 vong/phit trong 48 gid, va lugng axit L-glutamic
(Glu) duoc tich liiy dugc do. Céc két qua dwoc thé hién trong Fig. 5.

Trong khi chiing P. ananatis NA2 AxylD dugc nhip pSTV28-Ptac-Ttrp tich
lity 6,9 g/l axit L-glutamic, céc thé bién nap khéc tich lity 11,1 &n 23,1 g/ axit L-
glutamic. O ching dugce nhép pSTV28-Ptac-Ttrp, axit L-glutamic hiu nhw duoc tao ra
tlr xyloza, va do d6 dugc xem nhu 1é-axit L-'glutamic dugc tao ra tir xyloza thong qua
qué trinh NXA ¢ cac thé bién nap khic. D6 13, d4 chimg minh dugc ring ddng ding
xyID thu dugec tir lodi sinh vt bit ki khac C. crescentus c6 thé thay thé cho xyID.

(6) Xéc dinh hoat tinh ctia céc dbng ding XylX
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Chungr P. ananatis NA2 AxylX dugc bién nap véi pSTV28-Ptac-Tirp,
pSTV28-Ptac-xylX-Ttrp, pSTV28-Ptac-xyIX(Art)-Ttrp, pSTV28-Ptac-Xy1X(Atu)-Ttrp,
pSTV28-Ptac-xylX(Cne)-Ttrp, pSTV28-Ptac-xylX(Zga)-Ttrp, pSTV28-Ptac-
xyIX(Tco)-Tirp, hofic pSTV28-Ptac-xylX(Selo)-Ttrp bing phuong phép mé 18 béng
dién. D5i véi viec nudi cdy cac thé bién nap, méi trudng chira trong dia chira LBGM9
ma kanamyxin, tetraxyclin va cloramphenicol duoc bd sung & céc ndng d6 cudi 40
mg/l, 12,5 mg/1 va 25 mg/l, dugc st dung.

Cac t€ bao clia mbi thé bién nap dwgc nuéi cdy qua dém & 34°C trén dia
LBGM9 ma dugc cht dugc bd sung duge cao ra voi lwong twong ng véi 1/6 t& bio
trén dia, duge 1 trong 5 ml mbi trudng MSII-SX chira trong dng thir nghiém 16n, va
duoc nudi cdy & 34°C va 120 vong/phit trong 48 gid, va lugng ciia axit L-glutamic
(Glu) duoc tich liiy duge do. Cac két qua duogc thé hién trong Fig.'6.

Trong khi ching P. ananatis NA2 AxylX dwgc nhép pSTV28-Ptac;Ttrp tich
lity 8,7 g/l axit L-glutamic, c4c thé bién nap khéc tich liiy 20,5 dén 27,8 g/l axit L-
glutamic. o] ching dugc nhip pSTV28-Ptac-Ttrp, axit L-glutamic hiu nhu duge tao ra
tir xyloza, va do 46 dugc xem nhu 13 axit L-glutamic dugc tao ra tir xyloza théng qua
qué trinh NXA & céc thé bién nap khéc. P6 13, dd chimg minh dugc ring ddng phén
xyIX thu dugc tir loai sinh vt bit ky khéc C. crescentus c6 thé thay thé cho xylX.

(7) X4c dinh hoat tinh ctia c4c ddng ding XylA

Ching P. ananatis NA2 AccrxylA dugc bién nap véi pSTV28-Ptac-Ttrp,
pSTV28-Ptac-cerxylA-Ttrp, pSTV28-Ptac-ycbD-Ttrp, pSTV28-Ptac-xylA(Hbo)-Ttrp,
hoic pSTV28-Ptac-xylA(Abr)-Ttrp bing phuong phép md 16 bﬁng dién. Péi véi viee
nudi cdy cac thé bién nap, méi trudng chira trong dia chira LBGM9 ma kanamyxin,
tetraxyclin va cloramphenicol duge bd sung & cdc ndng d6 cubdi 40 mg/l, 12,5 mg/l va
25 mg/l, duogc sit dung.

Céc té bao ctia mdi thd bién nap dwoc nudi cly qua dém & 34°C trén dia
LBGM9 ma cic dugc chit duge b sung dugce cao ra véi hrong tuwong tmg v6i 1/6 té
bdo trén dia, duge G trong 5 ml méi tmong MSII-SX duge chira trong dng thu nghiém
16m, va dugc nudi cdy & 34°C va 120 vong/phut trong 48 gio, va luong cla axit L-

glutamic (Glu) dugc tich Iy duge do. Céc két qua durgc thé hién trong Fig. 7.

Trong khi chiing P. ananatis NA2 AccrxylA dugc nhdp pSTV28-Ptac-Ttrp tich

-72-



22414

liy 1,0 g/l axit L-glutamic, cac thé bién nap khac tich lily 18,1 dén 30,7 g/l axit L-
glutamic. O ching dugc nhap pSTV28-Ptac-Ttrp, axit L-glutamic hau nhu dugc tao ra
tr xyloza, va do d6 duoc xem nhu 1a axit L-glutamic dugc tao ra tir xyloza thong qua
qua trinh NXA trong cac thé bién nap khac. Do 1a, da ching minh duoc rang dong
dang ccrxyld thu duoc tir loai sinh vat bat ky khac C. crescentus c6 thé thay thé cho
xylA.

Kha nang Gng dung trong cong nghiép

Theo sang ché, hop chét dich c6 thé duoc tao ra mot cach hiéu qua béng cach

1én men st dung nguyén liéu tho xyloza.
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YEU CAUBAOQ HOQ

1. Phuong phép san xut hop chét dich bao gdm budc nu6i cdy vi khuln c6 kha ning
tao ra hop chét dich trong m6i trudng nudi cdy chira xyloza 1am ngudn cacbon dé tao
ra va tich liiy hop chét dich trong méi tredng ndy, va thu gom hop chit dich tir méi
trrong nay, trong do:

hop chét dich 14 axit 2-ketoglutaric ho#ic din xuét ciia nd,

vi khuln c6 kh4 ning san xudt axit xylonic tir xyloza, va hoat tinh xylonat
dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza va hoat tinh 2-ketoglutaric

semialdehyt dehydrogenaza di duoc truyén hodc lam ting trong vi khuén
vi khudn 14 vi khudn thudc lodi Pantoea hodc loai Corynebacterium, va

din xuét ctia axit 2-ketoglutaric 13 hgp chét dwoc chon tir nhém bao gdm axit
L-glutamic, L-glutamin, L-arginin, L-xitrulin, L-ornithin, L-prolin, putresxin, va axit

y-aminobutyric.

2. Phuong phép theo diém 1, trong d6 cac hoat tinh enzym clia xylonat dehydrataza, 2-
keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza dugc
truyén hogc dugc 1am ting trong vi khuén bing cich dua cic gen ma.héa céc enzym
nay, & dang c6 thé biéu hién, vao vi khuin.
3. Phuong phap theo diém 1 hodc 2, trong d6 céc gen ma héa xylonat dehydrataza, 2-
keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza thu
dugc tr vi sinh vit thudc lodi Caulobacter, Escherichia, Agrobacterium,
Herbaspirillum, Actinoplanes, Cupriavidus, Pseudomonas, Zobellia, Thermobacillus,
Arthrobacter, Azospirillum, Halomonas, Bacillus, hoic Aspergillus.
4. Phuong phép theo diém bét ky trong s6 cac diém tir 1 dén 3, trong d6 vi khuln c6
thé san xuit axit xylonic tir xyloza c6 mdt trong céc dic diém sau:

-(A) hoat tinh xyloza dehydrogenaza, hogc hoat tinh xyloza dehydrogenaza va

hoat tinh xylonolactonaza d4 dugc truyén hoic lam ting trong vi khuén, hoic

(B) vi khuén c6 hoat tinh glucoza dehydrogenaza ma xtc tac phan Ung san

xudt axit xylonic tir xyloza.

5. Phuong phép theo diém 4, trong d6 glucoza dehydrogenaza stt dung pyroloquinolin
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quinon 1am coenzym, vi vi khudn thé hién hoat tinh glucoza dehydrogenaza vi n6 c6
kha ning san xult pyroloquinolin quinon, hodc dwgc nudi ciy trong mdi trudng nudi
cAy chira pyroloquinolin quinon. '

6. Phuong phip theo diém 4, trong 46 vi  khuln
c6 thd san xuét axit xylonic tir xyloza vi né dd dugc dua gen m& héa xyloza
dehydrogenaza, hodc cdc gen m& hoéa xyloza dehydrogenaza va xylonolactonaza &
dang c6 thé biéu hién.

7. Phuong phap theo diém bét ky trong s cac diém tir 1 ¢én 6, trong d6 vi khudn dugce
tiép tuc bién ddi sao cho hoat tinh ctia 2-ketoglutarat dehydrogenaza giam.

8. Phuong phép theo diém bit ky trong sb céc diém tir 1 dén 7, trong d6 vi khuln dwgc
tiép tuc bién dbi sao cho hoat tinh ctia sucxinat dehydrogenaza giam.

9. Phuong phép theo diém bét ki trong s6 cac diém tir 1 dén 8, trong d6 vi khudn niy
1a Pantoea ananatis.

10. Phuong phép theo didm bt ky trong s6 cac diém tir 1 dén 8, trong d6 vi khudn nay

1a Corynebacterium glutamicum.

11. Vi khuén c6 kha ning tao ra hop chit dich trong méi trudng nuéi ciy chira xyloza

lam nguén cacbon, trong do:
hop chét dich 13 axit 2-ketoglutaric hodc din xuét ctia né,

vi khuén c6 kha ning san xuét axit xylonic tir xyloza, va hoat tinh xylonat
dehydrataza, hoat tinh 2-keto-3-deoxyxylonat dehydrataza va hoat tinh 2-ketoglutaric
semialdehyt dehydrogenaza d3 dugc truyén hoic 1am ting trong vi khuén,

trong d6 vi khudn la vi khuln thudc loai Pantoea ho#ic loai Corynebacterium,
va

trong d6 din xudt cia axit 2-ketoglutaric 13 hop chit dwoc chon tir nthém bao
gém axit L-glutamic, L-glutamin, L-arginin, L-xitrulin, L-ornithin, L-prolin, putresxin,

va axit y-aminobutyric.

12. Vi khuén theo diém 11, trong d6 c4c hoat tinh enzym ctia xylonat dehydrataza, 2-
keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza dugc

truyén hodic dugc lam ting trong vi khuin bing cach dua cdc gen mi héa céc enzym
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ndy, & dang c6 thé bidu hién, vao vi khun.
13. Vi khudn theo diém 11 hoiic 12, trong d6 cic gen mi héa xylonat dehydrataza, 2-
keto-3-deoxyxylonat dehydrataza, va 2-ketoglutaric semialdehyt dehydrogenaza thu
dugc tir vi sinh vAt thudc lodi Caulobacter, Escherichia, Agrobacterium,
Herbaspirillum, Actinoplanes, Cupriavidus, Pseudomonas, Zobellia, Thermobacillus,
Arthrobacter, Azospirillum, Halomonas, Bacillus, hodc Aspergillus.
14. Vi khuén theo diém bt ky trong sb cac didm tir 11 dn 13, trong d6 vi khufn c6 thé
s&n xudt axit xylonic tir xyloza cé mét trong cic dic diém sau:

(A) hoat tinh xyloza dehydrogenaza, hogc hoat tinh xyloza dehydrogenaza va
hoat tinh xylonolactonaza da dugc truyén hoc 1am ting trong vi khuén, hogc

(B) vi khuén cé hoat tinh glucoza dehydrogenaza ma xtic t4c phan tmg san
xuét axit xylonic tlr xyloza.
15. Vi khudn theo diém 14, trong d6 glucoza dehydrogenaza sir dung pyroloquinolin
quinon 1am coenzym, va vi khudn thé hién hoat tinh glucoza dehydrogenaza vi né cé
kha ning san xut pyroloquinolin quinon, hoic duge nudi cdy trong méi trudng nudi
cdy chira pyroloquinolin quinon.
16. Vi khuén theo didm 14, trong d6 vi khuln c6 thé san xuét axit xylonic tir xyloza vi
né dd dugc duwa gen mé hdéa xyloza dehydrogenaza, hodc cac gen mé hda xyloza

dehydrogenaza va xylonolactonaza & dang c6 thé biéu hién.

17. Vi khuén theo diém bt ki trong s6 céc diém tir 11 dén 16, trong d6 vi khudn duge
tiép tuc bién dbi sao cho hoat tinh ctia 2-ketoglutarat dehydrogenaza giam.

18. Vi khun theo diém bat ky trong s6 cdc diém tir 11 dén 17, trong d6 vi khuén duoc
tiép tuc bién ddi sao cho hoat tinh ciia sucxinat dehydrogenaza giam.

19. Vi khuén theo diém bat ki trong s cac diém tir 11 dén 18, trong d6 vi khudn nay la

Pantoea ananatis.

20. Vi khuén theo diém bét ky trong sb cac diém tir 11 d&én 18, trong d6 vi khudn nay la

Corynebacterium glutamicum.
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ttc
Phe

gac
Asp
120
ggce
Gly

ctg
Leu

gtg
Val

tece
Ser

tgg
Trp
200
ctg
Leu

gaa
Glu

agce
Ser

ctg
Leu

gac
Asp,

280
gac
Asp

ccg
Pro

gac
Asp
gtg
Val
acc
Thr
360

cgc
Arg

ttg
Leu

gcg
Ala
105
gce
Ala

ggc
Gly

aag
Lys

gcg
Ala

tcg
Sexr
185
aac
Asn

atc
Ile

ggt
Gly

tge
Cys

gac
Asp
265
aac
Asn

ccg
Pro

gac
Asp

cgc
Arg

cgt
Arg
345
tge
Cys

aac
Asn

gce
Ala
90

gtc
Val

ggce
Gly

gac
Asp

gac
Asp

atce
Ile
170
atg
Met

aat
Asn

cgec
Arg

cgt
Arg

gcc
Ala
250
gac
Asp

ttc
Phe

gcc
Ala

ggc
Gly

gac
Asp
330
gtc
Val

gac
Asp.

ctg
Leu

75
ccc gte
Pro Val

tecg acc
Ser Thr

gag gcg
Glu Ala

ctc aag
Leu Lys

- 140
gcec ctg
Ala Leu
155

ggc ccg
Gly Pro.

ggc tgg
Gly Trp

cce gag
Pro Glu

ggc gcg
Gly Ala
220
tcg gec
Ser Ala
235
atc ggt
Ile Gly

gtc cgt
Val Arg

gtg ctc
Val Leu

gtg ctg
val Leu
300

‘ttt get

Phe Ala
315

acc ccc
Thr Pro

tcg acg
Ser Thr

aag gcc
Lys Ala

gce ggce
Ala Gly

gac
Asp

ctt
Leu

ctg
Leu
125
agc
Ser

atc
Ile

gac
Asp
ggc
Gly
ccg
Pro
205

gcg
Ala

ctg
Leu

ccg
Pro

teg
Ser

gac.

Asp
285
gcc
Ala

ttg
Leu

ggc
Gly

ccg
Pro

aag
Lys
365
cgce
Arg

ctg
Leu

gag
Glu
110
aag
Lys

gtc
Val

gce
Ala

gce
Ala

gac
Asp
190
gaa
Glu

ctg
Leu

ctg
Leu

ttc
Phe

gcc
Ala
270
ggc
Gly

gga
Gly

ttc
Phe

cag
Gln

aag
Lys
350
ccg
Pro

gge
Gly

22414

. 80

caa
Gln
95

cgg
Arg

atc
Ile

gag
Glu

gac
Asp

gag
Glu
175
cag
Gln

gtec
val

gge
Gly

cte
Leu

tte
Phe
255
gag
Glu

aag-
Lys

cag
Gln

ctg
Leu

ggt
Gly
335
ctg
Leu

tag
Trp

ctc
Leu

tgc
Cys

gtc
Val

cgc
Arg

ccg
Pro

ggc
Gly
160
atc
Ile

gtc
Val

gtg
vVal

aac
Asn-

agce
Ser
240
cgc
Arg
gtec
Val

tcg
Ser

gcc
Ala

ggc
Gly
320
ttc
Phe

gge
Gly

acg
Thr

ctc
Lep

ctg
Leu

atc
Ile

acc
Thr

ggc
Gly
145
ctg
Leu

tte
Phe

ggc
Gly

ctg
Leu

gac
Asp
225
aag
Lys

ctg
Leu

gag
Glu

aac
Asn

tat
Tyx
305
acc
Thr

acc
Thr

gtg
Val

ttc
Phe

taa

-87-

aag
Lys
gag
Glu
ctg
Leu
130

tecg
Ser

tgg
Trp

acc
Thr

gtc
Val

ctg
Leu
210
gte
Val

gcc
Ala

tte
Phe

ctg
Leu

atg
Met

gcc
Ala

gag
Glu
115
ctg
Leu

cag
Gln

tcg

Ser

aag
Lys

cgce
Arg
185
tgc
Cys

aat
Asn

aag
Lys

gac
Asp

aag
Lys
275
agc
Ser

290"

ggc
Gly

atg
Met

cac
His

cte
Leu

ggc
Gly
370

tcgaaagectt cccgeg

aag
Lys

tte
Phe

aag
Lys

gag
Glu
355
atc
Ile

gcc
Ala
100
cgce
Arg

gcc
Ala

ggc
Gly

cag
Gln

ggc
Gly
180
tat
Tyr

gac
Asp

ctg
Leu

gac
Asp

gag
Glu
260
atc
Ile

ctg

Leu

cag
Gln

gcc
Ala

gtc
Val
340
aac

Asn’

teg
Ser

85

ggc gtg
Gly .Val

gcg cgc
Ala Arg

gaa cgc
Glu Arg

gcc cag
Ala Gln

150
tat ctg
Tyr Leu
165

.ccg acc

Pro Thr

gac agc
Asp Ser

ggt tecg
Gly Ser

cgc gac
Arg Asp
230
aac aac
Asn Asn
245
acc ttc
Thr Phe

acc ggc
Thr Gly

atc aéc
Ile_Ser

cac cag
His Gln
310
cecg atce
Pro Ile
325
gge gac
Gly Asp

gaa gtc
Glu Val

gce ctg
Ala Leu

acc

Thxr

ggc
Gly

atg

-Met
135

cgc
arg

gaa
Glu

ctg

Leu-

cac

His ~

ggc
Gly
215
tte
Phe

gcc
Ala

ggce

Gly

cgc
Arg

cgc
Arg
295
tat
Tyx

cag
Gln

cgc
Arg

acc
Thr

atc
Ile
375

atg acc
Met Thr

- 1483

1531
1579
1627
1675
1723
1771
1819
1867
1915
1963
201}.
2059
2107
2155
2203
2251
2299

2351



gac
_Asp

ccg
Pro

gtc
vVal

cgc
Arg
435
gac
Asp

atc
Ile

atc
Ile

gaa
Glu

gte
Val
515
acg
Thr

gcg

Ala-

cccC
Pro

ccg
Pro

gcg
Ala-
595
cag
Gln

cgc’
Arg
gac
Asp
ttc
Phe
gac
Asp

acc

Thr

gce
Ala

ccg
Pro
420
aag
Lys

ctc
Leu

ggc
Gly

ggc
Gly

gce
Ala
500

.gag

Glu

ccc
Pro

ctc
Leu

gcc
Ala

Ala
580
ctg
Leu

gge
Gly

gtg
Val

gce
Ala

gce
Ala
660

999
Gly

ctg
Leu

gag
Glu
405
atg

‘Met

gce
Ala

ttg
Leu

cgc
Arg

gag
Glu
485

ctg-

Leu

ate
Ile

tagg
Trp

gcc
Ala

acc
Thr

- 565
gcc

ggc
Gly

atc
Ile

gtg
Val

cag
Gln
géc
Asp
645

acc
Thr

att
Ile

bgc
Arg
390

agc’

Ser

ggc
Gly

ttc
Phe

gac
Asp

ctg

Leu’

470
acc
Thr

cgc
Arg

cag:

Gln
aac
Asn
ttc
Phe
550

gcec
Ala

gtg
Val

aag
Lys

ggc
Gly

ctg
Leu
630
ctg
Leu

ggc
Gly

cac
His

380
cat
His

ctg

‘Leu

ggc
Gly

ccg
Pro

“tac

Tyr

aac
Asn

cag
Gln

gcc
Ala

- 440

aag
Lys
455
ctg
Leu

gtc
Val

cgt
Arg

acc
Thr

ttc
Phe
535

gge
Gly

aac
Asn

ttc
Phe

cac
His

gcg
Ala
615
gag
Glu

gag
Glu

cag
Gln

gac
Asp

gtc
Val

gcc
Ala

cgc
Rrg

cac
His

tat
Tyr
520
ccg
Pro

aac
Asn

gtg
Val

aac
Asn

aag
Lys
600
cag
Gln

‘atg

Met

cgc
Arg

cgce
Arg

aag
Lys

atc
Ile

ccg
Pro

gcé
Ala
425

tgg
Trp

ggt
Gly

cgc
Arg

gcc
Ala

ggc
Gly
505
cgt
Arg

atc.
Ile

acc
Thr

ctg
Leu

atg
Met
585
gac
Asp

gtc
Val

ggc
Gly

gcg
Ala

tge
Cys
665
ttc
Phe

ggc
Gly

tcc
Ser
410
gag
Glu

gcc
Ala

tecg
Ser

gaa
Glu
ggc
Gly
490

cag
Gln

cag
Gln

gcc
Ala

gtg
Val
gcc
Ala
570

ctg
Leu

gtg
Val

gcc
Ala

ggc
Gly

gtc
val
650
acc
Thr

gtg
Val

ggc
Gly
395
aac
Asn

gtc
Val

gac
Asp

acc
Thr

gag
Glu
475
cgc
Arg

aac
Asn

gcc
Ala

atc
Ile

gtg
Val

* 555

gac
Asp

ttt
Phe

gac
Asp

gce
Ala

aag
Lys
635
gcc
Ala

gce
Ala

gce
Ala

22414

gaa cgc gtc

Glu

acc
Thr

gac
Asp

gcc
Ala

atc
Ile
460

ggc
Gly

atc
Ile

ctg
Leu

gtg
Val

ccg
Pro
540
atc
Ile

atc
Ile

ggt
Gly

ggc
Gly

gcec
Ala
620
aac
Asn

atc
Ile

agc
Ser

ctg
Leu

Arg

aac
Asn

gce
Ala

tcg
Ser
445
atc
Ile

aag
Lys

tte

Phe

gaa
Glu

ggc
Gly
525
gcc
Ala

aag
Lys

atg
Met

cge
Arg

gtc
Val
605
gcc
Ala

ceg

Pro

gcc
Ala

tcg
Ser

ctg

Leu

-88-

Val

gac
Asp

gcce
Ala
430
ccg
Pro

gce
Ala

acc
Thr

aag
Lys

agc
Ser
510
gtc
Val

tgg
Trp

ccg
Pro

gcc
Ala

ggc
Gly
530

teg

Ser

gtg
val

ctg
Leu

ctg
Leu

cgc
Arg
670

gcc.

Ala

gcg
Ala

gtc
Val
415
gtc
Val

gag
Glu
cgc
Arg

ctg
Leu

tac
Tyr
495
acc
Thr

tat
Tyr

aag
Lys

gcc
Ala

gag

Glu

575
tecg
Ser

tte
Phe

gcc
Ala

atc
Ile

gac
Asp
655
ctg
Leu

gag
Glu

gcc
Ala
400
gtc
Val

gac

Asp.

gtc
Val

agc
Ser

gcg
Ala
480
tte
Phe

cgt

ggc
Gly

gcc
Ala

ggc
Gly
560
tgc
Cys

atg
Met

ace
Thr

cgt
Arg

gtg
Val
640
ggc
Gly

atc
Ile

aag
Lys

385

gac
Asp

gcc
Ala

gcé
Ala

cgc
Arg

gcc
Ala
465
gaa
Glu

gcc
Ala

ccg

"Pro

ctg
Leu

gcc
Ala
545
ccg
Pro

ggc
Gly

ggc.
Gly

ggc
Gly

cag
Gln
625
ctg
Len

tcg
Ser

gtc
vVal

gtc
Val

gcc
Ala

aag
Lys

gcg

Ala

tcg
Ser
450
gac
Asp

gge
Gly

ggt
Gly

gge
Gly

atc
Ile
530
ccg
Pro

acg
Thr

gcc
Ala

gat
Asp

tcg
Ser
610
gcc
Ala

gac
Asp

ttc
Phe

cag
Gln

gce
Ala

2399
2447
2495
2543
2591
2639
2687
2735
2783
2831
2879
2927
2975
3023

3071

3119

3167

3215

3263



675
gce
" Ala.

gce
Ala

gcﬁ
Ala

cte
Leu

ctg cgc gtg

gac
Asp

. 740

caa
Gln
755
teg
Ser

ggc
Gly

cac
His

aat
Asn

aag
Lys
835
ttc
Phe

tca
Sexr
865
ggc
- Gly
ggce
Gly
ctt
Leu

tgc
Cys

. ggc¢
Gly
945
aag
Lys

aac
Asn

gcc
Ala

acc

‘Thr

gte
Val

gee
Ala

ctg
Leu
820
agc
Ser-

ttc
Phe

gce
Ala

ggc
Gly

gcg
Ala

gag
Glu

gac
Asp
930
gac
Asp

ctg
Leu

ctg
Leu

Arg

tce

Ser

tecc
Ser
725
aat
Asn

ggc
Gly

atc

gag
Glu

cgc
Arg
805
gce
Ala

agc
Ser

acc
Thr

atc
Ile

tcg
Ser

gag
Glu

gcc
Ala
915
ctg
Leu

gtc
Val

gce
Ala

cgc
Arg

Val

gaa
Glu
710
gaa
Glu

ccg
Pro

atg
Met

cge
Arg

ttc
Phe
790
cac
His

acg
Thr

teg
Ser

cag
Gln

tat
Tyr

ggc
Gly

gtg’

Val
900
gag
Glu

atg
Met

gac
Asp

gac
Asp

cac
His

ggc
Gly
695
gac
Asp

ggc
Gly

ggce
Gly

cgg
Arg

gtc
Val
775
ggce
Gly

tte
Phe

gce
Ala

tac
Tyxr

acc
Thr
855
cce
Pro

atc
Ile
885
atc
Ile

ctg
Leu

aac
Asn

gtg
val

gtg
Val
965
atg
Met

680
gac
Asp

cag
Gln

ggc
Gly

tgg
Trp

atc
Ile
760
aag
Lys

ctt
Leu

cag
Gln

ggc
Gly

ggc
Gly
840
aaa
Lys

age
Ser
870

ggg
Gly

ttc
Phe

gce
Ala

ctc
Leu

ctg
Leu
950
acc
Thr

ctg
Leu

gct
Ala

atg
Met

cgce
Arg

tac
Tyr
745
aac
Asn

agc

-Ser

tcg
Ser

cge
Arg

gtc
Val
825
gce
Ala

acc
Thxr

ctg
Leu

gcc
Ala

ctc
Leu

ggc
Gly

gag
Glu
935
gtc
Val

ggc
Gly

tte
Phe

ctg
Leu

gag

Glu

gtg
Val
730
gtg
Val

‘aac

Asn

tac
Tyr

gcc
Ala

tat
Tyr
810
gac
Asp

cgc
Arg

tce
Ser

aag
Lys

gge
Gly

gac,

Asp
tcg
Ser
920

gcg
Ala

aac
Asn

gee
Ala

tgc
Cys

22414

gac
Asp

act
Thr
715
gtc
val

cgt

Arg

gag
Glu

gaa

Glu

ggc
Gly
795
gcc
Ala

tat
Tyr

gag
Glu

tac
Tyr

ggc
Gly

ctc
Leu

atc
Ile
905
ccg
Pro

atc
Ile

aac
Asn

tat
Tyr

acc
Thr

cce
Pro
700
tcg
Ser

acc
Thr

ccg
Pro

gag
Glu

Glu
780
atc
Ile

cge
Arg.

cac
His

cag
Gln

tcg
Ser
860
aag
Lys

acc
Thr
890
gce
Ala

atc
Ile

aag
Lys

gece
Ala

tgg
Trp
970
cag
Gln

-89-

gag’

685
aac
Asn

tac
Tyr

ggce
Gly

acc
Thr

gtc
Val
765
gcg
Ala

gce
Ala

gcg
Ala

gtg
Val

gge
Gly
845
tgg
Trp

cgc
Arg
875
gcc

Ala

gac
Asp

ccg
Pro

gcg
Ala

ggc
Gly
955
gac
Asp

gcc
Ala

acc
Thr

cgc
Arg

ggc
Gly

ctg
Leu
750
tte
Phe

ctg
Leu

acc
Thr

ggc
Gly
ccg
Pro
830

tte
Phe

tecg
Ser

gtc
Val

ggce.

Gly

gag
Glu

cecg
Pro

gtc
Val
940
aat
Asn

gag
Glu

gtc
val

cag
Gln

tat
Tyr

gac
Asp
735
atc
Ile

ggc
Gly

gag
Glu

acc
Thr

atg
Met
815
ttc
Phe

gcg
Ala

taa

gtc
Val

ttc.
Phe

gac
Asp

gtc
Val
925
tte
Phe

gac
Asp

cgg
Arg

gcg
Ala

atc ggc
Ile  Gly
‘ 705
atc gac
Ile Asp
720

cge atc:

Arg Ile

gcc gac
Ala Asp

ccc gtce
Pro Val

atc gce
Ile Ala
: 785
tcg ctc
Sexr Leu
800

acc atg
Thr Met

gge ggc
Gly Gly

gcg gte
Ala Val

gcagc atg tcc
Met Ser

atc acc
Ile Thr

gcec cgt
Ala Arg
895
tce agg
Ser Arg
810
tac aag
Tyr Lys

gcc gag
Ala Glu

gac cgc
Asp Arg

atc aac
Ile Asn
975

ccg ggc
Pro Gly

690
ccg
Pro

atec -’

Ile

aag
Lys

acg
Thr

gcc
Ala
770
aac
Asn

aag
Lys

gtec
Val

acg
Thr

gag
Glu
850

ggc
Gly
880
cag
Gln

gct
Ala

cgce
Arg

atc
Ile

cac
His
960
gtc
Val

atg
Met

3311

3358 - -

3407
3455
3503
3551
3599
3647 -
3695
3743
3793
3841
3889
3937
3985
4033
4081
4129

4177



22414

980 7 985 990 .
aag aag cgt.ggc ggc ggg gcg gtg -atc aac ttc ggt tcg atc age tgg 4225
Lys Lys Arg Gly Gly Gly Ala Val 1Ile Asn Phe Gly Ser Ile Ser Trp
995 1000 ) : . 1005 )

cac ctg ggg ctt gag gac ctc gtc ctc tac gaa acc gcc-aag gec 4270
His Leu Gly Leu Glu Asp Leu Val Leu Tyr Glu Thr. Ala Lys Ala

-1010 1015 - o 1020 "
ggc atc gaa ggc atg acc cgc gcg ctg gec cgg gag ctg ggt ccc 4315
Gly Ile 'Glu Gly Met Thr Arg Ala Leu Ala Arg Glu Leu Gly Pro

1025 . : 1030 ) 1035 - o
gac gac atc cge gtc acc tge -gtg gtg ccg ggec aac gtc aag acc 4360
Asp Asp 1Ile Arg Val Thr Cys Val Val Pro Gly Asn Val Lys Thr

1040 © 1045 ) - .1050 '
aag cgc cag gag aag tgg tac  acg ccc gaé ggc gag gcc cag, atc 4405
Lys Arg Gln Glu.Lys Trp Tyr Thr Pro Glu Gly Glu Ala Gln Ile .

1055 1060 1065 :
gtg gcg gecc caa tge ctg aag ggc cgc atc gtc ccg ‘gag aac gtc 4450
Val Ala Ala Gln Cys Leu Lys ' Gly Arg Ile Val Pro Glu Asn Val

1070 - 1075 . 1080 .
- gcc geg ctg gtg ctg ttc ¢tg gecc teg gat gac geg teg ctc tge i 4495
Ala Ala Leu Val Leu Phe Leu Ala Ser Asp Asp Ala Ser Leu Cys
1085 1090 : 1095

~acc ggc cac gaa tac tgg atc gac gcc gge tgg cgt tga cctaagaaaa 4544
Thr Gly His Glu Tyr Trp Ile Asp Ala Gly Trp Arg

- 1100 1105 1110
‘ctgtcatcce ggcccagegt gaagcgcgec gagccgggac cacggcaagc gccacgcegte 4604
cggaggtccc ggctctcege tgtgetacgg ccgggatgac agaggaatga ttgt atg 4661
: : Met
acc gct caa gtc act tgc gta tgg gat ctg aag gcc acg ttg ggc . 4706
Thr Ala Gln Val Thr Cys Val Trp Asp Leu Lys Ala Thr Leu Gly
' : 1115 - 1120 1125 .
gaa ggc ccg atc tgg cat ggc gac acc ctg tgg ttc gtc gac atc 4751
Glu Gly Pro Ile ' Trp His Gly Asp Thr Leu Trp Phe Val Asp: Ile
1130 1135 1140 .
aag cag cgt aaa atc cac aac tac cac ccc gcc acc ggc gag cgc 4796
Lys Gln Arg Lys Ile His Asn Tyr His Pro Ala Thr Gly Glu Arg
_ ' 1145 . ~ 1150 1155
ttec agc ttc gac .gcg ccg gat cag gtg acc ttc ctc geg ccg atc 4841
Phe Ser Phe Asp Ala Pro Asp Gln Val Thr Phe Leu Ala Pro "1Ile
1160 ' 1165 . 1170
gtc ggc gecg ace gge ttt gtec gte ggt ctg aag ace ggg att cac 4886
Val Gly Ala Thr Gly Phe Val Val Gly Leu Lys Thr Gly Ile His
1175 1180 1185
cgc ttc cac ccg gcec acg ggc ttc agec ctg ctg-ctc gag gtc gag 4931
Arg Phe His Pro Ala. Thr Gly Phe Ser Leu Leu Leu Glu Val Glu
1190 . 1195 . 1200
gac gcg gcg ctg aac aac cgc ccc aac gac gec acg gtc gac gcg <4976
Asp Ala Ala Leu Asn Asn Arg Pro Asn. Asp Ala Thr Val Asp Ala
© 1205 . 1210 - | 1215
caa ggc cgt ctg tgg ttc ggc acc atg cac gac ggg gaa gag aac 5021
Gln Gly Arg Leu Trp Phe Gly Thr Met His Asp 'Gly Glu Glu Asn
_ +-1220 1225 1230 ‘
. aat agc ggc tcg ctc tat cgg atg gac ctc acc ggc gtc gce cgg 5066
Asn Ser Gly Ser. Leu Tyr Arg Met Asp Leu Thr Gly Val Ala Arg
: © 1235 1240 1245
atg gac cgc gac atc tge atc acc aac .ggc ccg tgc gtc tecg cec 5111

-90-



Met Asp

.gac
Asp

ggc
Gly

gcc
Ala

tac
©Tyr

ttc
Phe

gte
Val

.tecg
Ser.

gtc
Val

tte
Phe

ggt
Gly

atc
Ile

cgc
Arg
cct
Pro

gg99
Gly

ctg
Leu

agc
Ser

ttc
Phe

gcc
Ala

ctt
Leu

‘cgc
Arg

aaccccgacce
acgecggagg
atctcgccect
gacgecgggg
ccgacggegyg
tatcegatcg
atggccgcca
ggctggcacg
ctggeggeeg
teggegggee
ctgggeetgt
atggcctaca
gacatcctga
tcgaccaacg
gccgacgact
aagtatcetgg
ttgcagcaag
aacctgcaag
dgccgagaagg
tccagegtga
gtgttcgaag
gatccggccce
ggctggeccg
gggatcatga
tcgatcctga

Arg.

aag
Lys

ttc
Phe

gtg
val

gte
Val

ggc
Gly

gaa
Glu

gac
Asp

gac
Asp

gtt
Val

gtc
Val

Asp Ile
1250.
acc
Thr
1265
gac
Asp
1280
cag
Gln
1295
gat
Asp
1310
gcg
Ala
1325
ctg
Leu
1340
ctg
Leu
1355
gag
Glu
"1370 .
ccg
Pro
1385

ttc
Phe

ctg
Leu

ttc
Phe

tce
Ser

gtc
Val
cce
Pro
aag
~Lys

acc
Thr

gtc
Val

'atatcgacat

agctgcgcag
gcaaccgcat
gcatcceccat
cgctggaccg
acgccgtggt
ccacggtcaa
agaacgagct
gcgagatcac
actgcaacac
cgctgaccgg
agaccggcca
ccaagcaagc

‘cccagecgcea

ggcgegegge
gcgagcgett
gccgcctgeca
gccgecgaaac
ccgggttect
tcggegagga
cccgcgeeat
tggagatcga
gctecggecga
gcctgeccac
acgcctecgee

Cys Ile Thr
tac

Tyr

cac
His

acc
Thr

gag-
Glu

gcc
Ala

gac
Asp

ctg
Leu

gce
Ala

ggce
Gly

tat
Tyr

gge
Gly

gaa
Glu

tte
Phe

cgc
Arg

tecg
Sexr

ccec
Pro

aac
Asn

gce
Ala

tat
Tyr

ctc
Leu

acc
Thr

Cag
Gln

gcc
Ala

ctg
Leu

gat
Asp

gtg
Val

gcc
Ala

taa ccgcacgecce cgeeggttee

gaccgecgcte
cggcaagccg
ccacctggac
ggagttcccg
gaacctctcg
tctgaccacc

tatcceggee’

cgtgggcteg
cgaggaagag
catgggcacg
ctgcgeggec
gcgcatcgte
cttcgagaac
catecgtggcce
ctatgacatc
ccaccgagcc
cggcgacgtg
cagcgaccgce
ggttctcaag
gttccgcaag
cgtgttcgac
cgagcgcectge
ggtcgtcaac
cctgggegat
cgaaagcgcg

22414

Asn Gly
1255
gac
Asp
1270
ggc
Gly
1285
gac
Asp
1300
ctg
Leu
1315
ccg
Pro
1330
gtc
Val
1345
tte
Phe
1360
tac
Tyx
1375
ggce
Gly
1390

acc
Thr

.ctg
Leu

gat
Asp

tgg
Trp

caa
Gln

acc
Thr

acc
Thr.

ccg
Pro

caa
Gln

tatctggagc
atcatcggca
ctggtccage
gtccatccga
tacctgggtc
ggctgcgaca
atcgtgetgt
ggcaccgtga
ttcatcgacc
gcctcgacca
atccccgece
gatctggcect
gccatcgceccc
atggcecgtce
ccgetgateg
ggcggegege
ctgaccgtca
gaggtgatct
ggcaacctct
cgctacctgt
ggctcggacg
atcctggtga
atgcagcege
ggeccgteagt
atcggcggeg

-91-

Pro

ctg
Leun

ctg
Leu

gtc
Val

acc
Thr

gge
Gly
aag
Lys

acc
Thr

ctg
Leu

cce
Pro

Val Ser Pro
1260
acg
Thr
1275
aag
Lys
1290
gac
Asp
1305
tgg
Trp’
1320
gtg
Val
1335
ttc
Phe
1350
aag
Lys
1365
ggt
Gly
1380
gag
Glu
1395

Cys

atc
Ile -

gaa
Glu

aag
Lys

aac
Asn

teg
Ser

cgce
Arg

tat
Tyr

‘ggt
Gly

ccg
Pro

ctg
Leu

gge
Gly

gcc
Ala

acg
Thr

gac
Asp

gce
Ala

cece
Pro

tge
Cys

ggc
Gly

ggce
Gly

gce
Ala

cgc
Arg

gtg
Val

gce
Ala

ggc
Gly
gté
Val

cag cat
Gln His

gcttcatgaa
tcgeccagac
gggtgcggga
tcttcgagaa
tcgtcgagac
agaccacccce
cgggecggecece
tctggcgete
gcgccgecag
tgaacgeccgt
cctaccgega
atgacgacgt
tggtggcgge
acgccggcgt
tcaacatgca
cggcggtget
ccggcaagac
tccegtacca
tcgacttcge
cgcagccegg
actatcacaa
tecegeggege
cggatcacct
cgggcaccgce
gcctgtegtg

ggtccecgega ttggttcgat

ctacgggatc
cggcagcgac
cgggatcecgce
ctgeegtege
cctgcacgge
ggccgggate
gatgctggac
gcgccgcaag
ctcggecgeceg
ggccgaggceg
gcgeggecag
caaaccgcte
ggceggegge
cgagatcacc
geeggecgge
gtgggagctg
gatgagcgag
cgagccgcetg
gatcatgaag
ccaggaaggc
gcggatcaac
gggtccgatce
tctgaagaag
cgacagcccce
gctgecgcecacc

5156
5201
5246
5291
5336
5381
5426
5471'
5516
5568

5628
5688
5748
5808
5868
5928
5988
6048
6108
6168
6228
6288
6348
6408
6468
6528
6588
6648

.6708

6768
6828
6888
6948
7008
7068



" ggcgacacca
acgatcgecg
caggaaatct
gtcaagtacc
tcggagcgat
acacccagcc
ggcgcecatgg
atcaccgaca
gattggctgce -
atcgcctggg
cagctgacct
gaggtcgacc
ggcatgatca.
ctgtcggecat
gtecctgatce
gcctggetgg
gtaaacaacc
tgtaaaattc
ttattgagcg
cccagcctgg
gtggcgetga

24
384
PRT

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

<400> 24
Val Gly Val
1
Leu

Gly Arg

Gly Gly Arg
35
Met Asn
50

Gly

Leu
Lys Pro
65
Asp

Gly Ala

Leu Lys'Ala
Glu
115
Leu

Ile Glu

Leu
130
Ser

Thr
Gly Gln
145

Leu Trp Ser

Phe Thr Lys
Gly Val Arg
' 195
Leu Cys

210

Leu

teccgecatcega
cgcgcaagca
accgcgccca
aggacctggce
ccggaggcecc
gaatcgcatt
aactcaagga
tgatcctgag
cgctcacggce
agceccgactg
gectgttcecet
tgatggctca
cggegttege
ggttctggac
tcctgcageg
tcctgaacgg
caaccccgat
ttctctgggt
cggacaggat
tgatcgccac
tceccgecge

Ser
) 5
Ile Asp
20 T
Val Glu As

Ala Phe Gl

Glu Al

70

Leu
Ala Pro
85

Ala Gly
100 -

Arg

Va

Ala Ar

Ala Glu

Ala Gl
15

Le

Gly

Gln Tyr

165

Gly Pro Th

180

Tyr Asp Se

Asp Gly Se

Phe

Val

Arg

cctcaacacce
ggacggcatc
cgccagtcag
ggccaagctg
ttttctttge
ttctecgteg
atactttctg
cgtgcacggce
cgcecgecetg
gatcaacacg
ggccgeccaag
ctactggteg
cgecgecteg
gttcggttgg
accgatcgtg
gacggacgtg
caacgaaggt
tgaaacccat

‘gttgtcagtg

cacgatcctc
gctggegg

Caulobacter crescentus

Glu Phe Leu. Pro

Gly Glu

Val Ser
40
Gly

p

Pro
55
Leu

n

a Asp

Lys Leu

1l Thr Phe
Asp
120

Gly

g Gly
Met
135
n Arg
0

u

Leu

Glu Val

r Leu Ser

r His Trp

r Gly Leu

215

Asn
200°

22414

ggccgcetgeg.
ccggeggtte
ctcgacaccg
cceccgecaca
gcceecccgga
ccaaacgctg
ggcctgttgg
ctgctacgge
gttttcgteg
ccgatgtgge
tctgtgttagc
cagaaccggt
gtcttcetge
gagctgecgg
catcgcgcgce
atgcactaca
ttagaaagct
ttcgggtgta
agccgagcecec
cagcttggcc

Glu Asp
10

Pro

Trp

Gly
25
Lys

Ihr

Ile Ala

Ala Val Ile

Ile Pro

.75

Arg

Ala
90
Val

Leu

Ala
105
Ala

Ser

Gly'clq

Gly Asp Leu
Ala
155

‘Gly

Lys Asp
Ile
170
Met

Ala

Ser Gly

185

Asn Pro

Ile Rxg Gly

. 220

-92-

acgccctggt
ccgccaccat
gcggegtget
accactgatg

‘tegececgece

aaatgcgaag
ccatcatcac
gcgtcagceg
tcatecgtceg
agttcctgtt
cggacgacag
tegtetgggc
gcatcaacga
tctactgcectt
tggttcccge
gctagggctc
ttaagagaaa
tcgatgaggt
ttgatcaacg
tcgttgttgt

Pro'

Lys
Pro
Pro
Pro
60

Val
Val
Thr
Ala
Lys
140
Leu
Pro
Trp
Glu

Ala

Ala
Val
Thr

45
Arg

-Trp

Asp
Leu
Leu
125

Ser

Ile

Asp

Gly

Pro
205
Ala

Ala

Leu

30
Val

Gly
Glu

Leu

Glu
110
Lys
Val
Ala

Ala

Asp

1390

Glu

Leu

cgacgaggcg
gacgccctgg

ggagttcgeg

cgaagggcct .

ccgcttcaca
gggctggggg
cggcctggcg
cgtacgatgg
cagctggtgg

gatcctgatc’

cgacgccgaa
gtccctgate

tcecggegage

gcegetggtg
gctcctgcete
ggcggcetctg
cgttgcecgaat
gtcgggeccat
accggagtcg
ggtttggctg

Thr Leu '
15

Val Arg

Ala Asp‘

Glu Asp

Pro
80
Cys

Asp

Gln
95 .
Arg Va;

Ile Arg

Glu Pro
Gly
160
Ile

Asp

Glu
175
Gln Val

Val Vval

Gly Asn

7128

7188
7248
7308

- 7368

7428
7488
7548
7608
7668
7728

. 7788

7848
7908
7968
8028
8088
8148
8208
8268
8296



Asp
225
Lys
Leu
Glu
Asn
‘Tyr
305
Thr
Thr
val

?he

Val

Ala

Phe

Leu

Met

- 290

Gly
Met
His
Leu
Gly
370

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

<400>
Met Thr Asp Thr Leu Arg His

1
Asp

Ala
Ala
Arg

65
Ala

Glu

Ala
Pro
Leu
145
Ala
Pro
Gly
Gly

Gly

Ala
Lys
Ala
50

Ser
Asp
Gly
Gly
Gly
130
Ile
Pro
Thr

Ala

Asp

210
Ser

Asn
Lys
Asp
Lys
275
Ser
‘Lys
Phe
‘Lys
Glu
355
Ile

25
478
PRT

Leu
Asp

Glu

- 260

Ile
Leu
Gln
Ala
Val
340

Asn

Serxr

Arg
Asn
245
Thr
Thr
Ile
His
Pro
325
Gly
Glu

Ala

Asp
230
Asn
Phe
Gly
Ser
Gln
310
Ile
Asp
Val

Leu

Phe
Ala
Gly
Arg
Arg
295
Tyr
Gln
Arg
Thr

Ile
375

Glu
Ser
Leu
Asp

280
Asp

‘Pro

Asp
Val
Thr

360
Arg

Caulobacter crescentus

25

Pro
Vai
35

Arg
Asp
Ile
Ile
Glu
115
Val
Thr
Ala
Pro
Pro
195
Ala

Gln

Ala
20

Pro
Lys
Leu
Gly
Gly
100
Ala
Glu
Pro
Leu
Ala
180
Ala

Leu

Gly

5
Glu

Met
Ala
Leu
Arg
85

Glu
Leu
Ile
Trp
Ala

165
Thr

‘Gly

Ile

Val

Ser

Gly.

Phe

Asp
70

.Leu

Thr
Arg
Gln
Asn
150
Phe
Ala
Val
Lys

Gly

Leu
Gly
Pro
55

Lys
Leﬁ
Val
Arg

Thr
135

Phe’

Gly
Asn
Phe
His

215
Ala

Tyx
Asn
Gin
40

Ala
Val
Ala
Arg
His
120
Tyr

Pro

Asn

Val

Asn
200
Lys

Gln

22414

Gly

Cys

‘Asp

265
Asn

Pro
Asp
Arg
Arg
345
Cys

Asn

Ile
Pro
25

Ala
Trp
Gly
Arg

Ala

-105

Gly
Arg

Ile

Thr

Leu
185

Met

Asp

Val

Arg
Ala
250
Asp-
Phe
Ala
Gly

Asp

Ser
235
Ile
Val
val
Val
Phe

315
Thr

330 .

Val
Asp

Leu

Gly
Ser
Glu
Ala
Ser
Glu
90

Gly
Gln
Gln
Ala
Val
170
Ala
Leu'

Val

Ala

-93-

Ser

Lys

‘Ala

Gly
Asn
Val
Asp
Thr
75

qu
Arg
Asn
Ala
Iie
155
Val
Asp
Phe
Asp

Ala

Ala
Gly
Arg
Leu
Leu
300
Ala
Pro
Thr

Ala

Gly
380

Glu
Thr
Asp
Ala
60

Ile
Gly
Ile
Leu
Val
140
Pro
Ile
Ile
Gly
Gly

220
Ala

Leu

Pro
Serxr
Asp
285
Ala
Leu
Gly
Ero
Lys
365
Arg

Arg
Asn
Ala
45

Ser
Ile
Lys
Phe
Glu
125
Gly
Ala
Lys
Met
Arg
205
Val

Ala

Leu
Phe
Ala
270
Gly
Gly
Phe
Gln
Lys
350

Pro

Gly

Val

Asp

30
Ala

Pro
Ala
Thr
Lys
110
Ser
vVal
Trp
Pro
Ala
190
Gly

Ser

vVal

Leu
Phe
255
Glu
Lys
Gln
Leu
Gly
335
Leu

Trp

Leu

Ala
15

Val
vVal
Glu
Arg
Leu
95

Tyr
Thr
Tyr
Lys
Ala
175
Glu
Ser

Phe

Ala

Ser
240
Arg
Val
Serxr
Ala
Gly
320
Phe
Gly
Thr

Leu

Ala
Val
Asp
Val
Ser
80

Ala
Phe
Arg
Gly
Ala
160
Gly
Cys
Met
Thr

Arg



225
Gln Ala

Leu Asp
Ser- Phe

Val Gln
290
Val Ala
305
Gly Pro

Asp Ile
Ile Lys

Asp Thx
370

Val Ala

385

Ala Asn

Leu Lys
Met Val

Gly Thr

. 450
Val Glu
465

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

<400>
Met - Ser
-1

Thr Gly

Arg Gln
Arg Ala
) 50

Lys Arg
65

Glu Ile
Arg His
Asn Val

Gly Met
130

Arg Val

Asp Ala

260
Phe Ala
275

Asp Gly

Ala Leu
Ala Val
Ala Ala
340
Leu Asp
355
Gln Ala
Ser Th;

Gly Val

His Ala.

420
Asn Leu
435
Lys Ser

Phe Phe

26
248
PRT

Gln
245
Asp
Thr
Ile
Arg
Serx
325
Ser
Asn
Gly
Ile
Glu
405
Arg
Ala

Ser

Thr

230
Leu

Leu

Gly.

His
Val
310
Glu
Glu
Pro
Met
Arg
390
Phe
His
Thr

Ser

Gin
470

Glu
Glu
Gln
Asp
295
Gly
Asp
Gly
Gly
Arg
375
Val
Gly
Phe
Ala
Tyr

455
Thr

Met

Arg

Arg:

280
Lys

Asp
Gln
Gly
Trp
360
Ile
Lys
Leu
Gln
Gly
440
Gly

Lys

Caulobacter crescentus

26
. Ser Ala

Gly Gly
20

Gly Ala

35

Leu Glu

Cys Asp
Gly Asp

Lys Leu
100
Asn Leu
115 .
Lys Lys

‘Ile

5

Glu
Ala
Leu
Val
85

Ala
Arg

Arg

Ser

Tyr Pro Ser

Gly
Val
Glu
Met
70

Asp
Asp
His

Gly

Ile
Ile
Leu
55

Asn
Val
Val

Met

’Gly

135

Gly
Phe
40

Ala
Led
Leu
Thr
Leu

120
Gly

Gly-

Ala
265

Cys

Phe

Ala

Met

Arg

345

Tyr
Asn
Ser
Ser
Arg
425
Val
Ala

Thr

Leu
Ala
25

Leu
Gly
Glu
Val
Gly
105
Phe

Ala

22414

235
Gly Lys
250
Val Ala
Thr Ala
Vval Ala

Leu Asp

Asn
Ile
Ser
Leu

300
Pro

315 .

Glu Thr
330
Val Val

Val Arg
Asn Glu
Tyr Glu
395,
Ala Gly
410
Tyr Rla
Asp Tyr
Arg Glu

Ser Tyxr
475

Lys Gly.

10
Gly Leu

Asp Ile
Ser Pro
Ala Ile
- 175
Asn Asn
90 K
Ala Tyr
Cys Thr

Val Ile

Thr

Pro

Ser

Pro
Ala
Ser
285
Leu
Asn
Tyr
Gly

Thr

- 365

Glu
380
Glu

Ilé

Arg
His
Gln

460
Ser

Lys
Thr
Ala
Ile
60

Lys
Ala
Trp
Gln

Asn

140

-94-

Val
Ala
Ala
Ala
Val
445
Gly

Trp

Arg
Ala
Asp
45

Pro
Ala
Gly
Asp
Ala

125
Phe

Leu
Leu
270
Arg
Ala
Thr
Arg
Gly
350
Leu
Phe
Leu
Thr

Gly
430

Pro

Phe

Ser

Val
Gly
30

Glu
Pro
val
Asn
Glu
110
val

Gly

.Ile
255
Asp
Leu
tG;u
Gln

Tyr
335

Asp.

Ile
Gly
Glu
Thr
415
Met
Phe

hla

Val
15
Phe

Asp

Val,

Phe.

Asp
95

Rrg
Ala

Ser

240
Val

Gly
Ile
Lys
Ile
320
Ile
Arg
Ala
Pro

Ile

1400

Ser
Thr

GlyA

-Ala

Ile
Ala
Ser
Tyr
Ala
80

Asp
Ile
Pfo

Ile



Ser
145
Ala
Asp
Arg
Ala
Val

225
Tyr

Trp

Gly

Asp

Gln

Gln ~

210
Leu

Trp

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

<400>
Met Thr Ala

1

His
Ile
Ile
Glu
195
Cys
Phe

Ile

27

289
PRT
Caulobacter c

27

Glu Gly Pro

© Gln
Phe
-Thr
65
Ala
Asn
Gly
Met
Asn
. 145
Thr
Leu
.Tyr
Leu
Val

225
Gly

Leu-

Ala

Arg
Asp
50

Gly
Thr
Arg
Thr
Asp
130
Gly
Leu
Ser
Pro
Trp
210
Thr
Gly
Ser

vVal

Lys
35

Ala
Phe
Gly
Pro
Met:
115
Leu
Pro
Glu
Asn
Asp
195
Gly

Arg

Pro‘

Asp

Leu
Glu
Arg

180
Lys

Leu-

Leun

Asp

Gln
Ile
20

Ile
Pro
Val
Phe
Asn
100
His
Thr
Cys
Lys
Lys
180
Gly
Gly

Ile

Asp.

Glu

" 260

Pro

val

Gly

Gly
165
val
Trp
Lys
Aia
Ala
245

Val
5
Trp

His

Asp
Val
Ser
85

Asp

Asp

Gly'

Val
Thr
165
Arg
Ser
Phe
Glu
Leu
245
Thr

Asp

Leu
150
Met

Thr

Tyr'

Gly
Ser

230
Gly

Thr
His
Asn
Gin

Gly
70

‘Leu

Ala
Gly
Val
Ser
150
Ile
val
Val
Gly
Leu
230
Lys

Leu

Val

Glu
Thr
Cys
Thr
Arg
215
Asp

Trp

CYs
Gly
Tyr
Val
55

Leu
Leu
Thx
Glu
Ala
135
Pro
Tyr
Phe
Val
Ala
215
Pro
Thr
Ala

Ala

Asp
Arg
val
Pro
200
Ile
Asp

Arg

rescentus

Val

Asp

His,

40
Thr

Lys
Leu
Val
Glu
120
Arg
Asp
Ala
Val
Asp
200
Val
Ala

Leu

Gln

Gly

22414

Leu
Ala
Val

185
Glu

Val'

Ala

Trp
Thr
25

Pro
Phe
Thr
Glu
Asp
105
Asn
Met
Gly
Phe
Gln
185
Serxr
Arg
Pro
Tyr
Tyr

265
Gln

Val

Leu

170

Pro

‘Gly

Pro

Ser.

Asp

Leu

Ala

Leu
Gly
Val
90

Ala
Asn
Asp
Lys
Asp
170
Phe

Glu

‘Phe

Asn
Phe
250
Pro

Pro

-95-

Leu

155
Ala

Gly

Glu

Glu,

Leu

Tyr
Arg
Asn
Ala
Asn

220
Cys

235

Leu
Trp
Thr
Ala
Ile
75

Glu
Gln
Ser
Arg
Thr
155
Leu
Ala
Gly
Ser
Val
235
Thr

Leu

Gln

Lys

Pﬁe

Gly
Pro
60

ais
Asp
Gly
Gly
Asp
140
Phe
Ala
Leu
Tyr
Pro
220
Thr

Thr

Glu
Glu

Vgl

Thr Ala

Leu Gly
- 175,
Lys 'Thr

- 190

"Gln

205
Val

Thr

Ala
Val
Glu
45

Ile
Arg
Ala
Arg
Ser
125
Ile
Tyr
Glu
Gly
Leu
205
Gln
Lys
Ala
Gly

Glu

Ile Val
Ala Ala

Gly His

Thr Leu
15

Asp Ile

30

Arg Phe

Val Gly
Phe His
Ala Leu
85

Leu Trp
110

Leu Tyr
Cys Ile
His Thr
Asp Gly

175
Asp Asp

190

Txrp Thr
Gly Asp
Pro Cys

Arg Lys
255

Gly Val

270

Val Arg

Lys
160
Pro
Lys
Ala

Leu

Glu
240

Gly
Lys
Ser
Ala
Pro.
80

Asn
Phe .
Arg
Thr

Asp
160

Leu

Val
Ala.
Ala
Phe
240
Gly
Phe

Leu



Val

<210>
<211>

<212>

<213>

<220>
<221>
<222>

<400>

atg
Met
1

gat

Asp

gag
Glu

aag
Lys

aac
Asn
65

gac
Asp

aac
Asn

ggt
.Gly

acc
Thr

acg
Thr
145

ggc
Gly

tcg
Ser

gac
Asp

ggc
Gly

ctg

agg
Arg

tgg
Trp

cgce
Arg

ccg
Pro
50

cge
Arg

gce
Ala

tgc
Cys
cte
Leu
acce
Thr
130

gtc
Val

tgg
Trp

cgc
Arg
cgce
Arg
acg
Thr

210
acc

275

28

1788
ADN
Caulobacter crescentus

CDS
{(1)..(1788)

28

tcc
Ser

tte
Bhe

ttc
Phe
35

atc
Ile

atc
Ile

999
Gly

cgt
Arg

gtc
Val
115
ggce
Gly

aat
Asn

cac
His

cgce
Arg

gce
Ala
195
gcc
Ala

ggc.

gcc
Ala

gat
Asp
20

atg
Met

atc
Ile

cac
His

gge
Gly

cgce
Arg
100
gag
Glu

tgc
Cys

atce
Ile

gag
Glu

aag
Lys
180
gcc
Ala

tecg
Sex

tgc

ttg

‘Leu

5
aac
Asn

aac
Asn

ggc
Gly

ctg
Leu

atce
Ile
85

ccg
Pro

acc
Thr

gac
Asp

ccg
Pro

aac
Asn
165
ctg
Leu
agc
Ser

acc
Thr

gcg

tct
Ser

ccce
Pro

tac
Tyr

atc
Ile

gac
Asp
70

cce
Pro

acg
Thr

ctg
Leu

aag

Lys

gce
Ala
150
gag
Glu

gcg
Ala

tcg
Ser

atg
Met

gce

aac
Asn

gac-

Asp

g9g9
Gly

gcc
Ala
55

ctg
Leu

atg
Met

gcg
Ala

cac
His

acc
Thr
135
atc
Ile

cte
Leu

gcc
Ala

gcg
Ala

aac
Asn
215
atc

280

cgc
Arg

cat
His

atc
Ile
40

cag
Gln

gtc
Val

gag
Glu

gcg
Ala

ggc
Gly
120
acc
Thr

gtg
Val

gtg
Val

ggce
Gly

ccg
Pro
200
gce
Ala

ccc

acg
Thr

atc
Ile
25

acg
Thr

acc
Thr

cag
Gln

tte
Phe

ctg
Leu
105
tat
Tyr

ccg
Pro

ctg
Leu

ggc
Gly

gag
Glu
185
tcg

‘Ser

gtg
Val

gcc

22414

cce
Pro
10

gac
Asp

ccg
Pro

ggc
Gly

cgg
Arg

ccg
Pro
90

gac
Asp

ccg
Pro

gce
Ala

tcg
Ser

tcg
Ser
170
atc
Ile

gcg
Ala

gce

Ala

ccc

cgc
Arg

atg
Met

gag
Glu

agc
Ser

gtg
Val
75

gtc
Val

cgg
Arg

atc
Ile

g9g
Gly

ggce
Gly
155
ggce
Gly

acc

Thr

gge
Gly

gag
Glu

tac

-96-

285

cgg tte
Arg Phe

acc gcg
Thr Ala

gag ctg

Glu Leu
45

gac atc

Asp Ile

60

cgg gac

Arg Asp

cat ccg
His Pro

aac ctc
Asn Leu

gac gce
Asp Ala

-125
atc atg

-Ile Met

140

ggc ccg
Gly Pro

acc gtg
Thr Val

gag gaa
Glu Glu

cac tgc.

His Cys
205
gcg ctg
Ala Leu
220 .

cgc gag

cgg
Arg

ctc
Leu
30

cgce
Arg

tcg
Ser

ggg
Gly

atc
Ile

tcg

Ser
110

gtg
Val

gcc
Ala

atg
Met

atc

Ile.

gag
Glu
190
aac
Asn

ggc
Gly

cgc

tcec
Serxr
15

tat
Tyr

agce
Ser

cce
Pro

atc
Ile

ttc
Phe
95

tac
Tyxr

gtt
Val

gce
Ala

ctg
Leu

tgg
Trp
175
ttc
Phe

acc
Thr

ctg
Leu

ggc

cgce

Arg-

ctg
Leu

ggce
Gly

'tgc

Cys

cgc
Arg
80

gag
Glu

ctg
Leu

ctg
Leu

acc
Thr

gac
Asp
160
cgc
Arg

atc
Ile

atg
Met

tcg
Ser

cag

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720



Leu
225
atg
Met

gte

Val

gce
Ala

gtg
Val

cgce
Arg
305

aag.

Lys

ctg
Leu

gte
Val

gac
Asp

ggg
Gly
385
tce
‘Ser

ggc
Gly

gac
Asp

cgc
Arg

tcg
Ser
465

999
Gly

gcc
Ala

ggc
Gly

aac

Thr

gce
Ala

aaa
Lys

ctg
Leu

gcc
Ala
290
gcg
Ala

tat
Tyr

tgg
Trp

acc
Thr

cge
Arg

370.

tte
Phe

agc
Ser

cag
Gln

gac
Asp

tgc
Cys
450
gce
Ala

atc
Ile

gac
Asp

ggce
Gly

acc

Gly

tac
Tyx

ccg
Pro

gtg
Val
275
atg
Met

gce
Ala

ctg
Leu’

gag

Glu

ggc
Gly
355
gag
Glu

ctg
Leu

gtg
Val

gaa
Glu

tat
Tyr

435 .

atc
Ile

gag
Glu
atg
Met

agce
Ser

ctg
Leu
515

ggc

Cys

aag
Lys

ctc
Leu
260
gcg
Ala

gce
Ala

tat
Tyr

ggc
Gly

ctg
Leu

340.

aag
Lys

gtg
Val

gtt
Val

atc
Ile

ggc
Gly
420
cac
His

ctg

Leu

gtc
Val
agc

Ser

cce
Pro
500

‘teg

Ser

cge

Ala

acc
Thr
245
gac
Asp

gcg
Ala

cgt
Arg

gac
Asp

gag
Glu
325
ttg
Leu

acg
Thr

atc
Ile

ctc
Leu

ggc
Gly
405~
gtg
val

aag-
Lys

gtg
val

gtc
Val

Ala
230

ggc

Gly

atc
Ile

gcc
Ala

cac
His

atc
Ile
310
cge
Arg

cag
Gln

atg
Met

tte
Phe

aag
Lys
320
gag
Glu

ttc

Phe’

cgg
Arg

atc
Ile
aac
Asn

470

ctg
Leu
485
tcg
Ser

tgg
Trp

tgc

cce
Pro

atc

Ile

ctg
Leu

gac

Ile Pro

cag cgc
Gln Axg

ctg acc
Leu Thr

ggc ggc
Gly Gly
280
gcc ggc
Ala-Gly
295
ccg ctg
Pro Leu

ttc cac
Phe His

caa ggce
Gln Gly

agc-gag
Ser Glu
. 360
ccg tac
Pro Tyr
375
ggc aac
Gly Asn

gag ttc
Glu Phe

gaa gcc
Glu Ala

atc aac
Ile Asn
© 440
cgc ggc
Arg Gly
455
atg cag
Met Gln

acc ctg
Thr Leu

ctg aac
Leu Asn

cgc acc
Arg Thr

520
gcc ctg

22414

Ala

atc
Ile

aag
Lys
265
tecg
Ser

th
Val

atc
Ile

cga
Arg

cge
Arg
345
aac
Asn

cac
His

ctc
Leu

cgc
Arg

cgce
Arg
425
gat
Asp

gcg
Ala

ccg
Pro

ggc
Gly

‘gce

Ala
505

ggc
Gly

gtc

Pro

gtc
Val
250
caa
Gln

acc
Thr

gag
Glu

gtc
Val

gce
Ala
330
ctg
Leu

ctg
Leu
gag
Glu

ttc
Phe

aag
Lys
410
gce

Ala

ccg
Prq

ggt
Gly

ccg
Pro

gat
Asp
490
teg
Ser

gac
Asp

gac

Tyxr Arg
235

gat ctg
Asp Leu

gce ttc
Ala Phe

aac gcc
Asn Ala

atc acc
Ile Thr
300
aac atg
Asn Met
315
ggc ggc
Gly Gly

cac égc
His Gly

caa ggc
Gln Gly

ccg ctg
Pro Leu
380
gac ttc
Asp Phe
395
cgc tac
Arg Tyr

atc gtg
Ile Val

gcec ctg
Ala Leu

ccg atc
Pro Ile
460
gat cac
Asp His
475
ggc cgt
Gly Arg

ccc gaa
Pro Glu

acc atc
Thr Ile

gag gcg

-97-

Glu

gcc
Ala

gag
Glu

cag
Gln

285’

gcc

Ala.

cag
Gln

gcg
Ala

gac
Asp

cgc
Arg
365
gce
Ala

gcg
Ala

ctg
Leu

ttc
Phe
gag
Glu
445

ggc
Gly

ctt
Leu

cag
Gln

agc
Ser

cgc
Arg
525
acg

Arg

tat
Tyxr

aac
Asn
270
ccg
Pro
gac
Asp

ccg
Pro

ccg
Pro

gtg
val

*350
gaa.

Glu

gag
Glu

atc
Ile

teg
Ser

gac
Asp
430
atc
Ile

tgg

‘Trp

ctg
Leu

teg
Ser

gcg
Ala
510

atc,

Ile

atc

Gly

'Gln

- 240

gac
Asp

255

gce
Ala

cac

His

gac
Asp

gce
Ala
gcg
Ala
335

ctg
Leu

acc
Thr

aag
Lys

atg
Met

cag
Gln
415

gge
Gly

gac
Asp
cce
Pro

aag
Lys

ggc
Gly
495
atc
Ile

gac
Asp

gcc

gac
Asp

atc
Ile

atg
Ile

tgg
Trp

ggce
Gly

320

gtg
Val

acc
Thr

agc
Ser

gcc
Ala

aag
Lys
400
cce
Pro

tcg
Ser

gag
Glu

ggc
Gly

aag
Lys
480
acc

Thr -

ggc
Gly

cte
Leu

gcg

4768
816
864
912
960

1008

1056

1104

1152

1200

1248

1296

}344.

1392

1440

1488

1536

1584

1632



Asq

cge
Arg
545
cag
Gln

ctg
Leu

_cac
© His

Thr
530
aag
Lys

gaa
Glu

gag
Glu

aac

Asn

<210>
<211>
212>
<213>

<400>
Met Arg Ser Ala Leu

1
Asp

Glu
Lys
‘Asn
65
Asp
Asn
Gly
Thr
Thr
145
Gly
Ser
Asp
Gly
Leu
225
Met
Val

Ala

Trp

Arg

Pro-

50
Arg

Ala
Cys
Leu
Thr
130
Val
Trp
Arg
Arg
Thr
210
Thr
Ala
Lys

Leu

Gly

cag
Gln

atc
Ile

tte
Phe

cac
His
595

29
595
PRT

Arg

gac
Asp

tac
Tyr

gcg
Ala
580
tga

Cys
ggce
Gly

cgc

Arg
565

gte
Val

Asp

atc
Ile

550 -

gce
Ala
aég
Lys

Ala
535
ccg
Pro

cac
His

tac
Tyr

Leu

gcg
Ala

Qcc
Ala
cag
Gln

Caulobacter crescentus

29

Phe
Phe
35

Ile
Ile
Gly
Arg
Val
115
Gly
Asn
Hi§
Arg
Ala
195
Ala
Gly
Tyr

Pro

Val

Asp
20

Met
Ile
His
Gly
Arg
100
Glu
Cys
Ile
Glu
Lys
180
Ala
Ser
Cys
Lys
Leu

260
Ala,

5
Asn

Asn

Gly

Leu
Ile
85

Pro
Thr
Asp
Pro
Asn
165
Leu

Ser

Thr

Ala

‘Thr

245
Asp

Ala

Ser

‘Pro

Tyr
Ile

Asp

70

Pro
Thr
Leu
Lys
Ala
150
Glu
Ala

Ser

Met

Ala
230
Gly
Ile

Ala

Asn
Asp
Gly
Ala
55

Leu
Met
Ala
His
Thr
135
Ile
Leun
Ala
Ala
Asn
215
ile
Gln

Leu

Gly

Arg
His
Ile
40

Gln
val
Glu
Ala
Gly
120
Thr
Val
Val
Gly
Pro
200
Ala

Pro

‘Arg

Thr

Giy

val

gtt
val

agt
Ser

gac

Asp
585

Thr
Ile
25

Thr
Thr
Gln
Phe
Leu
105
Tyr

Pro

Leu

Gly

Glu

185
Ser

Val
Ala
Ile
Lys

265
Ser

22414

Asp

ccc
Pro

cag
Gln
570

ctg
Leu

Pro
10

Asp
Pro
Gly
Arg
Pro
90

Asp
Pro
Ala
Ser
Ser
170
Ile
Ala
Ala

Pro

Val

250
Gln

Th;

Glu

gece
Ala
555
ctc
Leu

gcg

Ala

Arg
Met
Glu
Ser
Val
75

Val
Arg
Ile
Gly
ély
155
Gly
Thr
Gly
Glu
Tyr
235
Asp
Ala

Asn

-98-

Ala
540
acc
Thr

gac
Asp

gcc
Ala

Arg
Thr
Glu
Asp
60

Arg
His
Asn
Asp
Ile
140
Gly
Thr
Glu
His
Ala
220
Arg
Leu

Phe

Ala

Thr

atg
Met

acc
Thr

aag
Lys

Phe
Ala
Leu
45

Ile
Asp
Pro
Leu
Ala
125
Met
Pro
Val
Glu
Cys
205
Leu
Glu
Ala
Glu

Gln

Ile

acg
Thr

ggc
Gly

ctg

Leu
590

Arg
Leu
30

Arg
Ser
Gly
Ile
Ser
110
Val
Ala
Met
Ile
Glu
190
Asn
Gly
Arg
Tyr
Asn

270
Pro

Ala

cce
Pro

gge
Gly
575
ccc
Pro

Serxr
15

Tyr
Sef
Pro
Ile
Phe
95

Tyr
Val
Ala
Leu
Trp
175
Phe
Thr
Leu
Gly
Asp
255
Ala

His

Ala

tag
Trp
560

gtg-

Val

cgc
Arg

Arg
Leu
Gly
Cys
Arg
80

Glu
Leu
Leu
Thxr
Asp
160
Arg
Ile
Met
Ser
Gln
240
Asp
Ile

Ile

1680,

..1728

1776

-1788



Val
Arg
305
Lys
Leu
Val
Asp
Gly
385
Ser
Gly
Asp
Arg
Ser
465
. Gly
Ala
Gly
Asn
545
Gln

Leu

His

<210>
<211>
<212>
1 <213>

<220>
<221>

275

Ala,
290
Ala

Tyr

‘Trp

Thr

Arg
370
Phe
Sexr
Gln
Asp
Cys
450
Ala.
Ile
Asp
Gly
Thr
530
Lys
Glu
Glu

Asn

<222>

<400>

Met
Ala
Leu
Glu
Gly
355
Glu
Leu
Val
Glu
Tyxr
435
Ile
Glu
Met
Ser
ieu
515
Gly
Gln
Ile
Phe

His

Ala
Tyr
Gly
Leu
340
Lys
Val
Val
Ile

Gly

420

His
Leu
Val
Ser
Pro
500
Ser
Arg
Asp
Tyr

Ala

580

595

30

1476
ADN
Escherichia coli

CDS
(1)..(1476)

30

Arg
Asp
Glu
325

Leu

Thr

‘Ile

Leu
Gly
405
Val
Lys
Vval
Val
Leu
485
Serxr

Trp

Cys

Gly

Arg
565
val

His
Ile
310
Arg
Gln
Met
Phe
Lys
390
Glu
Phe
Arg
Ile
Asn
470
Pro
Ile
Leu
Asp
Ile
550
Ala

Lys

- atg aat acc cag tat aat
Met Asn Thr Gln Tyr Asn

1

5

gct aca tta ggt ggt tta

Alg
295
Pro
Phe
Gln
Ser
Pro
375
Gly
Glu
Glu
Ile
Arg
455
Met
Thr
Leu
Arg
Ala
535
Pro
His

Tyr

280
Gly

Leu-

His
Gly
Glu
360
Tyr
Asn
Phe
Ala
Asn

440
Gly

.Gln

Leu
Asn
Thr
520
Leu
Ala
Ala

Gln

22414

Val
Ile
Arg
Arg
345
Asn
His
Leu
Arg
Arg

425
Asp

Ala

Pro
Gly
Ala
505
Gly
Val

Val

Ser.

Asp

585

tcc agt tat
Ser Ser Tyr

tta ttt ggc

Glu~

Val
Ala
330
Leu
Leu
Glu
Phe
Lys
410
Ala
Pro
Gly
Pro
Asp
490
Ser
Asp
Asp
Pro
Gln

570
Leu

Ile
Asn
315
Gly
His
Gln
Pro
Asp
395
Arg
Ile
Ala
Pro
Asp
475
Gly
Pro
Thr
Glu
Aia
555

Leu

Ala

Thr
300
Met

Gly.

Gly
Gly

Leu

© 380

Phe
Tyr
Val
Leu
Ile
460
His
Arg
Glu
Ile
Ala
540
Thr
Asp

Ala

285
A;a

Gln

Ala

Asp
Arg
365
Ala
Ala
Leu
Phe
Glu
445
Gly
Leu
Gln
Ser
Arg
525
Thr
Met

Th;

Lys

Asp
Pro
Pro
Val
350
Glu
Glu
Ile
Ser
Asp
430
Ile
Trp

Leu

Ser

Ala.

510
Ile

Ile
Thr
Gly

Leu
590

ata ttt tcg att acc
Ile Phe Ser Ile Thr

10

Asp
Ala
Ala
335
Leu

Thr

Lyé

Met

Gln
415
Gly

Asp
Pro
Lys
Gly
495
Ile
Agp
Ala
Pré
Gly

575
Pro

tta
Leu
15

Trp
Gly
320
Val
Thr
Sexr
Ala
Lys
400
Pro
Ser
Glu
Gly‘
Lyé
480
Thr
Gly
Leu
Ala
Trp
560
Val

Arg

gtc
val

tac gac acc gcec gtt att tcc

-99-



Ala

ggt
Gly

agt
Ser

ctg
Leu

65 °

cgce
Arg

att
Ile

aac
Asn

ttt
Phe

atg
Met
145

ggg
Gly

tta
Leu

tgg
Trp

cct
Pro

cge
Arg
225
cge

Arg.

aaa
Lys

ttt

Phe

caa
Gln

aaa
‘Lys
305
gte

Thr

act
Thr

gaa
Glu
50

att
Ile

tte
Phe

tct
Sexr

ccg
Pro

gtt
val
130
cte
Leu

aaa
Lys

gtt
val

ctg
Leu

gca

‘Ala

210

tgg
Trp

aaa
Lys

cac
His

ggce
Gly

ttt
Phe
290
acg
Thr

gga

Leu

gtt
vVal
35

tece
Ser

ggt
Gly

ggt
Gly

ggt

Gly

gac
Asp
115
att
Ile
teg
Ser
ctg
Leu

tac
Tyxr

aat
Asn
195
ctg
Leu

ctg
Leu

att
Ile

tcc
Ser

gtg
Val
275
gtc
Val

ctg
Leu

gtt

Gly
20

‘gag

Glu

gct

‘Ala

tgc
Cys

cgt
Arg
gﬁa
Val
100

aac
Asn

tat
Tyr

cca
Pro

gtc
Val

tgc
Cys
180
act
Thr

ctg
Leu

atg.

Met

atg
Met

ctg
Leu
260

ggc

Gly’

ggc
ély

ggg
Gly

atc

Gly

tca
Ser

gce
Ala

atd

Ile

cgt
Arg
85

ggt
Gly

act
Thr

cge
Arg

atg
Met

tct
Ser
165
gta

val

gac
Asp

tte
Phe

tecg
Serx

ggce
Gly
245
gat
Asp

gtg
Va;

atc
Ile

gce
Ala

aac

Leu
ctc
Leu

aac
Asn

atc
Ile
70

gat

Asp.

tct
Ser

gtg
Val

att
Ile

tat
Tyr
150
ttt
Phe

aac-

Asn
gge
Gly

tta
Leu

cgc
Arg
230
aac
Asn

cat
His

att
Ile

aat
Asn

agc
Ser
310
ctc

Leu

aat
Asn

tce
Ser
55

.gge

Gly

tca
Ser

gee
Ala

cct
Pro

att
Ile
135
att
Ile

aac
Asn

taf
Tyr

tgg
Trp

atg
Met
215
ggc
Gly

acg
Thx

ggc
Gly

gta
Val

gtg

‘Val

295
acg
Thr

acc

Phe

acc
Thr
40

ctg
Leu

ggt
Gly

ctt
Leu

tgg
Txp

gtt
Val
120

ggc
Gly

gcg
Ala
cag
Gln

ttt
Phe

cgt
Arg
200
ctg
Leu

aag
Lys

ctt
Leu

cge
Arg

atc
Ile
280
gtg
Val
gat
Asp

ttec

Gly
25
gtc

Val

tta
Leu

.gee

Ala

aag
Lys
cca
Pro

105
tat

Tyr

ggt
Gly

gaa

-Glu

ttt
Phe
att
Ile
185

tat
Tyr

ctg
Leu

caa

Gln

gca
Ala

aaa
Lys
265

ggc
Gly

ctg
Leu

atc
Ile

acc

22414

Tyr
ttt
Phe

gag
Gly

ctc
Leu
att
Ile
90 -
gaa
Glu

ctg

Leu

att
Ile

ctg
Leu

gcg
Ala
170
gce
Ala
atg
Met

tat
Tyr

gaa
Glu

act
Thr
250
acc
Thr

gta
Val

tac
Tyr

gcg
Ala

gtt

Asp Thr

gtt. gect’

Val Ala

ttt tgc
Phe Cys
60

ggt ggt
Gly Gly
75

gct gct
Ala Ala

ctt ggt
Leu Gly

gca ggt
Ala Gly

ggc gtt
Gly Val
140
gct cca
Ala Pro
155
att att
Ile Ile

cgt tcc

‘Arg Serx

ttt gcece
Phe Ala

acc gtg
Thr Val

220
cag.-gcg
Gln Ala
235 '
cag gca
Gln Ala

ggt ggt
Gly Gly

atg ctec
Met Leu

tac gcg

‘Tyr Ala

300
ctg ttg
Leu Leu
315
ctg gca

-100-

Ala

cca
Pro
45

gtg
Val

tat

Tyr

gte
Val

“ttt

Phe

tat
Tyr
125

ggt
Gly

gct
Ala

ttc
Phe

ggt
Gly

tcg
Ser
205
cca
Pro

gaa
Glu

gta
Val

cgt
Arg

tce
Ser
285
ccg
Pro

cag
Gln

att

Val
30

caa
Gln

gcc
Ala

tgc
Cys

ctg
Leu

acc
Thr
110
gtc
Val

tta
Leu

cat
His

ggg
Gly

gat
Asp
190
gaa
Glu

gaa
Glu

ggt
Gly

cag
Gln

ctg
Leu
270
atc
Ile

gaa
Glu

acc
Thx

atg

Ile

aac
Asn

agc
Serx

agt
Ser

ttt
Phe
95

tct
Ser

ccg
Pro

gcc
Ala

att
Ile

caa
Gln
175
gcc
Ala

tgt
Cys

agt
Ser

atc
Ile

gaa
Glu
255
ctg
Leu

ttc
Phe

gtg
Val

att
Ile

acg

Ser

tta
Leu

gct
Ala

aac
Asn
80

ttt
Phe

ata
Ile

gaa
Glu

tca
Ser

cgce
Arg
160
ctt
Leu

agc
Ser

atc
Ile

cct

Pro

ctg
Leu
240
att
Ile

atg
Met

cag
Gln

tte
Phe

att
Ile
320

gtg

i44
192
240
288
336
384
‘432
480
528
. 576
624
672
720
768
816
864
912
960

"1008



Val

gat
Asp

gca
Ala
ggt
Gly
atg

Met
385

aat

Asn

ctg

Leu

tce
Ser

ggt
Gly

gaa
Glu
. 465
gaa
Glu

Gly

aaa
Lys

atc
Ile

att
Ile
370
tecc
Ser

gct
Ala

gcg
Ala

tgg
Trp

tgt
Cys
450
acc
Thr

acg

Thr

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

<400>.

Val

ttt
Phe

ggt
Gly
355
gtg
Val

tgg
Txrp

att
Ile

aac
Asn

ctg
Leu
435
atg
Met

aaa
Lys

aag
Lys

31
491
PRT

Ile

ggt
Gly

Asn’
325
cgt
Arg

340

atg
Met

gcg
Ala

ggt
Gly

cgt
Arg

ttt
Phe

cta
Leu

ccg
Pro

ggt
Gly

405

tac
Tyr
420
gtg
Val

ggc
Gly

ggt
Gly

aaa
Lys

ttc
Phe

gce
Ala
gtt
Val
aaa
Lys

aca
Thr

485"

Leu

aag
Lys

agc

Ser

ctg
Leu

gta
Val
380
aaa
Lys

gtc
Val

cat
His

ctg
Leu

acc
Thr
470
caa
Gln

Escherichia coli

31

Met Asn Thr Gln

1
Ala

Gly
Ser
Leu
65 .
Arg
Ile

Asn

Phe

Thr
Thr
Glu

50
Ile

Phé

Ser

Pro

Val

Leu

val
35

Gly
20
Glu

Ser Ala

Gly

Cys

Gly Arg

Gly Vval

100

Asp Asn

115
Ile

Tyr

Tyr
5
Gly
Ser
Ala
Ile
Arg
85
Gly
Thr

Arg

Asn
Leu
Leu
Asn

Ile
70

"Asp

Ser

Val

Ile

Thr
cca
Pro

.ctc

Leu

tcg
Ser
375

tge

Cys

gcg
Ala

tce

Ser

tte
Phe

gca
Ala
455
ctt
Leu

caa
Gln

Serx.

Leu
Asn
Ser
55

Gly
Ser
Ala

Pro

Ile

Phe

ctg
Leu

ggt
Gly
360
atg
Met

tgg
Trp

ctg
Leu

tgg
Trp

cac
His
440
gca
Ala

gag
Glu

act
Thr

Ser

Phe
Thr
40

Leu
Gly
Leu

Trp

Val

- 120

Gly

22414

Thr

caa
Gln
345
acc
Thr

ctg
Leu

gta
Val

gca
Ala

acc
Thr
425
aac
Asn

ctg
Leu

gag
Glu

gct
Ala

Tyxr
Gly
25

Val

Leu

Ala.

Lys
Pro
105
Tyr

Gly

Val
330
att
Ile

gcg
Ala

ttec
Phe

ctg
Leu

atc
Ile
410
ttc
Phe

ggt
Gly

ttt
Phe

ctg
Leu

acg
Thr
490

Ile
10
Tyr

Phe

Gly

Leu
Ile
90

Glu
Leu

Ile

Leu

atc
Ile

ttt
Phe

tat
Tyr

ctg

Leu
385
gcg
Ala

ccg
Pro

ttc
Phe

atg
Met

gaa
Glu
475

ctg
Leu

Phe
Asp
Val
Phe
Gly
75

Ala
Leu

Ala

Gly

-101-

Ala

ggc
Gly

tac
Tyr
gtt
Val

380
tecg

Ser.

gtg
Val

atg
Met

tce
Ser

tgg
Trp
460
gcg
Ala

taa

Ser
Thx
Ala
Cys
60

Gly
Ala
Gly
Gly

Val

Ile

gca
Ala

act
Thr
365
gce
Ala

gaa
Glu

gcg
Ala

atg
Met

tac
Tyr
445
aaa
Lys

ctc
Leu

Ile
Ala
Pro
45

Val
Tyr

Val

Phe’

Tyx
125
Gly

Met

cte
Leu
350
cag
Gln

gce
Ala

atc
Ile
gcé
Ala
gac
Asp
430

tgg
Trp

ttt
Phe

tgg
Trp

Thr'

Val
30

Gln
Ala
Cys
Leu
Thr
110
Val

Leu

Thr
335

gga
Gly

gca
Ala

ttt
Phe

ttc
Phe

cag
Gln
415
aaa
Lys

att
Ile

gtc
Val

gaa
Glu

Len
15

Ile
Asn
Ser

Ser

Phe
95
Ser

Pro

Ala

Val

atg
Met

ccg
Pro

écc

Ala

ccg
Pro
400

tgg
Trp

aac
Asn

tac
Tyr

ccg
Pro

ccg
Pro

480

Val.

Ser
Leu
Ala
Asn
80

Phe
Ile
Glu

Ser

1056
1104
1152
i200

1248

1296

1344

1392

1440

1476



22414

130 ‘ 135 : 140 )
Met Leu Ser Pro Met Tyr Ile Ala Glu Leu Ala Pro Ala His Ile Arg
145 150 ' 155 160
Gly Lys Leu Val Ser Phe Asn Gln Phe Ala Ile Ile Phe Gly Gln Leu
165 - 170 . ’ 175 . .
Leu Val Tvr Cys Val Asn Tyr Phe Ile Ala Arg Ser Gly Asp Ala Ser
180 185 . 190
Trp Leu Asn Thr Asp Gly Trp Arg Tyr Met Phe Ala Ser Glu Cys Ile
195 . © 200 205 _
Pro Ala Leu Leu Phe Leu Met Leu Leu Tyr Thr Val Pro Glu Ser Pro
210 215 - - . 220
Arg Trp Leu Met Ser Arg Gly.Lys Gln Glu Gln Ala Glu Gly Ile Leu
225 230 © 1235 o 240
Arg Lys Ile Met Gly Asn-Thr Leu Ala Thr Gln Ala Val Gln Glu Ile
. 245 250° 255
Lys His Ser Leu Asp His Gly Arg Lys Thr Gly Gly Arg Leu Leu Met
260 ’ © 265 270
Phe Gly Val Gly Val Ile Val Ile Gly Val Met Leu Ser Ile Phe Gln
275 280 285 -
Gln Phe Val Gly Ile Asn Val Val Leu Tyr Tyr. Ala Pro Glu Val Phe
290 295 ) 300 ’
Lys Thr Leu Gly Ala. Ser Thr Asp Ile Ala -Leu Leu Gln Thr. Ile Ile
305 ) . 310 ) 315 . 320
Val Gly Val Ile Asn Leu Thr Phe Thr Val Leu Ala Ile Met Thr Val
- 325 . ~ 330 335
Asp Lys Phe Gly Arg Lys Pro Leu Gln Ile Ile Gly Ala Leu Gly Met
: 340 . 345 . 350
Ala Ile Gly Met .Phe Ser Leu Gly Thr Ala Phe Tyr Thr Gln Ala Pro
355 360 365 -
Gly Ile Val Ala Leu Leu Ser Met Leu Phe Tyr Val Ala Ala Phe Ala
© 370 375 380 :
Met Ser Trp Gly Pro Val Cys Trp Val Leu Leu Ser Glu Ile Phe Pro
385 ' 390 S 395 400
Asn Ala Ile Arg Gly Lys Ala Leu Ala Ile Ala Val Ala Ala Gln Txp
‘ 405 - 410 415
Leu Ala Asn Tyr Phe Val Ser Trp Thx Phe Pro Met Met Asp Lys Asn
‘ - 420 425 | i ’ 430 '
Ser Trp Leu Val Ala His Phe His Asn Gly Phe Ser Tyr Trp Ile Tyr
435 440 : 445
Gly Cys Met Gly Val Leu Ala Ala Leu Phe€ Met Trp Lys Phe Val Pro
450 . 455 460
Glu Thr Lys Gly Lys Thr Leu Glu Glu Leu Glu Ala Leu Trp Glu Pro
465 470 . 475 480
Glu Thr Lys Lys Thr Gln Gln Thr Ala Thr Leu
: 485 . 490

- 210> 32

<211> 399

<212> ADN

<213> Trinh tu nhan tao

<220> . .
<223> ADN tbng hg¢p PtacTtrp

<400> 32 ! .
ggtaccagat ctccctgttg acaattaatc atcggctcta taatgtgtgg aatcgtgage 60

-102-



ggataacaat
actttcttta
tecgecttaccece
aacaaattaa
tcctcaggta
ctegttgege

33
362
ADN

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

<400> 33
agatcgttta
gcgcgtttta
ttgaaatcgg
tgtccacagg
ggcacatttt
aaagcaaaac
ca

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

34
1968
ADN

<220>
<221>
<222>

CDS

<400> 34
atg tct gtt
Met Ser Val
1

gtc aga
Val Arg

acg
Thr

gag atg ctt
Glu Met Leu
35

gga
Gly

aat
Asn

gcc
Ala
50

ctg
Leu

cte
Leu

tta
Leu
65

gtg
Val

gcg
Ala Leu
aaa
Lys

gcg
Ala

gcg
Ala

tac
Tyr

gtc
Val
115

gtg
Val

ttcacacaag
atgaagcegg
cggtcgaacg
tccegecaaca.

.attgttaata

ttaatttgac

Brevibacterium

gatccgaagg
gcgtgtcagt
ctttcaacag
gtagctggta
gtaatgcgcet
caattcgtgg

gagactcccg
aaaaatccta
tcaacttacg
taacaccagt
tatccagaat
taattctecat

flavum

aaaacgtcga
aggcgegtag
cattgatttc
gtttgaaaat
agatctgtgt
ctgcgaaagt

22414

ggagccgceca
aattcattta
tcatttttce
aaaatcaata
gttcctcaaa
tagggatcc

aaagcaattt
ggtaagtggg
gatgtattta
caacgccgtt
gctcagtett
cgtagcecacc

gttccgectgg
atatttatct
gcccaacagt
attttctcta
atatatttte

gcttttecgac
gtagecggett
gctggecgtt
gcccttagga
ccaggctgcet
acgaagtcca

cggcatttta
ttttaccgtt
aatataatca
agtcacttat
cctctatctt

gccccacccece

gttagatatc-

accctgcgaa
ttcagtaact
tatcacagtg
ggaggacata

ctg’

cgc
Arg

cac
His
20

atc
Ile

atg
Met

agt
Ser

gcg
Ala

gcc
Ala
100
tce
Ser

(1)..(1968)

aat
Asn
5

gce
Ala

aac
Asn

ggt
Gly

aca
Thr

ttg
Leu

. 85

gag
Glu

gat
Asp

Escherichia coli

att
Ile

gat
Asp

cgc
Arg

tgg
Trp

ctc
Leu
70

cac
His

gtt
val

cct
Pro

ttt

Phe

ggc

Gly

ccg
Pro

tct
Serxr
55

ggt
Gly

cag
Gln

att
Ile

tgt
Cys

gct gac gag
Ala Asp Glu
10

ccg gac ggc
Pro_Asp. Gly
25

ggg gat
Gly Asp

agc
Ser
40

ccg
Pro

gac gag
Asp Glu

tta
Leu

gge
Gly

cgc
Arg

tac
Tyr
90

aac
Asn

cat
His

gg9g9
cly

aaa
Lys

gcc
Ala
105

ggg
Gly

cgt
Arg

gac
Asp
120

agc
Ser

gaa
Glu

ctg
Leu

ctg
Leu

ggc
Gly
75

gaa
Glu

cat
His

act
Thr

-103-

cac
His

ctc
Leu

ttc
Phe

gat
Asp
60

gca
Ala
ctg
Leu

gcc
Ala

cag
Gin

gat
Asp

cca
Pro

ggt
Gly
45

cgg
Arg

gac
Asp

gac
Asp

ctg
Leu

ggt
Gly

. 125

att
Ile

tta
Leu
30

atg
Met

gac
Asp

ggt
Gly

atc
Ile

cce
Pro
110
aca
Thr

tac
Tyr
15

acce
Thr

acc
Thr

ggt
Gly

aaa
Lys

cag
Gln
95

tat
Tyr

acg
Thr

acc
Thr

gca
Ala

atg
Met

att
Ile

ccce
Pro
80

atg
Met

gee
Ala

gg9g9
Gly

120
180
240
300
360
399

60
120
180
240
300
360
362

48

96
144
192
240
288
336

384



atg
Met
cge
Arg
145
agt
Ser

cac
. His

aag
Lys

gcec
- Ala

gce
Ala
225
aca
Thr

gce
Ala

tece
Ser

gaa
Glu

gcg
Ala
305
cac
His

aac
Asn

tat
‘Tyx

'atg
Met

gtt
Val
385
gaa
Glu

aac
Asn

Tttt

Phe
130
ctt
Leu

tgc
Cys

aac
Asn

gat
Asp

aat
Asn
210
tgt
Cys

tct
Ser

ctg
Leu

gcg
Ala

att
Ile
290
tte
Phe

cag
Gln
aag
Lys

cat
His

ttg
Leu
370
acc
Thx

cgg
Arg

gct

‘Ala

gat
Asp

att
Ile

gat
Asp

atc
Ile

gga
Gly
195
ggc
Gly

gce
Ala

cag
Gln

gce
Ala

cga
Arg
275
cte
Leu

agt’

Gly

gca
Ala

cgc
Arg

cca
Pro

tcg

Ser.

cgc
Arg

aag
Lys

gca
Ala
180
gaa
Glu

gaa
Glu

tet’

Ser

gtg
Val

cct
Pro
260
gct
Ala

acc
Thr

ggt
Gly

ggt
Gly

gtg
Val
340
acg
Thr

355 .

cat:

His

ggc
Gly

cgt
Arg

gac
Asp

ctg
Leu

agc
Serxr

cag
Gln

gaa
Glu
420

cta
Leu

tect
Ser

ggg
Gly
165
acc
Thxr

gac
Asp

tta
Leu

tce
Ser

gtg
Val
245

‘tece

Ser

gcg
Ala

gat
Asp

tca
Ser

tge
Cys

325

cce
Pro

gtc
Val

cgce
Arg

acg
Thr

cgg
Arg
405
gtg
Val

cca
Pro

ctg
Leu
150
ctt
Leu

gtg
Val

aac,

Asn

tct
Ser

ggce.

Gly
230
gce
Ala

ggt
Gly

ctg
Leu

aaa
Lys

aca
Thr

310

cat
His

cga
Arg

aat
Asn

agc
Ser

ctg
Leu
390
tte
Phe

atc
Ile

tac
Tyr
135
ccc
Pro

ccg
Pro

ctg
Leu

ggc
Gly

cta
Leu
215
ggc
Gly

gaa
Glu

gag
Glu

aac
Asn

gcg
Ala
295
aac
Asn

atc
Ile

ctg
Leu

gcc

Ala

ctc
Leu
375
aaa
Lys

aag
Lys.

atg
Met

cga

Arg

gac
Asp

gec,

Ala

gtc’

Val

aag
Lys
200
cag
Gln

ggc
Gly

gga
Gly

cct
Pro

ctg
Leu
280
ata
Ile

ctg
Leu

ccg
Pro

gtg
Val

ttt
Phe
360

gga
Gly

gaa
Glu

caa
Gln

tct
Ser

aat.

Asn

gcg
Ala

acc
Thr

‘CcceC

Pro
185

gtg
Val

gac
Asp

tgt
Cys

ttg
Leu

gtg
Val
265
agt
Serxr

gag
Glu

ctg

‘Leu

acc
Thr

agc
Ser
345
atg
Met

ttg
Leu

aac
Asn
ctc
Leu

ccg
Pro
425

22414

gac
Asp

aaa
Lys

atg
Met
170

ggc
Gly

caa
Gln

gca
Ala

caa
Gln

gga
Gly
250
tgg
Trp

caa
Gln

aat
Asn

tta
Leu

gtt
Val
330
gta
Val

gca
Ala

ttg
Leu

ctc
Leu

ctg
Leu
410
cag
Gln

gca
Ala

gca -
Ala
155
atg’
Met

ggce
Gly

acce

Thx

cgc
Arg

tcg
Ser
140
gtt
Val

géa
Ala
gcg
Ala

att
Ile

cgt
Arg

¢ . 220

ttt
Phe
235
ctg
Leu

cgg
Arg

aaa
Lys

gcg
Ala

cac
His
315
gat
Asp

ctg
Leu

ggt
Gly

cat
His

gac
Asp
395
cte
Leu

caa
Gln

-104-

ttg
Leu

gca
Ala

gag
Glu

ggce

Gly

atg
Met
300
atc
Ile

gac
Asp

cct
Pro

ggt
Gly

gaa
Glu
380
tgg
Trp

gat
Asp

gcé

Ala

atg
Met

att
Ile

ctc

Leu

acg
Thr

ggce
Gly
205
gcg
Ala

ggc
Gly

atc
Ile

atc
Ile

atc

Ile.

285
acg
Thr

ccg
Pro

tgg
Trp

aat
Asn

gtg
Val
365
gac
Asp

tgg
Trp
cag
Gln

aaa
Lys

gta
Val

ggt
Gly

gce
Ala

ctg
Leu

. 190

gca
Ala

ggc
Gly

act
Thr

cca
Pro

gce
Ala
270
acc
Thr

gtc
Val

gca
Ala

atc
Ile

ggce
Gly
350
ccg
Pro

gtt
Val

gag
Glu

gaa
Glu

gcg
Ala

430.

atg
Met
gtg
Val

cgc
Arg

gcg
Ala

. 160

gcg
Ala
175
cce
Pro

cge’
Arg

tgt .
Cys

Qcc
Ala

cat
His'
255
aga
Arg

acc
Thx

cat
His

att
Ile

cgc
Arg
335
ccg
Pro

gaa
Glu-

atg
Met

cac
His

caa
Gln
415
cgce
Arg

cag.
Gln

gca
Ala

tte
Phe

aaa
Lys

ggg
Gly
240
tca
Ser

gct
Ala

cgg
Arg

gcc
Ala

gct
Ala
320
atc
Ile

gtt .

Val

gtc
Val

acg
Thr

tce
Ser
400
atc
Ile

gga
Gly

432

480

- 528

576

624

672

720

768
816
864
912.
960
1008
1056
1104
1152
1200
1248

1296



tta
Leu

tcg
Ser

ggt
Gly
465
agt
‘Ser

. ctg
Leu

tac-

Tyr

tcg

Ser

atc
Ile
545
tta
Leu

‘cac
His

tca
Ser
gat
Asp
atg
Met
625

gta
Val

<210>

acc
Thr

gtg
Val
450
atc
Ile

gcg
Ala

gte
Val

cag
Gln

.tta
-Leu

530

ggc
Gly

cgce
Arg

gge
Gly

cag
Gln

tta
Leu
610
ctt

Leu’

aac
Asn

<211>

<212>
<213>

<400>

tca
Ser
435
atc
Ile

tat
Tyr

att
Ile

att
Ile

gtt
Val
515.
atc
Ile

cat
His

acc
Thr

gaa
Glu

gag
Glu
595
ctt
Leu

cag
Gln

aaa
Lys

35

655
PRT
Escherichia coli

35

act
Thr

aaa
Lys

tac
Tyr

tac
Tyr

att
Ile
500
acce
Thr

acc
Thr

gtg
Val

gg9
Gly

gtc
Val
580
gag
Glu

cce
Pro

gce
Ala
att
Ile

ate
Ile

tece
Ser

cat
His

gat

Asp’
485

ggc
Gly

agt
Ser

gat
Asp

ggg
Gly

gat
Asp
565
aat
Asn

gca
Ala

gat
Asp

gtg
Val

ggc
Gly
645

acc
Thr

acc
Thr

aaa
Lys
470
atc
Ile

gtt
Val

gcc
Ala

gca
Ala

cca
Pro
550

tta

Leu

ttc
Phe

act
Thr

cct
Pro

agt
Ser
630
gcg
Ala

Met Ser Val Arg Asn Ile

1

5

Val Arg Thr His Ala Asp

20

Glu Met Leu Ile Asn Arg

35

_Asn Ala Gly Met Gly Trp

tte
Phe

gcc
Ala

455

ggt
Gly

aaa
Lys

gga
Gly

ctg
Leu

cgt.
Arg
535
gaa
Glu

att
Ile

ctc
Leu

gca
Ala
gaa
Glu

- 615

ggt
Gly

gct
Ala

Phe
Gly
Pro

Ser

ccg
Pro
440
att
Ile

gtg

Val

cat
Hi§

cct

‘Pro

aag
Lys
520
ttec
Phe

gcg’
Ala

gaa
Glu

gga
Gly

ata
Ile

22414

gtg
Val

gac
Asp

gcg
Ala

gac

Asp.

teca
Ser
505
cat
His

tcg
Ser

ctg
Leu

att
Ile

acc
Thr

585

tta
Leu

600

ttg
Leu

gg9g
Gly

ttg
Leu

Ala
Pro
Serx
40
Pro.

cca
Pro

aca
Thxr

cgc
Arg

Asp
Asp
Gly

Asp

ggc aat
Gly Asn

ccec tcg
Pro Ser

aag gtt
Lys Val
475
aag atc
Lys Ile
490
.ggt aca
Gly Thr

ctg tca
Leu Ser

ggc gtt
Gly Val

gcc gga
Ala Gly
555
aaa att
Lys Ile
570
cgt agc
Arg Ser

aat gcc
Asn Ala

gat ‘gat
Asp Asp

tgg acc
Trp Thr

635
gat ttt
Asp Phe
650

Glu Ser
.10.

Gly Glu
Asp Leu

Glu Leu

-105-

att
Ile

atg

Met.

gcg
Ala
445
att
Ile

460 .

tat
Tyr

aag
Lys

ggg
Gly

tac
Tyxr
tct
Ser
540

ggc
Gly

gat

Asp

gat
Asp

aga
Arg

acc
Thr
620

ggt
Gly

atg
Met

His

Leu

.Phe

Asp

ctg
Leu

gcg
Ala

atg
Met

ggt
Gly

cca
Pro

gat
Asp

tcc
Ser

ggce
Gly

gaa
Glu
510
aag
Lys

525 -

act’
"Thr

ccc

Pro

tagt
Cys

gaa
Glu

ccc

Pro

605

cgg
Arg

tgt
Cys

aat
Asn

Asp
Pro
Gly

45
Arg

ggc
Gly

atc
Ile

cgc
Arg

caa
Gln
590
agce
Ser

cta
Leu

att
Ile

aaa
Lys

Ile
Leu
30

Met

Asp

gaa
Glu

gag
Glu

gag
Glu

gat
Asp
495
gaa
Glu

cat

‘His

gcg
Ala

ggt
Gly

gag
Glu
575
tta
Leu

cat
His

tgg
Trp

tat
Tyr

aac

Asn
655

Tyr
15

Thr
Thr

Gly

ggt
Gly

caa
Gln

aaa
Lys
480
att
Ile
acc
Thr
gft
Val

tge
Cys

aaa
Lys

‘560

ctt
Leu

cct
Pro

cag
Gln

gca.

Ala

gat
Asp
640

tga

Thr
Ala
Met

Ile

1344
1392
1440
1488
1536
1584
1632
1680
1728
1776
1824
1872
1920

1968



Leu
65

val
Lys
Val
Met

Arg
145

Ser.

His
Lys
Ala
Ala
225
Thr
Ala
Ser
Glu
Ala
305
His
Asn
Tyr
Met
Val
385
Glu
Asn
Leu
Ser
Gly
465

Ser

Leu

50
Leu

Ala
Ala
Tyr
Phe
130
Leu
Cys
Asn
Asp
Asn
210
Cys

Ser

Leu

Ala
Ile
290
Phe
Gln
Lys

His

Leuw

370
Thrx

Arg
Ala
Thr
Val
450
Ile
Ala

Val

Leu
Leu
Ala
Val
115
Asp
Ile

Asp

Tle

Gly
195
Gly
Ala
Gln
Ala
Arg
275
Leu
Gly
Ala
Arg
Pro
355
His
Gly
Arg

Asp

Ser

435
Ile

Tyr
Ile

Ile

Ser
Ala
Ala
100
Ser
Ser
Arg
Lys
Ala
180
Glu
Glu

Ser

val’

Pro
260
Ala

Thxr’

Gly

Gly

Val’

340
Thr

Leu

-Ser

Gln
Glu
420
Thr
Lys
Tyr
Tyr

Ile
500

Thr
Leu
85

Glu
Asp
Leu
Ser
Gly
165
Thr
Asp

Leu

Ser

Val

Leu
70
His

Val

Pro:

Pro
Leu
150
Leu
Val
Asn
Ser
Gly

230
Ala

245 .

Ser
Ala
Asp
S~er
Cys
325
Pro
Val
Arg
Thr
Arg
405
Val
Ile
Ser
His
Asp

485
Gly

Gly
Leu
Lys
Thr
310
His
Arg

Asn

‘Ser

Leu
390
Phe

Ile

Thr

Thr
Lys
470
Ile

Val

55
Gly.

Gln
I;Le
Cys
T'y;:
135
Pro
Pro
Leu
Gly
Leun
215
Gly
Glu
Glu
Asn
Ala
295
Asn
Ile
Leu
Ala
Leu
375
Lys
Lys
Met
Phe
Ala
455
Gly
Lys

Gly

Gly
Gly
Lys
Asp
120
Arg
Asp
Ala
val
Lys
200
Gln
Gly
Gly
Pro
Leu
280
Ile
Leu

Pro

Val '

‘Bhe
360
Gly

Glu

Gln'

Ser

Pro
440
Ile

Val

His

Pro

Leu

Hi S

Ala
105
Gly
Asn
Ala
Thr
Pro
185
Val
Asp
Cys
Leu
Val
265
Ser
Glu
Leu
Thr
Ser
345
Met
Leu
Asn
Leu
Pro
425
Val
Asp
Ala
Asp

Ser
505

22414

Arg
Tyr
90

Asn
Arg
Asp
Lys

Met

Gly
75

Glu
His
Thr

Ala

Ala

155
Met

170 -

Gly
Glin
Ala
Gln
Gly
250
Trp
Gln
Asn
Leu
Val

330
Val

Ala

Leu
Leu

Le.u
410

“Gln,

Gly
Pro
Lys
Lys

490
Gly

Gly

.Thr

.Arg

Phe

235

Leu
Arg
Lys
Ala

His
315

Asp

Leu
Gly
His
Asp
385.
Leu
Gln
Asn
Serx
Val
475
Ile

Thr

-106-

60
Ala

Leu
Ala
Gln
Ser
140
Val
Ala

Ala

Ile

Arg
220
Leu
Ala
Glu
Gly
Met
300
Ile
Asp
Pro
Gly
Glu
380
Trp

Asp

Ala

Ile
Met
460
Tyxr
Lys

Gly

Asp
Asp
Leu
Gly
125
Met
Ile
Leu
Thr
Gly
205
Ala
Gly
Ile
Ile
Ile
285
Thr
Pro
Trp
Asn
Val
365
Asp
Trp
Gln
Lys
Ala
445
Ile
Leu

Ala

Met

Gly
Ile
Pro
110
Thr
Val
Gly
Ala
Leu
190
Ala
Gly
Thr
Pro
Ala
270
Thr
Val
Ala
Ile
Gly
350

Pro

Val

.Glu

Glu
Ala
430
Pro
Asp
Ser
Gly
Glu
510

Lys
Gln
95

Tyr
Thr
Met
Val
Ala
175
Pro
Arg
Cys
Ala
His
255
Arg
Thr
His
Ile
Arg
335
Pro
Glu
Met
His
Gln
415
Arg
Glu
Glu
Glu
Asp

495
Glu

Pro
80 .
Met
Ala
Giy'
Arg
Ala'
160
Gln
Ala .

Phe

Lys.

Gly
240
Serxr
Ala
Arg
Ala
Ala
320
Ile

Val

Val

Thr
Ser
400
Ile
Gly
Gly
Gln
Lys
480
Ile

Thr



Tyr
-Ser
Ile
545
Leu
His
Ser
Asp
Met

625
Val

Gln

Leu
530

Gly.

Arg

Gly

Gln
Leu
610
Leu

Asn

<210>

<211>
<212>

<213>

<220>
<221>
<222>

<400>

Met
1

gtg
Val

cag
Gln

aac
Asn

ctg
Leu
65

atc
Ile

cag
Gln

gcc
Ala

atg
Met

Thr

atc
Ile

éﬁg
Met

gce
Ala
50

att
Ile

gcg
Ala

gcg
Ala

ttc
Phe

tte
Phe
130

Val
515
Ile
His
Thr
Glu
Glu
595
Leu

Gln

Lys

36

1968
ADN
Escherichia coli

CDs
(1)..(1968)

36
atg acc att

Ile

acc
Thr

ctg
Leu
35

gg9g
Gly

atc
Ile

ctg
Leu

gcg.

Ala

gtc
Val
115
gat
Asp

fhr
Thr
Val
Gly

Val
580
Glu

Pro
Ala

Ile

gag
Glu.

cac
His
20

atg
Met

atg
Met

ggce
Gly

ggc
Gly

gcg
Ala
100
agce
Ser

tce
Ser

Ser
Asp

Gly

Asp.

565
Asn

Ala
Asp
Val

Gly

645

aaa
Lys

gcg
Ala

gaa
Glu

ggc
Gly

act
Thr

tac
Tyr
85

aag
Lys

gat
Asp

ctg
Leu

Ala
Ala

Pro
550
Leu

Phe
Thr
Pro

Ser
630
Ala

att
Ile

gcg
Ala

tct
Ser

tgg
Trp

cag
Gln
70

cac
His

gag
Glu

ccg
Pro

ccg
Pro

Leu

Arg
535
Glu

Ile

Leu
Ala

Glu
615

Gly

Ala

tte
Phe

999
Gly

cce
Pro

gac

Asp

ggc
Gly

acc
Thr

atc
Ile

tgc
Cys

tac
Tyr

Lys
520
Phe
Ala
Glu
Gly
Ile
600
Leu

Gly

Leu

acc
Thr

ccg
Pro

agc
Ser

40

gcc
Ala

ggce
Gly-

999
Gly

acc
Thr

gac
Asp
120
cgc
Arg

135

22414

His
Ser

Leu

Ile

Thr
585
Leu
éro
Thr

Arg

Leu

Gly

Ala

Lys
570
Arg
Asn
Asp
Trp

Asp

650

ccg
Pro

cag
Gln
25

ggc
Gly

aac

Asn

atc
Ile

cat
His

cgce
Arg
105

ggg
Gly

aac
Asn

cag
Gln
10

ggc
Gly
aac
Asn

aag
Lys

cgc
Arg

tgg
Trp
90

aat
Asn

cgce
Arg

gac
Asp

Ser
val

Gly
555
Ile

Sex
Ala
Asp

Thr
635
Phe

gac
Asp

gct
Ala

ctg
Leu

ctc
Leu

gcc
Ala
75

gag
Glu

ggc

Gly

tcg
Ser

gcg
Ala

-107-

Tyr Gly
525

Ser Thr

540

Gly Pro

Asp Cys
Asp Giu

Arg Pro
"605

Thr Arg

620

Gly Cys

Met Asn

gac gcg
Asp Ala

ctg ccg
Leu Pro

ttc ggc
Phe Gly
45

acc ggce
Thr Gly
60 .

gga gac
Gly Asp

atc ggc
Ile Gly

ggg atc
Gly Ile

cag ggc
Gln Gly
125
gcg atc
Ala Ile
140

Lys

Gly
Ilie

Arg

.Gln

590
Ser

ieu
Ile

Lys

ttt
Phe
ctg
Leu
30

atg

Met

aaa
Lys

gga
Gly

atg
Met

ccg
Pro
110
acg

Thr '

gtg
val

His
Ala

Gly

Glu’

575
Leu

His
Trp
Tyr

Asn

655

tat
Tyr
15

acc
Thr

acg
Thr

gag
Glu

cgc
Arg

cag
Gln
95

ttc
Phe

cac
His

ttt
Phe

Val

Cys

Lys

560
Leu

Pro
Gln
Ala

Asp
640

gcg

Ala’

‘ccg

Pro

cag
Gln

gtg
Val

cca
Pro
80

atg
Met

gcg
Ala

ggt
Gly

cgc
Arg

48

96
144
192
240
288
336
384'

432



cgc
Arg

-145
acc,
Thr

cac
His

acc
Thr

gcec
Ala

gcc
Ala
225
acc
Thr

gcg
Ala

tcg
Ser

gat
Asp

gcg
Ala
305
cac
"His

aac
Asn

tat
Tyr

atg
Met

gtg
Val
385
gag
Glu

gag
Glu

ctg
Leu

ctg
Leu

tgc
Cys

gac
Asp

gte
Val

aac
Asn
210
tgc
Cys

teg.

Ser

ctg

Leu

gcg
Ala

atc
Ile
290
tte
Phe

gcg
Ala

cgt
Arg
cac
His
ctc
Leu
370

acc
Thr

cgc
Arg

.ccg

Pro

acc
Thr

atc
Ile

gat
Asp

ctg
Leu

ggg
Gly
195
cac

.His

gcc
Ala

cag
Gln

gcg
Ala

cgce
Arg
275
cte
Leu

ggc
Gly

gcg
Ala

aaa

Lys

ccg
Pro
355
cac
His

ggc
Gly

cgg
Arg

gat
Asp

tcg
Ser
435

cgc
Arg

aaa
Lys

ccg
Pro
180
gaa
Glu

‘gaa

Glu

tecg
Ser

gtg
Val

ccg
Pro
260
gcg
Ala

tce
Ser

ggc.
Gly

ggc
Gly
gtg
val
340

ace
Thr

ctg
Leu

cag
Gln

gcg
Ala

gac
Asp
420
acg
Thr

tcc
Ser

999
Gly

165 -

act
Thr

gac
Asp

ctc
Leu

ccg
Pro

gtc
Val
245
tce
Ser

gtc
val

gat
Asp

tce
Ser

tgc
Cys
325
ccg
Pro

gtg
Val

cgc
Arg

acg
Thr

cgc
Arg
405
gtg
Val

gtc
Val

ctg
Leu
150
ctg
Leu

att
Ile

gcg
Ala
tce
Ser

ggc
Gly
230
gcg
Ala
gg9
Gly

agc
Ser

aaa
Lys

acc
Thr
310
acg

Thr

cgt
Arg

cgc
Arg

gac
Asp

gtg.

val
390
ttec
Phe

atc
Ile

tgc
Cys

ccg
Pro

cce
Pro

ctg
Leu

ggc
Gly

ctg
Leu
215
ggc
Gly

gag
Glu

cag
Gln

gag
Glu

gce
Ala
285
aat
Asn

atc
Ile

ctg
Leu

gcc
Ala

ctc
Leu
375

ggce
Gly

cgce
Arg

ctg
Leu

ttc

Phe

acg
Thr

gce
Ala

gtg
Val

aag
Lys
200
cag
Gln

999

Gly

gcg
Ala

gcg
Ala

ctg
Leu
280
atc
Ile

tta
Leu

ccg
Pro

gtg
Val

ttc
Phe
360

ggc
Gly

gag
Glu

cag
Gln

ccg
Pro

ccg
Pro
440

cgg
Arg

acc
Thr

ccg
Pro
185
gtg
Val

gag
Glu

tgt
Cys

ctg
Leu

gtg
Val
265
gat
Asp

gaa
Glu

ctg
Leu

gac
Asp

agc
Ser
345
ctc
Leu

ctg
Leu

aac
Asn

tgc
Cys

ccg
Pro
425
acg
Thr

22414

cgg
Arg

atg
Met
170
ggc
Gly

cag
Gln

gce

Ala:

cag
Gln

ggt
Gly
250
tgg
Trp

agce
Ser

aac
Asn

ctg
Leu

gtt
val
330
gtg
Val

gcg
Ala
ctg
Leu
ctt
Leu
ctg
Leu
410

gag
Glu

ggc
Gly

gcg
Ala
155
att
Ile

ggqg
Gly

acc
Thr

gcc
Ala

tte
Phe
235
ctg
Leu

ctg
Leu

cgc
Arg

gcg
Ala

cac
His
315
gag
Glu

ctg’
Leu

ggce
Gly

cat
His

gaa
Glu
395
cgc
Arg

aag
Lys

aac
Asn

-108-

gtg
val

gcg

Ala

gcg

‘Ala

atc
Ile

gaa
Glu
220
cte
Leu

gcg
Ala

gag
Glu

gge
Gly

atg
Met
300
att
Ile

cac
His

cce
Pro

ggc
Gly

ctg
Leu
380
tgg
Trp

gag
Glu

gca
Ala

atc
Ile

atc
Ilg

ctg
Leu

acé
Thr

ggc
Gly
205
ctg
Leu
ggc
Gly

ctg

Leu

atc
Ile

atc
Ile
285
gtg
vVal

ccg
Pro

tag
Trp

aac
Asn

gtg
val
365
gac

Asp

tgg
Trp

cag
Gln

aaa
Lys

gct
Ala
445

ggc
Gly

gce
Ala

ctg
Leu
190
gcg
Ala

ggc
Gly
acg
Thr

“ceg’

Pro

gcc
Ala
270
acc
Thr

atc
Ile

gcec
Ala

acg
Thr

ggc
Gly
350
ccg
Pro

gce
Ala

cag
Gln

gac
Asp

gcg
Ala
430
ccg
Pro

gta
Val

‘gcg

Ala
175
ccg
Pro

cgt
Arg

tgt
Cys

gcg
Ala

cac
His
255
cgc
Arg

acg
Thr

cac

His

atc
Ile

cgc
Arg
335
ccg
Pro

gag
Glu

atg
Met

gcg
Ala

ggc
Gly
415
aaa
Lys

gaa
Glu

gcg

Ala
160
atg
Met

ccg
Pro

ttc
Phe

cgce
Arg

ggc
Gly
240
tcc
Ser

cag
Gln

cgg
Arg

gcg

Ala

gcc
Ala
320
atc
Ile

gac
Asp

gtg
Val

acc
Thr

tce
Serx
400
gta
Val

999

‘Gly

ggt -

Gly

480

528
576
624
672
720
768
816
864
912
A960
1008
i056
1104
1152
léOO
1248
1296

1344



tcg gtg atc
Ser Val Ile
450

ggc gta tac
Gly Val Tyr
465

cag gcg atc
Gln Ala Ile

atg gtg gtg
Met Val Val

tac cag cte

Tyr Gln Leu
- 515

tecg cte. ate

Ser Leu Ile

530

ttc ggc cac

Phe Gly His

545

ctg cgc gat

Leu Arg Asp

act ggc agc
Thr Gly Ser

gaa gag ggc

Glu Glu Gly
585

cac gcc cac

His Ala His

610

cag tcg gtg

Gln Ser Val

625

aaa att atc

Lys Ile Ile

<210> 37

<211> 655
<212> PRT
<213>

<400> 37
Met Thr Ile
1

Val Ile Thr

aag
Lys

cac
His

aag
Lys

atc
Ile
500
acc
Thr

acc
Thr

gtg
Val

aac
Asn

gtg
Val
580
gcg
Ala

gac
Asp

age
Ser

gag
Glu

gcc‘

Ala

cac
His

gcg
Ala
485

ggc

Gly

tcc
Ser

gat
Asp

tcg
Ser

gac
Asp
565
aac

Asn’

cgc:

Arg

ttt
Phe

ggc
Gly

gta
Val

. 645

Glu

His
20

Lys
5
Ala

acg
Thr

acc
Thr
470
atc
Ile

ggce
Gly

gcg
Ala

gcg
Ala

ccg
Pro
550
atc
Ile

ttc
Phe
gag
Glu

ttg
Leu

ggc
Gly
630
att
Ile

Escherichia coli

Ile

Ala

Gln Met Leu Met Glu Ser

35
Asn Ala Gly
50
Leu Ile Ile
65

Met Gly Trp

Gly

Thr

Gln
70

gcg
Ala
455
ggc
Gly

aag
Lys

g9g9
Gly

cta
Leu

cgc
Axrg
535
gag
Glu

atc
Ile

atc
Ile

ctg
Leu

ccg
Pro
615
acc
Thr

-aac

Asn

Phe
Gly
Pro
Asp

55
Gly

atc
Ile

cgg
Arg

cgg
Arg

ccg
Pro

aag
Lys

520

ttec
Phe

gcg
Ala

gag
Glu

ggc

Gly

gcg
Ala
600
gac
Asp

tgg
Trp

gec
Ala

Thr
Pro
Ser
40

Ala

Gly

22414

gac
Asp

gtg
Val

gaa
Glu

tcc
Sex
505
cat
His

teg
Ser

ctg
Leu

att

Ile
acce

Thr
585

cgg
gac
Asp

aaa
Lys

ggt
Gly

Pro
Gln
25

Gly

Asn

Ile

ccg
Pro

cgg
Arg

gag
Glu
490
ggc
Gly

atc
Ile

ggc

.Gly

gcg
Ala

gce
Ala
570

gcg
Ala

cgg

acc
Thx

ggce
Gly

aaa

tcg
Ser

gtg
Val
475
att
Ile

acc

-Thr

tcg
Ser

gtg
Val

ggce
Gly
555
gtg
Val

gac
Asp

cag
Gln
cgg
Arg
tgt

Cys
635

aaa’

Lys Lys

650

Gln
10

Gly
Asn
Lys

Arg

Asp
A;a
Leu
Leu

Ala
75

-109-

gtg
val
460
ttt
Phe

gtg
Val

ggc
Gly

tgg
Trp

tcg
Ser
540

999
Gly

gat
Asp

aac
Asn

acg
Thr

ctg
Leu
620

‘att

Ile

gcg
Ala

Asp
Leﬁ
Phe
Thr

60
Gly

gtg
Val

gtec
Val

cag
Gln

atg
Met

ggc

Gly
525
acg
Thr

ccg

Pro

cgt
Arg

ccg
Pro
cac
His
605

tagg
Trp

tat
Tyr

cte
Leu

Ala
Pro
Gly
45

Gly

Asp

'gge

Gly

tcg

Ser

ggce.

Gly

gaa
Glu
510
aag

Lys-

ggc
Gly

att
Ile

ctg
Leu

ctg
Leu
590
ccg
Pro

gcg
Ala

gac
Asp

gga
Gly

Phe
Leu
30

Met
Lys

Gly

gaa
qlu

gaa
Glu

gat
Asp
495
gag
Glu

acg
Thr

gcc
Ala

gge
Gly-

acg
Thx
575
acg
Thr

gac
Asp

gca
Ala

acc
Thr

att

Ile
655

Tyr
15
Thr
Thr
Glu

Arg

gat

ASp..

gcg
Ala
480
atc
Ile

ace
Thx

gtg
Val

tgc
Cys
aag
Lys
560

tta
Leun

ccg
Pro

ctg
Leu

ctg
Leu

gat
Asp

640
taa

Ala
Pro
Gln
Val

Pro
80

1392

1440

1488

1536
1584
1632
1680 .
1728
1776
1824

1872

- 1920°

1968



Ile
Gln
Ala
Met
Arg

145
Thr

His

Thr
Ala
Ala
225
Thr
Ala
Ser
Asp
Ala
305
His
Asn
Tyr
Met
val
385
Glu
.Glu
" Leu
Ser
Gly
465
Gln
Met
Tyr

Serx

Ala

Ala

.Phe

Phe
130
Leu
Cys
Asp
Val
Asn
210
Cys
Serxr
Leu
Ala
Ile
290
Phe
Ala
Arg
His

Leu
370

"Thr

Afg
Pro
Thr
Val
450
Val
Ala
Val
Gln

Leu

Leu
Ala
val
115
Asp

Ile

Asp’

Leu
Gly
195
His
Ala
Gln
Ala
Arg
275
Leu
Gly
Ala
Lys
Pro
355
His

Gly

Arg

Asp
Ser
435
Ile
Tyr
Ile

Val

Leu-

515
Ile

Giy.

Aia
100
Ser
Ser
Arg
Lys
Pro
180
Glu

Glu

‘Ser.

Val
Pro
260
Ala
Sex
Gly
Gly
Val
340
Thr
Leu
Gln
Ala
Asp
420
Thr
Lys
His
Lys
Ile
500
Thr

Thr

Tyr
85

Lys
Asp
Léu
Ser
Gly
165
Thr
Asp
Leu
Pro
Val
245
Ser

Val

Asp

.Ser

Cys
325
Pro
Val
Arg
Thr
Arg
405
val

Val

Ala.

His
Ala
485
Gly

Ser

Asp

His
Glu
Pro
Pro
Leu
150
Leu
Ile
Ala
Ser
Gly
230
Ala
Gly
Ser
Lys
Thr
310
Thr
Arg
Arg
Asp

Val

Thr
Ile
Cys
Tyr
135
Pro
Pro
Leu
Gly
Leu
215
Gly
Glu
Gln
Glu

Ala
295

Asn

Ile
Leu
Ala
Leu

375
Gly

390 .

Phe
Ile
Cys
Thr
Thr
470
Ile
Gly
Ala

Ala

Arg
Leu
Phe
Ala
455
Gly
Lys
Gly

Leu

Arg

Gly
Thr
Asp
120
Arg

Thr

Ala

Val

Lys

- 200

Gln
Gly
Ala
Ala
Leu
280
Ile
Leu
Pro
val
Phe
360
Gly
Glu
Gln
Pro
Pro
440
Ile
Arg
Arg
Pro

Lys
520

Phe

His
Arg
105
Gly
Asn
Arg
Thr
Pro
185
val
Glu
Cys

Leu

Val

265
Asp

Glu

Leu

Asp

Ser
345
Leu
Leu
Asn
Cys
Pro
425
Thr
Asp
Val
Glu
Ser
505
His

Ser

22414

Trp
Asn
Arg
Asp

Arg

Met-

170
Gly

Gln
Ala
Gln
Gly
250
Trp
Ser
Asn
Leu
Val
330
Val
Ala
Leu
Leu
Leu

410
Glu

Gly.

Pro
Arg
Glu
490
Gly
Ile

Gly

Glu
Gly
Ser
Ala
Ala
155
Ile
Gly
Thr
Ala
Phe
235
Leu

Leu

Arg

\Ala

His

Ile
Gly
Gin
Ala
140
Val
Ala
Ala
Ile
Glu
220
Leu
Ala
Glu
Gly
Met

300
Ile

315 .

Glu
Leu
Gly
His
Glu
395
Arg
Lys
Asn
Serx
Val
475
Ile
Thr

Ser

Val

-110-

His
Pro
Gly
Leu
380
Trp
Glu
Ala

Ile

Val,

460

Phe

Val.

Gly
Trp

Ser

Gly
Ile
Gly

125
Ile

Ile

Leu
Thr

Gly

205"
Leu

Gly
Leu
Ile
Ile
285
val
Pro
Trp
Asn
Val
365
Asp
Trp
Gln
Lys
Ala
445
Val
Val
Gln
Met
Gly

525
Thr

Met
Pro
110
Thr
val
Gly
Ala
Leu
190
Ala
Gly
Thr
Pro
Ala
270
Thr
Ile
Ala
;Thr
Gly
350
Pro
Ala
Gln
Asp
Ala
430

Pro

Gly

Ser-

Gly

Glu
510
Lys

Gly

Gln
95
Phe

His

Phe

Val
Ala
175
Pro
Arg
Cys
Ala
His
255
Arg
Thr
His
Ile
Arg

335
Pro

Glu

Met
Ala
Gly
415
Lys
Glu
Glu
Glu
Asp
495
Glu
Thr

Ala

Met

Ala

Gly
Arg

Ala

160

Met

Pro

Phe

Arg
Gly
240

Ser
Gln
Arg
Ala
Ala
320
Ile
Asp
val
Thr
Ser
400
Val
Gly
Gly
Asp
Ala
480
Ile
Thr
Val

Cys



530
Phe Gly
545
Leu Arg

Thr Gly
Glu Glu

His Ala
610

Gln Ser

625

Lys Ile

<210>
<211>

His Val
Asp Asn
Ser Val
580
Gly Ala
595
His Asp
Val Ser

Ile Glu

38
40

<212> ADN

<213>

<220>
<223>

1 <400>

Trinh tu

doan mdi

38

Ser
Asp
565
Asn
Arg
Phe
Gly

Val
645

Pro
550
Ile
Phe
Glu
Leu
Gly

630
Ile

535
Glu

Ile
Ile
Leu

Pro

615

Thr

Asn

nhédn tao

Ala
Glu
Gly

Ala
600

Asp

Trp

Ala

22414

Leu
Ile
Thr
585
Arg
Asp

Lys

iGly

xylX IFS 5742-10-1

Ala

© 540

Gly
555

Ala Val

570

Ala Asp

Arg

Gln

Thr Arg

Gly

Lys
650

Cys
635
Lys

acacaaggag actcccatgg gecgtgagtga attcctgeeg

<210>
<211>

"39

40

<212> BADN
Trinh ty nhé&n tao

<213>

<220>
<223>

<400>

doan mdi xylX IFA 5742-10-2

39

ggaactggég gctccecttag aggaggceccgce ggccggccag

<210>
<211>

40
40

<212> - ADN

<213>

<220>
<223}

<400>

Trinh ty nhdn tao.

doan mdi xylA_IFS_5742—i0-3

40

acacaaggag actcccatga ccgacaccct gcgccattac

<210> 41

<211>

40

<212> ADN

-111-

Gly
Asp
Asn
Thr
Leu
‘620
Ile

Ala

Pro
Arg
Pro
His
605
Trp
Tyr

Leu

Ile
Leu
Led
5980
Pro
Ala
Asp

Gly

Gly
Thr
575
Thr

Asp

'Ala

Thr

Ile

Lys
560
Leu
Pré
Leu

Leu

Asp
640

655 .



<213>

220>
<223>

<400>

22414

‘Trinh tu nhan tao

doan. mdi xylA IFA,5742-10-4

41

ggaactggcg gctcccttac gaccacgagt aggaggtttt

<210>
<2115
<212>
<213>

.<220>
<223>

<400>

42

40

ADN .

Trinh ty nhan tao

doan méi xylD IFS_5742-10-5

42

acacaaggag actcccatgt ctaaccgcac chccgccgg

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

<220>
<223>

<400>

43

40

ADN

Trinh .ty nhén tao

doan mdéi xylD-IFA 5742-10-6

43 :

ggaactggcg gctccctcag tggttgtgge ggggcagett

<210>

<211>.

<212>
<213>

<220>"

<223>

<400>

gtcgactcta gaggatcccc gtgggcgtga gtgaattcct geceg

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

<220>
<223>

- <400>

44

44

ADN .
Trinh tu nhén tao

doan mdi CC0823-01F 4691-87-1

44 T :

45

24

ADN

Trinh ty nhan tao

doan mdi CC0823-01R_4691-87-2

45

tatgcctgtc ctgccagcac tgce

-112-

40

40

40

.44

24



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

<220>

<223>

<400>

22414

46
24
ADN .
Trinh ty nhdn tao

doan mbi CCOB23-02F 4691-87-3

46 :

ggcagtgctg gcaggacagg cata

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

<220>
223>

<400>

47
44
ADN
Trinh ty nhé@n tao

doan mdi CC0823-02R_4691-87-4

47

cgaattcgag ctcggtaccc ttagaggagg écgcggccgg ccag

<210>

<211>
<212>
<213>

<220>
<223>

<400>

48

44

ADN

Trinh ty nhén tao

doan mdi CC0822-01F 4691-87-5

48

gtcgactcta gaggatcccc atgaccgaca ccctgegeca ttac

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

<220>
<223>

<400>

49

24

ADN :

Trinh tyg nhé&n tao

doan mdi CC0822-01R_5659-8~7

49

gcgteggeec aggccgggaa tgéc_

- <210>

<211>
<212>
<213>

<220>
223>

<400>

50

24

ADN

Trinh tug nhdn tao

doan mdi CC0822-02F 5659-8-8

50

-113-

24

44

44

24



22414

gtcgacgecg cgcgcaagge attc

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

220>
<223>

<400>

51
24

"ADN

Trinh ty nhén tao

doan mdi CC0822-02R 5659~8-9

51

gagcgceeggg gecggccttcec atge

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

<220>
<223>

<4003

52

24

ADN

Trinh tu nhéan tao

doan mdi CCO822-03F_5659-8-10

52

cttccegate gccatcccgg.catg

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

<220>
<223>

<400>

53

24

ADN

Trinh ty nhadn tao

doan mdi CC0822-03R_5659-8-11-

53

cagctgcacg cgggcctgac gtgc

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

<220>
<223>

<400>

54

24

ADN

Trinh ty nhan tao

doan mdi CC0822-04F_5659-8-12

54 .

ggtcgecegee geccgecgtgg cacg

<210>.

<211>
<212>
<213>

<220>

55 -

24

ADN

Trinh tu nhén tao

-114-
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24
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24



22414

<223> doan mdi CC0822-04R_5659-8-13

<400> 55 N
ggcgaccttc tcggccagca gtge

. <210> 56

<211> 24

. <212> ADN

<213> Trinh ty nhén tao

<220>
<223>  doan méi CC0822-05F_5659-8-14

<400> 56
ggattcacga caagttcgtg gcac

<210> 57

<211> 44

"<212> ADN .

<213> Trinh ty nhan tao

<220>
<223> doan mdi CC0822-05R_4691-87-14

<400> 57 .
cgaattcgag ctcggtaccc ttacgaccac gagtaggagg tttt

<210> 58

<211> 35

<212> ADN ’

<213> Trinh tu nhén tao

<220> ) -
<223> doan mdi Peftu(Pst)

<400> 58 .
.ccaagcttge atgccagatc gtttagatcc gaagg

<210> 59

<211> 22

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi Peftu Rv

<400> 59 )
tgtatgtect cctggacttc g

<210> 60
<211> 52
<212> ADN

-115-

24

24

44

35

22



22414

<213> Trinh tuy nhén tao

<220> '
<223> doan mdi Peftu_ xylXABCD_ fw

<400> 60
ccaggaggac, atacaatggg cgtgagtgaa ttcctgeccgg aagattggaa ag 52

<210> 61
<211> 39
<212> ADN .
<213> Trinh tuy nhé&n tao

<220> ' : .
<223> doan mdéi eftu xylXABCD rv

<400> 61 )
cggtacccgg ggatctcagt ggttgtggecg gggcagett 39

<210> 62

<211> 38

<212> BADN

<213> Trinh tu nhén tao

<220>
<223> doan méi PmsrA(Pst)

<400> 62
ccaagcttgc atgccatttg cgectgcaac gtaggttg | 38

<210> 63

<211> 23

<212> ADN.

<213> Trinh ty nhan tao

<220>
<223> doan mdi PmsrAR

<400> 63
aacaggaatg ttcctttcga aaa 23

<210> 64

<211> 41

<212> ADN

<213> Trinh ty nhéan tao

<220>
<223> doan mdi PmsrA xylD fw

<400> 64 :
aggaacattc ctgttatgtc taaccgcacg ccccgeeggt t 41

-116-



22414

<210> 65
<211> 25
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi SpcR-F

<400> 65 :
ctaataacgt aacgtgactg gcaag

<210> 66
<211> 23
<212> ADN

<213> Trinh ty.nhan tao

220>
<223> doan mdéi SpcR-R

<400> 66 .
ataagtaaga ttaaccatta gtc

<210> 67
<211> 30
<212> ADN
<213> Trinh ty nhén tao

<2203 .
<223> doan mdi spc(GTG start)-F

<400> 67
gtgaggagga tatatttgaa tacatacgaa

<210> 68

<211> 35
<212> ADN

<213> -Trinh ty nhén tao

<220>
<223> doan mdi spc(stop)-R

<400> 68
taattttttt aatctgttat ttaaatagtt tatag

<210> 69-

<211> 42
<212> ADN

<213> Trinh tu'nhén.tao

<220>
<223> doan mbéi Spc-pVC7-Cm-F

<400> 69

-117-
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23

30

35



22414

atatatcctc ctcactttag cttccttage tcctgaaaat ct 42

<210> 70
<211> 45
<212> ADN :
<213> Trinh ty nhan tao

<220> . ‘ .
<223> doan mdi Spc-pVC7-Cm-R

<400> 70 . . ‘
agattaaaaa aattataatt tttttaaggc agttattggt gccct 45.°

<210> 71 -

<211> 54

<212> "ADN

<213> Trinh ty nhan tao

<220> .
<223> doan mdi ME_Spc_fw

. <400> 71 .
ctgtctctta tacacatctc caagcttgca tgececgeggec tggttggttg ggtt . 54

<210> 172

211> 58

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mbéi ME_Peftu xylXABCD_rv

<400> 72 . " . .
ctgtctctta tacacatctc ggtaccecggg gatctcagtg gttgtggegg ggcagctt 58

<210> .73

<211> 1785

<212> ADN

<213> Agrobacterium tumefaciens

<220>
<221> CDS
<222> (1)..(1785)

<400> 73 . : )
atg agc gac gac aag aca ccc gtg cgg cgg ctg cga tcc cag gac tgg | 48
Met Ser Asp Asp Lys Thr Pro Val Arg Arg Leu Arg Ser Gln Asp Trp
1 5 ° . ) 10 15
ttc gac aac cct gac cat ctc gac atg acg gcg ctec tat ctg gag cgc 96
Phe Asp Asn Pro Asp His Leu Asp Met Thr Ala Leu Tyr Leu Glu Arg :

o 20 . 25 30
ttc atg aat tat ggc gtg acg ccg gaa gag ctg cgt tcc ggc aag ccg 144
Phe Met Asn Tyr Gly Val Thr Pro Glu Glu Leu Arg Ser Gly Lys Pro

-118-



" gtc
Val

gtc
val

65

ggc
Gly

aag
-Lys

gtg
Val

ggc

: _Gly

gat
Asp
145
cat
His

cgc
Arg

gcg
Ala

gcc
Ala

ggce
Gly
225
tat
Tyr

cct
Pro

aat
Asn

. atg
Met

cac
His
305

tgg
Txp

tgg
Trp

atc
Ile
50

cat
His

ggc
Gly

cga
Arg

gaa
Glu

tge
Cys.
13

att
Ile

gac
Asp

aaa
Lys

ctc
Leu

tct
Ser
210
tgc
Cys

cge
Arg

teg
Ser

tcg
Ser

gcg
Ala
290
ggt
Gly

ctg
Leu

gag
Glu

35
gge
Gly

gtc
Val

atc
Ile

-ccg

Pro

gtg
vVal
115
gac
Asp

‘ccg

Pro

ggc
Gly

tac
Tyr

gaa
Glu
195

acc

Thr

ggc
Gly

acc

Thx

gat
Asp

gca
Ala
275
aaa
Lys

tat
Tyr

‘gge

Gly

ctt
Leu

atc
Ile

gaa
Glu

cce
Pro

aca
Thr
100
ctt
Leu

aag
Lys

gct
Ala

gat
Asp

ggc
Gly
180
tce
Ser

atg
Met

gca
Ala

ggce
Gly

gcg
Ala

ctg
Leu

atc
Ile
85

gcg
Ala

tac
Tyr

acc
Thr

atc
Ile

ctg
Leu
165
gce
Ala

gct
Ala

aat
Asn

atc
Ile

cgc
Arg

. 245

atc
Ile
260
atc
Ile

cat
His

gac
Asp

gag.

Glu

atg
Met

ggc
Gly
gcg
Ala

att-
Ile

aaa
Lys

. 325

ctg
Leu

aag
Lys

cag
Gln

‘gtc

Val
70

gag
Glu

‘gcg

Ala

ggt
Gly

acg
Thr

gtec
Val
150
gtt
Val

ggc
Gly

cct
Pro

gcc
Ala

ccg
Pro
230
cge
Arg

acg
Thr

ggt
Gly

ggce
Gly

ccg
Pro
310
tat
Tyr

gca
Ala

agc
Ser
55

aag
Lys

ttt

Phe

ctt
Leu

tat
Tyr

cct
Pro
135
tta
Leu

ggt
Gly

gaa
Glu

tcg
Ser.

att
Ile
215
gce
Ala

gcce .
Ala

cgc
Arg

tcg
Ser

gtc
Val
295
ctc
Leu

cac
His

ggc
Gly

40

ggc
Gly

cgg

Arg

ccg

Pro

gac
Asp

cca
Pro
120
teg
Ser

tcec
Ser

tcc
Ser

atc
Ile

gtc
Val
200
gcc
Ala
gct
Ala

gtc
Val

gag
Glu

aca
Thr
280
gaa
Glu

atc
Ile

cgt
Arg

aag
Lys

22414

agc
Ser

gtg
Val

acc
Thr

cgce
Arg
105
ctc
Leu

gcg

.Ala

ggc
Gly

ggce
Gly

acc
Thr
185

ggt
Gly

gaa
Glu

tac
Tyr

gaa

Glu

gcg
Ala
265
aat
Asn

ctt
Leu

gcc
Ala

gce
Ala

ctt
Leu

-119-

gac
Asp

cgc
Arg
cat
His
90

aat
Asn

gat
Asp

ctg
Leu

gg9
Gly

acg
Thr
170
cgce
Arg

cac
His

gcg
Ala

cgc
Arg

ctg
Leu
250
ttt
Phe

gce
Ala

cgc
Arg

aat
Asn

ggc
Gly
330
gat
Asp

ctg

Leu-

gat

Asp
75

ccg
Pro

ctt
Leu

ggc
Gly
atg
Met
ccg
Pro
155

gte
Val

gag
Glu

tgc
Cys

ctc
Leu

gaa
Glu
235
gtt
Val

ttg
Leu

‘cag

Gln

gag
Glu

gtc
Val
315

ggt
Gly

ggg
Gly

acg
Thr
60

ggt
Gly

atg
Met

gce

Ala.

gtc
Val

gcg
Ala
140
atg
Met

atc
Ile

gaa
Glu

aac
Asn

ggc
Gly
220
cgc
Arg

gtec
Val

aac
Asn

ccg
Pro

gaa
Glu
300

cag.

Gln

acg
Thr

agc
Sexr

45
cce
Pro

atc

Ile

tte

Phe

tat
Tyr

gtg
Val
125
gca
Ala

ctc
Leu

tgg
Trp

ttc
Phe

acc
Thr
205
atg
Met

ggc
Gly

gag
Glu

gcg
Ala

cat
His
285
gac
Asp

ccc
Pro

cce
Pro

tgt
Cys

tge
Cys

cgt
Arg

gaa
Glu

ctc
Leu
110
ttg
Leu

agc
Ser

gac
Asp

cgc
Arg

ctg
Leu
190
atg
Met

teg
Ser

cag
Gln

aat
Asn

atc
Ile
270
ctg
Leu

tgg
Trp

gce
Ala
gce
Ala
ccg
Pro

aac,
Asn

gat
Asp

aac
Asn
95.

agc
Ser

-acc

Thr

acg
Thr

gga
Gly
atg
Met
175

cag
Gln

ggc
Gly

ctg
'Leu

atg
Met

atc
Ile
255
cgce
Arg

gcg
Ala

cag
Gln

gga
Gly

atc
Ile
335
acc
Thr

cge
Arg

gcg
Ala
80

tgc
Cys

ctg
Leu

acg

Thr .

gtt

Val

tat
Tyxr

-160
cgc,

Arg

gcg
Ala

acg
Thr

acc
Thr

gce

Ala .

240
aag
Lys

gtc
Val

gcg
Ala

gtt
val

aaa
Lys
320
atg
Met

gtg
Val

192
240
288
336
384

432

480

528
576
624
672
720
768
816
864
912‘
960

1008

1056



acc
Thr

cge
Arg

ttc
Phe

385 -

agt
Ser

cga
Arg

gac
Asp

ace
Thr

gct
Ala
465
ata
Ile

gac
Asp

gga
Gly

cag
Gln

aag
Lys
545
cgce
Arg

gaa
Glu

aac
Asn

- 340

ggc aag
Gly Lys
355
gac gtg
Asp Val
370
cte gte
Leu Val

gtg atc
Val Ile

gag ggg.
Glu Gly

acc
Thr

atc
Ile

ctc
Leu

tcg
Ser

att
Ile

. 420

tat cac
Tyr His
435
att ctc
Ile Leu
450
gag gtc
Glu Vval

acc agc
Thr Ser

agc ccg.

Ser Pro

ctg gca
Leu Ala
‘515
ggc aag
Gly Lys
530
gcec gat
Ala Asp

atc tat
Ile Tyr

ggg gcc
Gly Ala

cat tga
His

<210> 74
<211> 594
<212> PRT

<213>

<400> 74
Met Ser-Asp Asp Lys Thr Pro Val Arg Arg Leu Arg Ser

gcc:

Ala

gtc
Val

gtc

val’

ctg
Leu

teg
Ser
500

tgg
Trp

tgc
Cys

ggc
Gly

cgt
Arg

gcg
Ala
580

‘gtg

Val

ctt
Leu

aag
Lys

gcg
Ala
cct
Pro

ggce
Gly

. 390

gcg
Ala
405
ttc
Phe

cgt
Arg

att

Ilg

aac
Asn

ccg
Pro
485
atc
Ile

ctt
Leu

gac
Asp

att
Ile

caa
Gln
565
gat
Asp

‘gaa

Glu
gag
Glu

atc
Ile

¢gc
Arg

atg
Met
470
aca
Thr

ctc
Leu
cgce
Arg

gcg
Ala

cct
Pro

550

tecg
Ser

tte
Phe

gaa
Glu

tac
Tyr
375
aat
Asn

tte
Phe

ggc
Gly

aac
Asn

ggg
Gly
455

cag:

Gln

atc
Ile

aat

Asn

acg
Thr

ttg
Leu
535
gcg
Ala

gtg
Val

cgc
Arg

aat
Asn
360
gat
Asp

ctg
Leu

cgg

aaa
Lys

gat
Asp
440
gcc
Ala

ccg
Pro

ggc
Gly

gcc
Ala

ggt
Gly
520
gta
Val

gtg
Val

acc
Thr

cgg
Arg

Agrobacterium tumefaciens

22414

345
ctg gac
Leu Asp

aag dcg
Lys Pro

ttc gat
Phe Asp

cag cgt
Gln Arg
410
tgt gtg
Cys Val
425
ccg tect
Pro Ser

gga ccg
Gly Pro

ccg gac
Pro Asp

gac ggc
Asp Gly
490
tcg cca
Ser Pro
505
gat gta
Asp Val

ccg gat
Pro Asp

cct geg
Pro Ala

cag -ctt
Gln Leu

" 570
att gcc
Ile Ala
585

999
Gly

ctc
Leu

ttc
Phe
385
tat

Tyxr

.gtt

Val

ctc
Leu

cte
Leu

gcg
Ala
475
cgg
Arg

gaa
Glu

atc

‘Ile

gca
Ala

gat
Asp
555
tcg
Ser

gag
Glu

-120-

cgg
Arg

aag
Lys
380.
gcc
Ala

ctg
Leu

tte
Phe

gat
Asp

ggc
Gly
460
ctg
Leu

caa
Gln

agt
Ser

cgce
Arg

gag
Glu
540
gcec
Ala

gac
Asp

aag
Lys

gaa
Glu
365
gaa
Glu

atc
Ile

agt
Ser

gat
Asp

atc
Ile
445
tagg
Trp

ttg.

Leu

teg
Ser

gcc
Ala

atc
Ile
525
ctt
Leu

acg
Thr

ggt
Gly

atg
Met

350

tcg

Ser

cgg
Arg

atg
Met
gag
Glu
ggt
Gly
430

gat
Asp

ccg
Pro

aaa
Lys

gga
Gly

gcc

Ala
510
gac
Asp

gct

Ala.

cecc
Pro

gcg
Ala

cce
Pro
590

Gln Asp Trp °

acc
Thr

gce

Ala

aag
Lys

ccg
Pro
415
tcg
Ser

gag
Glu

ggt
Gly

aaa
Lys

acc
Thr
485

ggt
Gly

ttc

Phe’

gcc
Ala

tgg
Trp

gtt
Val.

575

cgg
Arg

gac

-Asp

ggt
Gly

acg -’

Thr
400

ggt
Gly

gaa
Glu

cge’

Arxrg

tcg
Ser

ggc
Gly
480
gcg
Ala
gga
Gly

aat
Asn

cga
Arg

cag
Gln
560
ctg
Leu

cac
His

1104

1152

1200

1248

1296

1344

1392

1440

1488
1536
1584
1632
1680
1728
1776

1785



Phe
Phe
Val
. Val
65
Gly
Lys
Val

Gly

Asp
Met
Ile
50

His
Gly
Arg
Glu

Cys

"~ 130

Asp’
145,
His_

Ala
Ala
Gly
225
Tyr
Pro
Asn
Met
His
305
Trp
Trp
Thr

Arg

Ile
Asp
Lys
Leu
Ser
210
Cys
Arg
Serxr
Ser
Ala
290
Gly
Leu
Glu

Gly

Asp

- 370

Phe
385
Ser
Arg
Asp

Thr

Leu
Val
Glu
Tyr

Ile
450

Asn
Asn
35

Gly
Val
Ile
Pro
Val
115
Asp

Pro

Gly

Tyr
Glu
195
Thr
Gly
Thr
Asp
Ala
275
Lys
Tyxr
Gly
Leu
Lys
355
Val
vVal
Ile

Gly

His

435
Leu

Pro
20

Tyr
Ile
Glu
Pro
Thr
100
Leu
Lys
Ala
Asp
Gly
180
Ser
Met
Ala
Gly
Ile
260
Ile
His
Asp
Glu
Leu
340
Thr
Ile
Leu
Ser
Ile
420
Ala

Val

Asp
Gly
Ala
Leu
Ile
85

Ala

Tyr

Thr

Ile
Leu
165
Ala
Ala
Asn
Ile
Arg
245
Met
Gly
Ala
Ile
Lys
325
Lys
Val
Leu
Lys
Ala
405
Phe
Arg

Ile

His
Val
Gln
Val
70

Glu
Ala
Gly
Thr
Val
150
Val
Gly
Pro

Ala

Pro

230
Arg-

Thr

Gly
Gly
Pro
310
Tyr
Ala
Ala
Pro
Gly
390
Glu
Glu
Ile

Arg

Leu
Thr
Ser
55

Lys
Phe
Leu
Tyr
Pro
135
Leu

Gly

Glu

Ser

Ile
215
Ala
Ala
Arg
Sex
Val
295
Leu
His
Gly
Glu

Tyr
375

-Asn

Phe
Gly
Asn

Gly
455

Asp
Pro
40

Gly
Arg
Pro
Asp
Pro
120

Ser'

Ser

Ser

Ile
Val
200
Ala
Ala
vVal
Glu
Thr
280
Glu
Ile
Arg
Lys
Asn
360
Asp
Leu

Arg

Lys

22414

Mef
25

Glu
Ser
Val
Thr
Arg
105
Leu

Ala

Gly

Gly

Thr
185
Gly
Glu
Tyr
Glu
Ala
265
Asn
Leu
Ala
Ala
Léu
345

Leu

Lys

Phe’

Gln

Cys

" 425

Asp
440
Ala

Pro

Gly

10
Thr

Glu
Asp
Arg
His-
90
Asn
Asp
Leu
Gly
Thr
170
Arg
His
Ala
Arg
Leu
250
Phe
Ala
Arg
Asn
Gly
330
Asp
Asp
Pro
Asp
Arg
410
Val

Ser

Pro

-121-

Ala
Leu
Leu
Asp
75

Pro

Leu

Gly

Met

Pro
155
Val
Glu
Cys

Leu

Leu
Arg
Thr

60
Gly

‘Met

Al.a
val
Ala
140
Met

Ile

Glu

Asn

Gly

. 220

Glu
235
Val

Leu

Gln

Glu

Val

315
Gly

Gly

Gly
Leu
Phe

395
Tyr

Vval

Leu

Leii

Arg
val
Asn
fro
Glu
300
Gln
Thr
Serx

Arg

Lys

" 380

Ala
Leu
Phe
Asp

Gly
460

Tyr

Ser
45

Pro
Ile
Phe
Tyr
val
125
Ala
Leu
Trp
Phe
Thr
205
Met
Gly
Glu
Ala

His
285

Asp’

Pro
Pro
Cs-(s
Glu
365
Glu
Ile
éer
Asp
Ile

445
Trp

Leu

-30

Gly

Cys

Arg

Glu
Leu
110
Leu
Ser
Asp
Arg
Leu
190
Met
Ser
Gln
Asn
Ile
270
Leu
Trp
Ala
Ala
Pro
350
Ser
Axrg
Met
Glu
Gly
430
Asp

Pro

15
Glu

Lys
Asn
Asp
Asn
85

Ser
Thr
Thr
Gly
Met
175
Gl.n
Gly
Leu
Met
Ile
255
Arg
Ala
Gln
Gly
Ile
335
Thr
Thr
Ala
Lys
Pro
415
Ser
Glu

Gly

Arg
Pro
Arg
Ala
80

Cys |
Leu
Thxr
Val
Tyr
160
Arg
Ala
Thr
Thr
Ala
240
Lys
Val
Ala
Val
Lys
320
Met
Val
Asp.
Gly
Thr
400
Gly
Glu
Arg

Ser



Ala Glu
465
Ile Thr

Asp Ser

Ala
515
Lys

Gly Leu
Gly
530
Lys- Ala
545
Arg

Gln

Ile Tyr

Glu Gly Ala

Asn His

75
1785
ADN

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

<220>
<223> ADN
<400> 175

atgagcgatg
gatcatctgg
gaagaactgc
ccgtgcaacce
ggeggtatte
gcggcecctgg
ctggatggtg
gccagcaccg
catgatggcg
gccggcgaaa
ggccactgca
atgagtctga
tatcgcaccg
atgacgcgtg
aatgcgcagc
gattggcagg
tggectgggeg
aaagccggta
ctggatggtc
gaacgtgcgg
agcgttatct
tttgaaggca
ccgagcctgg
tggccgggea
attacgtctce
atcctgaatg
gatgtgattc
ctggcggece
cgtatctace

Val
Ser

Pro

Asp

Trinh tu

Val Asﬁ

Met

Gln Pro

470

Pro
"485
Ile

Leu

Ser
500
Trp Leu

Cys Asp

Gly Ile
Arg Gln

--- 565
Ala Asp
580

tdng hop

ataaaacccc
atatgacggc
gcagcggtaa
gtgtgecatgt
cgatcgaatt
atcgtaatct
tggttctgac
tggatattce
atctggtggg
tcaccecgega
acaccatggg
ccggttgtgg
gtcgtcgege
aagcatttct
cgcatctgge
ttcatggtta
aaaaatatca
aactggatgg
gtgaaagcac
gctttctggt
ctgccgaatt
aatgcgtggt
atatcgatga
gcgcggaagt
tgccgaccat
caagtccgga
gcatcgattt
gtaaagccga
gccagagcegt

Thr
Leu
A;g
Ala
Pro
550

Ser

Phe

Ile Gly

Asn Ala

Thr Gly
520"
Leu Val
- 535 :
Ala Val

Val Thr

Arg Arg

Pro
Asp
Ser‘
505
Asp
Pro
Pro

Gln

Ile

22414

Ala
475
Arg

Asp

Gly
490
Pro Glu

Val Ile

Asp Ala

Ala Asp
555
Leu Ser
570

Ala Glu

585

nhén tao

ggtgcgtcge
gctgtatctg
accggttatt
tgaactggtg
tccgacgcecac
ggcctatctg
cacgggctge
ggcaatecgtt
ttctggeacg
agaatttctg
tacggccectct
tgccatecceg
ggtggaactg
gaacgcgatt
agcgatggeg
tgatattccg
ccgtgeggge
cagttgtccg
cgatcgcgat
gctgaaaggt
tcgtcagegt
tttcgatggt
acgtaccatt
ggttaatatg

-cggtgatgge

aagcgecgcea
taatcagggt
tggcattccg
gacccagctg

ctgcgttcte
gaacgcttta
ggcatcgcce
aaacgtgttec
ccgatgtteg
agcctggtgg
gataaaacca
ctgagcggcg
gttatttggce
caggccgeac
accatgaatg
gccgcatate
gtggttgaaa
cgcgttaatt
aaacacgccg
ctgatecgeca
ggcaccccgg
accgtgacgg
gttatcctge
aatctgtttg
tatctgtctg
agtgaagatt
ctggtgatte
cagccgccag
cgccagagtg
ggeggtggee
aaatgtgatg
gcagttcegg
tctgatggeg

-122-

Leu Leu Lys

Gln Ser Gly

Ala Ala
510
Asp

Ser

Ile
525
Leu

Arg
Glu Ala
540 .
Ala Thr Pro

Asp Gly

Met Pro

590

Lys

aggattggtt
tgaattatgg
agagcggttce
gcgatggtat
aaaactgtaa
aagttctgta
ccecegagtge
gtcecgatgcet
gtatgcgtcg
tggaatctgce
ccattgcaga
gtgaacgtgg
acattaaacc
ctgcaategg
gcgtggaact
atgtgcagce
caattatgtg
gcaaaacggt
cgtatgataa
atttcgcgat
aaccgggtcg
accacgecccg
gcggtgcagg
atgcgectget
gtacggccga
tggecctgget
cactggttce
cggatgcaac
cagttctgga

Ala

Lys Gly
480
Thr Ala
495 .
Gly Gly

Phe Asn

Ala Arg.

Gln
560
Leu

Trp

Val
575

Arg His

tgataacccg
tgtgaccecg
tgatctgacc
tcgegatgea
acgtccgacce
tggctacccg
cctgatggca
ggatggttat
caaatacggt
gccgagtgtg
agccctgggt

ccaggtggcc

gagcgatatec
cggtagtacc
gcgtgaagaa
ggccggtaaa
ggaactgctg
tgcagaaaac
accgctgaaa
tatgaaaacc
tgaaggcatt
cattaacgat
tcecgetgggt
gaaaaaaggc
tagtccgage
gcgtaccggt
ggatgcggaa
cccgtggecag
aggtgcagcg

60
120
180
240
300 .
360
420
480
540
600,
660.
720
780
'840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



22414

gatttccgtc gcattgcgga aaaaatgccg cgccataacc actga

<210>
<211>

76
1785

<212> BADN
Herbaspirillum seropedicae

<213>

<220>
<221>
- <222>

<400>
atg aac
Met Asn
1

ttc gac
Phe Asp

ttec- atg
Phe Met

atc atc
Ile Ile
50

atc cac
Ile His
65

ggc ggc
Gly Gly

cgc cgce
Arg Arg

gtg 'gaa
Val Glu

ggce tge
Gly Cys
130
gat atc
Asp Ile
145
atg gat
Met Asp

aag ctg
Lys Leu

gcg gcg
Ala Ala

gee tece
Ala Ser

210
ggc tgc
Gly Cys

CDS

{1)..(1785)

76
aag
Lys

aac
Asn

cca
Pro

ccg
Pro

- 20

aac
Asn
35

ggce
Gly

ctg
Leu

att
Ile

cce
Pro

atc
Ile
115
gac
-Asp

ccce
Pro

ggc
Gly

cte
Leu

gce
Ala
195
acc
Thr

tcg

Ser

tad
Tyr

atc
Ile

gag
Glu

cce
Pro

acc
Thr
100
ctg
Leu

aag
Lys

gce
Ala

gaa
Glu

tcg
Ser
180
tcc
Ser

atg
Met

gcc
Ala

aac
Asn

gac
Asp

ggc
Gly

gece
Ala

ctg
Leu

atg
Met
85

gcc
Ala

cac
His
acc
Thr

atc
Ile

ctg
Leu

gcc
Ala

cac
His

atc
Ile

‘cag

Gln

gce
Ala
70

gaa
Glu

gcc
Ala

ggc
Gly

acg
Thr

gtg
Val
150
gtc
Val

165

gca
Ala

gcg
Ala

aac
Asn

att
Ile

ggc
Gly

cce
Pro

gce
Ala

ccc
Pro

acc
Thr

atc
Ile

acg
Thr

agc
Serx
55

aag
Lys

tte
Phe

atc
Ile

tat
Tyr

cce
Pro
135
cte
Leu

gge
Gly

agc
Sexr

tcg
Ser

atg
Met
215
gcg
Ala

cece
Pro

gac
Asp
gcc
Ala
40

ggc
Gly

cgg
Arg

ccg
Pro

gac
Asp

cce
Pro
120
tcg
Ser

tce
Ser
tcc
Ser

atc
Ile

tcc
Ser
200
gcce
Ala

cce
Pro

cgt
Arg

atg
Met
25 -
gag
Glu

agc
Ser

gtg
Val

ctg
Leu

cgc

Arg

105
atc
Ile

cag
Gln

ggc
Gly

gge
Gly

gac
Asp
185

ggc
Gly

gag
Glu
tac
Tyx

-123-

cgc
Arg
10

ace
Thr

gag
Glu

gac
Asp

cge
Arg

cat
His
90

aac
Asn

gac
Asp

atc
Ile

ggc
Gly

tcg
Ser
170
aac
Asn

cac
His

gcc
Ala

cgc
Arg

ttc
Phe

gcg
Ala

ctg
Leu

atc
Ile

gat
Asp
75

cce
Pro

ctg
Leu

gcce
Ala

atg
Met
cce
Pro
155

gcc
Ala

gag
Glu

tgc
Cys

ctg
Leu

gaa
Glu

cgc
Arg

ctc
Leu
cgc
Arg

agc
Ser
60

ggc
Gly

atc
Ile

gcc
Ala

gtg
Val

gcc
Ala
140
atg
Met

atc
Ile
aaa
Lys

aac
Asn

ggc.

Gly
220
cgc
Arg

tce
Serx

tac
Tyr

tcg
Ser
45

cce
Pro

atc
Ile

tte
Phe

tac
Tyxr

gtg
Val

cag
Gln

ctg
Leu
30

gga
Gly

tgc
Cys

cgc
Arg

gag
Glu

ctg
Leu
110
ctc
Leu

125 °

gca
Ala

ctg
Leu

tgg
Trp

ttc
Phe
écc
Thr
205

atg
Met

gge

Gly

gcec
Ala

gac
Asp

aag
Lys

ctg
Leu
190
atg
Met

‘tcg

Ser

cag
Gln

gac
Asp
15

gag
Glu

cgt
Arg

aac
Asn

gat
Asp

aac
Asn
95

ggc
Gly

acc
Thr

acc
Thr

ggc
Gly

ggc
Gly
175
gag
Glu

ggc
Gly

ctg
Leu

até
Met

tgg

Trp
cgc
Arg

cce
Pro

cgc
Arg

gcce
Ala
80

tge
Cys

ctg
Leu

acc
Thr

gtec
Val

tgg
Trp
160
cgc
Arg

atc
Ile

acc
Thr

acc
Thr

gcc
Ala

1785

a8’

96
144
192
240
288
336
384
432
480
528
576
624
672

720



225
tat
Tyr

cct
Pro

aat
Asn

atg
Met

tac
Tyr
305
tac

Tyx.

tgg
Trp
acc
Thr
cgg
Arg
tte
Phe
385

agce
Ser

cag

.Gln

gac
Asp

acc
Thr

gcc
Ala
465
gta
val

gac,

Asp
ggce
Gly

acc
Thr

gag
Glu

tcc
Ser

gce
Ala

gcg
Ala
290
ggc
Gly

ctg
Leu

gaa
Glu

ggc
Gly

gaa
Glu
370
ctg
Leu

gtc
vVal

gag
Glu

tat
Tyr

ctg
Leu
450
gag
Glu
teg
Ser
agc
Ser

ctg
Leu

ggc,

Gly

acg
Thr

gce
Ala

gcc
Ala
275
cgce
Arg

tac
Tyxr

ggc
Gly

ctg
Leu

aag
Lys
355
atg
Met

gtg
val

atc
Ile

aac
Asn

cac
His
435
ctg
Leu

gta
Val

acc
Thr

cce
Pro

gce
Ala
515
gag
Glu

230
ggc cgg cgc
Gly Arg Arg

245
atc ctc acg
le Leu Thr
260

ate ggc ggc

Ile Gly Gly.

cat gcg ggc
His Ala Gly

gac gtg cca
Asp Val Pro
' 310
gaa cgc ttc
Glu Arg Phe
325 ’
cag cag gcc
Gln Gln Ala
340
acc atg gcc
Thr Met Ala

att tac cca
Ile Tyr Pro

ttg aag ggc
Leu Lys Gly
390
tcg gaa acc
Ser Glu Thr
405
atc ttc gaa
Ile Phe Glu
420
gec—cge-atce
Ala Arg Ile

gcc atc cgt
Ala Ile Arg

gtc aac atg
Val Asn Met

470
ctg ccg acg
Leu Pro Thr

485

tecc atc cte
Ser Ile Leu

500

tac ctg cgc
Tyr Leu Arg

tgc aac atg
Cys Asn Met

atce
Ile

cgc
Arg

tce
Ser

gtg
Val
295
ctg
Leu

cac
His

ggc
Gly

gag
Glu

ttt
Phe
375
aac
Asn

tte
Phe

tgc
Cys

aac

Asn

ggc
Gly
455
caa
Gln

ctg
Leu

aac
Asn

gat
Asp

ctg
Leu

22414

gte gge
Val Gly

gac gcc
Asp Ala
- 265
acc aat
Thr Asn
280
gaa ctg
Glu Leu

ctg ctg
Leu Leu

cgc gcc
Arg Ala

aag ctg
Lys Leu
345
aac ctg
Asn Leu
360
gcc gce
Ala Ala

ctg tte.
Leu Phe

cgc gaa
Arg Glu

cgc gcc
Arg Ala

425
gac ccg
Asp Pro
440 '
gcc ggce
Ala Gly

ccg ccce
Pro Pro

ggc gat
Gly Asp
gcc tcc
Ala Ser
505
ggce gac
Gly Asp
520
gtc agc
Val Ser

atg
Met
250
ttc
Phe

gcc
Ala

cag
Glp

aac
Asn

ggc
Gly
330
cgc
Arg

cag
Gln

ccg
Pro

gac
Asp

cgc
Arg
410
gtg
Val

gcg
Ala

ccg
Pro

gac
Asp

ggc
Gly
490
cce
Pro

cgce
Arg

gag
Glu

235
gce
Ala

cte
Leu

cag
Gln

tcg
Ser

atg
Met
315
gge
Gly

gee
Ala

ggc

Gly

ctg
Leu

tte
Phe
395
tat
Tyr

gtec
Val

ctc
Leu

gtg

Val-

gce
Ala
475
cgce
Arg

gag
Glu

gtg
Val

gaa
Glu

-124-

tac
Tyr

gac
Asp

ccg
Pro

gaa
Glu
300
cag
Gln

gtg
Val

gag
Glu

cgg
Arg

cgc
Arg
380
gce
Ala

cte
Leu

tte
Phe

aag
Lys

ggc
Gly
460
ctg
Leu

cag
Gln

agc
Ser

cge
Arg

gag

Glu

gaa gac
Glu Asp

gcc atc
Ala Ile

270
cac atc
His Ile
285

gac tgg
Asp Trp

ccg gcc
Pro Ala

ccg gec
Pro Ala

cgc atc
Arg Ile
. 350
gca tcg
Ala Ser
365
gag cgc
Glu Arg

atc atg
Ile Met

agc acg
Ser Thr

gat ggt
Asp Gly
430
atc gac
Ile Asp
445
tgg ccc
Trp Pro

atc aag
Ile Lys

tcg ggce
Ser Gly

gce gtc
Ala val
. 510
atc gac
Ile Asp
525
ctg gcg
Leu Ala

cté
Leu
255

gtg

Val

atg
Met

atg
Met

ggc
Gly

atc

240
cgt

Arg.

gtec
Val

gcc

Ala

éag
Lys
aag
Lys

320
atg

Ile Met

335
acc
Thr
éac
Asn

gcc
Ala

aag
Lys

ccce
Pro
415
teg
Ser

gag
Glu

ggt
Gly

cgc
Arg

acce
Thr
495
ggt
Gly

ctc
Leu

cgc

Arg

gct
Ala

gac
Asp

gge
Gly

acc
Thr
400
ggc
Gly

gac
Asp

aac
Asn

tecg
Ser

ggt
Gly

480.

tcc
Ser

ggc
Gly

aac
Asn

cgc
Azg

768

816

864

912

960

1008

.1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632



aag
. Lys
545
gaa
Glu

gaa
Glu

aat
Asn

530

agc gag
Ser Glu

atc tat
Ile Tyr

ctg gcc
Leu Ala

cac tga
His

<210> 77
<211> 594
<212> PRT

<213>

<400> 77

Met
1

Phe
Phe
Ile
Ile
65

Gly
Arg
Val
lgly
Asp
145
Met
© Lys
Ala
Ala
Gly
225
~Tyr

Pro

JAsn.

Met

Asn Lys
Asp Asn

Met Asn
35
Ile Gly
50
His Leu

Gly Ile
Arg Pro

Glu Ile
115

Cys Asp

130

Ile Pro

Asp Gly

Leu Leu

Ala Ala
195

Ser Thr

210

Cys Ser

Glu Thr
Ser Ala
Ala Ala

275
Ala Arg

ggc
Gly
cge
Arg
ttg

Leu
580

Pro
Pro
20

Tyr

Ile

Glu

Pro
Thr
100
Leu
Lys
Ala
Glu
Ser
180
Ser
Met
Ala
Gly
Ile
260
Ile

His

atc
Ile

agc
Ser
565
aag
Lys

Asn
5

Asp
Gly
Ala

Leu

Met

85
Ala

His
Thr
Ile
Leu
165
Ala
Ala
Asn
Ile
Arg
245
Leu

Gly

Ala

535
ccg ccg
Pro Pro
550
acg gtc
Thr Val

tac cag
Tyr Gln

Ala Thr
His Ile
Ile Thr
Gln Ser

55
Ala Lys

70
Glu Phe

Ala Ile
Gly Tyr
Thr Pro
135
Val Leu
150
Val Gly
Gly Ser
Pro Ser
Ala Met
215
Pro Ala
230
Arg Ile
Thr Arg
Gly Ser

Gly Val

ggc
Gly

ggt
Gly

Pro
Asp
Ala
40

Gly
Arg
Pro
Asp
Pro
120
Ser
Ser

Ser

Ile

‘Ser

200
Ala

Pro
Val
Aép
Thr

280
Glu

gtg
Val

22414

ccg
Pro

cag
Gln

gtg
Val
585

Herbaspirillum seropedicae

Arg

Met
25

‘Glu

Ser
Val
Leu
Arg
105
Ile

Gln

Gly -

Gly
Asp
185
Gly
Glu
Tyx
Gly
Ala
265

Asn

Leu

-125-

cce
Pro

ctg
Leu
570

gcc
Ala

Arg
1Q

Thr
Glu
Asp
Arg
His
90

Asn

Asp

Ile

Serx
170
Asn
His
Ala
Arg
Met
250
Phe
Ala

Gln

agce
Ser
555
gag
Glu

cag
Gln

Phe
Ala
Leu
Ile
Asp
75

Pro
Leu
Ala
Met
Pro
155
Ala
Glu
Cys
Leu
Glu
235
Ala
Leu

Gln

Ser

540
cag
Gln

acc
Thr

acc
Thr

Arg
Leun
Arg
Ser
60

Gly
Ile
Ala
Val
Ala
140
Met
Ile
Lys
Asn
Gly
220
Arg
Tyr

Asp

APro

Glu

.acg

Thr

ggc
Gly

ctg
Leu

Ser
Tyx
Ser
45

Pro

Ile

Phe

Tyr

Val
125
Ala
Leu
Trp
Phe
Thr
205
Met
Gly
Glu
Ala
His
285
Asp

ccc
Pro

gcc
Ala

‘cee

Pro
590

‘Gln
Leu
30

Gly
Cys
Arg
Glu
Leu
110
Leu
Ala
Asp
Lys
Leu
190
Met
Ser
Gln
Asp
Ile
270
Ile

Trp

tgg
Trp

tgc
Cys
575

cgg
Arg

Asp
15

Glu
Arg
Asn
Asp
Asn
95

Gly
Thx
Thr
Gly
Gly
175
Glu
Gly
Leu

Met

Leu
255

Val.

Met

Met

cag
Gln
560
atg
Met

cac
His

Trp
Arg
Pro
Arg
Ala
80

Cys
Leu
Thr

Val

Trp

-160

Arg
Ile
Thr
Thr
Ala
240
Arg
Val
Ala

Lys

1680

1728

1776

1785



290
‘Tyr Gly
305
Tyr Leu
Tip Glu
Thr Gly
Glu
370
Phe Leu
385
Ser Val

Gln Glu

Asp Tyr
Leu
450
Glu

Thr

Ala
465
Val Ser

Asp Ser

Gly Leu

Thr Gly
530
Lys Ser
545
Glu Ile

Glu Leu

Asn His

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

78

ADN

<220>
<223> ADN
<400> 78

.atgaacaaac
gatcatattg
gaagaactgc
ccgtgcaacc
.ggcggtatce
‘gccgceaattg
atcgatgcgg
gcggccaccg

Tyx
Gly
Leu
Lys
355
Met
Val
Ile
Asn
His
435
Leu
Val
Thr
Pro
Ala
515
Glu
Glu
Tyr

Ala

1785

Trinh tu

Asp Val

PIO

295

Leu Leu

310 -

Glu Arg
_ 325
Gln Gln
340
Thr Met

Ile Tyr
Leu Lys

Phe
Ala
Ala
Pfo

‘Gly

His Arxg
Gly Lys
Asn
360
Ala

Glu

Phe
375

Asn Lgu

390

Glu
405
Phe

Sex

Ile
420,
Ala Axg

Ala Ile

Val Asn

Thr
Glu
Ile
Arg

Met

Phe Arg

Cys Arg

Asn Asp
440
Gly- Ala
455

Gln Pro

470

Pro
485
Ile

Leu

Ser
500
Tyr Leu

Cys Asn

Gly Ile

Thr
Leu
Aré
Met

Pro

Leu Gly

Asn Ala
Gly
520
Val

Asp

Leu
535

Pro Val

550

Ser
565
Lys

Arg

Leu
580

tdéng hop

cgaatgccac
atatgacgge
gtagcggtceg
gtatccatct
cgatggaatt
atcgtaatct
tggttctgac
tggatattcc

Thr

Tyr

Val Gly

Gln Gly

nhan tao

ccecgegtege
gctgtatctg
cccgattate
ggaactggca
tccgcectgceac
ggcatatctg
cacgggctgce
ggcgatcgtt

22414

Met
315
Gly

Leu Asn

Ala Gly
330
Leu Arg Ala
345
Leu Gln

Ala Pro Leu

Phe Asp
395
Glu Arg Tyxr
410
Ala Val Val
425
Pro

Ala Leu

Gly Pro Val
Ala
475

Arg

Pro Asp
Asp Gly

. 490
Ser Pro
505
Asp

Glu

Arg Val

Ser Glu Glu
Ser
555

Glu

Pro Pro

Gln Leu
570
Val Ala

585

Gln

tttegtagec
gaacgcttta
ggcatcgcac
aaacgtgttc
ccgattttceg
‘ggcctggtgg
gataaaacca

ctgagcggcecg

-126-

Gln

Gly

Phe-

.Gln

300
Pro
Ala

Val Pro

Ile
350
Ser

Glu Arg
‘Ala
-'365 .
Glu

Arg
Arg Arg
380 -
Ala

Ile Met

Leu Ser Thr

Phe Gly
. 430

Asp

Asp

Ile
445
Trp

Lys

Gly
460
Leu

‘Ile Lys

Ser Gly
-Val
510
Asp

Ser Ala

Ile
525
Leu

Arg
Glu Ala
540
Gln

Thr Pro

Thr Gly Ala
Pro

- 590

Thr Leu

aggattggtt
tgaattacgg
agagtggtag
gcgatggtat
aaaattgccg
aaattctgceca
cgccgagtceca
gtecgatgcet

Ala.

Pro.

Gly Lys
320
Ile Met
335
Thr Ala -

Asn

Asp

Ala Gly
Thr
400 -
Gly

.Lys

Pro
415
Sexr Asp

Glu Asn

Gly Ser

Arg Gly
: 480°
Thr Ser
495
Gly Gly

Leu Asn

Arg Arg
Gln
560
Met

Trp

Cys
575

Arg His

cgataacccg
cattaccgce
cgatatttct
tcgcgatgeg
tcgeccgace
tggttacccg
gattatggca

ggatggttgg

60
120
180

"240

300
360
420

480 -



atggatggceg
gcaggttcta
ggtcactgca
atgagcctga
tacgaaaccg
ctgaccecgtg
aatgcacagc
gattggatga
tatctgggcg
‘caggeccggta
ctgcagggtce
gaacgtgccg
agtgtgatca
tttgaatgte
ccggegetga
tggcegggta
gtgagtacgce
attctgaatg
gatcgtgtte
ctggegegte
gaaatctatc
aaatatcagg

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

79
1755
ADN’

<220>
<221>
<222>

CDSs
(1).

<400> " 79
atg gac cta
Met
1
cga
Arg

cgc—agt

cac
His

cgc
Arg

35
cge
Arg

cecg
Pro
50

gce
Ala

His

aac
Asn
65

cgg
Arg

cac

gcg

Ala

acc
Thr

cag
Gln Vval
gcg atce
Ala Ile

gag
Glu

Actinoplanes

Asp Leu

Arg Ser

gcc
Ala

cac

His.

ggce
Gly

gtc

aactggttgg
tcgataacga
acaccatggg
cgggttgttce
gcecgtcgeat
atgcctttet
cgcatattat
aatatggtta
aacgctttca
aactgcgtgce
gtgcaagcaa
gcttectggt

‘gcgaaacctt

gtgcggtggt
aaatcgatga
gcgcggaagt
tgccgacecet
cctctcegga

‘gcatcgatct

gcaaaagcga
gtagcacggt
gtgtggccca

. (1755)

cac
His

agg
Arg
5

cag
Gln

Agca °
Ala
20

tag
Trp

atg
Met

atc
Ile

gece
Ala

tte
Phe

gac
Asp

gtc
Val’
85
cce
Pro

ggce
Gly

cgg
Arg
100
gag
Glu

atg
Met

cce
Pro

tgg
Trp

cgc
Arg

atc
Ile

gag
Glu
70

gcg
Ala

acc
Thr

ctg
Leu

ttctggcagt
aaagttectg
tacggcaagt
tgcaattccg
tgtgggtatg
ggatgcaatt
ggcgatggee
cgatgtgccg
tcgegecagge
agaacgcatc
tgatcgcgaa
tctgaaaggt
tcgtgaacge
tttcgatggt
aaataccctg
ggttaacatg

gggtgatgge

aagtgcagtg

gaacacgggt
aggcattccg

gggccagctg
gaccctgceg

cgg
Arg

aag
Lys

tac
Tyr

gce
Ala

-.€9g
Arg

ggce
Gly

gcc
Ala
55

gte
Val

aac
Asn

gcc
Ala

aac
Asn

ctg
Leu

atg
Met

gcg
Ala

cgc
Axg

gcc
Ala

Asn

22414

getcatctgga
gaaattgcag
accatgaatg
gcgecgtate
gcgtatgaag
gtggttaacg
cgtcacgcegg
ctgetgetga
ggtgttccgg
accgcgacgg
atgatttacc
aacctgtttg
tatctgtcta
agtgatgatt
ctggccattc
cagccgccag
cgccagagcg
ggcggtggee
gaatgtaata
cecggttecge
gaaaccggtg
cgtcataatc

missouriensis

tta
Leu

agg
Arg

cga
Arg
10

gac
Asp

ggt
Gly

gac
Asp

ccg
Pro

gcc
Ala

ctg
Leu

tcg
Ser

acc
Thr

gcc
Ala

gtc
Val
15

gtc
Val

cgc
Arg

agc
Ser

cce
Pro
90

tgg
Trp

ctg
Lgu

ctg
Leu
105
aac

cga
Arg

atc
Ile

ccg
Pro

-127-

aaggccgcaa
ccgcatctge
cgatggccga
gtgaacgcgg
atctgcgecce
cagcgatcgg
gcgttgaact
acatgcagcc
cgattatgtg
gcaaaaccat
cgtttgcege
atttcgceccat
cgcecgggceca
accacgcacg
gtggtgcegg
atgccectgat
gcaccagcga
tggcatatct
tgctggtgag
cgtctcagac
cgtgcatgga
actga

ctg
Leu

agg
Arg

aac
Asn

cgg
Arg

30
gac
Asp

gcg
Ala
45

ctg
Leu

gac
Asp
60

gcc
Ala

gac
Asp

tcg
Ser

gtg
Val

aac
Asn-’

atg
Met

.gcg
Ala

agc
Ser

ttc
Phe

acc
Thr

ggce
Gly

atc
Ile

gce
Ala

actgctgage
cccgagetcet
agcactgggce
ccagatggcce
gagcgccatc
cggtagcacc
gcagtctgaa

ggccggtaaa

ggaactgcag
ggccgaaaac
accgctgegt
tatgaaaacg
ggaaaatatc
cattaacgat
tccggttggt
caaacgtggce
ttcteccgagt
gcgtgatgge
tgaagaagaa
cccgtggcag
actggccctg

atg
Met
15

tac
Tyxr.

cag
Gln

atc
.Ile

ggg
Gly

gac
Asp

tgc.
Cys

ccg
Pro

atc
Ile

cac
His
80

gag
Glu

ggc
Gly
95
-gcg
Ala

atg
Met

110

gac
Asp

gge
Gly.

gte
Val

gtc
Val

ctg
Leu

540
600
660
720
780
840
800
960
1020
1080
1140
1200

11260

1320
1380
1440
1500
1560
1620
1680
1740
1785

48

96

144

192

240

288

336

384



. ctc
Leu

teg
Ser
145

gge
. Gly

ctg
Leu

. ecge

. Arg

ggt
Gly

ctg:

Leu
225
gcc
Ala

cge
Arg

gtc
Val

ctg
Leu

gac
Asp
©.305

ggc.

Gly

gtc
‘Val

acc
Thr

‘cgce
Arg

atc
Ile
. 385
ccg
Pro

gtc
Val

gge
Gly
130
gtc
Val

acc
Thr

age
Ser

tce
Ser

acg
Thr
210
ccg
Pro

gcc’

Ala

cge
Arg

gcqg.

Ala

gcc
Ala
290
acc
Thr

cgc
Arg

ctc
Leu

ggce
Gly

gag
Glu
370
gcg
Ala

gec
Ala

tte
Phe

115

ggc
Gly

gac

Asp.

tte
Phe

gag
Glu

‘gag

Glu
185

gcg

Ala

ggg.
Gly

cac
His

ccg
Pro

cte
Leu
275
atc
Ile

acc

Thr

ttc
Phe

gcc
Ala

cgg
Arg
355
gtg
Val
gtc
Val

gce
Ala

gac
Asp

tge
Cys

ctg
Leu

cgg
Arg

gag
Glu
180
tca
Ser

tecg
Ser

gtg
Val

gcg
Ala

agc
Ser
260
gcc
Ala

gcc
Ala

ggc
Gly

ctg
Leu

gag
Glu
340
ccg
Pro

atc
Ile

ctc
Leu

gcg
Ala
téc
Ser

gac
Asp

ccg
Pro

ggc
Gly
165
gtc
Val

tcg
Sexr

acc
Thr

gcc

Ala

acc
Thr
245
cag
Gln

gcec
Ala

ggc
Gly

gcc
Ala

atg
Met
325
gtc
vVal

ctg
Leu

cgg
Arg

tac
Tyr

tce
Ser
405

gtc.

Val

aag
Lys

gcc
Ala
150
gtg
Val

cgg
Arg

atg
Met

atg
Met

ggc
Gly
230

gg9
Gly

gtg
Val

ctg
Leu

cgg

gac
Asp
310
gac
Asp

cgt
Arg

acc
Thr

ccg
Pro

ggc
Gly

-390

gag
Glu

gag
Glu

acc
Thr

‘135

gte
Val

ccg
Pro

gcc
Ala

atc
Ile

ggc
Gly
215
acg
Thr

gtg
Val

atg
Met

ggc
Gly

cte
Leu
295
gtt
Val

gac
Asp

gac
Asp

gag
Glu

cgg
Arg
375
aac
Asn

cac
His

gac
Asp

120
atc
Ile

gtg
Val

ctc
Leu

ggc
Gly

agg
Arg
200
ctg
Leu

cce
Pro

ctc
Leu

acc
Thr

ggc
Gly
280
ggce
Gly

ccg
Pro

ctc
Leu

ctg
Leu

cac
His
360
gcc
Ala

ctg
Leu

ttg
Leu

ctg
Leu

22414

cce
Pro

atg
Met

ggc
Gly

acc
Thr
185
agc
Ser

ctc
Leu

gce
Ala

gcc
Ala

cgce
Arg
265
tce
Ser

gtg
Val

ctg
Leu

tac
Tyr

cte
Leu
345
cte
Leu

gaa
Glu

gcg
Ala

ctg
Leu

cac
His

gcg ctg
Ala Leu

cce gge
Pro Gly
155
tgc ggc
Cys Gly
170
ctg agc
Leu Ser

aag ggc
Lys Gly

gcc gaa
Ala Glu

ccg gac
Pro Asp

235
gtc ggc
Val Gly
250

ggc tcg
Gly Ser

acc aac
Thr Asn

ccg ctg
Pro Leu

ctg gtc
Leu Val
. 315
cgc gcc
Axrg Ala
330
gac ccg
Asp Pro

ggc gac
Gly Asp.

ccg ttg
Pro Leu’

ccg .gac
Pro Asp

. 395
cgc cac
Arg His
410

gcc cgg
Ala Arg

-128-

ctc
Leu
140

ggce
Gly

ace

Thr

‘gee

Ala

cac .
His

gtg
Val
220
agc
Ser

ctg
Leu

ttc
Phe

gcc
Ala

tcc
Ser
300
gac
Asp

ggc
Gly

tce
Ser

gec
Ala

ctg
Leu

125
atg
Met

ccg
Pro

gac
Asp

gce
Ala

tgec
Cys
205
ctc
Leu

cgg
Arg

gtc
Val

ctc
Leu

gte
Val
285
cag
Gln

ctg
Leu

ggt

Gly

gcg

Ala

cgc
Arg
365
ccg
Pro

380 .

gge
Gly

cgg
Axg

cte
Leu

gcg
Ala

ggt
Gly

gac

Asp

ggc
Gly

atg
Met

gtg
Val

gag
Glu
190
aac
Asn

ggc
Gly

ctg
Leu

gad

Asp

aac
Asn
270
gtg
Val

gac
Asp

ctc
Leu

ctg
Leu

atc
Ile
350

gte.

Val

cac
His
gtc
Val
ccg
Pro

gac
Asp

géc
Ala

ctg
Leu

tgg

Trp
175
ttec
Phe

acc
Thr

atg
Met.

cté
Leu

gcg

Ala
255
gcg
Ala

cac
His

.gac

Asp

ccg
Pro

cac
His

335

acg
Thr

cac
His

gce
Ala

gtc
Val

gcc
Ala
415
ccg
Pro

gee

Ala’

acc
Thr
160
aag
Lys

édc
Thr

atg

Met

acc
Thr

gag
Glu
240
gac
Asp

atc

Ile .

ctg
Leu

ttc
Phe

gcc
Ala
320
gcc
Ala

gtc
Val

gac
Asp

ggg
Gly

aaa
Lys
400
gtg
Val

gac
Asp

432

480

528

576

624
672
720
768
816
864
912
‘960.
1008°
1056
1104
1152
1200
1248

1296



- 420

ctg gac gtc acc gcc

Leu Asp

aag ggc

Val Thr Ala
435 -
tat ccg ggc

Lys Gly Tyr Pro Gly

450
aaa ctc
Tys Leu
465
cgg atg
Arg Met

gaa gcc
Glu Ala

atc atc
Ile Ile

gag gag
Glu Glu
530
gcg gcg
Ala Ala
545
cag gcc
Gln Ala

ctc gaa cag
Leu Glu Gln

tcg ggt acg
Ser Gly Thr

) 485
gcg geg gge
Ala Ala Gly

~ 500
ctc gac gtc
‘Leu Asp Val
515 . :
tgg gcc gcce
Trp Ala Ala

ccg tcc cgce
Pro Ser Arg

gac acc ggc
Asp Thr Gly

'565.

gac cgc gtc tcc cge

Asp Arg

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

<400>
Met Asp
1

Arg Arg

His Arg

Arg Pro

50
Asn Ala
65
Arg Ala

Tﬁf Gln
Ala Ile
Leu Gly

130
Ser Val

Val Ser Arg
i 580

80

584

PRT
Actinoplanes

80
Leu His Arg
5
Ser Ala Gln
20
Ala Trp Met
35
His Ile Ala

His Phe Asp

Gly Gly Val
85
Val Arg Pro
100
Glu Glu Met
115
Gly Cys Asp

Asp Leu Pro

gac
Asp

atg
Met

999
Gly

470

gcg
Ala

ggg
Gly

gcg
Ala

cgc
Arg

ggc

Gly

550
gcc
Ala

gag
Glu

tecg
Ser

ccg
Pro
455
gtc
val

tac

Tyr

ccg
Pro

aac

Asn

gag
Glu
535
tgg
Trp

gac
Asp
tee
Ser

gtg
val
440
gag
Glu

cgc
Arg

.ggce

Gly
ctc
Leu

cgg
Arg
520
ccg
Pro

gag
Glu

tgc
Cys

cac

His

22414

425
ctg
Leu

gtg

Val:

gac
Asp

‘acg

Thr

gcc
Ala
505
cgc
Axrg

tca
Ser

cgt
Arg

gac
Asp

tga

missouriensis

Pro
Trp
Arg
Ile
Glu

70
Ala

Thr

Leu
Lys

Ala

Arg
Tyr
Arg
Ala
55

Val
Leu
Ala
Arg

Thr
135

Val.

Lys
Ala
Gly
40 .
Asn

Ala

Asn

Met

Ala
120
Ile

val

Leu

Leu
Thr
Arg
Leu
Leu
105
Asn
P;o

Met

Gly

gtg
Val

tcc

‘Ser

atg
Met

gtg
Val
490

¢gg
Arg
ctc
Leu

ccg
Pro

cte
Leu

ttc

Phe
570

Arg
Asp
Pro
Ala
Se?
Pro
90

Trp
Pro
Ala

Pro

-129-

‘ctg

Leu

aac
Asn

gte
Val
475
gtc
Val

gte’

Val

gac
Asp

gag
Glu

tac
Tyr
555

ctg
Leu

Arg
Asp
Ala
Ser
Val
75

Val
Arg
Ile

Leu

Gly

cgc
Arg

atg

Met-

460

cgg
Arg

ctg
Leu

cgce
Arg

gcc
Ala

gcg
Ala
540
gtc
vVal

cgc
Arg

Arg

Arg
Asp
Asp
60

Ala

Val

Asnv

Asp
Leﬁ
140
Gly

gge
Gly
445
ccg
Pro

gtc
val

cac
His
acc
Thr
gac

Asp
525
gcg
Ala

gac
Asp

ggc
Gly

Leu
Asn
Ala
45

Leu
Asp
Ser
Met
Gly
125
Met

Pro

430
tgc
Cys

ctg
Leu

tgc
Cys

gtc
Val

ggc
Gly

ggt
Gly

ccg
Pro

gac
Asp

gce
Ala
495
gac
Asp

510 -

gtc
Val

aaa
Lys

acc
Thx

gcg
Ala

Ala

Ser

30. -

Phe
Thr
Gly
fle
Ala

110
Val

Gly

Met

ccg
Pro

gce
Ala

gtc
Val

age

Ser
575

Met
15

Tyxr
Asb
Pro
Ile
Gly
95

Ala
Val
Ala

Leu

CcCcC.

Pro

gcg

Ala~

ggg
Gly
480
ccg
Pro

atg

Met

gcc
Ala

tac
Tyxr

ggc
Gly
560

ggc
Gly

Gln
Ile
Gly
Cys
His
80

Glu
Met
Leu

Ala

Thr

1344

1392

1440

1488

1536

1584

1632

1680

1728

17585



145
Gly

Leu .

Arg

Gly

Leu

Thr

Ser

Ser

Thx

- 210

Pro

225 -

Ala

Val

Leu.

Asp
305
Gly
Val

Thr

Ile
385
Pro
Val
Len

Lys

Lys

465

Arg
Glu
Ile
Glu
Ala
545
Gln

Asp

Ala

.Arg

Ala

Ala
290
Thr
Arg
Leu
Gly
Glu
370
Ala
Ala
Phe
Asp
Gly
450
Leu
Met

Ala

Ile

Glu
530
Ala
Ala

Arg

Phe

Glu

Glu’
195,
Ala

Gly
His
Pro
Leu
275
Ile
Tﬁr
Phe
Ala

Arg

Arg
Glu
180
Ser
Serx

Val

Ala

Ser .

260
Ala

Ala
Gly
Leu
Glu

340
Pro

355 -

Val
Val
Ala
Asp

Val
435

Tyr

Leu

Ser

Ala

Leu

Ile

Leu

Ala

Ser

420

Thr
Pro
Glu
Gly
Ala

500
Asp

515 .

Trp
Pro
Asp

Val

Ala

Ser

Thr

Ser

580

Gly
165
Val
Ser
Thr
Ala'
Thr
245
Gln

-Ala

ZGly

Ala
Met
325
Val
Leu
Arg
Tyr
Ser
405
Val
Ala
Gly
Gln
Thr
485
Gly
Val
Ala
Arg
Gly

565
Arg

150
Val

Arg
Met
Met
Gly
230
Gly
Val
Leu
Arg
Asp
310
Asp
Arg
Thr
Pro
Gly
390
Glu

Glu

Asp

Met
Gly
470
Ala
Gly
Ala
Arg
Gly
550
Ala

Glu

Pro
Ala
Ile
Gly
215
Thr
Val
Met
Gly
Leu
295
val
Asp
Asp
Glu
Arg
375
Asn
His
Asp

Ser

Leu
Gly
Arg
200
Leu
Pro
Leu
Thr
Gly
280
Gly
Pro
Leu
Leu
His
360
Ala
Leu
Leu

Leu

Val

- 440

Pro-

455
Val

Tyr
Pro
Asn
Glu
535
Trp
Asp

Ser

Glu
Arg
Gly
Leun
Arg
520
Pro
Glu
Cys

His

Gly
Thr
185
Ser
Leu
Ala
Ala
Arg
265
Ser
Val
Leu
Tyr
Leu
345
Leu
Glu
Ala

Leu

‘His

425
Leu

Val
Asp
Thr

Ala

22414

Cys
170
Leu
Lys
Ala
Pro
Val
250
Gly
Thr
Pro
Leu
Arg
330
Asp
Gly
Pro
Pro
Arg
410
Ala
Val
Ser
Met
Val

490
Arg

505 -

Arg
Ser
Arg

Asp

Leu
Pro
Leu

Phe
570

155
Gly

Ser
Gly
Glu
Asp
235
Gly

Ser

Asn

Leu
Val
315
Ala
Pro
Asp
Leu
Asp
395
His
Arg
Leu
Asn
val
475
Val
Val
Aép
Glu
Tyr

555
Leu

-130-

Thr
Ala
His
Val
220
Ser
Leu
Phe
Ala
Ser
300
Asp
Gly
Ser
Ala
Leu
380
Gly
Arg
Leu
Axg
Met
460
Arg
Leu
Arg
Ala
Ala
540
Val

Arg

Asp
Aia
Cys
205
Leu
Arg
Val

Leu

Val

val
Glu
190
Asn
Gly
Leu
Asp
Asn

270
Val

285

Gln

Leﬁ

Gly
Ala

Arg

Asp
Leu
Leu
Ile

350
Val

365 -

Pro
Ala
Gly
Asp
Gly
445
Pro
Val
His
Thr
Asp

525
Ala

.Asp

Gly

His
Val
Pro
Asp
430
Cys
Leu
Cys
Val
Gly
510
Val
Lys
Thr

Ala

Trp
175
Phe
Thr
Met
Leu
Ala
255
Ala
His
Asp
Pro
His
335
Thr
His

Ala

‘Val

Ala
415
Pro
Gly
Pro
Asp
Ala
495
Asp
Pro
Ala
Val

Ser
575

160
Lys

Thr
Met
Thr
Glu
240
Asp
Ile
Leu
Phe
Ala
320
Ala
Val
Asp
Gly
Lys
400
Val
Asp

Pro

Ala

Gly
480
Pro
Met
Ala
Tyr
Gly

560
Gly



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

81
1755
ADN

<220>
<223> ADN
<400> 81

atggatctge
cagtggtatg
ctgccggecag
ctgacccecgt
. cgtgcaggeg
ccgaccgcca
aatccgatcg
atgggcgeag
ggcacgttte
gtgcgtgegg
agcaaaggtc
ctgggcatga
gccgcacatg
caggttatga
agtaccaatg
caggatgatt
ggccgcecttee
gtgcgcgatce
ctgggcgatg
ccgeatgeag
ccggeggeag
gttgaagatc
ctggttctge
ccgetgeecgg
cgtatgtectg
ggcggtecge
cgtctggatg
gcaaaagcct
caggccgata
cgtgaaagcc

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

82

ADN

<220>

<221>
<222>

CDs
(1).

<400> 82

téng hop

atcgtccgeg
caggcgatga
atgcatttga
gcaatgccca
gtgttgeget
tgctgtggceg
atggtgtggt
cgagtgttga
gcggtgtgee
gtacgctgtc
attgtaacac
cgctgeecggg
ccaccggtgt
cgcgtggcag
cagtggttca
ttgataccac
tgatggatga
tgctggatce
cgcgcgttca
gtattgecggt
ccagcgaaca
tgcacgcacg
gtggetgegg
cgaaactgct
gtacggcata
tggcacgegt
cagatgtgcce
atgecggcecce
ccggcgcaga
actga

1962

. (1962)

Trinh tu nhén tao

taaactgcgt
tcgecaactct
tggccgtecg
tttecgatgaa
gaatctgccg
taacatggcg
tctgetggge
tctgeeggea
gctgggttgt
tgccgcagaa
catgggcacg
tgtggcggge
gctggeggtt
ttttetgaat
tctgctggea
gggtgccgat
tctgtategt
gagcgcgate
cgatcgtgaa
gctgtacggt
tctgctgegt
cctggatgat
tccgaaaggce
ggaacagggt
cggcaccgtg
gcgtaccgge
ggccgaagaa
gagccgtggt
ttgcgatttt

Aspergillus oryzae

22414

cgcecgtetgg
tacattcatc
cacattgcga
gttgegegea
gtggttagca
gccatggcaa
ggttgtgata
gtggttatge
ggcaccgatg
tttacccgca

‘gcaagcacca

accceggecac
ggectggtgg
gcaattgtgg
attgeeggece
gttccgetge
gcgggeggte
accgtgaccg
gtgattcgte
aatctggcece
caccgtggtc
ccggatetgg
tatccgggta
gtgcgegata
gttctgcatg
gatatgatta
tgggcggeac
tgggaacgtc

ctgegtggeg

atg tcg tgt cag tca cgc acc tecg tgt gaa ggc
Met Ser Cys Gln Ser Arg Thr Ser Cys Glu Gly

1

5

10

ggg ggc agc cgg cca cca gtg aac atc gag gac
Gly Gly Ser Arg Pro Pro Val Asn Ile Glu Asp
25

20

-131-

ccatgcagcg
gtgcatggat
tcgccaacac
gtgtggccga
ttggtgaaac
ttgaagaaat
aaacgattce
cgggeggtcee
tttggaaact
gtgaaagctc
tgggtctgcet
cggattcteg
atgccgatcg
cactggcgge
gecctgggtgt
tggttgatct
tgcatgecggt
gtcgtecgcet
cgcgtgegga
cggatggtgc
cggeggtggt
atgtgaccge
tgcecggaagt
tggtgcgtgt
ttgcecegga
tcctggatgt
gtgaaccgag
tgtacgttga
cgagcggtga

tgc tcc
Cys Ser

tgc
Cys

tgt gag
Cys Glu

agc
Sexr
30

ccgtagegee
gcgeegtggt
ggcgtctgat
tggtattcac
ccaagtgcgt
gctgegtgeg
ggccctgetg
gatgctgacc
gagcgaagaa
tatgatcegt
ggcagaagtt
tctgctggaa
ccgtecegtcet
gctgggegge
gccgctgage
gctgccggca
tctggcagaa
gaccgaacat
accgetgetg
ggtggttaaa
tttcgattct
ggattctgtg
tagtaacatg
ttgtgatggc
agcggcagceg
tgccaatcge
tccggaagec
tacggtgggt
tcgegtgagt.

agt gac
Ser Asp
15

gaa ctg
Glu Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260 -
1320
1380

.1440

1500
1560
1620
1680
1740
1755

48

96



ctt
Leu
atg
Met
cgg
Arg
65

cte
Leu

atg
Met

tct
‘Ser
ggt
Gly
att
Ile
145

teg
Ser

gta
Val

gcc
Ala

atg
Met

ttg

Leu
225
gaa
Glu

aac
Asn

gga
Gly

cgt
Arg

cat
His
305
aat
Asn

gcc
Ala

caa
Gln
50

teg
Ser

tac
Tyr

tct
Ser

cca
Pro

atc
Ile
130
cag
Gln

tat
Tyr

gtc
Val

gcg
Ala

ctt
Leu
210
tgg
Trp

ttc
Phe

acg
Thr

atg
Met

ggc
Gly
290
tece
Ser

gtt
Val

ctt
Leu

- 35

gat
Asp

gce
Ala

att
Ile

ggt
Gly

tge
Cys
115

agg
Arg

gag
Glu

ctg
Leu

ctc
Leu

get
Ala
195
aac
Asn

acg
Thr

atf
Ile

atg
Met

gcc
Ala
275
caa
Gln

gat
Asp

att
Ile

cgg
Arg

ggce
Gly

aac
Asn

gag
Glu

aaa
Lys
100
aac
Asn

tcc
Ser

act
Thr

ggc
Gly

ctg
Leu
180
aca
Thr

ggt
Gly

ggt
Gly

gac
Asp

gga
Gly
260
cta
Leu

tgt
Cys

cgg

Arg

gta
Val

agg
Arg

cgg
Arg
tgg
Trp

cgg
Arg

cca
Pro
cgc
Arg

gcc
Ala

age
Ser

ctg
Leu
165
acg
Thr

gtg

Val

tac
Tyx

aga
Arg

tat
Tyr
245
aca
Thr

cct
Pro

gct
Ala

aag
Lys

gtt
val
325

cgt
Arg

cca
Pro

tte
Phe
70

tac
Tyr

ata
Ile

cat

His’

gga
Gly

agg
Arg
150
gta
val

ggc
Gly

aat
Asn

gtg
Val

gag
Glu
230
gtg
Val

gca
Ala

ggg
Gly

tac
Tyr

cce
Pro
310
aat
Asn

.aca

Thr

cat
His
55

aac
Asn

ctc
Leu

atc
Ile

cac
His
ggg
Gly

135.
aga

Arg

gaa

Glu

tgc
Cys

atc
Ile

aag
Lys
215
atg
Met

tce
Ser

tca
Ser

tcg
Ser

gaa
Glu
295
agc
Ser

act
Thr

gtg

val-

40.
gct
Ala

tgc
Cys

aac
Asn

gga
Gly

ctc
Leu
120
atc
Ile

ccc
Pro

att
Ile

gac
Asp

cca
Pro
200
aag
Lys

tat
Tyr

aaé
Lys

act
Thr

gct
Ala
280
aca

Thr

gat
Asp

gct
Ala

gag
Glu

aat
Asn

gag
Glu

tat
Tyr

ata
Ile
105
gag
Glu

gcc
Ala

act
Thr'

ctc
Leu

-aag

Lys
185
gca
Ala

gac
Asp

gcg
Ala

ggt
Gly

atg
Met
265
gce
Ala

ggt
Gly

att

‘Ile

atc:
Ile

22414

ctc gag
Leu Glu

gcé tca
Ala Ser

age gat
Ser Asp
. 75

ggt atc
Gly Ile
90 )
gca cag
Ala Gln

ttg gcg
Leu Ala

ttt gaa
Phe Glu

gct tgt
Ala Cys
155
ttc gga
Phe Gly
170
act act
Thr Thr

ata tgc
Ile Cys

ctg gcg
Leu Ala

gca ggt
Ala Gly

235
aca cca
Thr Pro
250 )
aat gct
Asn Ala

ata ccg
Ile Pro

ttg cqgt
Leu Arg

atg act
Met Thr

315
ggc ggc
Gly Gly

330

-132-

aaa
Lys

agg
Arg

ccg
Pro

acc
Thr

tce
Ser

aaa
Lys

tte
Phe
140
att
Ile

tat
Tyr

cce
Pro

ttg
Leu

ggg
Gly
220
gag
Glu

tca
Ser

ttg
Leu

gct
Ala

att
Ile
300

cga’

Arg

agt
Ser

act
Thr
45

gcc
Ala

ggc
Gly

cgg
Arg

ggg’

Gly

cgg
Arg
125
cce
Pro

gac
Asp

ccc
Pro
gcc
Ala
aat
Asn
205

tce
Ser

atc
Ile

gtg
Val

gca
Ala

ccg
Pro
285
gte
Val

gag
Glu

acc
Thr

cta
Leu

cgg
Arg

atg
Met

gaa
Glu

tce
Ser
110
gtt
Val

acg’
Thr

cga
Arg

ttg
Leu

gct
Ala
190
gtc
Val

gga
Gly

aac’
Asn

gga
Gly

gaa
Glu
270
tat
Tyr

gaa
Glu

gct
Ala

aat
Asn

gca’
Ala

aag
Lys
atg
Met

gaa
Glu
95

gac
Asp

cga
Arg

cat
His

aat
Asn.

gac
Asp
175
ctg

Leu

ggc
Gly

atg

Met

aag
Lys

cat
His
255
gcg
Ala

cgt
Arg

atg
Met

ttc
Phe

tca -

Sex

tta
Leu

gce
Ala
80

ctg
Leu

ttg
Leu

gaa
Glu

cct
Pro

cta
Leu
160
ggt
Gly

atg
Met

cca
Pro

gta
Val

gag

Glu
240
tgt
Cys

c;t
Leu
gaa
Glu

gtt
Val

gag
Glu

. 320

gce
Ala

335"

cct
Pro

144
192
240
288
336
384

432
480
528
576
624
672
720
768
816
864
912
960

1008



att
Ile

gat.

Asp

" caa
Gln

cta
Leu
385
‘gat
Asp

aaa
Lys

ctg
Leu

gct

Ala.

ttg
Leu
465
ttt
Phe

cce
Pro

gga
Gly

. ctt

Leu

caa
Gln
545
gca

Ala

cgt
Arg

gaa
Glu

gtg
Val

aca
‘Thr
625

éat
His

gac
Asp

cca
Pro
370
cce
Pro

gct
Ala

cat
His

gaa
Glu

atc
Ile
450

gag

Glu

gat
Asp

atc
Ile

tat
Tyr

tta
Leu
530
tcg
Sex

gcg
Ala

gtt
Val

ctg
Leu

ccg
Pro
610
cag
Gln

atc aac
Ile Asn
340
tgg gac
Trp Asp
355
gce ggt
Ala Gly

gcg att
Ala Ile

tta aca
Leu Thr

acc tgg
Thr Trp
. 420
gat gcc
Asp Ala
435
atg aag
Met Lys

aat ccc
Asn Pro

gga ccg
Gly Pro

gac gac
Asp Asp
500
cca ggt
Pro Gly
515
cga caa
Arg Gln

gga act
Gly Thr

gcg ggt
Ala Gly

gat cta
Asp Leu

580 .

gaa aag
Glu Lys
595

gaa agt
Glu Ser

ttg agt
Leu Ser

gce
Ala

cga
Arg

gaa
Glu

atg
Met

tge
Cys
405
gac
Asp

ggt
Gly

aca
Thr

aag
Lys

gag
Glu
485
aga
Arg

gce
Ala

gg99-

Gly

tce
Sex

ggt
Gly
565
aat
Asn

cgg
Arg

caa

Gln-

gat
Asp

att
Ile

ctt
Leu

ctg
Leu

gcg
Ala
390
aat
Asn

cgt
Arg

ttt
Phe

tgt
Cys

gac
Asp
470
gat
Asp

agt
Ser

gcc
Ala

gtd

Val

ggc
Gly
550
aat
Asn

aaa
Lys

aga

act
Thr

ggt
Gly
630

gcc aaa
Ala Lys

gga ttt
Gly Phe

360
ctg gga

Leu Gly’

375

gag ctg
Glu Leu

ggt tac
Gly Tyr

cga atg
Arg Met

ctc cat
Leu His
440
gtg ata
val Ile
455
ccg aat
Pro Asn

tat cat
Tyr His

atc ctg
Ile Leu

gag gtc
Glu Val
520
aaa tcg
Lys Ser
535
tca cca
Ser’ Pro

cta gcc
Leu Ala

cgg cgc
Arg Arg

aag aca

Lys Thr
600

cca tgg

Pro Trp

615

atg gtec

Met VaL

22414

cat
His
345
cat
His

gag
Glu

cta
Leu

aca
Thr

atc
Ile
425
ctt
Leu

teg
Ser

gca
Ala

cac
His

.gtg

Val
505
gte
Val

ctt

Leu’

tca
Ser

ctt

Leu.

gtt
Val
585
cta
Leu

cag
Gln

cte
Leu

-133-

att
Ile

att
Ile

gaa

Glu-

gat
Asp

gta
val
410
aag
Lys

caa
Gln

gag
Glu

ttt
Phe

cga
Arg
490
atg
Met

aac
Asn

ccg
Pro.

atc
Ile

ctt
Leu
570
gac
Asp

gaa
Glu

gaa
Glu

cga
Arg

ggg
Gly

cca
Pro

tac
Tyr

gct

Ala

gtt
Val

cta
Leu

tat
Tyr
380

agg
Arg

395 .

gcce
Ala

ccg
Pro

ggce
Gly

cct
Pro

gaa
Glu
475
ctt
Leu

cgc
Arg

atg
Met

tgc

Cyé

ctc
Leu
555
caa
Gln

atc
Ile
gcc

Ala

ctg
Leu

gac
Asp
635

gag
Glu

tac
Tyr

agt
Ser

ttc

Phe
460

ggt
Gly

gag
Glu

ggt
Gly

cac
His

att
Ile
540
aat
Asn

gat
Asp

ctt
Leu

caa
Gln

tte
Phe
620
gcg
Ala

gag
Glu

ctg
Leu

365

cgg
Arg

aag
Lys

aat
Asn

aat
Asn

ctg
Leu
445
cga

acg
Thr

gac
Asp

gct
Ala

cca
Pro
525

gga
Gly

gct
Ala

ggg
Gly

gtt
Val

gga
Gly
605
agg
Arg

gta
val

gtt
Val
350
cta
Leu

gcg
Ala

ctg
Leu

gtc
Val

gag
Glu
430
tte
Phe

caa
Gln

gtt
val

cct
Pro

ggc
Gly
510
cct
Pro

gac
Asp

agt
Ser

gac
Asp

tcc
Ser
590

ggt
Gly "

agg

aaa
Lys

tca
Ser

aac
Asn

ggc
Gly

aac
Asn

cgg
Arg
415
cca
Pro

cgg
Arg

aag
Lys

gta
Val

tcc
Ser

© 495

cca
Pro
gga
Gly

gg9g
Gly

cce
Pro

aga
Arg
575
acg
Thr

tat
Tyr

gag
Glu

tac
Tyr

ctg
Leu

atg
Met

999
Gly

ccg -

Pro
400
gac

Asp.

ctt
Leu

tct
Ser

tﬁc
Phe

gta
Val
480
acc
Thr

ttg
Leu

cgg
Axg

cga
Arg

gag
Glu
560
ctc
Leu

gag
Glu

gat
Asp

acg
Thr

caa
Gln
640

1056
1104
1152
1200
1248

1286

- 1344

1392
1440
i488
1536
1584
1632
1680
1728
1776
;824
1872

1920



22414

cga ctt gce g;é cga tat.gag aac ccc cgg
Arg Leu Ala Gln Arg Tyr Glu Asn Pro Arg

<210>
©<211>.
<212>
<213>

<400>
Met Ser. Cys

1
Gly
Leu
Met
Arg
65 -
Leu
Met
Ser
Gly
Ile
145
Ser
Val
Ala
‘Met
Leu
225
Glu
Asn
Gly
Arg
His
305
Asn

Ile

Asp

Gly'

Ala
Gln
50

Serx
Tyr
Ser
Pro
Ile
130
Gln
Tyr
Val
Ala
Leu
210
Txp
Phe
Thr
Met
Gly
290
Ser
Val
His

Asp

83
653
PRT

83

Ser
Leu
35

Asp
Ala
Ile
Gly
Cys
115
Arg
Glu
Leu
Leu
Ala
195
Asn
Thr
Ile
Met
Ala
275
Gln
Asp
Ile
Ile

Trp
355

Gln
Arg
20

Arg
Gly
Asn
Glu
Lys
100
Asn
Ser
Thr
Gly
Leu
180
Thr
Gly
Gly
Asp
Gly
260
Leu
Cys
Arg
Val

Asn

340

Asp

645

Ser
5
Pro

Arg

Arg
Trp
Arg
85

Pro
Arg
Ala
Ser
Leu
165
Thr
Val
Tyr
Arg
Tyx
245
Thr
Pro

Ala

Lys

Val

325
Ala

Arg

Arg
Pro
Arg
Pro
Phe
70

Tyr
Ile
His
Gly

Arg

Aspergillus oryzae -

Thr

Vél

an

His
55
Asn

Leu-

Ile
His
Gly

135
Arg

150 °

Val
Gly
Asn
Val

Glu

Glu
CYs
Ile
Lys

215
Met

230

Val
Ala
Gly
Tyr
Pro
310
Asn

Ile

Leu

Ser
Ser
Ser
Glu
295
Ser
Thr
Ala

Gly

Ser
Asn
Val

40
Ala

.Cys

Asn

Gly
Leu
120
Ile
Pro
Ile
Asp
Pro
200
Lys
Tyxr

Lys

Ala

280
Thr

Asp

Ala
Lys
Phe
360

Cys
Ile
25

Glu
Asn
Glu
Tyr
Ile
105
Glu
Ala
Thr
Leu
Lys
185
Ala
Asp
Ala

Gly

- Met

265
Ala

Gly
Ile
Ile
His

345
His

650

Glu
"10

Glu
Leu
Ala
Ser
Gly
90

Ala
Leu
Phe
Ala
Phe
170
Thr
Ile
Leu
Ala
Thr
250
Asn
Ile
Leﬁ
Met
Gly
330
Ile

Ile

cac
His

Gly
Asp
Glu
Ser
Asp
75

Ile
Gln
Ala
Glu
Cys
155
Gly
Thr
Cys
Ala
Gly

235
Pro

Ala

Pro
Arg
Thr
315
Gly
Gly

Pro

-134-

aat cat tga

Asn

Cys
Cys
Lys
Arg
60

Pro
Thr
Ser
Lys

Phe
140

‘Tle

Tyr
Pro
Leu
Gly
220
Glu
Ser
Leu
Ala
Ile
300
Arg
Ser

Val

Leu

His

Ser
Glu
Thr
45

Ala
Gly
Arg
Gly
Arg
125
Pro
Asp
Pro
Ala
Asn
205
Ser
Ile
Val
Ala
Pro
285
Val
Glu
Thr
Glu

Leu
365

Cys
Ser
30

Leu
Arg
Met
Glu
Ser
110
Val

Thr

Arg

Leu
Ala
190
Val
Gly
Asn
Gly
Glu
270
Tyr
Glu
Ala
Asn
Val
350
Leu

Ser
15

Glu
Ala
Lys
Met
Glu
95

Asp
Arg
His
Asn
Asp
175
Leu
Gly
Met
Lys
His
255
Ala
Arg
Met
Phe
Ala
335

Ser

Asn

Asp
Leu
Ser
Leu
Ala
80

Leu

Leu

Glu’

Pro

Leu
160
Gly

Met.

Pro

Val

Glu

240

Cys
Leu
Glu
Val
Glu
320
Pro

Leu

Met

1962



Gln Pro
.. 370
Leu Pro
385
Asp Ala

‘Lys His

Leu Glu
Ile
450
Glu

Ala

Leu
465
Phe  Asp

Pro Ile

Gly Tyr
Leu
530
Ser

Leu

Gln-
545 )
Ala Ala

Arg Val

Glu Leu

Val Pro
610
Thr Gln
625

Arg Leu

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

84

<220>
<223> ADN
<400> 84

atgtcttgce
ccgecggtta
gaactggaaa
gcacgtaaac
ctgtatattg
ccgattatcg
gaactggcga
ccgacccacce
tcttatetgg
accggttgtg

Ala
Ala
Leu
Thr
Asp
435
Met
Asn
Gly
Asp
Pro
515
Arg
Gly
Ala
Asp
Glu
595
Glu

Leu

Ala

1962
ADN
Trinh ty

Gly Glu

Ile Met

Leu

Ala

‘Leu
375
Glu

Gly

Leu

390

Thr Cys
405
Trp Asp
420
Ala Gly

Lys Thr

Pro Lys
Glu
485
Arg

Pro

Asp
500
Gly Ala

Gln G;y

Thr Ser

Gly Gly
565
Leu Asn
580
Lys Arg

Ser Gln

Ser Asp

Asn
Arg
Phe
Cys
Asp
470
Asp
Ser
‘Ala
Val
Gly
550
Asn
Lys
Arg
Thr

Gly

Gly Tyr

Arg Met
His
440
Ile

Leu

vVal
455
Pro Asn

Tyr His

Ile Leu

Glu Val
520
Lys Ser
535
Ser Pro

Leu Ala

Arg Arg
Thr
600
Trp

Lys

Pro
615

Met Val

630

Gln Arg

645

tdéng hop

agagtcgcac
atattgaaga
aaaccctgge
tgcgtagtge
aacgctatct
gtattgcaca
aacgtgtgcg
cgattcagga
gtctggtgga
ataaaaccac

Tyx

Glu Asn

nhén tao

cagctgtgaa
ttgcgaaagt
atctatgcag
aaactggttt
gaattacggc
gagtggcagc
tgaaggtatt
aacgagccgce
aatcctgttt
cccggceggcece

Thr

Ser

22414

Glu Glu Tyr
Ala
395

Ala

Leu Asp
Val
410
Ile Lys
425
Leu

Pro

Gln Gly

Ser Glu Pro
Ala Phe Glu
475
His Arg Leu
490
Val Met
505

Val Asn

Arg
Met

Leu Pro Cys

Ile Leu

555

Leu Leu Gln
570

Val Asp

585

Leu

Ile

Glu Ala

Gln Glu Leu

Leu Asp
635

His

Arg
Pro Arg
650

ggttgcagct
gaactgctgg
gatggccgtc
aattgtgaaa
atcacccgtg
gatctgagcec
cgtagcgcag
cgtecegaccg
ggttacccge
ctgatggcag

-135-

His

Tyr Ala
380

Arg

Arg

Lys Leu

Glu Asn Val
Glu
430

Phe

Tyr Asn
Leu
445
Arg

Ser

Phe
460
Gly

Gln

Thr Val

Glu Asp Pro

Gly Ala Gly

510

Pro Pro
525

Ile Gly

540

Asn

Asp

Ala Ser

Asp Gly Asp

Val Ser
590
Gly

Leu
Gln Gly
. 605
Phe Axrg
620
Ala

Arg

Val Lys

Asn His

gttctgatgg
ccectgegtceg
cgcatgcaaa
gtgatccggg
aagaactgat
cgtgcaaccg
gcggtatcge
cgtgtatcga
tggatggcgt
ccgcaaccgt

Gly Gly
Pro
400
Asp

Asn

Arg
415
Pro Leu

Arg Ser

Lys Phe

Val Val
480
Ser Thr
485
Pro Leu

Gly Arg

Gly Arg
Glu
560
Leu

Pro

Arg
575
Thr Glu

Tyr Asp

Glu Thr

Gln
640

Tyxr

cggttctegt | -

ccgtacggtg
tgcctctegt
tatgatggceg
gagtggcaaa
ccatcacctg
gtttgaattt
tcgtaatctg
ggttctgcetg

taacattccg’

60
120
180
240
300
360
420
480
540
600



gccatctgtce
agcggtatgg
gaatttatcg
acggcgtcta
gcaattccag
gttgaaatgg
aacgtgattg
gccattgcaa
catattecge
cgtgeceggeg
gatgcgctga
gatcgcecgta
ctgcagggct
cgtcagaaat
tttgatggce
"cgctctatte
gtgaatatgc
ggcgatggte
gcagccgcecg
aacaaacgcc
ctggaagcgce
cgccgtgaaa
cgcctggecac

85
1161
ADN

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

<220>
<221>
<222>

CDS
{1).

85

ggc
Gly

<400>

atg acc
Met Thr
1 .
aac

tgaacgtggg
tgctgtggac
attacgttag
ccatgaacgc
ccccgtateg
tgcacagtga
tggttaatac
aacacatcgg
tgctgctgaa |
gtctgeccgge
cgtgcaatgg
tgatcaaacc
ctctgttceg
tcctggaaaa
cggaagatta
tggttatgcg
atccgececggg
gtcagagcgy”
gcggtaacct
gtgttgatat
agggcggtta
ccacgcagct
agcgttacga

. (1161)

tca agg
Ser Arg
5

tcc
Ser

cte

tccgatgetg
gggtcgcgaa
caaaggcacc
cctggcagaa
cgaacgtggc
tcgcaaaccg
ggcgatcgge
tgttgaagtg
tatgcagccg
catcatggcc
ttataccgtt
gtacaacgaa
cagtgccatt
cccgaaagat
tecatcaccgce
tggcgeeggt
tcgectgetg

cacctctggt

ggcgcetgetg
tectggtgtet
tgatgtgceg
gtctgatggce
aaacccgcegt

Agrobacterium tumefaciens

atc
Ile

gac
Asp

gct
Ala

22414

aatggctatg
atgtatgcag
ccgtetgtgg
gecctgggta
cagtgtgcat
agcgatatca
ggtagtacca
agcctggatg
gcgggcgaac
gaactgctgg
gcggaaaacg
ccgetgetgg
atgaaaacct
ccgaatgegt
ctggaagatc
ccgectggget
cgtcagggtg
agtccgagca
caggatggtg
acggaagaac
gaaagccaga
atggttctgce
cataatcact

acc
Thr
10.

gct
Ala

tgaaaaaaga
cgggcgaaat
gccattgcaa-
tggccctgcee
acgaaacggg
tgacccgtga
acgccccgat
attgggatcg
tgctgggtga-
atgcacgtaa
tgcgcgataa
aagatgcggg
gcgtgatcag
ttgaaggtac
cgagcacccce
accegggtge’
tgaaaagtct
tcctgaacge
atcgcctgeg
tggaaaaacg
ccccgtggea
gcgatgcegt
ga =~

att
Ile

ttg
Leu

aaa

cct
Pro

tctggcaggce
caacaaagaa
taccatgggc
gggtagtgcee
cctgcgecatt
agcctttgaa
tcatatcaat
tectgggcette
agaatattat
actgaacccg
acatacgtgg
ttttctgecac
cgaaccgttt
ggtggtggtg
gattgatgat
ggccgaagtt
gccgtgeatt
gagcccggaa
tgttgatctyg
ccgtaaaacc
ggaactgttt
gaaatatcag

gaa
Glu
.15

gac
Asp

ttt
Phe

ggc
Gly

tct
Sex

gag
Glu
65

gce
Ala

cag
Gln

cgce

gaa
Glu

cccec
Pro
att
Ile
50.

ctg
Leu

ttt
Phe

gcc
Ala

gtg

Asn

tgc
Cys
35

tcg
Ser

ctt
Leu

ctg
Leu

gtg
Val

gcc
Ala
20

ccc
Pro

ctg
Leu

gtt
Val

acc
Thxr

ccg
Pro

gca gac
Ala Asp

gat
Asp

ggc
Gly
85

gct
Ala

aag
Lys

. 100

atc

gag gag

Leu

ctg
Leu

atg
Met

acc
Thr
70

tcc
Ser
gca
Ala

cag

gtc
Val

cta

Leu

tct
Ser
55

ggc
Gly

gct
Ala

gge
Gly

gece

ggc
Gly

aaa
Lys
40

gaa
Glu

aca
Thr

ggt
Gly

gtg
Val

aag

cgc
Arg

ggc
Gly

ctt
Leu

ttc
Phe

gaa
Glu
acc
Thr
105
ggc

gta
Val

ggc
Gly

ctg
Leu

gtg
val

ctt

Leu
90

tte
Phe

gat

tgg
Trp

gtg
Val

gaa
Glu

gcg
Ala
75

cte
Leu

gcc
Ala

cca

-136-

tcg

Ser

ctt
Leu

aag
Lys
60

ctt
Leu

gce
Ala

gac
Asp

ctt

Lys

tac
Tyr
45

acg
Thr

ggc
Gly

cce
Pro

agc
Ser

cgce

agc
Ser
30

gac
Asp

gat
Asp

gcg
Ala

aac
Asn

atg
Met
110
gcg

gaa
Glu

ctc
Leu

btg
Leu

ctc
Leu

gat
Asp
95

ctg
Leu

cag

ggc
Gly

acc

Thr

gtg
Val
gag
Glu
80

att
Ile

gaa
Glu

gaa

660
720

. 780

840
900
960

©1020°

1080
1140
1200

1260

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1962

48
96
144
192
240
288
336

384



Arg Val

ata cgc
Ile Arg

130
gag gcc
Glu Ala
145

atg ggc
Met Gly

gag ata
Glu Ile

ctq atc
Leu Ile

gtg gtg
Val Val
" 210
ggc aac
Gly Asn
225
ctc agc
Leu Ser

atc cgc
Ile Arg

cag ata
Gln Ile

gca agc
Ala Ser
290
cag ctc
Gln. Leu
305
ctt ggt
Leu Gly

ggc ttc
Gly Phe

ctc ggc
Leu Gly

tgg aca
Trp Thr

370
ctg ctc
Leu Leu
385

Ile
115

gga
Gly

ggt
Gly

ctg
Leu

tte
Phe

ggce
Gly
195
ctg
Leu

gac
Asp

aag
Lys

ctg
Leu

tecg
Ser
275
gca
Ala

ttg
Leu

acg
Thr

acc
Thr

aag
Lys
355
ttc
Phe

fag

<210> 86
<211> 386

Glu

cgg
Arg

tcg
Ser

tgg
Trp
tce
Ser
180

gtt
Val

gce
Ala

gtc
vVal

gca
Ala
ttt
Phe
260

ctt
Leu

atg
Met

aac
Asn

atg
Met

cac
His
340
ctg
Leu

ggc
Gly

Glu

ctg
Leu

gaa
Glu

teg
Ser
165
aag
Lys

cac
His

att
Ile

aac
Asn

aaa
Lys
245
gat
Asp

ctg
Leu

cag
Gln

cge
Arg

tte
Phe
325
tce
Ser

atc
Ile

acc
Thr

Gln
gcg
Ala
aaa
Lys
150

caa
Gln

gcg
Ala

ccg
Pro

gee
Ala

ctg
Leu
230
gac
Asp.

gga
Gly

gte
Val

gcg
Ala

aac
Asn
310
gcg
Ala

aag
Lys

aac
Asn

gcg
Ala

Ala

ccg
Pro

Lys
120
gtt
Val

135

gca
Ala

tat
Tyr

cag
Gln

aaa
Lys

tcc
Ser
215
cgt
Arg

aac

Asn

cgce
Arg

gaa
Glu

atc
Tle
295
cat
His
ccg

Pro

ggc
Gly

tgg
Trp

gce
Ala
375

gcc
Ala

ctg
Leu

gce
Ala

tcg
Ser
200
gac
Asp

gac
Asp

aac
Asn

ttt
Phe

ggc
Gly
280
agc
Ser

cag
Gln

gta
vVal

gac
Asp

gte
Val
360
ctc
Leu

22414

Gly Asp

ctc ggc
Leu Gly

gaa gtg
Glu Val

gaa gtt
Glu Val
170
atg gcc
Met Ala“
185
cag tgg
Gln Trp

ggc cgt
Gly Arg

ttec gag
Phe Glu

‘gea tec

Ala Ser
250

acc atc

Thr Ile

265

gag gac

Glu Asp

cgc acg
Arg Thr

tat cct
Tyr Pro

aag gac
Lys Asp
330
cgt gtc
Arg Val
345
acg acg
Thr Thr

atg cgc
Met Arg

-137-

Pro

gac
Asp

aag
Lys
155
ggc
Gly

tcc
Ser

aac
Asn

atd

Ile

gge
Gly
235
tge
Cys

gaa
Glu

ggc
Gly

ccg

Pro

gac
Asp
315
cge
Arg

gaa
Glu

aca
Thr

aac
Asn

Leu

aat
Asn
140
aaa
Lys

atc
Ile

gtc
Val

aac
Asn

gtt
Val
220
cgc
Arg

gca
Ala

gac
Asp

ttc

Phe

gaa
Glu
300
ggc
Gly

cat
His
até
Ile

gac
Asp

ctg
Leu
380

125
ctc
Leu

ctg
Leu

ggt

Gly

ggc
Gly

ccg
Pro
205
ggc
Gly

tece
Ser

atc
Ile

gtg
Val

acc.

Thr
285
aac
Asn

gce.

Ala

ggce
Gly

tce
Ser

gaa
Glu
365
gcg
Ala

Ala

aag
Lys

ctg
Leu

ccg
Pro

tgc
Cys
190
gag
Glu

gcg
Ala

gcc
Ala

ggt
Gly

aag
Lys
270
atg
Met

cte
Leu

gte
Val

ccg
Pro

acg
Thx
350
tgce
Cys

aaa
Lys

Gln

gga
Gly

cag
Gln

gat
Asp
175
gge
Gly

ccg
Pro

acg
Thr

ctc
Leu

ccc
Pro
255
aag
Lys

acc
Thx

gct
Ala

ttt
Phe

ggt
Gly
335
cce
Pro

ccg
Pro

cgce
Arg

Glu

ctt-

Leu

gaa
Glu
160
gcg
Ala

gcg
Ala

gaa
Glu

ctt
Leu

ctg

Leu
240
tte
Phe

gcg
Ala

ggt
Gly

tcc
Ser

tte
Phe
320
ctc
Leu

aag
Lys

gaa
Glu

gg9g
Gly

432
480
528
576
624
672
720
768
816
864
912
960
1008
1056
1104
1152

1161



<212> PRT .
<213> Agrobacterium tumefaciens

<400> 86

Met
1
Phe
Gly
Ser
Glu
65
Ala
Gln
Arg
Ile
Glu
145
Met
Glu
Leu
Val
Gly
225
Leu
Ile
Gln
Ala
Gln
305
Leu
Gly
Leu

Trp

Leu
385

Thr
Glu
Pro
Ile
50

Leu
Phe
Ala
Val
Arg
130
Ala
Gly
Ile
Ile
Val
210
Asn
Ser
Arg
Ile
Ser
290
Leu
Gly
Phe

Gly

Gly
Asn
Cys
35

Ser
Leu
Leu
Val
Ile
115
Gly
Gly
Leu
Phe
Gly
195
Leu
i\sp
Lys
Leu
Ser
275
Ala

Leu

Thr’

Thr

Lys

: 355

Thr
370
Leu

Phe

<210> 87

Ser
Ala
20

Pro

Pro

Ala

Asp'

Lys.

100
Glu

Arg
Ser
Trp
Ser
180
Val

Ala

val

Ala
Phe
260
Leu
Met
Asn
Met
His
340

Leu

Gly

Arg
5

Leu
Val
Thr

Asp

:Gly
’85
Ala

Glu
Leu
Glu
Ser
165
Lys
His
Ile
Asn
Lys
245
Asp
Leu
Gln
Arg
Phe
325
Ser

Ile

Thr

Ser

Leu

Leu
Met
Thr
70

Ser

Ala

Gln

Ala
Lys
150
Gln

Ala

Pro

Ala

Leu

.230

Asp
Gly
Val
Ala
Asn
310
Ala
Lys
Asn

Ala

Ile

Val

Léu_

Ser
55

Gly
Ala
Gly
Ala
Pro
135
Ala
Tyr
Gln
Lys

Ser

215

Arg
Asp
Arg
Glu
Ile
295
His
Pro
Gly
rrp

Ala
375

Asp
Gly
Lys
40

Glu
Thr
Gly
Val
Lys
120
Val
Ala

Leu

Ala

Ser
200
Asp
Asp
Asn
Phe
Gly
280

Ser

Gln

‘Val

Asp

Val

‘360

Leu

22414

Ala
Arg
25 .
Gly
Leu
Phe
Glu
Thr
105
Gly
Leu
Glu
Glu
Met
185
Gln
Gly
Phe
Ala
Thx
265
Glu

Arg

Tyr.

Lys
Arg
345
Thr

Met

Thr
10

Val
Gly

Leu

Val

Leu
90
Phe

Asp

Gly
Val
Val
170
Ala

Trp

Glu
Serxr
250
Ile
Asp
Thr

Pro

Asp

-330

Val
Thr

Arg

Ala
Trp
Val
Glu
Ala
75

Leu
Ala
Pro
Asp
Lys
155
Gly
Ser
Asn
Ile
Gly
235
Cys
Glu
Gly

Pro

. Asp

315

Arg.

Glu
Thr

Asn

-138-

.Ile

Sex
Leu

Lys
60

Leu

Ala
Asp
Le;l
Asn
140
Lys
Ile
val
Asn
Val

220
Arg

Ala

Asp

Phe
Glu
300
Gly
His
Ile
Asp

Leu
380

Leu

Lys

Tyr
45
Thr

Pro
Ser
Arg
125

Leu

Leu

Gly

Gly
Pro
205_
Gly
Ser
Ile
Val
Thr
285
Asn
Ala
Gly
Ser
Glu
365
A'la

Pro

Ser
30°

As.p ’

Asp
Ala
Asn

Met

110

Ala
Lys
Leu

Pro

Cys

190
Glu

Al;
Ala

Gly

Lys-

270
Met

Leu
Val
Pro
Thr
350
Cys

Lys

Glu
15

Glu
Leu
Leu
Leu
Asp
85

Leu

Gly

Gln
Asp
175
Gly
Pro
Thr
Leu
Pro
255
Lys
Thr

Ala

Phe '

Gly
335
Pro

Pro

Arqg _

Asp
Gly
Thr
val

Glu

.80
Ile

Glu

Gln_Glun

Leu
Glu- '
160
Ala
Ala
Glu
Leu
Leu
240
Phe
Ala
Gly
Sexr
Phe
320
Leu
Lys
Glu

Gly



<211i>
<212>
<213>

1161
ADN

<220>
<223> ADN
<400> 87

atgacgggca
ctgctggttg
ggcggtgtte
accgatctgg
gcatttetgg
gcggecggceyg
ggtgatccgce
ctgaaaggtc
atgggectgt
aaagcacagg
cagtggaaca
ggcgcgacgce
ctgtctaaag
gatggtcgcet
gaagatggct
aatctggcaa
ctgggcacca
agcaaaggcg
accacgaccg
‘gcgaaacgcg

88
1200
ADN

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

<220>
<221>
<222>

CDS
(1).

<400> 88
atg gca ttg
Met Ala Leu
1

ggg
Gly

ctg
Leun

gcg
Ala

gtt
Val

ggc
Gly

ccg
Pro
35

att
Ile

gac
Asp
50

gac
Asp

tte
Phe

cig

gac :
Pro

Asp
65

aag
Lys

ctg
Leu

gac
Asp

téng hop

gcegttcetat
gccgegtttg
tgtatgatct
tggaactgct
atggtagege
ttaccttcge
tgcgtgcaca
tggaagcggg
ggagtcagta
cgatggccag
atccggaacc
tgggtaacga
caaaagataa

ttaccattga
ttacgatgac
gccagctgcet
tgttcgeeccee
atcgegtgga
atgaatgtcc

gtctgectgta g

. (1200)

ctc
Leu
5

acg
Thr

ccg
Pxo

ggg
Gly
20

gcc
Ala

ggc
Gly

tcc
Ser

gat
) Asp
ctc
Leu

acg
Thr

gac
Asp

ctg
Leu

acg
Thr

ctg
Leu

ccg
Pro

gtc
Val

gtg
Val
70

ctg
Leu

Trinh ty nhé&n tao

Cupriavidus necator

ctc
Leu

gtc
Val

gct
Ala

gcc
Ala
55

gtg
Val

gcc
Ala

tgatgcgacc
gagtaaaagc
gaccagcatt
ggccgatace
aggcgaactg
ggattctatg
ggaaattcgc
ctctgaaaaa
cctggaagtt
tgtgggctge
ggaagtggtt
tgttaatctg
caatgcgagt
agatgtgaaa
cggtgccagt
gaaccgcaat
ggttaaagat
aatttctacc
ggaatggacc

agce
Ser

ggc
Gly

gtc
Val
40
ccg
Pro

cac
His

aac
Asn

22414

gcecatectge

gaaggcggtc

agtccgacca
ggcaccttcg
ctggcgeccga
ctggaacgtg
ggccgectgg
gcagcggaag
ggcattggtc
ggtgcactga
ctggcaattg
cgtgatttcg
tgtgccattg
aaagcccaga

gcaatgcagg
caccagtatc
cgtcatggcc

gct
Ala

acg
Thr
10

gca
Ala

cge
Arg
25

gtg
Val

gte
Val

acc
Thr

atg
Met

aat
Asn

gcg
Ala

acg
Thr

gce
Ala

-139-

ccgaaactgg
tttggcaccg

caa
Gln

tag
Trp

ttg
Leu

agce
Ser

cce
Pro
75

gat
Asp

cggaagattt
cgtgceecggt
tgagcgaact
ttgcgcectggg
acgatatcca
tgattgaaga
caccggtgcet
tgaaaaaact
cggatgccga
ttggtgttca
cgagcgatgg
aaggeccgcag
gcccgtttat
tctctectget
ccattagccg
cggatggcge

cgggtctggg

gtaaactgat
ccgcactgat

ctt
Leu

acg
Thxr

atc
Ile

ccg
Pro

30
cgg
Arg

ccg
Pro
45

ctg
Leu

acc
Thr
60

999
Gly

cgce
Arg

cac
His

ccg
Pro

cct
Pro

gcc
Ala

gat
Asp

ctc
Leu

tgg
Trp

ggc
Gly

cgaaaacgcg
gctgctgaaa
gctggaaaaa
tgcecctggaa
ggcagtgaaa
acaggcgaaa
gggtgataat
gctgcaggaa
aatcttttct
tccgaaaagt
tcgtategtg
cgcectgetg
ccgtetgttce
ggttgaaggt
tacgccggaa
ggtgtttttc
ctttacgcac
caactgggtt
gcgtaatctg

gcc gac
Ala Asp
15

ggt
Gly

gac
Asp

gta
Val

ggt
Gly

gaa
Glu

cag
Gln

atc
Ile

ggc
Gly

aac
Asn

agc
Ser

60
120
180
240
300
360
420 -
480
540
600
660
720
780
840
900"
860

1020
1080
1140
1161

48

96

144

192

240

288



gge.
Gly

gca
Ala

cag
Gln

cag
Gln
145
gag
Glu

caa
Gln

gca
Ala

ccc
Pro

aac
Asn
225
- ctg
Leu
gac
Asp

cag
Gln

gte
Val

cag
Gln
305
acc
Thr

gcg
Ala

ggt
Gly

-aac
Asn

cge
Arg

gtg
Val

gge
Gly

ace
Thr
130
gcg
Ala

gcg
Ala

tac
Tyr

ccg
Pro

gge
Gly
210
agc
‘Ser

cgce
Arg

aat
Asn

agt
-Ser

gat
Asp
290
atc
Ile

cac
His

ccg
Pxro

ggt
Gly

cgc
Arg
370
gce
Ala

gcc
Ala

gtg
vVal
115
aag
Lys

ctg
Leu

ggc
Gly
ctt
Leu
ctg
Leu
195

tcg
Ser

cgce
Arg

gac
Asp

aac
Asn

tte
Phe
275

ggc
Gly

acg
Thxr

cag
Gln

gtg
Val

gat
Asp
355
gtg
Val

ctg
Leu

cgc
Arg
100
acc
Thr

ggce
Gly

gtg
Val

gaa
Glu

gag
Glu
180
ctt
Leu

gca
Ala

ggt
Gly

ttc
Phe

ggce
Gly
260
tcg
Sex

ctg
Leu

cgc
Arg

tat
Tyr

gaa
Glu
340
ctt
Leu

ggc
Gly

atg
Met

85
ctg
Leu

ttt
Phe

gac
Asp

ggc
Gly

ctc
Leu
165
gtg
vVal

tcc.
Ser

tgg
Trp

gat
Asp

gag
Glu
245
tce
Ser

ctc
Leu

gac
Asp

gac
Asp

ccce
Pro
325
gac
Asp

gtc
Val

cgc
Arg

gcc
Ala

ctg
Leu

gcc
Ala

ccg
Pro

gag
Glu
150
aag
Lys

ggc
Gly

gcg

Ala

aac
Asn

gtg
Val
230

gge.

Gly

tgc
Cys

gac
Asp

ggc
Gly

ccg
Pro
310
gat
Asp

cgc
Arg

acc
Thr

agc
Ser

aac
Asn

gcg
Ala

gge
Gly

caa
Gln
135
cgc
Arg

gcc
Ala

atc
Ile

ctt
Leu

aat
Asn
215
ctc
Leu

cgec
Arg

gcg

Ala .

gac
Asp

ttc
Phe
295
ctg
Leu

ggc
Gly

gac
Asp

atc
Ile

gac
Asp

375

ctg
Leu

cca
Pro

age
Ser
120
ggce
Gly

ctg
Leu

ttg
Leu

ggc
Gly

.gge

Gly
200
ccg
Pro

ggc
Gly

.agt

Ser

atc
Ile

gtg
Val
280
gtg
Val

gag
Glu
écc
Ala

acc
Thr

tce
Ser
360
cgt
Arg

gcc

Ala

tgc
Cys
105
ctg
Leu

gcc.

Ala

tcc
Ser

ctg
Leu

ccg
Pro
185
acce
Thr

gaa
Glu

gcc
Ala
gcg
Ala
ggt
Gly
265
cgg

ttg
Leu

ctg
Leu
atg
Met

gcg
Ala
345
agc
Ser

atc
Ile

gca
Ala

22414

90
gac

‘Asp

gtc
Val

‘gce
Ala

cgg
Arg

ctg
Leu

gag
Glu
gag
Glu

atc
Ile

. 155

atc
Ile
170
gac
Asp

ggt’

Gly

ccce
Pro

acg
Thr

ttg
Leu

250 .

ccg
Pro

cgg
Arg

tcoc

Ser

gce
Ala

ctg
Leu
330

ggce
Gly

cge
Arg
gct
Ala

cgt
Arg

gag
Glu

gcc
Ala

acg
Thr

gag
Glu

ctg
Leu
235
ctg
Leu

ttc
Phe

gcg
Ala

ggc
Gly

gag
Glu
315
tte
Phe

gge
Gly

cag
Gln

ccg
Pro

ggc
Gly

-140-

cag
Gln

cgt
Arg

gtc
Val
140

cgg”

Arg

cat
His

gag
Glu

gaa
Glu

atc
Ile
220

ggt
Gly

ctg
Leu

ctg
Leu

acg’

Thr

acc
Thr
300
cag
Gln

ctc
Leu

ggc
Gly

ctc
Leu

tgg
Trp
380
cac
His

gtg
Val

gtc
Val
125
cgc
Arg

ccg
Pro

gge
Gly

atc
Ile

atc
Ile
205
gtg
Val

aat
Asn

ggc
Gly

cge
Arg

gtg
val
285
agc
Sex

gca
Ala

ggc
Gly

ttc
Phe

ggc
Gly
365
acg
Thr

acc
Thr

atc
Ile
110
atc
Ile

aac
Asn

ggt
Gly

atg
Met

ttc
Phe
190

gga
Gly

ctg
Leu

gac
Asp

aag
Lys

ctg
Leu
270
gat
Asp

tcg
Ser

atg
Met

acg
Thr

acc
Thr
350
agc
Serxr

ttc
Phe

act
Thr

95
aag
Lys

gaa
Glu

cgg
Arg

tcc
Ser

tgg
Trp
175
acc

Thr

ctg
Leu

gcc
Ala

gte
Val

gcc
Ala
255
ttc
Phe

ctg
Leu

atg
Met

ggg
Gly
ctg
Leu
335

cac
His

ctg
Leu

ggc
Gly

tte
Phe

gcg
Ala

gag
Glu

atc

Ile

cge -

Arg
160
tcg
Ser

aag
Lys

cat
His

atc .

Ile

aac
Asn
240

aag

Lys

gac
Asp

cgt
Arg

gac

gcg
Ala
320
ttc
Phe

a.ag
Lys

gtc
Val

gta
Val

tga

Asp

336
384
432
480
528
576
624
672
720
768
816
864
512
960
1008
1056°
1104
1152°

1200



385

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

<400>
Met Ala
1

- Gly Leu

Gly -Val

Phe .Asp
50
Asp Asp

65 .
Lys Leu

Gly Val
" Ala Gly

. Gln Thr
130

Gln Ala

145

Glu Ala

Gln Tyr
Ala Pro
Pro Gly
210
Asn Ser
225
Leu Arg
Asp Asn
Gln Ser
Val Asp
: 290
Gln Ile
305
_Thr His
~Ala Pro
Gly Gly

Asn Arg
370

-89

399
PRT

380

Cupriavidus necator

89
Leu
Ala
Pro
35
Ile
Pro
Asp
Ala
Val
115
Lys
Leu
Gly
Leu
Leu
185
Ser
Arg
Asp
Asn
Phe
275
Gly
Thr
Gln
Val

Asp
355

Val.

Pro Leu Thr Leu

Gly
20

Ala
Ser
Leu
Asp
Arg
100
Thr
Gly
Val
Glu
Glu
180

Leu

Ala

Gly

Phe

Gly
260
Ser
Leu
Arg
Tyr
Glu
340

Leu

Gly

5
Thr

Gly

Asp

Thr,

Leu
85
Leu

Phe

Asp-

Gly
Leu
165
Val

Ser

Trp

Asp

Glu
245
Ser
Leﬁ
Asp
Asp
Pro
325
Asp
val

Arg

Leu

Pro

Val

val-

70
Leu

Leu
Ala
Pro
Glu
150
Lys
Gly

Ala

Asn

Val'

230
Gly

Cys
Asp
Gly
Pro
310
Asp
Arg
Thr

Ser

val
Ala
Ala
55

Val

Ala

‘Ala

Gly
Gln
135
Arg
Ala

Ile

‘Leu

Asn
215
Leu

Arg.

Ala
Asp
Phe
295
Leu
Gly
Asp
Ile

Asp
375

Ser
Gly
Val
40

Pro
His
Asn
Pro
Ser

120
Gly

Leu

Leu
Gly
Gly
200
Pro
Gly
Ser
Ile
Val
280
Val
Glu
Ala
Thr
Ser

360
Arg

22414

Ala Thr
10 -

‘Arg Ala

25
Val Val

Thr Met
Asn Ala
Thr Ala
90

Cys Asp
105

Leu Val
Ala Ala
Ser Arg

Leu Ile

170.

Pro Asp
185
Thr Gly

Glu Pro
Ala Thr
Ala Leu
250
Gly Pro
265
Arg Arg
Leu Ser

Leu Ala

Met Leu
330

‘Ala Gly

345
Ser Arg

Ile Ala

-141-

395

Gln
Trp
Leu
Ser
Pro
75

Asp
Leu
Glu
Glu
Ile

155
Glu

Ala

Thr

Glu
Leu
235
Leu
Phe
Ala
Gly
Glu
315
Phe
Gly
Gln

Pro

Thr
Tle
Arg

Thr
60

Gly

Pro
Gln
Arg
Val
140
Arg
His
Glu
Glu
Ile
220
Gly
Leu
Leu
Thr
Thr
300
Gln
Leu

Gly

Leu

Trp

380

Leu
Pro
Pro
45

Leu
Arg
His
Val

Val

Pro
Ala
30

Asp
Leu
Trp
Gly
Ile

110
Ile

125

Arg
Pro
Giy
Ile

Ile
205

‘Val

Aén
Gly
Arg
Val
285
Ser
Ala
Gly

Phe

‘Gly

365
Thr

Asn
Gly
Met

Phe

190-

Gly
Leu

Asp

Lys-

Leu
270
Asp
Ser
Met
Thr
Thr
350
Ser

Phe

Ala
15.
Gly
Gly
Glu
Ile
Sef
95
Lys
Glu
Arg
Ser
Trp
175
Thr
Leu
Ala
Vai
Ala
255
Phe
Leu
Met
Gly
Leu
335
His
Leu

Gly

Asp
Asp
val
Gln
Gly.
80
Asn’
Ala
Glu
Ile
Arg
160
Ser
Lys
His
Ile
Asn
240
Lys
Asp
Arg
Asp
Ala
320
Phe
Lys
Val

Val



22414

Arg Ala Leu Met Ala Asn Leu Ala Ala Arg Gly His Thr Thr Phe
390

385

<210>
<211>
<212>

<213>

90
1200
ADN

<220>
<223> ADN
<400> 90

atggcgcectgce
‘accctggtgg
‘gttgtgetge
ctgctggaac
aaactggatg
ctgctggcac
ctggttgaac
cgtaatcgta
gaagccggtg
gtgggtattg
accggcacgg
gttctggcca
ctgcgegatt
tcttgtgcaa
cgtcgegega
agctctatgg
‘acccatcagt
gatcgcgata
agccgtcage
accttcggeg

91
1113
ADN

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

<220>
<221>
<222>

' CDS
(1),

<400>
atg ctg
Met Leu
1
acc
Thr

91
cct
Pro

ccg
Pro

gcg
Ala

gac
Asp

gtt
Val

tcg
Ser
35

gcg
Ala

atc
Ile
50

gac
Asp

tdéng hop

cgectgacccect
gccgtgeatg
gtccggatgg
aggatgatcc
atctgectggce
cgtgcgatct
gcgtgatcga
ttcaggcgcet
aactgaaagce
gcccggatge
aaatcggtct
tcaactctcg
tcgaaggecg
ttggtcegtt
ccgttgatct
atcagatcac
acccggatgg
ccgegggegg
tgggcectctct
tgcgcgeccet

. (1113)

gce
Ala

gat
Asp
-5
ccg
Pro

ggc
Gly
20
gcg
Ala

atc
Ile

ctg
Leu

acg
Thr

cat
His

agc
Ser

gcg
Ala

agc
Ser

Trinh tu nhé&n tao

gagcgccacc
gattccggcece
tgttttcgat
gctgaccgtt
aaacacggcg
gcaggttatt
agaacagacg
ggttggcgaa
cctgetgatt
cgaaatcttc
gcacccgggce
cggtgatgtg
tagcgecctg
tctgcgectg
gcgtgtggat
gcgtgatcecg
cgcgatgcetg
tggctttacg
ggttaaccgt
gatggcaaat

Pseudomonas elodea

gcg
Ala

cag
Gln

cce
Pro

gtt
Val

acc
Thr
40

acg
Thr

ccg
Pro

ggc
Gly
55

gcg
Ala
ctc
Leu
25

gtc
Val

gtg
Val

395

cagacgctgc
ggtgatggcg
atcagtgatg
gtgcataacg
gatcecgcacg
aaagcggccg
aaaggtgatc
cgcctgagcee
gaacatggca
accaaagcac
agcgcatgga
ctgggcgcaa
ctgctgggta
ttcgatcagt
ggtctggatg
ctggaactgg
ttcctgggta
cacaaaggtg
gtgggtcgcea .
ctggecegceac

att
Ile
10

ctc
Leu

ctg
Leu

cgc
Arg

gac
Asp

gce
Ala

¢ctg
Leu

tgc
Cys

-142-

cggccgatgg

ttececggeegg

tggcgececgac
ccecegggteg
gttctaatgg
gcgtgacctt
cgcagggcge
gtatcecgcece
tgtggagcca
cgctgectgag
acaatccgga
ccctgggtaa
aagcaaaaga
cttttagtct
gctttgttet
ccgaacaggce

cgetgtttge’

gcgatctggt
gtgatcgtat
gtggtcatac

gtc
Val

ggc
Gly

gat
Asp

ggce
Gly

30
ctg
Leu

ctg
Leu
45~
gtc
Val

agc
Ser
60

cgt
Arg

cag
Gln

gaa
Glu

gac
Asp

tctggecegge .

tccggeegtg
catgagcacg
ctggattggc
tgtggcacgt
tgccggtagt
agcggaagtt
gggttctegt
gtatctggaa
tgcgetggge
accggaaatt
cgatgttaat
taacaatggc
ggatgatgtg
gageggcacc
aatgggtgeg
accggtggaa
taccattagt
tgecececgtgg

cacgttttga

gtg
Val
15

gtg
Val

cag
Gln

atc
Ile

cgc
Arg

gac
Asp

ctc
Leu

gcg
Ala

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900

. 960

.1020 :

1080
1140
1200

48
96
144.

192



ggc.
Gly
65
gtg
Val

atc
Ile

ggc
Gly

ggt
Gly
atg
Met
145

ttc
Phe

ggc
Gly

ctg
Leu

gac
Asp

aag
Lys
225
.ctg
Leu

gac
Asp

aag
Lys

ctg
Leu

ctg
Leu
305
cac
His

ctc
Leu

ggc
Gly

acc
Thr

aag
Lys

gag
Glu

gac
Asp

acc
Thr
130
tgg
TIp

ace
Thr

atc
Ile

gtg
Val

gtc
Val
210
gcg
Ala

ttec
Phe

cte
Leu

atg
Met

agc
Ser
290
ttc
Phe

aag
Lys

gtc
Val

atc
Ile

gag
Glu
gce
Ala

gaa
Glu

cte
Leu
115
gcec
Ala

teg
Ser

aag
Lys

cge
Arg

gtc
Val
195
aac
Asn

aag
Lys

gat
Asp

acc
Thr

agce
Ser
275
gag
Glu

gcg
Ala

cce
Pro

aac
Asn

cgce
Axrg
355

tcg
Ser

gcec
Ala

cgc
Arg
100
gaa
Glu

gag
Glu

caa
Gln

-gcg
Ala

tecg
Ser
180
gac
-Asp

ctg
Leu

gac
Asp

gac
Asp

atc
Ile
260
gag
Glu

cac
His

ccg
Pro

gge
Gly

cgc
Arg’
340
gat
Asp

gcg
Ala

ggc
Gly
85

gce
Ala

gce
Ala

gce
Ala

tat
Tyr

ccg
Pro
165
gac
Asp

cgg
Arg

cge
Arg

aac
Asn

ggc
Gly
245
gac
Asp

atc
Ile

cag
Gln

gtg
Val

gat
Asp
325
gte
Val

ctg
Leu

cecg
Pro
70

gtec
Val

cge
Arg

aag
Lys

gcg
Ala

ctc
Leu
150
gtt
Val

agc
Ser

aat
Asn

gac
Asp

aat
Asn
230

‘ttc

Phe

gg99.

Gly

agc
Serxr
tat
Tyr

~cag

Gln
310
att
Ile

acc
Thr

atg
Met

cag
Gln

acc
Thr

gge’

Gly

gtg
Val

gcg
Ala
135
gaa
Glu

ctg
Leu

gac
Asp

ggt
Gly

ttec
Phe
215
gcc

Ala

acg
Thr

ccg
Pro
céa
Arg
ccg
Pro
285

gat
Asp

gtc
Val

acg
Thr

cgc
Arg

gtg
Val

ttec

Phe.

gat
Asp

ggt

Gly
120
ctc

Leu

gtg

Val

tecg
Ser

tgg
Trp

gcg
Ala
200
gag
Glu

tct
Ser

atg
Met

gag
Glu

gat
Asp
280
gac
Asp

cge’

Arg
cdc
Arg

tce
Ser

aat
Asn
360

22414

ctg
Leu

gcc
Ala

tce
Ser
105
tcg
Ser

aagb

Lys

gcg
Ala

gcg
Ala

aac
Asn
185
atc
Ile

ggc
Gly

acc
Thr

gac
Asp

ggce
Gly
265
ccg
Pro

ggc
Gly

gac
Asp

.att

Ile

aag
Lys
345
cte
Leu

gct
Ala

gtc
Val
o0

gcc
Ala

ggc
Gly

gcc
Ala

atc
Ile

atg
Met
170
aat
Asn

aag
Lys

cge
Arg

gcg
Ala

gac
Asp
250
tat
Tyr

acc
Thr

ttc
Phe

cat
His

tce
Ser
330
gce
Ala

gce
Ala

-143-

ccg
Pro
15

tecg
Ser

aag
Lys

atc
Ile

gcg
Ala

g99
Gly
155
ggc
Gly

ccg
Pro

ggc
Gly

agc
Ser

atc
Ile
235
gtg
Val

cgc
Arg

gag
Glu

.gcg
Ala

cce
Pro
315
acg
Thr

gce
Ala

gcc
Ala

gte
Val

gcg
Ala

gcc
Ala

cge
Arg

ctg
Leu
140
ccg
Pro

tgg
Trp

gag
Glu

gcg
Ala

gcg
Ala
220

ggc

Gly

cgt
Arg

ctc.
.Leu

ctc
Leu

ctg
Leu
300
ggc
Gly

ccg
Pro

gcg
Ala

cgc
Arg

gac
Asp

-ctg

Leu

gcc
Ala
tég
Ser
125

atc
Ile

gac
Asp

ggc
Gly

ccg
Pro

acg
Thr
205
ctg
Leu

ccg
Pro

agc
Serxr

tcg
Ser

gtg
Val
285
tte
Phe

cgc
Arg

aag
Lys

cce
Pro

ggc
Gly
365

ctg
Leu
gag
Glu
gag
Glu
110

gtc
Val

gag
Glu

gcg
Ala

gce
Ala

gaa
Glu
190
ctc
Leu

ctg
Leu

ttc
Phe

gcg
Ala

ggc
Gly
270
cgc
Arg

ctc
Leu

ggc
Gly

ctc
Leu

tgg
Trp
350
ctt
Leu

cag
Gln
cgc
Arg
95

att
Ile

gte
Val

gcg
Ala

gag
Glu

gag
Glu
175
gtg
Val

ggc
Gly

ctg
Leu

atc
Ile

gtg
Val
255
acc
Thr

cag
Gln

ggc
Gly

ttc
Phe

ggc
Gly
335
acg
Thr

ctc
Leu

tgc
Cys
80

gtg
Val

cgec
Arg

cce
Pro

ggc
Gly

gtg
val
160
atc
Ile

gtg
Val

aac
Asn

ggc
Gly

cgce
Arg
240
gtc
Val

aac
Asn

acg
Thr

acg
Thr

act
Thr

320 .

acg
Thr

ttc
Phe

tcg

Ser

240
288
336
384
432
480
528
576
624
672
720
768
816

864
912

960

© 1008

. 1056

1104
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cat tcc taa : 1113
His -Ser
370

<210> 92

<211> 370

- 212> PRT .

<213> _Pseudomonas elodea:’

<400> 092 : .
Met Leu Pro Ala Asp His Ala Gln Ala Ile Leu Val Gly Arg Val Gln .
1 -5 10 : 15 -
" Thr Pro Ala Gly iPro Ser Pro Val Leu Leu Arg Asp Gly Gln Val Ile
20 . : 25 : 30 .
Asp Val Ser Ala Ile Ala Pro Thr Val Ala Asp Leu Leu Glu Arg Asp
35 ’ 40 45
Asp Ile Ala Thr Leu Ser Gly Thr Val Leu Cys Ser Val Asp Ala Leu
50 S 55 60
Gly Thr Glu Ser Ala Pro Gln Val Leu Ala Pro Val Asp Leu Gln Cys
65 70 75 80
Val Lys Ala Ala Gly Val Thr Phe Ala Val Ser Ala Leu Glu Arg Val
’ 85 : 90 : 95
Ile Glu Glu Arg Ala Arg Gly Asp Ser Ala Lys Ala Ala Glu Ile Arxg
‘100 105 . 110 )
- Gly Asp Leu Glu Ala Lys Val Gly Ser Gly Ile Arg Ser Val Val Pro
115 . 120 - 125
Gly Thr Ala Glu Ala Ala Ala Leu Lys Ala Ala Leu Ile Glu Ala Gly
130 o 135 : - 140 '
Met Trp Ser Gln Tyr Leu Glu Val Ala Ile Gly Pro Asp Ala Glu Val
145 ' 150 155 160
" Phe Thr Lys Ala Pro Val Leu Ser Ala Met Gly Trp Gly Ala Glu Ile
165 170 175
Gly -Ile Arg Ser Asp Ser Asp Trp Asn Asn Pro Glu Pro Glu Val Val
180 185 190 ’
Leu Val Val Asp Arg Asn Gly Ala Ile Lys Gly Ala Thr Leu Gly Asn
195 200 205
Asp Val Asn Leu Arg Asp Phe Glu Gly Arg Ser Ala Leu Leu Leu Gly
) 210 . 215 ) 220
Lys Ala Lys Asp Asn Asn Ala Ser Thr Ala Ile Gly Pro Phe Ile Arg
225 -~ 230 235 ' 240
Leu Phe Asp Asp Gly Phe Thr Met Asp Asp Val Axg Ser Ala Val Val
: 245 250 , 255
Asp Leu Thr Ile Asp Gly Pro Glu Gly Tyr Arg Leu Ser Gly Thr Asn
260 265 270
Lys Met Ser Glu Ile Ser Arg Asp Pro Thr Glu Leu Val Arg Gln Thr
- 275 - 280 285
Leu Ser Glu His Gln Tyr Pro Asp Gly Phe Ala Leu Phe Leu Gly Thr
290 295 300 . . ‘
Leu Phe Ala Pro Val Gln Asp Arg Asp His Pro Gly Arg Gly Phe Thr
305 | 310 315 320
His Lys Pro Gly Asp Ile Val Arg Ile Ser Thr Pro Lys Leu Gly Thr
325 330 © 335
Leu Val Asn Arg Val Thr Thr Ser Lys Ala Ala Ala Pro Trp Thr Phe
340 345 350
Gly Ile Arg Asp Leu Met Arg Asn Leu Ala Ala Arg Gly Leu Leu Ser
355 360 365

-144-



His Ser
370

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

93
1113
ADN

<220>
<223> ADN

<400> 93

atgectgecgg
ccgtcecegg
gtggcagacc
gttgatgcce
gtcaaagcgg
gcacgcggtg
tcaggtatcc
attgaagcgg
ttcaccaagg
gattctgact
attaaaggtg
ctgctgetgg
ctgttcgatg
gacggeccegg
ccgaccgaac
ttcctgggea
cacaaaccgg
gtcaccacgt
‘ctggcggcete

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

94
1194
ADN

<220>
<L221>
<222>

CDSs
(1).

<400>
atg aat
Met Asn
1
ggce
Gly

94
tat
Tyxr

aca
Thr

tgg
Trp

ata gct
Ile Ala
'35

tcg
Ser

ggt
Gly

cta
Leu
50

ccg

gac
Asp

aac gtt

tdng hop

cggatcatgc
tcctgetgeg
tgctggaacg
tgggcacgga
ccggtgttac
attcggctaa
gctcggtggt
gcatgtggte
caccggttet
ggaacaatcc
ctacgetggg
gcaaagcaaa
acggctttac
aaggttatcg
tggttcgcca
cgctgttege
gtgatattgt
ctaaagccgce
gtggcctgcet

. {(1194)

atc
Ile

gat
Asp
5

ggce
Gly

ata
Ile
20

ggg
Gly

ccce
Pro

cac
His

gce
Ala

tce cge

tta
Leu

agg
Arg

cac
His

ttc
Phe

tta

Trinh ty nhan tao

ccaagcaatce
tgatggtcag
tgatgacatt
aagcgcaccg
cttecgcagte
agcagctgaa
tccgggeacg
acagtatctg
gtcggetatg
ggaaccggaa
caacgatgtt
ggataacaat
catggatgac
tctgteecgge
gacgctgagce
accggttcaa
ccgtatcage
agctcegtgg
gtctcatteg

Zobellia galactanivdrans

aac
Asn

cgc
Arg

tgce
Cys

atg
Met

gtg
Val
40

tcc
Ser

gtg
Val

aac
Asn
55

aaa gcc

ctc
Leu

gta
Val
25

atg
Met

aca,
Thr

tta

22414

ctggtcggtce
gtcattgatg
gccaccctga
caggtcctgg
tcagctctgg
attcgtggceg
gcagaagcegg
gaagttgcga
ggetggggtg
gtcgtgctgg
aatctgcgtg
gcgtccaccg
gtgcgecagtg
accaacaaga
gaacatcaat
gatcgtgacc
accccgaagce
accttcggta
tga

ata
Ile
10

ccg
Pro

ccg
Pro

gca
Ala

gcc
Ala

cgc
Arg

agt
Ser

gag
Glu

aaé gat

-145-

tta

gcgtccaaac
tgtccgeaat
gcggtacggt
caccggtgga

aacgcgtgat

acctggaagc
ccgcactgaa
tcggeccgga
cggaaattgg
ttgtcgatcg
actttgaagg
ccattggtcc
ccgtggttga
tgagtgaaat

-acccggatgg

atccgggecg
tgggcacgct
ttcgtgacct

tta
Leu

gaa
Glu

gcg
Ala

caa
Gln

aaa
Lys Ala
30

aaa

Lys

aaa
Lys

gga
Gly
45

ttec
Phe

cta
Leu
60

aac
Asn

ccg gaa

gcg

cccggectgge
cgcaccgacc

gctgtgectet

cctgcaatgt
cgaagaacgt
gaaagtgggce
agctgcgetg
tgccgaagtg
tatccgtage
caacggcgca
tcgcagtgece
gtttateccgt
tctgacgatt
ctcccgtgat
ttttgctetg
cggttttacc
ggttaatecge
gatgcgtaat

aca
Thr

gaa
Glu
15

tac
Tyxr

aat
Asn -

tac
Tyr

atc
Ile

tgt
Cys

aag
Lys

cta ggc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1113

48

96

144

192
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Asn
65

age
Ser

cta’
Leu

tgt
Cys:

aaa
Lys

tac
Tyx
145
gaa.
Glu

caa
Gln

gcd
Ala

aag
. Lys

tcec
Ser
225
ctt
Leu

gac
Asp

gag
Glu

.atg
Met

gag
Glu
305
aac
Asn

gce
Ala

aag
Lys

aat’

Pro

ctg
Leu

Leu

ggt
Gly

gca
Ala
130
gat
Asp

acc .

Thr

tac
Tyr

caa
Gln

agt
Sexr
210
tcc
Ser

cge.

Arg

caa

Gln-

act
Thr

aag
Lys
290
att
Ile

cat
His

cct
Pro

gga
Gly

tgg

Val Ser

aaa gat
Lys Asp

cce-tac

Pro Tyr
100

gta act

Val Thr

115

aaa. ggc

Lys Gly

acc tta,

Arg

gce
Ala
85

atc
Ile

ttt
Phe

gat.

1Aép

ggc

Thr Leu Gly

gaa aag-
Glu Lys

ctc. gaa
Leu Glu
180
ccc ttg
Pro Leu
195
tcc aaa
Ser Lys

tcg gga
Ser Gly

gat tac
Asp Tyr

aac gga
Asn Gly

260
ttt tcc
Phe Ser-
275

ggg aag
Gly Lys

agc cgt
Ser Arg

caa .tac
Gln Tyr

acg gaa

Thr Glu
340

gat caa

Asp Gln

355

gtg aac

ctc
Leu
165
gtg
Val

tet
Ser

tgg
Trp

aaa
Lys

gaa
Glu
245
tect

Ser

cta
Leu

gac
Asp

agt
Ser

cca
Pro
325
gac
Asp

gtc
Val

act

Leu
10

ttg
Leu

ata
Ile

atc
Ile

gcc
Ala

aac
Asn

Lys
aéa
Lys

gcg
Ala

aaa
Lys

cta
Leu
135
gac

Asp.

150 -

aag
Lys

gge
Gly

gcec.
Ala

‘aac

Asn

atc
Ile
230

ggt
Gly

tgt
Cys

gat
Asp

aat
Asn

cct
Pro
310-
gac
Asp

cgc
Arg

aac
Asn

tgt

gag
Glu

att
Ile

gtt
Val

aat
Asn
215
gtc
Val

cgc’

Arg

gce
Ala

.gac

Asp

ttc
Phe
295
gaa
Glu

ggg
Gly

aat
Asn

atc
Ile

gac

Ala

aac
Asn

cca
Prp

agc
Ser
120
gta
Val

ttg
Leu

gaa
Glu
ggce
Gly
ggt
Gly
200

ccg
Pro

gg9g9
Gly

agc
Ser

att
Ile

gta
Val
280
gce
Ala

aat
Asn

ctc.

Leu

gga
Gly

tct
Ser
360
caa

.Leu

gce
Ala

aac
JAsn

105
ttg
Leu

gcg
Ala

agc
Ser

tta
Leu

aag
Lys
185

“tte

Phe

gaa
Glu

gce
Ala

gcc
Ala

ggc
Gly
265
aag
Lys

act
Thr

tta
Leu

gtg
Val

aaa
Lys

22414

Asn
cta
Leu
90

gat
Asp

ctc
Leu

aac
Asn

aag
Lys

cag
‘Gln
170
gat
Asp

gga
Gly

cct
Pro

aca
Thr

cta
Leu
250
cce
Pro

gat
Asp

tce
Ser

gtg
Val

ctt
Leu
330

ggt
Gly

345

tct

Ser

ata

tecg
Ser

cca

Asp
75

tac
Tyr

ata
Ile

gag
Glu
gac
Asp
gtt
Val
155

aaa
Lys

gcé
Ala

gcg
Ala

gaa
Glu

cte
Leu
235
ttg
Leu

ttg
Leu

tgc
Cys

gga
Gly

gcc
Ala
315
ttc
Phe

ttg
Leu

cat
His

aag

-146-

Leu

ttc -
Phe

caa
Gln

agg
Arg

ata

‘Ile

140
acc
Thr

aaa
Lys

gag
Glu

gag
Glu

Pro

aat
Asn

gcc
Ala

gtc
Val
125
cgt
Arg

cce
Pro.

ggc.
Gly

gtt
Val

ata
Ile

"205

atc
Ile
220

ggc
Gly

ctc
Leu

ttt
Phe

gat
Asp

agce
Ser
300
cag
Gln

tta
Leu

ggt
Gly

ttg
Leu

tgg

gtg’
Val

aac
Asn

ggt
Gly

cgc
Arg

gta
Val
285
aat
Asn

gtc
Val

ggt
Gly

ttc
Phe

ggce
Gly
365
gaa

Glu

cag
Gln

gta
Val
110
att
Ile

caa
Gln

ggt
Gly

cta
Leu

ttc
Phe
120

ggce
Gly

cte
Leu

gac

Asp

gag
Glu

ttg
Leu
270
atg
Met

aag
Lys

ata
Ile

act
Thr

acce

Thr

350
aca
Thr

ttc

Leu

aat
Asn
95

aaa
Lys

gaa
Glu

acc
Thr

tca
Ser

tgg
Trp

175
acc
Thr

gtt
Val

gece
Ala

gta
Val

gcg
Ala
255
ttc
Phe

ttt
Phe

atg
Met
gga
Gly
atg
Met
335

cac
His

ctc
Leu

ggce

Gly

cca
Pro

gcc

Ala

gaa
Glu

‘att

Ile

ccg
Pro
160
teg
Ser

aag
Lys

cta
Leu

gta
Val

aac
Asn
240
aaa
Lys

gat
Asp
tct
Ser

aaa
Lys

aaa

Lys
320
tte

Phe

aaa
Lys

atc
Ile

att

336

288

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152



Asn Trp Val Asn
370

ggt gct ttt acg

Gly Ala Phe Thr

385

95

397

PRT
Zobellia

<210>
<211>
<2123
<213>

95
Tyxr

<400>
Met Asn
1

Gly Thr

Ile

Trp Ile
. 20
Ala Gly
35 =
Ser

Gly Ile

Leu Ala
50

Pro

Asp

Asn Val Ser
65
Ser Leu

Lys Asp

Leu Pro Tyr
100

Thr

Leu

Val
115
Lys

Cys Gly

Lys Ala Gly

130
Tyr Asp Thr Leu
145
Glu Thr Glu Lys
Glu
180

Leu

Gln Tyr Leu

GIn Pro’
195

Ser

Ala

Ser
210
Ser

Lys

Ser Ser Gly

225
Leu Tyr

Arg Asp

Gln Asn Gly
260

Ser

Asp

Phe
275
Gly

Glu Thr
Met Lys
290
Glu Ile
305

Asn

Lys

Ser Arg

His Gln Tyr

Thr Glu

340

Ala Pro

Leu

Lys’

Thr Cys Asp Gln
375
aac tat att gta
Asn Tyr Ile Val
. 390

galactanivorans

Asp
5
Gly

Leu Asn Arg

Arg Cys Met

Val Val
40
Ser

Pro His

Phe Asn
55

Lys

His

Leu
70
Leu

Arg Ala
Ala
85

Ile

Lys Asn

Ile Ala Pro

Phe Ile Lys Ser

22414

Ile Pro

aaa cgg
Lys Arg

Ile
10
Pro

Leu

Val
25
Met Ala

Thr Serxr

Leu Asn

Ala Leu
20
Asn Asp
105

Leu

120 -

Ala Leu Val

135
Asp

Asp

Gly Asn Leu
150

Lys Glu Glu

165

Val Gly Ile Gly

Sexr Ala Val Gly

200
Asn Pro
215

Val

Trp Asn
Ile
230
Gly

Lys Gly
Glu
245
Ser

Arg Ser

Cys Ala Ile
Val
280

Ala

Leu Asp Asp
Phe
295

Glu

Asp Asn

Pro Asn
310

Asp

Sex

Pro Leu
325

Asp

Gly

Arg Asn Gly

Ala Asn

Ser Lys
Gln
170
Asp

Leu

Lys
185
Phe Gly

Glu Pro

Ala Thr

Ala Leu
250
Gly Pro
265
Lys Asp

Thr Ser

Leu Val

Val Leu
330
Lys Gly
345

-147-

Leu

Lys
aat

Asn
395

Pro
Ala
Arg
Glu
Asp
75

Tyr
Ile
Glu
Asp
Val
155
Lys
Ala
Ala
Glu
Leu
235
Leu
Leu
Cys
Gly
Ala
315
Phe

Leu

Trp
380
tta
Leu

Glu
Gln
Lys
Leﬁ
60

Leu
Phe
Gln
Arg
Ile
140
Thr
Lys
Glu
Glu
Ile
220
Gly
Leu
Phe
Asp
Ser
300
Gln

Leu

Gly

‘Phe

Glu Phe Gly Ile

aaa tag
Lys

Ala Glu Thr
15

Tyr

Leu

Ala
30
Lys

Lys Asn

Gly Ile Tyxr

Phe Asn Cys Lys

Pro Glu Leu Gly

80
Gln Asn Pro
95

Lyé

Asn

Ala Val Ala
110

Val Ile Glu

125

Arg

Glu

Gln Thr Ile
‘Pro
160

Ser

Pro Gly Ser

Leu Trp
175
Thr

Gly
Val Phe
190
Gly

Lys

Ile
205
Val

Val Leu

Leu Ala Val

Asn Asp Val
240

Glu Ala Lys

255

Phe

Gly

Leu
270
Met

Arg Asp
Val
285
Asn

Phe Ser

Lys Met Lys

Val Ile Gly Lys
. 320
Met Phe
335
His

Gly Thr

Thr
350

Lys

Asn’

1194



22414

Lys Gly Asp Gln Val Asn Ile Ser Ser Ser His

355 360
Asn Trp Val Asn Thr Cys Asp Gln Ile Pro Lys
370 375 .
Gly Ala Phe Thr Asn Tyr Ile Val Lys Arg Asn
385, ’ 380 ' 395
<210> 96
<211> 1194
<212> ADN
<213> Trinh tu nhén tao
<220> -
<223> ADN tdng hop
<400> 96
atgaactata ttgatctgaa tcgtctgatc ccggaactgg
ggccgctgeca tggtgccgge ccagaaagec tataacggta-
atggcacgta aaggcaaaat ttacgatctg agcgcccact
ttcaactgta aaaatccggt tagccgecctg aaagcactga
tctctgaaag atgcgctgaa aaatgccctg tattttaacc
attatcgcgc cgaacgatat tcaggcagtg aaagcgtgcg
ctgctggaac gtgtgattga agaaaaagcc aaaggtgatg
cgccagacca tctatgatac gctgggcaat gatctgagta
gaaacggaaa aactgaaaga agaactgcag aaaaaaggcc
gtgggcatcg gtaaagatgc cgaagttttt .accaaagcac
tttggtgcag aaattggtgt tctgaaaagc tctaaatgga
gtgctggcgg ttagtagctc tggtaaaatt gtgggcgceca
ctgcgtgatt acgaaggccg cagtgcactg ctgctgggtg
agctgcgcga ttggtccget gtttcgtctg ttcgatgaaa
aaggattgtg atgttatgtt cagtatgaag ggcaaggata
‘aacaagatga aggaaatcag ccgttctccg gaaaacctgg
aatcatcagt atccggatgg cctggtgctg tttctgggca
gatcgcaacg gcaaaggtct gggctttacc cataaaaaag
agctctcacc tgggcaccct gattaactgg gttaatacgt
gaatttggta tcggcgcgtt cacgaactac attgttaaac
<210> 97
<211> 897
<212> ADN .
<213> Thermobacillus composti
<220>
<221> CDS
<222> (1)..(897)
<400> 97 .
atg cgc att att cgt tac atc ggg gac gac gga
Met Arg Ile Ile Arg Tyr Ile Gly Asp Asp Gly
1 : 5 = 10
gcg gtg acc gac gag gag cag gct ttc ccg cte
Ala Val Thr Asp Glu Glu Gln Ala Phe Pro Leu
i 20 25
atg gcg ctg gtg cgg gaa gcg gac gag gcg ggg
Met Ala Leu Val Arg Glu Ala Asp Glu Ala Gly

365
Trp Glu Phe
380
Leu Lys

cggaaaccgg-
tcgecggececce
ttaatagtac
acgatctgcc
agaatccgct
gcgttacctt
ccctggttge
aagtgacccc
tgtggtctca
agccgctgag
acaatccgga
ccctgggtaa
aagcgaaaga
ccttttctet
acttcgcaac
tggcgcaggt
ccatgttege-
gcgatcaagt

gtgatcagat

gcaatctgaa

Leu Gly Thr Leu Ile

Gly Ile

tacgtggatt
gcatgtggtt
cagcgaactg
ggaactgggt
gctgcegtac
catcaaaagc
aaacgatatt

gggtagceccg

gtacctggaa

cgcggtgggt,

.accggaaatc

cgatgttaat
tcagaatggc
ggatgatgtg
gtctggtagt
tattggcaaa
accgacggaa
gaatatcagt
tccgaaatgg
atag

-148-

gcf
Ala

cgg
Axrg

atc
Ile

gcg
Ala

tcg
Ser
acg
Thr

cgce
Arg

ccg
Pro
30

ccg
Pro

ctc
Leu
15

gat
Asp

ctg
Leu

gcg

‘Ala

ttc

Phe -

gaa
Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080

. 1140

1194

48

96

144



- gcg gtg
Ala Val
50
cgc gag
Arg Glu

gcec gge
Ala Gly

aag ggc
Lys Gly

gce gag
Ala Glu

¢gg ccg
Arg Pro
130
‘cce gag
Pro Glu
145
ggc tac
Gly Tyr

aac ccg
Asn Pro

~atc ggt
Ile Gly

ctg acg
Leu Thr
210
gag acg
Glu Thr
225
tcec ttce
Sexr Phe

acc ggc
~Thr Gly

gac cgc
Asp Arg

gtc gcg
Val Ala
290

35
cgc
Arg

ttg

Leu.

gtec
Val

gce
Ala

cgg
Arg
115
ggc
Gly

ccg
Pro

acg
Thr

ctc
Leu

ccg
Pro
195
atc
Ile

gcc
Ala

ctc
Leu

acc
Thr

atc
Ile
275

gcg

Ala

<210> 98
<211> 298
<212> PRT

.<213>

<400> 098

cgt

Arg

aac
Asn

act
Thr

gca
Ala
100
ccg
Pro

aca

Thr.

.gaa

Glu

gtc
Val

tat
Tyr
180
gcg
Ala

acc
Thr

aat
Asn

gtg
Val

tgc
Cys
260
gag
Glu

gcg
Ala

acg
Thr

cgg
Arg
245
atc
Ile

atc
Ile
gac
Asp

atc
Ile

ctg
Leu
70

gag
Glu

ggc
Gly

att
Ile

gtc
Val

ggc
Gly
150
aac
Asn

ccg
Pro

cgg
Arg

cgc

Arg
ggg
Gly
230

gac
Asp

gtg
Val

gac
Asp

gce
Ala

gcg
Ala
55

acg
Thr

cgc
Arg

gac
Asp

-ttc

Phe

tgc
Cys
135
atc
Ile

gac
Asp

cag
Gln

ctg
Leu

atc
Ile
215
cag

Gln.

aac
Asn

ccg
Pro

att
Ile

gca
Ala
295

40
ggce
Gly

¢cg
Pro

agce
Ser

gaa
Glu

ttc
Phe
120
ate
Ile

gtg
Val

atg
Met

gcg
Ala

gce
Ala
200
tat
Tyr

ctc
Leu

gte
Val

cce
Pro

tce

Sexr
280
atc
Ile

Thermobacillus composti

22414

gca
Ala

gtg
Val

aaa
Lys

acg
Thr
105
aag
Lys

cge

Arg.

ctg
Leu

agc

Ser-
.170

aaa
Lys
185
gaa
Glu

cgg.

Arg

cgg
Arg

gtg
Val

gac

Asp
265

ggc
Gly

cag
Gln

cag
Gln

gat
Asp

gaa
Glu

90

tte
Phe

tcg
Ser

agce
Serxr

gac
Asp

tgc
Cys

atc
Ile

acc
Thx

gac
Asp

cgg
Arg

tte
Phe
250

cgg
Arg

atc
Ile

gat
Asp

-149-

ccg
Pro

gcg
Ala
75

gcg
Ala

tac
Tyr

acg
Thr

gac
Asp

cgc
Arg
155
cgc
Axrg

tgg
Trp

gtg
Val

ggt
Gly

aag
Lys
235
gac
Asp

ttc
Phe

ggc
Gly

taa

ctg
Leu
60

cece
Pro

cgc
Arg

gac
Asp

agc
Ser

tcg
Ser
140

ggc
Gly

gac
Asp

cgc
Axg

ccg
Pro

caa
Gln
220
ctg
Leu

ggce
Gly

acg
Thx

acc
Thr

45
cce
Pro

gag
Glu
aac
Asn

aag
Lys

gecc

Ala
125
gac
Asp

ggce
Gly

atc
Ile

cgc
Arg

aat
Asn

ggc
Gly

gtg
Val

gag
Glu

gtg
Val
110
cgc
Arg

tgg
Trp

cgc
Arg

gag
Glu

tcc
Ser
190
ccg
Pro

205 -

ttg
Leu

gac
Asp

acc
Thxr

ctg

‘Leu

ctg
Leu
285

gcg
Ala

gaa
Glu

gtg
Val

cag
Gln
270
atc
Ile

gac
Asp

tgg-

Trp

gag
Glu
95

tac
Tyr

acg
Thr

cag
Gln

atc
Ile

ggc
Gly
175
tgt
Cys

tat
Tyxr

gtg
Val

ctg

Leu

ctg
Leu
255
cce
Pro

aac
Asn

tgg
Trp

gcg
Ala
80

tecg
Ser

cgg
Arg

gcg
Ala

gtg
Val

cte
Leu
160
gag
Glu

tcec
Ser

gac
Asp

aac
Asn

gcg
Ala
240
ctg
Leu

‘gge

Gly

cct
Pro

192
240
288
336
384

432

480

528
576
624
672
720
768
816
864

897



22414

Met Arg Ile Ile Arg Tyr Ile Gly Asp Asp Gly Ala Ala‘Aré Leu Ala

Ala Val Thr Asp Glu Glu Gln Ala Phe Pro Leu Arg Ser Pro Asp Phe
20 : 25 30
Met Ala Leu Val Arg Glu Ala Asp Glu Ala Gly Ile Thr Pro Leu Glu
35 40 45 '
Ala Val'Arg”Arg Gln Ile Ala Gly Ala Gln Pro Leu Pro Gly Asp Trp
50 55 60 :
Arg Glu Leu Asn Leu Leu.Thr Pro Val Asp Ala Pro Glu Val Trp Ala
65 70 75 . 80
Ala Gly vVal Thr Tyr Glu Arg Ser Lys Glu Ala Arg Asn Glu Glu Ser
: 85 : 20 . 95
Lys Gly Ala Ala Thr Gly Asp Glu Thr Phe Tyr Asp Lys Val Tyr Arg
100 105 110
Ala Glu Arg Pro Glu Ile Phe Phe Lys Ser Thr Ser Ala Arg Thr Ala
115 : 120 125
Arg Pro Gly Thr Pro Val Cys Ile Arg Ser Asp Ser Asp Trp Gln Val
130 135 ' 140 - - :
Pro Glu Pro Glu Leu Gly Ile Val Leu Asp Arg Gly Gly Arg-Ile Leu
145 150 o 155. . 160
Gly Tyr Thr Val Gly Asn Asp Met Ser Cys Arg Asp Ile Glu Gly Glu
’ 165 : ’ ) 170 o 175 :
Asn Pro Leu Tyr Leu Pro Gln Ala Lys Ile Trp Arg Arg Ser Cys Ser
180 . ' 185 190
Ile Gly Pro Ala Ile Arg Leu Ala Glu Thr Val Pro Asn Pro Tyr Asp
195 . 200 205 :
Leu Thr Ile Thr Cys Arg Ile Tyr Arg Asp Gly Gln Leu Ala Val Asn
210 215 ' - 220 ' o
Glu Thr Ala Asn Thr Gly Gln Leu Arg Arg Lys Leu Asp Glu Leu Ala
225 | 230 o 235 240
Ser Phe Leu Val Arg Asp Asn Val Val Phe Asp Gly Thr Val Leu Leu
245 . 250 255
Thr Gly Thr Cys Ile Val Pro Pro Asp Arg Phe Thr Leu Gln Pro Gly
260 - 265 270 . :
Asp Arg Ile Glu Ile Asp Ile Ser Gly Ile Gly Thr Leu Ile Asn Pro
) 275 ‘ 280 285
Val Ala Ala Ala Asp Ala Ala Ile Gln Asp
290 . 295 .

<210> 99

<211> 897

. <212> ADN :
<213> Trinh ty nhan tao

<220> .
<223> ADN tdng hop

<400> 99 -

atgcgtatta tccgétatat tggtgatgat ggtgccgcac gtctggcagc cgttaccgat 60
gaagaacagg catttccgct gcgttctcecg gatttcatgg cgctggttcg cgaageggat 120
gaagcgggta tcacgccgcet ggaageggtg cgtcgccaga ttgcgggtge acagcegcectg 180
ccgggtgatt gécgcgaact gaacctgctg acccecggtgg atgcaccgga agtttgggea 240
gcaggtgtga cgtacgaacg tagcaaagaa gcacgcaatg aagaatctaa aggcgcggec 300
" accggtgatg aaacctttta tgataaagtt taccgtgegg aacgcccgga aatctttttce 360
aaaagcacct ctgcacgtac cgcccgtececg ggcaccecegg tgtgcattcg tagtgatage 420
gattggcagg ttccggaacc ggaactgggt atcgtgectgg atcgtggegg tcgcattcetg 480

-150-



ggctataccg
ctgccgecagg
gaaaccgttc
ctggcggtga
agttttetgg
atecgtgccge
ggcatcggcea

100
1227
ADN
Arth

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

<220>
<221>
<222>

CDS
(1).

<400>
gtg acc
Val Thr
1
gte
Val

100

gcg
Ala

ctt
Leu

ccg
Pro

cccC
Pro

gac
Asp

gce
Ala
35

gac
Asp

gce
Ala

gtc
vVal
50

cct
Pro

ctg
Leu
65

ctg
Leu

gat
Asp

gta
Val

g99
Gly
ggt
Gly

gcc
Ala

gac
Asp

atc
TIle

gtc
Val

aag
Lys

tgggtaacga
ccaaaatttg
cgaacccgta
acgaaaccgc
ttecgegataa
cggatcgttt
ccctgattaa

robacter

. (1227)

ccg
Pro
5
gac
Asp

ccg
Pro

gat
Asp
20

acc
Thr

ggc
Gly

ctg'
Leu

acg
Thr

cca
Pro

gcc
Ala

cgg
Arg
85

gca
Ala

cag
Gln

gca
Ala
100
gce
Ala

tgc
Cys

115.

atc
Ile
130
gag
Glu

gtg
Val

gag
Glu

ctt
Leu

cgc
Arg
145
ccg
Pro

tce
Ser

ggg
Gly

ctc
Leu

tgg
Trp

ggg
Gly

tte
Phe

gtg
val

acg
Thr

gaa
Glu

agg
Arg

gte
Val

ggg
Gly

att
Ile

gct
Ala

ggt
Gly

cgc
Arg

gcg
Ala
70

tgg
Trp

cgc
Arg

ggc
Gly

tgc
Cys

aag
Lys

tatgagctgce
gcgtegetet
tgatctgacc
caatacgggt
cgtggtttte
caccctgcag
tccggtggea

globifqrmis

ccce
Pro

ggg
Gly

ggc
Gly

cag
Gln

cce
Pro

cgg
Arg

ctg
Leu
55

gca
Ala

gcc
Ala

gtc
.Val

gcg
Ala

acg
Thr

cac
His-

ccg
Ero

gtg
val

acg
Thr
120
ggc
Gly

gcc
Ala
135
gcg
Ala

ctc
Leu

150

ccg
Pro

gag
Glu
165
cag
Gln

tcg
Ser
180
aag
Lys

gcg
Ala-

gcg
Ala

tat
Tyr
ccg
Pro

gcc
Ala

gag
Glu

ctc
Leu

gag
Glu
ctg
Leu

gtg
Val

22414

cgtgatatcg
tgtagtateg
atcacgtgce
cagctgegtce
gatggcaccg
ccgggegate
gcggcegatg

tcc
Ser
10

ctg
Leu

agt
Ser

gtt

ctg
Leu

gcg
Ala
25

gtg
Val

gct
Ala

gtg
Val
acc
Thr

gtc
Val

gga
Gly

cgt
Arg

gcg
Ala
75

gcg
Ala

gcc
Ala

gac
Asp
90

ctc
Leu

Val

ctg
Leu
105
ttt
Phe

gca
Ala
‘gtg

Val

gac
Asp
gac gct
Asp

gcc
Ala

gga
Gly

ggc
Gly

agc
Ser
155
cgc
Arg

aag
Lys
170

ggc
Gly

gcc
Ala

atc
Ile

gtg
Val
185
tce
Ser

tcg
Ser

gtg
Val

-151-

val.

gte.

Ala

aaggcgaaaa
gtccggeccat
gtatttaccg
gcaaactgga
ttctgctgac
gcattgaaat
cagcgattca

cct
Pro

ccg
Pro

gta
Val

gtt
Val

gge
Gly
30

ggg
Gly

ctc
Leu

agce
Ser
45

gaa
Glu

tcg
Ser
60

ctce
Leu

ctt
Leu

gac

gtc
Val

gce
Ala Ala
gtt
Val

ccg
Pro

gac
Asp
. 110
atg
Met
125
gcg
Ala

agc

Ser Ile

cgg
Arg
140
atc
Ile

gce
Ala

gtc
Val

ctg
Leu

ggg
Gly

ccg
Pro

cgg
Arg

ctg
Leu
Asp

gce

atc
gce
Ala

acg
Thr

att
Ile

gac
Asp

tccgetgtac
tcgectggea
cgatggccag
tgaactggcg

‘cggtacgtge

cgatattagc
ggattaa

acc
Thr
15

atc
Ile

tet |
Ser

tgg
Trp
: tce
Ser

gac
Asp
gaa
Glu

ctce
Leu

ccg
Pro

gca
Ala
80

ctg
Leu

tcg
Ser

95

ctg

Leu

cag
Gln

gaa
Glu

cgg
Arg

atg
Met

gag
Glu

gtc
Val

cgg
Arg
160
gag
Glu

gcc
Ala
175
ccg
Pro

gag
Glu

190

ctg
Leu

ggc
Gly

ggc
Gly

ggc
Gly

gcg
Ala

540
600.
660
720
780
840
897

48
96
144
192
240
288
336 .
384
432
480
528
576

624



) 195
atc ggg att ccg cgg
Ile Gly Ile Pro Arg
210 - _
gtg ctg atc gtg acg
Val Leu Ile Val Thr
225
aac gac gtc aac ctg
Asn Asp Val Asn Leu
245
ggc aag gcc aag gac
Gly Lys Ala Lys Asp
260
agg ctc ttc .gac ggc
Arg Leu Phe Asp Gly
: 275
atc ctg ctg cgt gtc
Ile Leu Leu Arg Val
290
aac .acg.ctg gcg agg
Asn Thr Leu Ala Arg
305 .
acc cgc ggc agg cac
Thr Arg Gly Arg His
. -325
ggc acg ctt ttc gea
Gly Thr Leu Phe Ala
_ 340
ttc acg cac aag cac

Phe Thr His Lys His.

355 -
ggt gcc ctc atc aac

Gly Ala Leu Ile Asn

370
acc ttec ggc ctg cgg
‘Thr Phe Gly Leu Arg
385

gcg-gag cta gct.cag

Ala Glu Leu Ala Gln

ttc
Phe

tcc
Ser
230
cgce
Arg

aac
Asn

agc
Ser

gaa
Glu

atc
Ile
310
‘cac
His

ccg
Pro

gg9g
Gly

cgg
Arg

cag
Gln
390
atg
Met

405

<210> 101
<211> 408
<212> PRT
213> Arthrobacter

<400> 101 )
Val Thr Ala Pro Pro
1. 5.
Val Leu Pro Asp Asp
20
Asp Pro Ala Thr Gly
35
Ala Val Asp Leu Thr
50
Leu Pro Asp -Pro Ala

tce
Ser
215
cgce
Arg

gac
Asp

aac

Asn

ttec
Phe

ggc
Gly
295
agc
Ser

cag
Gln

acc
Thr

gat
Asp

gtg
Val
375
ctg
Leu

cag
Gln

200
tcec
Ser

ggce

Gly

gtt

Val
gcg
Ala
acg
Thr
280
ctg
Leu

agg
Arg

tat
Tyr

cag
Gln

gtt
Val
360

ggc

‘G;y

tte
Phe

gag
Glu

globiformis

Ilé Pro Gly

Ala Gly Gln

Gly Pro Arg

40

Arg Leu Ala

55

Ala Ala Val

tgg
Trp

gag
Glu

gag

Glu

tcc
Ser
265
gtg
Val

gac
Asp

cece
Pro

ccg
Pro

gac
Asp
345
gtg

Val’

acg
Thr

ggc
Gly

tag

Ser
Ala
25

Val
Gly

Arg

22414

aac
Asn

gtg
Val

ggc
Gly
250
agt
Ser

gac
Asp
ggc
Gly

ttc
Phe

gac
Asp
330
cgc
Arg

acc
Thxr

gca
Ala

tac
Tyr

Ser
10

Leu
Val
Thr

Ala

aac

‘Asn

gtg
Val

235,

cgc
Arg

gcc
Ala

acc
Thr

tac

Tyr-

gag
Glu
315

ggce

Gly

gac
Asp

atc
Ile

gag
Glu
ctc

Leu
395

Val
Leu

Ala

Val

Ala

-152-

ccg
Pro
220

ggc
Gly

agc
Ser

ctec
Leu

ctc
Leu
cfg
Leu
300

gag
Glu

ttc
Phe

gag
Glu

cgg
Arg

gag
Glu
380
gcg
Ala

Pro

‘Val

Leu

Ser
60
Leu

205

gag
Glu

gcc
Ala

gcc
Ala

gga
Gly

cgt
Arg
285
ctg
Leu

ctc
Leu

gca
Ala

ccg
Pro

agc
Ser
365
ctc
Leu

gag
Glu

Pro
Gly
Ser
45

Glu

Leu

ccg

Pro

act
Thr

ctg
Leu

cca
Pro
270
gag
Glu

gag
Glu

gtg
Val
ctg
Leu

ggg
Gly

gaa
Glu

ctg
Leu

ctg
Leu
255
ctg
Leu

gag
Glu

gg9g
Gly

gcg
Ala

tte
Phe
335

cag

Gln

350 -

cgc
Arg

ccg
Pro

cag
G;n

Val
Arg
30

Gly

Leu

Asp

cac

His

gag
Glu

cgg
Arg

Thr
15

Ile
Asp

Leu

Pro

ctg
Leu

ggce
Gly
240
ctg
Leu

atc
Ile

gag

Glu

cgg

Arg .

gce

Ala
320
acc
Thr

gg9g9
Gly

ctc
Leu

tgg
Trp

cag
Gln

400 .

Ser

'Trpi

Ser,

Glu

Ala

672
720
:768
816
864

912

- 960

1008
1056
1104
1152
1200

1227



22414

65 70 75 ) 80
Leu Gly Val Gln Arg Trp Ala Thr Ala Asp Val Val Ala Ala Ser Leu
85 20 95
Ala Gly Asp Ala Ala Arg Pro His Leu Leu -Ala Pro Val Asp Leu Gln
100 - 105 ) 110 .
Val Ile Lys Ala Cys Gly.Val Thr Phe Val Asp Ser Met Ile Glu Arg
115 ' 120 . 125 :
Val Ile Glu Glu Arg Cys Ala Gly Asp Ala Ala Arg Ala Ala Glu Met
130 ° 135 ' ) 140
Arg Glu Leu Val Gly Lys Ala Leu Gly Gly Ser Ile Ala Thr Val Arg
145 ‘ 150 ' 155 160
Pro Gly Ser Pro Glu Ala Ala Glu Ala Lys-Arg Val Leu Ile Ala Glu
165 ' . 170 175 .
Gly Leu Trp Ser Gln Tyr Leu Glu Val Gly Ile Gly Pro Asp Pro Glu
180 ‘ 185 190 -
Val Phe Thr Lys Ala Pro Val Leu Ser Ser Val Gly Leu Gly Ala Gly
185 200 205
Ile Gly Ile Pro Arg Phe Ser Ser Trp Asn Asn Pro Glu Pro Glu Leu
210 » 215 ‘ 220 .
Val Leu Ile Val Thr Ser Arg Gly Glu Val Val Gly Ala Thr Leu Gly
225 230 ) 235 . ) 240
Asn Asp Val Asn Leu Arg Asp Val Glu Gly Arg Ser Ala Leu Leu Leu
, 245 - 250 255 ‘
Gly Lys Ala Lys Asp Asn Asn Ala Ser Ser Ala Leu Gly Pro Leu Ile
‘ 260 265 270
Arg Leu Phe Asp Gly Ser Phe Thr Val Asp Thr Leu Arg Glu Glu Glu
. 275 280 285
Ile Leu Leu Arg Val Glu Gly Leu Asp Gly Tyr Leu Leu Glu Gly Arg
290 .295 300
Asn Thr Leu Ala Arg Ile Ser Arg Pro Phe Glu Glu Leu Val Ala Ala
305 310 315 320
Thr Arg Gly Arg His His Gln Tyr Pro Asp Gly Phe Ala Leu Phe Thr
325 330 335
Gly Thr Leu Phe Ala-Pro Thr Gln Asp Arg Asp Glu Pro Gly Gln Gly
340 345 350
Phe Thr His Lys His Gly Asp Val Val Thr Ile Arg Ser Arg His Leu
355 . 360 . 365 .
Gly Ala Leu Ile Asn Arg Val Gly Thr Ala Glu Glu Leu Pro Glu Txp
370 - o 375 380
Thr Phe Gly Leu Arg Gln Leu Phe Gly Tyr Leu Ala Glu Gln Arg Gln
385 390 ' 395 400
Ala Glu Leu Ala Gln Met Gln Glu
405

<210> 102
<211> 1227
<212> ADN
<213> Trinh ty nhén. tao

<220>
<223> ADN téng hop

<400> 102

atgaccgccc cgecgatceec gggttegtec gtgeccgecgg tgacctctgt tetgecggat 60
gatgctggcec aagctctget ggttggtegt atttgggacc cggcaaccgg cggtcegegt 120
gtggttgcecec tgagcggtga tagcgeggtg gacctgacce gtctggcagg cacggtgtet 180

-153-



gaactgctgg
ctgggcgtcce
gcacgtccge
tttgtggact
gctgcggaaa
ccgggttece
cagtatctgg
agctctgtgg
gaaccggaac
‘aacgatgtta
gataacaatg
gtggacacgc
ctggaaggtc
acgcgtggtc
gcaccgaccce
gttacgattc
ctgccggaat
gcggaactgg

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

103
1446
ADN .

<220>
<2215
<222>

CDS
(1).

<400>"
atg gct
Met Ala
1
tgg
Trp

103
aac
Asn

gtc
vVal

gac
Asp
acc
Thr

aag
Lys
35

gcg
Ala

gge
Gly

gac
Asp

cgt
Arg
50

cce
Pro

gtg
Val
65

gtg
val

gcg
Ala

cgt
Arg

gaa
Glu

ccg
Pro

gge
Gly

aag
Lys

atc
Ile

atc
Ile

gaa
Glu
115
ccg
Pro

gtg
Val

ccg
Pro
130

Azospirillum

aactgccgga
agegttggge
atctgctgge
ctatgattga
tgcgcgaact
cggaagecege
aagtgggcat
gtetgggtge
tggttctgat
atctgcgtga
cttcatcgge
tgcgtgaaga
gtaacacccet
gccatcacca
aggatcgtga
gtagtcgcca
ggacgttcgg
ctcaaatgca

. (1446)

gtg act
Val Thr
.. 5
gce geg
Ala Ala
20 '
ccg_atc
Pro Ile

ctc gcc
Leu Ala

cac
His

gag
Glu
gece
Ala
85

acc
Thr

cge
Arg

cte
Leu
100

tgg
Trp

tte
Phe

aac
Asn

cgc
Arg

tat
Tyr

agc
Ser

ggc
Gly

gcec
Ala

cgc
Arg
70

gac
Asp

gaa
Glu

gcg
Ala

ctc
Leu

cccggeggeg
aaccgcagat
accggtggat
acgtgtgatc

‘ggtgggcaaa

agaagcaaaa
cggtccggac
aggtattggt
tgtcacctca
cgtcgaaggt
gctgggtcceg
agaaatcctg
ggcacgtatc
atacccggat
cgaaccgggc

cctgggtgcet.

tctgcgecaa
ggaatga .

brasilense

gat
Asp

acg
Thr

ggc
Gly

aag
Lys

gtg
Val
40

caa
Gln

agg
Arg

gcg
Ala
55

gcg
Ala

gcg
Ala

atc
Ile

gcg
Ala

gcg
Ala

cgc
Arg

gac
Asp

gaa
Glu
120
gca
Ala

ggc,
Gly
135

22414

gcggtgegtg
gtcgtggcag
ctgcaagtta
gaagaacgtt
gctectgggeg
cgegttctoa
ccggaagttt
atcccgegtt
cgcggcgaag
cgctecggete
ctgattecgtce
ctgcgecgttg
tecegecegt
ggttttgcece
caaggtttca
ctgatcaatc
ctgtttggtt

caa
Gln
10

atc
Ile

ctg
Leu

acg
Thr

acg
Thr
25

gee
Ala

gac
Asp

cat
His

gcg
Ala

ttc
Phe

agc
Ser

ggc
Gly

atg
Met

acg
Thr

cgc
Arg
75

ctg
Leu

gcg
Ala

cag
Gln
90

gaa
Glu

gtc
Val
105
ggc
Gly

gtg
Val

cge
Arg

cgc
Arg

'cag
Gln

cag
Gln

acg
Thr

-154-

ctgegetget
caagcctggce
ttaaagcgtg
gtgcaggtga
gtagtatcgce
ttgcagaagg
ttaccaaagc
tcagttcctg

ttgtcggtgce

tgctgetggg
tgtttgatgg
aaggcctgga
ttgaagaact
tgttcaccgg
cccataaaca
gtgtgggcac
atctggcgga

atc
Ile

ctg
Leu

gtc
Val

gtg
Val
- 30
atc
Ile
45
gca
Ala

ggc.
Gly

gag
Glu
60

aag
Lys

gcg
Ala

atg
Met

acg
Thr

tcg
Ser

ctg
Leu

gac
Asp

aac
Asn

gce
Ala

tgg
Trp

gcc
Ala

cag
Gln

gcg
Ala

ggacccggcec
aggtgacgct
cggcgtcacg
tgecagcacgt

aaccgttcgt -

tctgtggage
tccggtcetg
gaacaatccg
aacgctgggce
caaagcgaaa
cagtttcacc
tggttatctg

ggtggctgceg

cacgctgttt .

cggcgacgtg
cgcggaagaa
acaacgtcaa

gag
Glu

ggc
Gly
15

ccg
Pro

gcg
Ala

ctc .
Leu

gat
Asp

cgc
Arg

aag
Lys

ctg .
Leu-
80
cag
Gln’

gcg
Ala

gag
Glu
95

gcg
Ala

gac
Asp

110

tac
Tyr
125
gtg
Val

gtg
Val

gte
Val
140

ggc
Gly

aag
Lys

atc
Ile

cgg
Arg

ccg
Pro

gag
Glu

240
300
360
420
480
540
600

© 660

720
780
840
200
960
1020
1080
1140
1200
1227

48
96
144
192
240
288
336
384

432



gtc
Val
145
gtc
Val

gtg
Val

gce
Ala

ggc
Gly

cgc
Arg
225
tcg
Ser

cac
His

aaa
Lys

tcg
Ser

cgc
Arg
305
gag
Glu

gcg
Ala

gaa
Glu

acc
Thr

ccg
Pro
385
gcg
‘Ala

ttc
Phe

gtc
Val

gge
Gly

gtg
val

‘aaa

Lys

ttc
Phe

ccg
Pro

cgc
Arg

gcg
Ala

gtc
Val

"185

gat
Asp
210
aag
Lys

ctg
Leu

gca
Ala

gcg
Ala

ccg
Pro
290
gcg’
Ala

gaa
Glu

atg
Met

acc
Thr

gtg
Val
370
tte
Phe

atc
Ile

acqg
Thr

ggg
Gly

ccg
Pro
étc
Val

gcg
Ala

ccg
Pro

gcc
Ala
275
acg
Thr

ctg
Leu

ggc
Gly

gcg
Ala

ggc
Gly
355
atc
Ile

ggc
Gly

gcg
Ala
cgt
Arg

atg
Met

"435

gtc
Val

aag
Lys

ccg
Pro

.180

gac
Asp

gce
Ala

acg
Thr

ggc
Gly

gtg
Val
260
ggc
Gly

cgc
Arg

gtc
Val

acg-

Thr

tecg
Ser
340

ggc
Gly

gcg

Ala.

ccg
Pro

gaa
Glu

tcg
Ser
420
ctg
Leu

gce
Ala

ctg
Leu
165
gaa
Glu

gca
Ala

gaa
Glu

ttc
Phe

ctg
Leu
245
atc
Ile

ggc
Gly

tte
Phe

aag
Lys

acg
Thr
325
gte
Val

gag
Glu

aac
Asn

gtc
Val

gcg
Ala
405
tte
Phe

tgg
Trp

gcg
Ala
150
agc
Ser

gaa
Glu

ggc

Gly

atc
Ile

acg
Thr
230
cac
His

gtg
Val

gcg
Ala

ctc
Leu

cat
His
310
ctc
Leu

atc

Ile

cgg
Arg

gtg
Val

gcg
Ala

ttc
Phe

gcc
Ala

acc
Thr-

gtg
Val

tcg
Ser
215

ggt
Gly

atg
Met

gcc
Ala

aag
Lys

gtg
val
285
gce
Ala

ggc
Gly

gac
Asp

atc
Ile

ccg
Pro
375
gcg
Ala

390 -

aac
Asn

gcg
Ala

atc
Ile

cgt
Arg

aac
Asn

aac
Asn

acg
Thr

gcg
Ala

ccce
Pro

ccg
Pro
200
tecg
Ser

tcg
Ser

aag
Lys

gaa
Glu

tte
Phe
280
cac
His

gaa
Glu

gcg
Ala

aac
Asn

ggc
Gly
360
ctc
Leu

att
Ile

ttg
Leu
gtg
Val

cag
Gln
440

22414

ccg
Pro

ctg
Leu

gcg
Ala
185
gcc
Ala

tac
Tyr

acg
Thr

cgc
Arg

gac
Asp
265
cgc
Arg

aac
Asn

g99
Gly

cte
Leu

gcg
Ala
345
tcg
Ser

gat
Asp

cgce
Arg

ccg
Pro

cac
His
425
ccg
Pro

tgg aat
Trp Asn
155
gca acc
Ala Thr
170 .
tcg ccg
Ser Pro

ggc gtg
Gly Val

ctg atc
Leu Ile

ccg gtce
Pro Val
235
gcg acg
Ala Thr
250
gce gac
Ala Asp

aac gcg
Asn Ala

agc atc
Ser Ile

ctg aag
Leu Lys
315
gcg aac
Ala Asn
330
cgc aag
Arg Lys

gaa ggc
Glu Gly

gcg gac
Ala Asp

ggt ttec
Gly Phe

395
ttc ggt
Phe Gly
410 '
ctg ctc
Leu Leu

gcg acg
Ala Thr

-155-

ttc

Phe

ggc
Gly

gcc
Ala

atc
Ile

ccg .

Pro
220

ggc
Gly

atg
Met

gtt
Val

g99
Gly

cgce
Arg

300

gte
Val

ccg
Pro

‘gtc

Val

aac
Asn

gtg
Val
380
gac
Asp

ctt
Leu

acg
Thr

ccg
Pro

ccg
Pro

tgt
Cys

gcg
Ala

ggc

Gly
205
cac
His

aag
Lys

gag
Glu

gcg
Ala
cag
Gln
285
gac
Asp

gge
Gly

cgc
Arg

ggt
Gly

ttc
Phe
365
tte
Phe

aag
Lys

gcc
Ala

cag
Gln

tgg
Trp
445

gtec
val

tcg
Ser

ctg
Leu
190
ctc
Leu

ccg
Pro

cag
Gln

ctg
Leu

ctc
Leu
270

gtc.

Val

géa
Glu

aac
Asn

cgg
Arg

gcg
Ala
350
ttc
Phe

aac
Asn

ctc
Leu

ggc
Gly

cgce
Arg
430
ccg
Pro

aac
Asn

ttc
Phe
175
ctg
Leu

gtg

Val

gtg
Val

ctc
Leu

gge
Gly
255
gcg
Ala

tgc
Cys

ttc
Phe

gge
Gly

ctg
Leu
335
agc
Ser

gcg
Ala
aaé
Asn

gaa
Glu

tac
Tyr
415
cte
Leu

gaa

Glu

cag
Gln
160
ctc
Leu

‘cge

Arg

tac
Tyr

atc
Ile

gce
Ala
240

999
Gly

gtg
Val

atc
Ile

acg
Thr

ctc
Leu
320
acc
Thr

atc
Ile

ccg
Pro

gag
Glu

gag
Glu
400
gcg
Ala

gaa
Glu

atg
Met

480
5?8
576
624
.672
720
768
816
864
9}2
9260
1008

1056

1104

1152

1200

1248

1296

1344



‘ccg
Pro

gaa
465

gtc
Val

<210>
<211>
<212>
<213>
<400>
Met
1
Trp
Thr
Asp
val
65
Val
Gly
Ile
Val
vVal
145
Val
Val
Ala
Gly
Arg
225
Ser
His
Lys
Ser
Arg
305
Glu

Ala Asn
Val Asp
Gly Lys
Arg
50

Pro
Arg
Lys
Ile
Pro
130
Gly
Val
Lys
Phe
Asp
- 210
Lys
Leu
Ala
Ala
Pro
290
Ala

Glu

ttc gge ggc gtg
Phe
450
gcg
Glu Ala

Gly Gly Val

ctc gag ccg
Leu Glu Pro

tga

104
481
PRT
Azospirillum

104

Thr
5
Ala

Val

Ala
20
Pro Ile
35
Ala

Leu Ala

Ala His Glu

Glu Ala
85
Thr

Arg

Leu
100
Trp

Pfo

Glu
115
Pro

Phe

Arg Asn

Pro Val Ala
Leu
165

Glu

Arg Lys

Ala Pro

180
Val Asp Ala
195
Pro

Ala Glu

Val Thr Phe

Ala Leu
245
Ile

Gly
Val
260
Gly

Pro

Ala
275
Thr

Gly

Arg Phe

Leu Val Lys

Gly Thr Thr

aag gac tcg

Lys Asp Ser
455

tac ctg gtc

Tyr Leu Val

470

brasilense

Tyr Thr Asp

Ser Gly Lys
Vai
40

Gln

Gly Arg
Ala Ala
55
Arg Ala Ala
70
Asp Ala Ile
Glu Aia Arg
Ala Aép
' 120
Leu Gly Ala
135 -
Ala Phe
150 .

Ser Ala

Thr

Glu Thr Pro

Gly.Val Pro

Glu

Ala

22414

ggc
Gly

acg
Thr

Thr

Thr:
25

Ala
Ser
Thr
Ala
Val
105
Gly
Gln
Pro
Leu
Ala

185
Ala

200.

Ile Ser Ser
215

Thr Gly

230

His

Ser

Met Lys
Val

Ala Glu

Ala Phe
280
His

Lys

Val
295
Kla

Leu

His Glu

310
Leu

Gly Ala

Tyr
Thr
Arg
Asp
265
Arg
Asn
Gly

Leu

tac
Tyr

aag
Lys

Gln
10

Ile
His
Gly

Met

-Gln

90
Glu

Arg
Gln
Trp
Ala
170
Ser
Gly
Leu
Pro
Ala
250
Ala
Asp
Ser

Leu

Ala

ggt
Gly

tcg

Ser
475

Leu

Asp

Ala
Phe
Arg

Leu

Val

Arg
Thr

Asn

155 ° .
Gly

Thr

Pro

Val

Ile

val
235

Thr'

Asp
Ala
Ile
Lys

315
Asn

-156-

tcg
Ser
460

gtg

Val

Leu
Val
Gly
Glu
60

Lys
Met
Leu

Val

gaa
Glu

acg
Thr

Ile
Val
Ile
45

Ala
Ala
Thr

Ser

Tyr

© 125

‘Val

140
Phe

Ala
Ile
Pro
220
Gly
Met
Val
Gly

Arg
300

val®

Pro

Val
Pro
Cys
Ala
Gly
205
His
Lys
Glu
Ala
Gln
285
Asp
Gly

Arg

ggc
Gly

gtg
Val

Asp
Asn

30
Ala

Trp

Ala

‘Gln

Ala
110
Gly
Lys
Val
Ser
Leu
190
Leu
Pro

Gln

Leu

‘Leu

270
Val

Glu
Asn

Arg

gge
Gly

atg
Met

Gly
Pro
Asp
Arg

Ala

.Glu

95
Ala

Arg
Glu
Asn
Phe
175
Leu
Val
Val
Leun
Gly
255
Ala
Cys
Phe
Gly

Leu

ccg
Pro

gcce

Ala
480

Glu
Ala
Leu

Lys

Leu.

80
Gln

Asp
Ile
Pro
Gln
160
Leu
Arg
Tyr
Ile

Ala
240

Gly

Val
Ile
Thr
Leu

320
Thr

1392
1440

1446



Ala Met

Glu Thr

Thr Val
370
Pro Phe
385
Ala Ile

Phe Thr

Val Gly
Phe
450
Ala

Pro

Glu

Ala

Gly’

355
Ile

Gly
Ala
Arg
Met
435
Gly

Leu

Ser
340
Gly
Ala
Pro
Glu
Ser
420
Leu

Gly

Glu

‘Ala

325
val

Glu

Asn

Val

Ile
Arg
Val

Ala

Asp Asn

Ile Gly

360
Pro Leu
375

Ala Ile

390

405
Phe

Trp
Val

Pro

Asn
Ala
‘Tle

Lys

. <400>

465
val

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

105

ADN

<220>
<223> ADN
105
atggccaatg
gccagcggta
gcccatgcag
gcctggegta
gtgcgtgaac
accgaagccc
ggccgtegeg
gttaaagaac
gtggttcgta-
gaagaaaccc
gcaggtgtga
catecggtga
tctctggeeg
attgttgcag
© cgtaatgccg
" gatgaattta
gaagaaggca
gtgatcgata
agtgagggta
tttaacaatg
gcgattgccg
ttcgecaatg
ccggecacce
gaaggcggtc
gtttga

Trinh tu

Tyr

Arg Leu
Asn Val

Asn

440
Asp Ser
455

Leun Val

470

1446

tdng hop

tgacctatac
aaacgattga
gcattgccga
aagtgccgge
gtgcegatge
gcgtggaagt
tgtacggtcg
cggtgggtce
aactgagcgc
cggcaagcce
ttggtctggt
ttcgtaaagt
gtctgcatat
aagatgcgga
gtcaggtgtg
ccegegeccet
ccacgctggg
acgcgcgtaa

actttttege

aaccgtttgg
aagcaaaccg
tgcacctgcet
cgtggccgga
cggaagccct

nhan tao

ggatacccag
tgtggttaac
tctggatecge
acacgaacgt
catcgcacag
tctgtctgee
tattgttcceg
ggttgcecgea
ggcgctggee
ggccgcactg
ttatggtgat
tacgtttacc
gaaacgcgca
tgtggcgetg
catcagtccg
ggtgaaacac
tgcactggec

agttggcgec

accgaccgtg
cccggttgeca
cctgeegttt
gacccagcgce
aatgcecgttt
ggaaccgtac

Gln

22414

330
Ala Arg
345
Ser Glu

Asp Ala

Arg Gly
Phe
410
Leu

Pro

His
425
Pro Ala

Gly'Tyr

Thr

Lys
G;y
Asp
Phe
395
Gly
Leu
Thr
Gly

Ser

Val

Asn

Val’

380
Asp

Leu
Thr
Pxo
Ser

460
Val

Gly
Phe
365
Phe
Lys
Ala
Gln
Trp
445
Glu

Thr

Ala
350
Phe
Asn
Leu
Gly
Arg
430
Pro

Gly

Val

Lys
475

ctgctgatcg
ccggecgaceg
gccectggceag
gcggccacca
ctgatgacgce
gcagatatta
ccgegcaatce
tttaceccegt
accggttgea
ctgcgcgegt
ccggcggaaa
ggcagcaccc
accatggaac
gcggttaaag
acccgcettte

gcagaaggtc

aatccgegte
tctatcgaaa
attgcgaatg
gcgatccgtg
ggcctggeeg
ctggaagttg
ggcggtgtga
ctggtgacga

-157-

atggcgaatg
gcaaaccgat
ccgcacagtc
tgcgtaaage
aggaacaggg
tcgaatggtt
tgggtgcccea
ggaacttccc
gttttctggt
ttgtggatgce
ttagctctta
cggtgggtaa
tgggcggtca
ccgcecggegg
tggttcataa
tgaaagttgg
gcctgaccge
cgggcggtga
ttccgetgga
gttttgataa
gttatgcatt
gtatgctgtg
aagatagtgg
aaagcgtgac

335
Ser Ile

Ala Pro

Asn Glu

Glu Glu
400
Tyr Ala
415
Leu Glu

Glu Met

Gly Pro

Ala
480

Met

ggttgatgcg
cggtcgtgtg
tggttttgaa
ggcggegetg
caaaccgctg
tgcggatgaa
gcagaccgtg
ggtgaatcag
taaagcgccg
gggcgttcecg
cctgatcceg
acagctggceg
cgcgeceggtg
tgcaaaattc
cagcattcgt
caacggtctg
aatggcaagc
acgcattggce
tgcggatgtt
actggaagaa
tacgcgtagt
gatcaatcag
ctatggtagc
cgttatggca

60
120
180
240
300
360
420
480
540
600

" 660

720
780
840
900
960
1020
1080
1140
1200
1260
1320

1380

1440
1446



<210>
<211>

<212>
<213>

<220>
<221>
<222>

<400>

atg
Met
1l
gat
Asp

ggg
Gly

gcg
Ala

cgc
Arg
65

gat
Asp

gaa
‘Glu

gcc
Ala

cce
Pro

. atc

‘Ile
145
gcc
Ala

cag
Gln

ggc
Gly

gte
val

acc
Thr
225
aac

ggc
Gly

gat
Asp

ctt
Leu

gca
Ala
50

gct
Ala

gag

‘Glu

gcg
Ala

gga
Gly

ggc
Gly

130

atc
Ile

‘cct

Pro

acg
Thr

tgc
Cys
ggt
Gly
210

ggg
Gly

atg

106
1440

"ADN )
"Halomonas boliviensis

CDS

(1)..(1440)

106
gaa atg

.Glu Met

gtc teca
Val Ser
. . 2 0

tat gcc

35

gag gtc
Glu Val

gat ctg
Asp Leu

att gecg
Ile Ala

ctg gga
Leu Gly
100
gag gcg
Glu Ala
115
gtg gat
Val Asp

acc ccg
‘Thxr . Pro

gcc tta

Ala Leu

ccg ggc
Pro Gly

180
ccg gcg
Pro Ala
195

gag gcg

Glu Ala

tcg gtg
Ser Val

aaa aaa

Tyr Ala’

aac
Asn

gaa
Glu

cge
Arg

gca
Ala

ctg
Leu

acg
Thr
85

gaa
Glu

cta
Leu

gtg
Val

tgg
Trp

gct
Ala
165
tca
Ser

ggt
Gly

atg
Met

cag
Gln

ctt

aac

Asn-

aac
Asn
ggc
Gly

atg
Met

gac
Asp
70

atg
Met

gtt
Val

cgt
Arg

gag
Glu

aac

Asn.

150
tat
Tyr

gcc
Ala

gtt
Val
ace
Thr
gta
Val

230
cag

aét
Asn -

act
Thr

ggt
Gly

cce
Pro
55

‘cge

Arg

ctg
Leu

cgc
Arg

ctg
Leu

tta

Leu-

‘aac

Asn

gcc
Ala
40

gcc
Ala

gtg
Val

gcc
Ala

cgc
Arg

acg
Thr

-120

gtg
Val

acc
Thr

135 -

tte
Phe

ggc
Gly

cac
His’

ttc
Phe

acg
Thr
215

gg9g
Gly

cta

cce
Pro

aac
Asn

ata
Ile

aat
Asn
200
gat
Asp

cgg
Arg

gag

atc
Ile
cbc
Pro
25

cag
Gln

tgg
Txp

gce
Ala

tgc
Cys

gce
Ala
105

g9g9
Gly

cgc
Arg

atc
Ile
tge
Cys

ttg
Leu
185
ctc
Leu

ccg
Pro

cag
Gln

atg

22414

ggt
"Gly
10
tcc
Ser

gat

Asp.

gcc
Ala

gca
Ala

gaa
Glu
20

gcg
Ala

gat
Asp

gag
Glu

.gcg
Ala

gtg
Val
170
acc

Thr.

gtt
Val

cgc’

Arg

ctg

Leu

ggc

ggc gta
Gly .Val

gat gtg
Asp Val

gtg acc

Val Thr

ggc gcg
Gly Ala
60

gag atc
Glu Ile
75

gag ggt
Glu Gly

cat gtg
His Val

gece ctg
Ala Leu

ccg tta
Pro Leu
140
att cct
Ile Pro
155
atc ttt
Ile Phe

cag att

Gln Ile’

atg ggg
Met Gly

atc tecg
Ile Ser

220
gct ‘gge
Ala Gly
235

ggt aag

-158-

tgg

Trp..

acg
Thr

gat
Asp
45

acc
Thr

acc
Thr

aag
Lys

ttt
Phe

gce
Ala
125

ggc
Gly

gcg
Ala
aag
Lys

att
Ile

cgt
Arg
205
gga
Gly

gcc
Ala

aac

cgc
Arg

gat
Asp
30

gce
Ala

cct
Pro

cgc
Arg

gtt
val

cgt
Arg
110
tcg
Ser

‘att
Ile

tgg
Trp

cca
Pro

cat
His
190

ggc
Gly

att
Ile

tgc
Cys

ccg

gag
Glu
15

ctg
Leu

gcc
Ala

cag
Gln

cgc
Arg

ctg
Leu
95

ttt
Phe

gtg
Val

gtc
Val

aaa
Lys

gcg
Ala
175
gag
Glu

tcc
Ser

tcec
Ser

gcg
Ala

gtg

gce
Ala

atc
Ile

‘gaa

Glu

ctg
Leu

gaa
Glu
80

tta
Leu

tte

Phe -

cga
Arg

ggt
Gly

att
Ile
160
gaa
Glu

gcg

Ala’

gtc
val

ttt
Phe

gcg
Ala

240-

atc

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768



Asn

gtg
Val

-ggt

-

Gly

atc
Ile

cag
Gln
305
att
Ile

gtg
Val

étc
Leu

999
Gly

tgt
Cys
385
gcc

"Ala-

cta
Leu

atg
Met

999
Gly

gce
Ala
465

Met

atg
Met

gcc
Ala

gta
Val
290
atg
Met

ggc
Gly

Lys

gac
Asp

-ttt
Phe
275
cag
Gln

cag

Gln

ccCcC
Pro

gcg cte

Ala

aca
Thr

gcg
Ala
370
gcc
Ala

aat
Asn

cgc.

Arg

cte
Leu

cgt
Arg
450
gaa
Glu

<210>
<211>

<212>
<213>

<400> |
Met Gly Glu Met Asn Asn Asn Leu

1

Leu

cgc
Arg
355
agt
Ser

agc
Ser

gac
Asp

tat
Tyr

aac
Asn
435
aaa
Lys

ttc
Phe

107
479

PRT .
Halomonas boliviensis

107

Lys

gac
Asp
260
tac
Tyr

tcg
Sgr

gcg
Ala

gtc
Val

gcc
Ala
340
gac
Asp

aat
Asn

gtg.
Val

acc
Thr

gcg
Ala
420
ttg
Leu

gcg
Ala

tat
Tyr

Leu
245
gcc
Ala

cag
Gln

ggc
Gly

ctc
Leu

gcc
Ala
325
gct
Ala

act
Thr

gcc’
Ala

att
Ile

cag
Gln
405

cgg
Arg

ccg
Pro

tcg
Ser

aca
Thr

5

Gln

gat
Asp

acg
Thr

atc
Ile

aag
Lys
310
gcc
Ala

gaa
Glu

gaa
Glu

atg
Met

cgt

390
ttc
Phe

gag
Glu

acc
Thr

agc
Ser

tcg
Ser
470

Leu

ctg
Leu

ggg
Gly

cat
His
295
gtg

Val

€gg
Arg
gag
Glu

g9g
Gly

cgt
Arg
375
gtc
Val

ggt
Gly

tte
Phe

gcg
Ala

ttc
Phe
455
gtg
Val

Glu

gaa
Glu

cag
Gln
280

.gat

Asp

gg9g9-

Gly

agt
Ser

ggc
Gly

tat-

Tyr
360
agc
Ser

gat
Asp

ctg
Leu

aag
Lys

gge
Gly

440-

999
Gly

aaa
Lys

Asp Asp Val Ser Glu Asn Thr Asn

20

22414

Met Gly
250

acc gct

Thr Ala

265

cge tgt

Arg Cys

gce ttt
Ala Phe

cat gcg
His Ala

cag ctc
Gln Leu
330
tgc gat
Cys Asp
345
ttc cag
Phe Gln

geec cgt
Ala Arg

gac ttt
Asp Phe

-tcg teg

Ser Ser
410

cgc cgt

Arg Arg

425

gtg gat

Val Asp

tca cgt
Ser Arg

acc gcc
Thr Ala

Ile Gly

10
Pro Ser
25

"Gly Leu Tyr Ala Arg Gly Gly Ala Gln Asp

-159-

Gly Lys

gtt tct
Val Ser

acc gca
Thr Ala

atc gcg
Ile Ala

300
ctc gce
Leu Ala
315 .
gaa agc
Glu Ser

gta ttg
Val Leu

gca ccc,

Ala Pro

gaa gag
Glu Glu
] 380
gaa gaa
Glu Glu
395

ggg att
Gly Ile

tct gce

Ser Ala

tat cac
Tyr His

gag cag

_Glu Gln

460
tat acg
Tyr Thr
475

Gly Vval

Asn

gtc
Val

tcg
Ser
285
gaa
Glu

gag
Glu

aat
Asn

ggt
Gly

gca
Ala
365
atc
Ile

gca
Ala

tgt
Cys

gct
Ala

gtg
Val
445

ggt
Gly

tat
Tyr

Trp

Pro

tgt
Cys
270
tcg
Ser

ctc
Leu

ggg
Gly

ctt
Leu

gga
Gly
350
ctt
Leu

ttc

Phe.

gta
Val

acc
Thr

ggc
Gly
430
ccce
Pro

agc
Ser

gcec
Ala

Arg

Asp Val Thr Asp

30

Val

255
ctc
Leu

cgt

Arg

agt
Ser

atg
Met

tac
Tyr
335
gag
Glu

ttc
Phe
ggc
Gly

gcg
Ala

acc
Thr
415
atg
Met

ttt
Phe

tat
Tyr

ggt.

Gly

Glu
15
Leu

Ile

aac
Asn

cta
Teu

cgc
Arg

cag
Gln
320
tac
Tyr

cag
Gln

ctt
Leu

ccce
Pro

ctg

Leu.

400
aat
Asn

gtg
Val

ggc
Gly

gca
Ala

taa

Ala

Ile

Val Thr Asp Ala Ala Glu

816
864
912
960
1008
1056
110{
1152
1200
1248
1296
1344

1392

"1440



Ala Ala

50 -

Arg Ala
Asp Glu
*Glu Ala
Ala Gly
Pro Gly

" 130
Ile Ile
145
Ala Pro
Gln Thr
Gly Cys

Val Gly

210

Thr Gly
225
Asn Met

Val Met
Gly Ala
Ile Val
290
Gln Met
305
Ile Gly
Val Ala
Leu Thr
Gly Ala
370
Cys Ala
385
Ala Asn
Leu Arg

Met Leu

35
Glu

Asp

Ile

Leu

Pro
Pro
195
Glu
Ser
Lys
Asp
Phe

275
Gln

Gln

Pro
Leu
Arg
355
Ser
Ser
Asp
Tyx

Asn

© 435

Gly Arg
450

Ala Glu

‘465 .

Lys

Phe

Val

Leu
Ala
Gly

100
Ala

Asp

Pro
Leu
Gly
180
Ala
Ala
Val

Lys

Ala
Leu
Thr
85

Glu
Leu
val
Trp
Ala
165
Ser

Gly

Met

Gln

Leu

© 245

Asp
260
Tyx
Ser
Ala
Val
Ala
340
Asp
Asn
Val
Thr
Ala
420
Leu

Ala

Tyx

Ala

Gln

Leu
Ala
325
Ala
Thr
Ala
Ile
Gln

405
Arg

Pro

Serx

Thr

Met
Asp
70

Met
Val
Arg
Glu
Asn
150
Tyr
Ala
Val
Thr
val
230
Gln
Asp
Thr
Ile
Lys

310
Ala

Glu

Glu
Met
Arg
390
Phe
Glu
Thx
Ser

Ser
470

- 40

Pro
55
Arg

Leu,

Arg
Leu

Val
135

Phe

Gly.

His
Phe
Thr
215
Gly
Leu
Leu
Gly
His
295
Val
Arg
Glu
Gly
Arg
375
Val
Gly

Phe

’Ala

Phe
455
Val

Ala
Val
Ala
Arg
Thr
120
Thr

Pro

Asn

Ile .

Asn
200
Asp
Arg
Glu
Glu
Gln
280
Asp
Gly

Ser

'Gly

Tyr

360

Ser
Asp
Leu
Lys

Gly

440 -

Gly

Lys

22414

Trp
Ala
Cys
Ala
105
Gly
Arg
Ile
Cys
Leu
185
Leu
Pro
Gln
Met
Thr
265
Arg
Ala
His
Gln
Cys
345
Phe
Ala
Asp
Ser
Arg
425
Val’

Ser

Thr

Ala Gly

Ala Glu
- 15

Glu Glu

90

Ala His

Asp Ala

Glu Pro

‘Ala Ile

155
Val Ile
170 .

Thr Gln

Val Met
Arg Ile

Leu Ala

235
Gly Gly
250

Ala Val

Cys Thr
Phe Ile
Ala Leu
315
Leu Glu
330
Asp Val
Gln Ala
Arg.Glu
Phe Glu
395
Ser Gly
410
Arg Ser
Asp Tyr
Arg Glu

Ala Tyr
475

-160-

Ala

" 60

Ile

Gly

Val

Leu

Leu

140
Pro

Phe
Ile
Gly
Ser
220
Gly
Lys
Ser
Ala
Ala
300
Ala
Ser

Leu

-Pro

Glu
380
Glu
Ile
Ala
His

Gln
460

Thr_

45
Thr

Thr

Lys

Phe

P#o
Arg
Val

Arg

" 110

Ala
125
Gly
Ala
Lys
Ile
Arg
205
Gly
Ala
Asn
Val
Ser
285
Glu
Glu
Asn
Gly
Ala
365
Ile
Ala
Cys
Ala
Val
445
Gly

Tyxr

Ser
Ile
Trp
Pro

His-

-190

Gly
Ile
Cys
Pro
Cys
270
Ser
Leu

Gly

Leu

‘Gln

Leu

95

Phe
Val
Val
Lys
Ala
175
Glu
Ser
Ser
Ala
Val

255
Leu

Arg’

Ser

Met

Tyr

©- 335

Gly
350
Leu
Phe
Val
Thr
Gly
430
Pro

Ser

Ala

Glu
Phé
Gly
Ala
Th;
415
Met
Phe
Tyr

Gly

.Leu

Glu.

.80,

Léu
Phe
Arg
Gly
Ile
160
Glu
Ala
Val
Ehe
Ala
240
Ile
Asn
Leu’
Arg
Gln
320
Tyr
Gln
Leu
Pro
Leu
400
Asn
Val
Gly

Ala



108
1440
ADN

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

<220>
<223> ADN
<400> 108
atgggcgaaa
.gaaaatacca
caggatgtta
acgccgcagce
gatgaaattg
gaagttcgtc
ggtgatgccc
ggcatcgtgg
gcaccggcge
agcgcgcata
ctggtgatgg
ggcatctctt
‘aatatgaaaa
gcggatctgg
cgttgtacgg
gaactgagtc
attggtcegg
gccgaagaag
tttcaggcgce
atctttggtc
gccaatgata
cgcgaattta
gttgattacc
ggttcttatg

109
1467
ADN

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

<220>
<221> CDS
<222> . (1).

<400> . '109
atg tct gtg
Met Ser Val
1
gag
Glu

gtt
Val

tgg
Trp

-gcc
Ala

gat
Asp

gtg
Val
35

gaa
Glu

Qat
Asp

gtg
Val
50

téng hop

tgaécaataa
acccgagcga
ccgatgegge
tgcgtgcgga
cgacgatgct
gcgeggecca
tggcatctgt
gtattatcac
tggcctatgg
ttctgacgea
gecgtggtag
ttaccggtte
aactgcagct
aaaccgceccgt
ccagctctcg
gtcagatgca
tggccgecacg
gctgtgatgt
cggccctgtt
cgtgcgcaag
ccecagtttgg
aacgtcgcag
acgtgcegtt
ccgcagaatt

. (1467)

atc
Ile

acg
Thr
5.
tct
Ser

aag
Lys
20

aat
Asn’

gat
Asp

cgt
Arg

gce
Ala

gaa
Glu

caa
Gln

att
Ile

gtc
Val

Trinh ty nhan tao

cctgatcecgge
tgtgacggat
cgaagcggcce
tctgctggat
ggcctgegaa
tgtttttegt
tcgtceggge
gccgtggaat
caactgegtt
gattatccac
cgtggttggt
tgttcaagtg
ggaaatgggc
tagcgtgtge
cctgattgtg
ggccctgaaa
cagtcagctg
gctgggeggt
cctgggtgea

tgttattcge.

cctgagtage
c¢gcagcgggce
tggcggtegt
ttacaccagce

Bacillus subtilis

caa
Gln

aac
Asn

“tca
Ser

gge
Gly

acg
Thr

gat
Asp

22414

ggtgtttgge
ctgattggcce
gaagtggcaa
cgcgttgecg
gaaggcaaag
ttctttgcag
gtggatgttg
ttcecgattg
atttttaaac
gaagcaggct
gaagcgatga
ggccgtecage
ggtaaaaacc
ctgaacggcg
cagtctggca
gttggtcacg
gaaagcaatc
gaacagctga
tctaacgega
gtggatgatt
ggtatttgta
atggtgatgc
aaagcgtcta
gtgaaaaccg

tac ctc
Tyr Leu
10

atg gtc
Met Val

25

gtc
Val

gga
Gly
40

gcc
Ala

acc
Thr
55

tat
Tyxr

gcc
Ala

gta
Val

cag
Gln

aat
Asn

gaa
Glu

-161-

gtgaagccga
tgtatgceceg
tgccggectg
cagaaatcac
tgctgctgga
gtgaagccct
aagtgacccg
ccatccegge
cggcagaaca
gtceggeggg
ccacggatcc
tggcaggtge
cggttatcgt
cgttctatca
tccatgatge
ccctggcaga
tgtattacgt
ccecgtgatac
tgcgtagtgce
tcgaagaagc
ccacgaacct
tgaatctgcece
gtttcggcag
cctatacgta

aac ttt
Asn Phe

att
Ile

aaa
Lys

gtc
Val

gaa
Glu
30

acg
Thrx

tca
Ser
45

aaa
Lys

aat
Asn

gce
Ala
60

acg
Thr

tgatgtgagt
cggcggtgea
ggcaggtgca
ccgtcgecgaa
agccectgggt
gcgtctgace
cgaaccgctg
atggaaaatc
gacccegggt
tgttttcaat
gcgcattagce
ctgcgcageg
gatggatgat
gaccggtcag
gtttattgcee
aggcatgcag
tgcgetggeg
ggaaggctac
ccgcgaagaa
agttgcgcetg
gcgttatgeg
gaccgccggt
ccgcgaacag
cgcaggttaa

aac
Asn
15

aac
Asn

gga
Gly

cct
Pro

gct
Ala

gaa
Glu

tgg
Trp

gct
Ala

60
120
180
240
300.
360
420
480

- 540

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

48

96

144

192



aga-
Arg
65
gat.
Asp

gaa
Glu

att
Ile

gac
Asp

gtt
val
145
gcg
Ala

gtt
Val

att
Ile

gtg
vVal

ggt
Gly
225
atc
Ile

ggc
Gly

gcg
Ala

tgc
Cys

aag
Lys

atc
Ile

atg
Met

gc.c
Ala

gte

Val .

130
ccg
Pro

att
Ile

gtc
val

gcc
Ala

aca
Thr
210
gta
Val

g99
Gly

ggc
Gly

gca
Ala

acc
Thr

© 290

ttt
Phe
305
‘agc
Ser

ctt
Leu

tcc
Ser

aaa
Lys

tta
Leu

gat
Asp

ctt
Leu

ctg
Leu

atg
Met

ggt
Gly

att
Ile
115
att
Ile

‘ctc

Leu

‘ccg

Pro

atc
Ile

tgc
Cys
185

ggce
Gly

aac
Asn

caa
Gln
aaa
Lys

gaa
Glu
275
gcg
Ala

gaa
Glu

aaa
Lys

aac

Asn

tta
Leu
355

acg
Thx

gag
Glu

aaa
Lys
100
ctg

‘Leu

ccg
Pro

ggt
Gly

att
Ile

aaa
Lys
180
ttt
Phe

ccg
Pro

gce
Ala

gcc
Ala

aac
Asn
260
gct
Ala

aca
Thr

aaa
Lys

gag
Glu

tgce
Cys
340
ata
Ile

ggt
.Gly

cag
Gln
85

aca
Thr

cgc
Arg

tct
Ser

gtg
Val

tgg
Trp
165

ccg

Pro

gag
Glu

ggt
Gly

gtt
Val

gct
Ala
245
cct
Pro

gtc
vVal

agc
Ser

ctg

Leu

gat
Asp
325
ctg
Leu

gga
Gly

gcc
Ala
70

cgc
Arg

ttg
Leu

tat
Tyr
act
Thr
gte
Val
150

aaa
Lys

gcg
Ala

gaa
Glu

tct.
Ser
acg
Thr
230

tta
Leu

gtc
Val

ata
Ile

cgt
Arg

cte
Leu
310
gtc
Val

tca
Ser

gga
Gly

gag

‘Glu

ttg
Leu

ccg

Pro:

tac
Tyx

gac
Asp
135
ggt

Gly.

atg
Met

aca
Thxr

gcg
Ala

gtt
Val
215
ttt
Phe
gcg
Ala

atc
Ile

acg
Thr

gtc
Val
295
cag
Gln

tgg
Trp

tac
Tyr

gaa
Glu

cgce
Arg

gag
Glu

gaa
Glu

gce
Ala
120
aaa
Lys

gtg
Val

gcg
Ala
gaa

Glu

999
Gly
200

:gtc4

Val

ace
Thr

-agg

Arg
gta
Val

999
Gly
280
atc
Ile

cgc
Arg

atg
Met

atf
Ile

aag
Lys
360

ggce
Gly

gaa
Glu

gcg
Ala
105

gga
Gly

gac
Asp

att
Ile

ccg
Pro

aca
Thr
185
ctec
Leu

gg9g9
Gly

ggt
Gly

gga
Gly

gct
Ala
265
gcc
Ala

gta

Val

aca
Thr

gga
Gly

gag
Glu
345
ctg
Leu

22414

caa
Gln

atc
Ile
90

aag
Lys

gag
Glu

gcg
Ala

tet
Ser

gca
Ala
170
‘get
Ala

ccg
Pro

cag
Gln

teca
Ser

gcc
Ala
250
gat
Asp

tte
Phe

caa
Glin

aaa
Lys

ccg
Pro
330
aaa
Lys

gag
Glu

tac
Tyr
75

gce
Ala

gga

Gly

ggc
Gly

ctc
Leu

ccg
Pro
155
ttg
Leu

gtg
val

gca
Ala

gg99
Gly

aat
Asn
235
aaa
Lys

gac
Asp

cgt
Arg

agc
Ser

.gat

Asp
315
ata
Ile

ggc
Gly

aac
Asn

-162-

tta
Leu

gce
Ala

gaa,
Glu

atg
Met

Met
140
tgg
Trp

gta
Val

aca
Thr

ggg

Gly

ctt.

Leu
220

caa-

Gln

tat
Tyxr

gct
Ala

tca
Ser

gga
Gly
300
att
Ile

gcc
Ala

aaa
Lys

gga
Gly

tac
Tyxr
tgt
Cys

aca
Thr

cgﬁ
Arg

125
atg.

ttt
Phe

aac
Asn

tac

‘Tyr

tgc
Cys

gtc
Val
205
gct
Ala

gtc
Val

cag
Gln

gac
Asp

acc
Thr
285
att
Ile

aca
Thr
agc

Serx

cag
Gln

aag
Lys
365

aaa.
Lys

gca
Ala

gcc
Ala
110
aaa
Lys
acc
Thr

ttc
Phe

ggc
Gly

gcg
Ala
190
atc
Ile

gag
Glu

gga
Gly

ctt

Leu

ctt
Leu
270
ggc
Gly

tac
Tyr

atc
Ile

aag
Lys

gag
Glu
350
tat
Tyr

aca
Thr

acg
Thr
95

cgg
Arg

acg
Thr

acc
Thr

cca
Pro

aat
Asn
175
aag
Lys

aat
Asn

cat
His

aaa
Lys

gag
Glu
255
gaa
Glu

cag
Gln

gag
Glu

gga
Gly

aat
Asn
335
ggc
Gly

caa
Gln

gcg
Ala
80

cgt
Arg

ggg9
Gly

ggt -

Gly

cgt
Arg

gtg
Val
160

acc’

Thr

atc
Ile

ttg
Leu

gac
Asp

atc
Ile
240
atg
Met

gct
Ala

aaa
Lys

cgc

Arg

gac
Asp
320
cag
Gln

gct-

Ala

aac
Asn

240
288
336
384
432
480
528
576
624
672
720
768
816
864
912
960
1008
.1056

1104



ggce
Gly

aca
Thr
385
gtg
Val

ggt
Gly

tte
Phe

gca
Ala

tce
Ser
465
.atc
Ile

<210>

tat
Tyr
370
att
Ile

gac

Asp

tta
Leu

att
Ile
ggt
Gly
450

cac
His

aaa

Lys

<211>
<212>
<213>

<400>

Met
1
Glu
Ala
Asp
Arg
65
Asp
Glu
Ile
Asp
val
145
Ala
Val

Ile

Ser
Trp
Asp
vVal
50

Lys
Ile
Met
Ala
Val
130
Pro
Ile
Val

Ala

tat gtt
Tyr Val

gcc cag
Ala Gln

tcg. ata
Ser Ile

agt Qca~

Ser Ala
420
gat gaa
Asp Glu
435 .
gtt gag
Val Glu

tcec cga
Ser Arg

act gtt
Thr Val

110

488
PRT
Bacillus

110
val Ile

Val Lys
20
Val Asn
35
Glu Arg
Leu Thr
Met Glu
Gly Lys
100
Ile Leu
115
Ile Pro
Leu Gly
Pro Ile
Ile Lys

180
Cys Phe

cag
Gln

gag
Glu

gag
Glu
405
tcc
Sexr

atc
Ile

ctg
Leu

gaa
Glu

ttt
Phe
485

cct
Pro

gaa
Glu
390
gag
Glu

atc
Ile

gat
Asp

cag
Gln

cag
Gln
470
gtg
Val

gce
Ala

375°

att
Ile

gcg
Ala

ttc
Phe

gcc
Ala

gcg
Ala
455
ggt
Gly

aag
Lys

subtilis

Thr
5
Ser
Asp
Ala
Gly
Gln
85
Thr
Arg
Ser
val
Trp
165
Pro

Glu

Glu

Gln

'Ile

Va;
Ala
70

Arg
Leu
Tyr
Thr
Val
150
Lys
Ala

Glu

Gln
Ser
Val
Thr
55

Glu
Leu
Pro
Tyr
Asp
135
Gly
Met
Thr

Ala

atc
Ile

tte

Phe

ctg
Leu

acg
Thr

999
Gly
440

cct
Pro

gag
Glu

éCg
Pro

Asn
Giy
Gly
Ala
Arg
Glu
Glu
Ala
120
Lys
Val
Ala
Glu

Gly

22414

ttt
Phe

ggt
Gly

aac

‘Asn

gaa
Glu

425.

ctg
Leu

ttt
Phg

gca
Ala

gac
Asp

ccg
Pro

atc
Ile
410
aac
Asn

gtt
Val

ggce
Gly

gcg
Ala

taa -

Thr
Asp
Tyr
Ala
ély
Glu
Ala
105
Gly
Asp
Ile
Pro
Thr

185
Leu

-163-

Tyr
10

Met
Val
Asn
Gln
Ile
90

Lys
Glu
Ala
Ser
Ala
170
Ala

Pro

aat
Asn-

gtg
Val
395
gcc
Ala

atc
Ile

cgg
Arg

ggce
Gly

aag

Lys
475

Leu
Val
Gln
Glu
Tyr

75
Ala

Gly.

Gly
Leu
Pro
155
Leu

Val

Ala

gtg
Val
380
atc
Ile

aat
Asn

ggc
Gly

atc
Ile

atg
Met
460
gac
Asp

Asn
Lys

Asn

aca
Thr

gce
Ala

gat
Asp

cga

Arg
aat
Asn
445
aag
Lys

ttt
Phe

Phe
Val

Ser

. 45

Ala
60

Leu
Ala
Glu
Met
Met

140
Trp

Val

Thr

Gly

Lys
Tyr
Cys
Thr

Arg
125

Phe

Asn
Tyr
CYs

Val

tct
Ser

ttg
Leu

gtg
Val

atg
Met
430

gca
Ala

cag
Gln

tte
Phe

Ile
Glu
30

Thr
Thr
Lys
Ala
Ala
110
Lys
Thr
Phe
Gly
Ala

190
Ile

gag’

Glu

atc
Ile

aag
Lys

415,

ctt
Leu

gaa
G;u

tcg
Ser

.aca

Thr

Asn
15

Asn
Ala
Ala
Thr
Thr
85

Arg
Thr
Thr
Pro
Asn
175
Lys

Asn

atg
Met

aag
Lys

400,

ttce
Phe

tct
Ser

agc
Ser

agc
Ser

gcg
Ala
480

Gly
Pro
Glu
Trp
Ala
80

Arg
Gly
Gly
Arg
Val
160
Thr
Ile

Leu

1152

1200

1248

1296
1344
1;95
1440

1467



185 . 200

Val Thr Gly Pro Gly Ser Val Val
. 210 . 215
Gly Val Asn Ala Val Thr Phe Thr

. 225

230

Ile Gly Gln Ala Ala Leu Ala Arg

245

Gly ély Lys Asn Pro Val Ile Val

260

Ala Ala Glu Ala Val Ile Thr Gly

275 ‘ 280

Cys Thr Ala Thr Ser Arg Val Ile
' -290 295
- Phe Lys Glu Lys Leu Leu Gln Arg

305

310 .

Ser Leu Lys Glﬁ Asp Val Trp Met

325

Leu Asp Asn Cys Leu Ser Tyr Ile

340

Ser Leu Leu Ile Gly Gly Glu Lys

" 355 360

Gly Tyr Tyr Val Gln Pro Ala Ile
370 . 375
Thr Ile Ala Gln Glu Glu Ile Phe

385

380

_Val Asp Ser Ile Glu Glu Ala Leu

405

Gly Leu Ser Ala Ser Ile Phe Thr

420

Phe Ile Asp Glu Ile Asp.Ala Gly

435 . 440

Ala Gly Val Glu Leu Gln Ala Pro:
450 455
Ser His Ser Arg Glu Gln Gly Glu

465

470

Ile Lys Thr Val Phé Val Lys Pro

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

<220>
<223>

<400>

485

111
30
ADN
Trinh tu nhan tao

doan mdi Ptac_xylXABC_F

111

tgcgaagggc cttcggagcg atccggagge

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

<220>

112
36
ADN

Trinh tu nhén tao

Gly

Gly
Gly
Ala
265
Ala
val
Thr
Gly
Glu
345
Leu
Phe
Gly
Asn
Glu
425
Leu

Phe

Ala

22414

Gln Gly

Ser Asn
235

Ala Lys

250

Asp Asp

Phe Arg
Gln Ser
Lys Asp
- 315
Pro:Ile
330
‘Lys Gly
Glu Asn
Asp Asn
Pro-Val
385
Ile Ala
410 .
Asn Ile
Val Arg
Gly Gly

Ala Lys
475

-164-

Leu
220
Gln
Tyxr
Ala

Ser

Gly

300

Ile
Ala
Lys
Gly
Val
380
Ile
Asn
Gly
Ile
Met

460
Asp

205
Ala

Val.

Gln
Asp
Thr
285
Ile
Thr
Ser
Gln
Lys
365
Thr
Ala
Asp
Arg
Asn
445
Lys

Phe

Glu
Gly
Leu
Leu
270
Gly
Tyr
Ile
Lys
Glu
350
Tyr

Ser

Leu

Val

Met
430
Ala
Gln

Phe

His
Lys

Glu
255

Glu.

Gln

'Glu

Gly
Asn
335
Gly
Gln
Glu
Ile
Lyé
415
Leu
Glu

Ser

Thr

Asp
Ile
240
Met
Ala
Lys
Arg

Asp

320

Gln

Ala

Asn

Met
Lys
400
Phe
Ser
Ser

Ser

Ala
480

30



22414

<223> doan mdi Ptac_xylXABC_R

<400> -112
cgaaggccect tcgecattaga catggeggac cteatg

<210> 113

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi Ptac_xylABCD F

<400> 113 .
caatttcaca caggaggatg accgacaccc tgcgcc

<210> 114

<211> 30

<212> ADN-

<213> Trinh ty nhan tao

<220> . .
<223> doan mdi Ptac_xylABCD R

<400> 114
cctcetgtgt gaaattgtta teccgectcacg

<210> 115

<211> 35

<212> ADN :
<213> Trinh tyg nhén tao

<220>
<223> doan mdéi Ptac_xylXBCD_F

<400> 115 .
cgaaagcttc ccgcgatgtce ctcaggcatc tatcc

<210> 116

<211> 30

<212> ADN .
<213> Trinh ty nhén tao

<220> '
<223> doan mdi Ptac_xylXBCD_R

<400> 116

cgcgggaagc tttcgattag aggaggccge

<210> 117
<211> 37

-165-

36

36

30

35

30



22414

.<212> ADN .
<213> Trinh tu nhdn tao

<220> .
<223> dogn mdi yjhG_F

<400> 117
cacaaggaga ctcccatgtc tgttegcaat atttttg 37

<210>- 118

<211> " 36

<212> BADN"'

<213> Trinh tw nhén tao

<220> .
<223> doan mdéi yjhG R

<400> 118 :
gaactggcgg ctcectcagt ttttattcat aaaatc 36

<210> 119
<211> 36
<212> ADN ' ;
<213> Trinh tu nhin ta

<220>
<223> .doan mdi yagF F

<400> 119
cacaaggaga ctcccatgac cattgagaaa attttc 36

<210> 120

<211> 38

' <212> BADN o
<213> Trinh ty nhén tao

<220> . :
<223> dogn mdéi yagF R

<400> 120
gaactggcgg ctcccttaaa ttccgagege ttttttac 38

-166-





