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dehydrogenaza ma sir dung pyroloquinolin quinon 1am coenzym, nhung da dugc

cai bién sao cho hoat tinh clia glucoza dehydrogenaza bi giam, trong moi trudng

dé san sinh va tich lily axit L-amin trong moi trudng nudi cdy va thu gom axit L-

amin tir moi trudng nudi cay nay.
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Linh vuc ky thuat dwoe dé cap

~ Séang ché dé cap dén phuong phép san xuét axit L-amin bing céch st
dung vi sinh vét, cu thé 1a phwong phép san xuét axit L-amin nhu axit L-
glutamic, L-lysin, L-threonin, L-tryptophan hoac cac axit amin tuong tu. Day
la cac axit L-amin hitu ich trong cong nghiép, vi du, axit L-glutamic hitu ich
1am gia vi, va L-lysin, L-threonin va L-tryptophan hitu ich lam chit phu gia
cho thirc 3n cia dong vét, cac thanh phan thuc phdm cho stc khoe, dung dich

truyén axit amin, va nhiéu thanh phan khac.
Tinh trang k§ thuit ciia sang ché

Céc dxit L-amin dugc san xuét & quy md cong nghiép bing cach 1én men
nho st dung céc vi sinh vat khac nhau. Vi duy, axit L-glutamic dugc san xuét chu
yéu bing céch 1én men nhd sir dung vi khun san sinh axit L-glutamic cta vi
khudn dugc goi 13 coryneform thudc gidng Brevibacterium, Corynebacterium
hodc Microbacterium, hoac cac chiing dot bién cua ching (xem, vi du, Kunihiko
Akashi et al., “Amino acid fermentation”, pp.195-215, 1986, Japan Scientific
Societies Press). V& cac phuong phép san xudt axit L-glutamic bing cach 1én
men nhd st dung céac vi sinh vat khac, cac phuong phap st dung vi sinh vét
thudc gidng Bacillus, Streptomyces, Penicillium hodc twong tu (xem, vi du, don
yéu cdu cép patent Nhat (KOKAI) sb 5-244970), cac phwong phap sir dung vi
sinh vat thudc gibng Pseudomonas, Arthrobacter, Serratia, Candida hoic twong
tu (xem, vi dy, patent My sb 3,563,857), cac phuong phap st dung vi sinh vat
thudc gidng Bacillus, Pseudomonas, Serratia, Aerobacter aerogenes (hién nay
dugc goi la Enterobacter aerogenes) hodc tuong tu (xem, vi du, cong bd don

yéu clu cip patent Nhat (KOKOKU) sb 32-9393), cac phwong phép st dung
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ching dét bién cta Escherichia coli (xem, vi dy, don yéu ciu cip patent Nhat
(KOKALI) sé 5-244970), va céc phuong phap khac d3 biét. Ngoai ra, cac phwong
phap san xuét axit L-glutamic nhd st dung vi sinh vat thudc gibng Klebsiella,
Erwinia, Pantoea hoic Enterobacter ciing dd dugc dé cp (xem, vi du, patent
M§ $0 3,563,857, cong bd don yéu cau cap patent Nhat (KOKOKU) sb 32-9393,
don yéu cau cép patent Nhat 2000-189175). |

Céac phuong phép san xuét cac chit dich nhu céc axit L-amin bang cach
1én men nh¢ st dung vi sinh vét nhu néu trén bao gbm viéc sir dung vi sinh vat
kidu dai (ching kiéu dai), sit dung ching dinh dudng thu dong thu duoc tir
ching kiéu dai, st dung chung dot bién diéu hoa su trao ddi chit thu duoc tir
ching kiéu dai nhu ching khang mot hodc nhidu thudc khac nhau, cac phuong
phap st dung ching la ching dinh dudng thu ddng va ching dot bién diéu hoa

su trao doi chat, va v.v..

Trong nhiing ndm gan day, k¥ thuat tai t6 hop ADN da duoc sir dung
trong quy trinh san xuit cic chit dich bang cach 1én men. Vi dy, kha ning san
sinh axit L-amin cua vi sinh v4t c¢6 thé duoc cai thién bing cach gia ting mic
bidu hién cia gen ma hoa enzym sinh tong hop axit L-amin (cac patent M§ sb
5,168,056, va 5,776,736), hodc béng cach gia tang dong vao cia nguén cacbon
di vao trong hé sinh tong hop axit L-amin (patent My 56 5,906,925).

Glucoza dehydrogenaza phu thugc NAD(P) va glucoza dehydrogenaza
phu thude PQQ (pyroloquinolin quinon) déu da biét. Hon nita, d& biét rang kiéu
phu thudc PQQ cia glucoza dehydrogenaza (EC1.1.5.2) bao gbm cic enzym cla
kidu hoa tan va kiéu lién két mang, va cac enzym cia kiéu lién két mang cé mit
trong khong gian chat bao (khéng gian giita mang bén ngoai va mang bén trong)
va ¢6 nhiu trong vi khudn dudng rudt. Sau day, glucoza dehydrogenaza cé mit
trong khong gian chét bao va sir dung PQQ 1am coenzym con dugc goi la "GCD".
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D3 biét ring mot sb vi khuén nhu Escherichia coli khong ¢6 kha nang
téng hop PQQ, 1a coenzym cua GCD, va do vay, cé thé biéu hién hoat tinh GCD
chi khi PQQ duoc bd sung (FEMS Microbiol. Lett., 24, 329-333, 1984). Mat khéc,
vi khudn nhu vi khuin Pantoea ¢6 kha ning tdng hop PQQ va ¢ holoenzym GCD.

V& céc ky thuat lién quan dén GCD, phuong phép san xuit xenluloza tir
glucoza bing céach st dung Gluconobacter xylinus trong d6 gen ma hdéa GCD
duoc loai bé (J. Biosci. Bioeng., 99(4), 415-422, 2005), va phuong phép san
xudt axit [5S,6S]-5,6-dihydroxyxyclohexa-1,3-dien-1-carboxylic bing céch sir
dung vi khuan Escherichia c6 hoat tinh glucoza dehydrogenaza duoc giam, hozc
vi khuln Escherichia khong c6 hoat tinh glucoza dehydrogenaza (cong b don

qudc t& WO2006/133898) 1a d3 biét.

Tuy nhién, tac dung cta su gidm hoat tinh GCD cua vi khuén d6i véi kha

ndng san sinh axit L-amin cua vi khuan chua dugc bao céo trude do.
3 ‘ -~ A <2 r I{
Ban chat ky thuat cua sang che

Muc dich ctia sang ché 1a dé xuat vi sinh vat thudc ho Enterobacteriaceae
ma c6 thé san sinh mdt cach hiéu qué axit L-amin, va phuong phap san xuat hiéu

qua axit L-amin bang céch st dung vi sinh vét nay.

Muc dich cua sang ché dat duoc nhd su phét hién rf?mg khé na@ng san sinh
axit L-amin cua vi khudn dudng rudt cé sin hoat tinh GCD hoic c6 hoat tinh
GCD dugc cai thién bang cach cai bién vi khudn duong rudt sao cho hoat tinh

GCD bi giam.

Theo mot khia canh, sdng ché dé xuat phuong phéap san xuat axit L-amin
bao gom budc nudi cay vi khuadn thudc ho Enterobacteriaceae va c6 kha nang
san sinh axit L-amin trong mdi truong, va thu gom axit L-amin tr m6i truong

hodc vi khuan nay, trong d6 vi khuan da dugc cai bién sao cho hoat tinh glucoza
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dehydrogenaza v6n c6 ma str dung pyroloquinolin quinon 1am coenzym bi giam
so v6i vi khuén khéng bi cai bién.

Theo mdt khia canh khac, sang ché dé xuit phuong phép nhu néu trén,
trong d6 hoat tinh glucoza dehydrogenaza bj giam bang cach bat hoat gen ged

ma héa glucoza dehydrogenaza.

Theo mét khia canh khéc nita, sang ché d& xuit phuong phép nhu néu
trén, trong d6 gen ged bao gdm ADN ma héa trinh ty axit amin caa SEQ ID NO:

2, hodc thé bién di cua nod.

Theo mot khia canh tiép theo, sang ché d& xuét phuong phap nhu néu
trén, trong do axit L-amin dwgc chon tir nhém bao gdm axit L-glutamic, L-lysin,
L-threonin, L-arginin, L-histidin, L-isoloxin, L-valin, L-loxin, L-phenylalanin,

L-tyrosin, L-tryptophan, L-xystein va hdn hgp ctia chiing.

Theo khia canh khac, sdng ché d& xuét phuong phép nhu néu trén, trong

do axit L-amin 1a axit L-glutamic hodc L-xystein.

Theo mdt khia canh nita, sdng ché d& xudt phuong phép nhu néu trén,
trong d6 axit L-amin 13 axit L-glutamic, va hoat tinh hodc cac hoat tinh cua
enzym duoc chon tir nhém bao gbém xitrat syntaza, metyl xitrat syntaza,
phosphoenolpyruvat carboxylaza, glutamat dehydrogenaza va cac dang két hop
ctia chung duoc gia ting trong vi khuén.

Theo mdt khia canh tiép theo, sang ché @& xuit phuong phép nhu néu
trén, trong dd axit L-amin 1a L-xystein, va hoat tinh hodc céc hoat tinh cua
enzym dugc chon tir nhom bao gdm 3-phosphoglyxerat dehydrogenaza, serin
axetyltransferaza, hé van chuyén sulfat/thiosulfat va cac dang két hop ctia chiing
duoc gia tang, va/hodc muc biéu hién cia gen yeaS dugc gia ting.

Theo mdt khia canh khac, sang ché d& xuét phuong phap nhu néu trén,
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trong d6 vi khuén thudc giéng duoc chon tir nhém bao gdm Pantoea, Enterobacter,

Erwinia, Klebsiella, Providencia, Salmonella, Serratia, Morganella, va Yersinia.
MBS ta vén tit cac hinh vé
Fig. 1 thé hién c4u trc ciia plasmit hd trg RSF-Red-TER.
Fig. 2 thé hién quy trinh tao ra plasmit hd trg RSF-Red-TER.
Fig. 3 thé hién trinh tu coa doan khéi dau Pnlp (SEQ ID No: 67).
M5 ta chi tiét sang ché
Sau déy, sang ché s& dugc giai thich chi tiét hon.
<1> Vi khuén

Vi khuén theo sang ché c6 thé thude ho Enterobacteriaceae. Vi khuan
nay c6 san hoat tinh GCD hoic duge ké thira hoat tinh GCD, va c6 kha ning san
sinh axit L-amin. Hon nita, vi khudn nay c6 thé duoc cai biéh sao cho hoat tinh
GCD bi giam. Vi khuén theo sang ché c6 thé thu dugc bing cach cai bién vi
khuén sén sinh axit L-amin thudc ho Enterobacteriaceae ma san cé hoat tinh GCD
sao cho hoat tinh GCD bj giam. Theo c4ch khéc, vi khuén theo sang ché ciing ¢
thé thu dugc bang cach truyén kha ning san sinh axit L-amin cho vi khuén thudc
ho Enterobacteriaceae, va san c¢6 hoat tinh GCD, nhung d3 dugc cai bién sao cho

hoat tinh GCD bi giam, hodc tdng cudng kha nang san sinh axit L-amin cta vi khuén.

Loai axit L-amin can dugc san xuét khong bi gidi han cu thé, va cac vi
du bao gém cac axit amin bazo nhu L-lysin, L-ornithin, L-arginin, L-histidin va
L-xitrulin, c4c axit amin béo nhu L-isoloxin, L-alanin, L-valin, L-loxin va L-
glyxin, cac axit amin la axit hydroxymonoaminocarboxylic nhu L-threonin va L-
serin, cac axit amin vong nhu L-prolin, cac axit amin thom nhu L-phenylalanin,

L-tyrosin va L-tryptophan, cac axit amin chtra lvu huynh nhu L-xystein, L-
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xystin va L-methionin, va céc axit amin axit nhu axit L-glutamic, axit L-aspartic,
L-glutamin va L-asparagin. Axit L-glutamic, L-lysin, L-threonin va L-
tryptophan 13 cdc vi du khac. Vi sinh vét theo sang ché c6 thé c6 kha ning san

sinh hai hodc nhiéu loai axit amin.

Thuét ngit “axit L-amin” c6 thé bao gom céc axit L-amin & dang tu do va
cac muoi cda nd nhu cac sulfat, cac hydroclorua, cac carbonat, caic mudi amoni,

cac muoi natri, va cadc muoi kali cda ching.

Vi khuén c6 kha ning san sinh axit L-amin hosc ¢ thé san sinh axit L-
amin c6 thé chi dén vi khuén c6 kha ning san sinh axit L-amin va tiét n vao
trong mdi treong, néu vi khudn duoc nudi cdy trong méi trudong. Vi khudn c6 thé
san sinh axit L-amin dén murc axit L-amin tich tu trong mdi truong véi lugng

béng hoéc 16n hon 0,5g/L, hodc t6t hon nita 13 béng hoac 16n hon 1,0g/L.

Vi khuén ma c6 thé duogc sir dung 1am ching cha me dé thu vi khudn ma
duoc cai bién sao cho hoat tinh GCD bj giam, va cac phuong phép truyén hoic

gia tdng kha nang san sinh axit L-amin dugc 14y 1am vi du duéi day.
<2-1> Vi khuén
Vi khuén theo sang ché ¢6 thé thudc ho Enterobacteriaceae.

Ho Enterobacteriaceae bao gf”)m vi khun thudc cac giéng Escherichia,
Enterobacter, Erwinia, Klebsiella, Pantoea, Photorhabdus, Providencia,
Salmonella, Serratia, Shigella, Morganella, Yersinia, va v.v.. Cu thé, vi khuin
duoc phan loai thanh ho Enterobacteriaceae theo nguyén tic phan loai dugc st
dung bdi co s& dit lidu NCBI (National Center for Biotechnology Information)
(http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=91347) c6 thé

duogc st dung.
“Vi khuan thudc giong Escherichia” c¢6 nghia la vi khuan dugc phéan loai
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thanh giong Escherichia theo su phan loai dd biét ddi véi ngudi c6 hidu biét
trung binh trong linh vye vi sinh vét, mic du vi khudn khong bi gi6i han cu thé &
cac vi khuan nay. Cac vi du vé vi khuan thudc gidng Escherichia bao gdm,

nhung khong bi gidi han &, Escherichia coli (E. coli).

Céc vi du vé vi khuan thudc gidng Escherichia bao gom, vi du, vi khuén
dugc @& cap trong tai liéu ctiia Neidhardt et al. (Neidhardt F.C. Ed., 1996,
Escherichia coli and Salmonella: Cellular and Molecular Biology/Second
Edition, pp.2477-2483, Table 1, American Society for Microbiology Press,
Washington, D.C.). Céc vi du cu thé bao gém Escherichia coli W3110 (ATCC
27325), Escherichia coli MG1655 (ATCC 47076) thu duogc tir ching kiéu gbc

chung kiéu dai K12, va v.v..

Cac ching nay thu dugc tlr, vi du, American Type Culture Collection
(Address: P.O. Box 1549, Manassas, VA 20108, United States of America). Ttrc
13, sb luu gitt dwoc phan cho timg chiing, va cac ching c6 thé duge sép xép bang
cach st dung cac sd ndy. S6 luu gifr ctia cac chiing duoc liét ké trong catalo clia

American Type Culture Collection.

Céc vi du vé vi khudn Enterobacter bao gdm, Enterobacter agglomerans,
Enterobacter aerogenes, va v.v.. Cu thé, cac ching dugc liy 1am vi du trong don
yéu cau cap patent chau Au s6 952221 ¢6 thé duge st dung. Trong nhitng nim
gin day, vai vi khudn Enterobacter agglomerans dugc phan loai lai 1a Pantoea
agglomerans, Pantoea ananatis, hodc Pantoea stewartii, trén co s& phan tich
trinh ty nucleotit cia 16S ARN ribosom v.v.. Vi sinh vat c6 thé thudc gidng
Enterobacter hodc Pantoea mién 13 vi sinh vt ndy dugc phan loai thanh ho

Enterobacteriaceae.

Céc ching duogc ldy 1am vi du vé gibng Enterobacter bao gdm ching
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Enterobacter agglomeranses ATCC 12287.

Cac ching dugc lay lam vi du vé vi khuan Pantoea bao gom Pantoea
ananatis, Pantoea stewartii, Pantoea agglomerans, va Pantoea citrea. Cac vi du

cu thé bao gdbm cac ching sau day:

Pantoea ananatis AJ13355 (FERM BP-6614, don y8u cdu cép patent
chau Au sb 0952221)

Pantoea ananatis AJ13356 (FERM BP-6615, don yéu cau cip patent
chau Au s6 0952221)

Pantoea ananatis AJ13601 (FERM BP-7207, don yéu cau cp patent
chau Au s6 0952221)

Mac du cac chiing nay dugc xac nhan va luu gilt du6i dang Enterobacter
agglomerans khi chiing dugc phan 18p, ching hién dugc phén loai 1a Pantoea
ananatis trén co s& phan tich trinh ty nucleotit cia 16S ARN ribosom v.v., nhu

néu trén.

Céc vi du vé vi khuan Erwinia bao gom Erwinia amylovora va Erwinia
carotovora, va céc vi du v€ vi khuan Klebsiella bao gom Klebsiella planticola.

Céc vi du cu thé bao gdm cac chiing sau day:
Erwinia amylovora ATCC 15580
Erwinia carotovora ATCC 15713

Klebsiella planticola AJ13399 (FERM BP-6600, don yéu cau cip patent
chau Au s6 955368)

Klebsiella planticola AJ13410 (FERM BP-6617, don yéu cau cip patent
chau Au s 955368).

Vi khuén theo sang ché c6 thé 1a vi khuan duong rudt nhu néu trén, va ¢
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thé thudc ho Enterobacteriaceae sao cho né c6 sn hoat tinh GCD hodc ké thira
hoat tinh GCD, va c6 kha nang san sinh axit L-amin. Vi khun dudng rudt ma
san ¢6 hoat tinh GCD hoc ké thira hoat tinh GCD c¢6 nghia 14 vi khudn kiéu dai
hoc vi khun khéng dugc cai bién trong d6 gen ged ¢6 mit va bidu hién protein
c6 hoat tinh GCD. Céc vi du vé vi khuén thudc ho Enterobacteriaceae bao gbém
vi khuin thudc giéng nhu Pantoea, Enterobacter, Erwinia, Klebsiella,
Providencia, Salmonella, Serratia, Morganella, Yersinia, Citrobacter, va
Proteus. Cu thé hon, cac vi du bao gdm vi khudn duoc dé cép trong Int. J. Syst.

Bacteriol., 39(1), 61-67, 1989.

Méc du Escherichia coli c6 gen gcd va san sinh apoenzym GCD, né
khong c¢6 kha néng san sinh PQQ. Do vay, n6 khong cé hoat tinh GCD trur khi
PQQ duoc b sung. Tuy nhién, da biét réng néu gen la duoc biéu hién, chit ma
thay thé cho PQQ c6 thé duoc tao ra, va hoat tinh GCD dugc biéu hién
(W02006/133898). Vi khuin ma thudong khong cé hoat tinh GCD, nhung c6 thé
biéu hién hoat tinh GCD nhu néu trén, nhu vi khuén Escherichia, 13 vi du vé "vi
khudn dudng rudt sin c6 hoat tinh GCD" néu trong sang ché. Hoat tinh GCD s&
duogc giai thich dudi day.

Sau day, cac phuong phép truyén kha ning san sinh axit L-amin cho vi
khuén nhu duoc néu & trén, hodc cac phuong phép gia ting kha ning san sinh

axit L-amin cua vi khuan dugc mo ta.

Pé truyén kha ning san sinh axit L-amin, cac phuong phap dugce st dung
thong thudng trong qué trinh nhén giéng vi khudn coryneform hodc vi khuin
thudc gibng Escherichia (xem "Amino Acid Fermentation", Gakkai Shuppan
Center (Ltd.), 1st Edition, published May 30, 1986, pp. 77-100) c6 thé dugc sir
dung. Cac phuong phéap nay bao gdm viéc thu thé dot bién dinh dudng thu dong,
chiing khang thé ddng déng axit L-amin, hogc thé dot bién didu hoa su trao ddi
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chit, tao ra ching i t6 hop trong d6 sy biéu hién qua trinh sinh téng hop axit
L-amin duoc gia ting, va v.v.. O day, trong khi nhan giéng vi khuin san sinh
axit L-amin, mot hodc nhiéu dic tinh nhu dot bién dinh dudng sinh trudng, tinh
khéng thé ddng ding, hozic dot bién didu hoa su trao dbi chit c6 thé duoc truyén.
Su biéu hién clia cc enzym sinh téng hop axit L-amin c6 thé duoc gia ting
riéng biét hozc két hop cua hai hogc nhidu enzym. Hon nita, cac phuong phép
truyén céc dic tinh nhu sy dot bién dinh dudng sinh trudng, tinh khang thé dong
déng, hodc su dot bién diéu hoa su trao ddi chét c6 thé duoc két hop véi cac

phuong phép gia ting cac enzym sinh téng hop.

Chung d6t bién dinh dudng thu dong, ching khéng thé déng dang axit L-
amin, hodc chiing dot bién diéu hoa su trao ddi chét c6 kha ning san sinh axit L-
amin c6 thé thu duoc bing cach gy phat sinh dot bién théng thuong cho ching
cha me hodc chung kiéu dai, nhu chiéu tia X hodc chiéu xa UV, hodc xir ly béng
tdc nhan gdy dot bién nhu N-metyl-N'-nitro-N-nitrosoguanidin, v.v., va sau d6
chon céc chung c6 tinh tu dudng, tinh khang thé ddng déng, hoic sy dot bién

diéu hoa su trao doi chat va cling c6 kha néng san sinh axit L-amin.

Hon nita, sy truyén hoic gia ting kha ning san sinh axit L-amin cfing c6
th dat dugc bang cach gia ting hoat tinh enzym bdi su tai tb hop gen. Vi du vé
phuong phap gia tang hoat tinh enzym bao gbm, vi du, phuong phap cai bién vi
khuén sao cho muc biéu hién gen ma héa enzym lién quan dén qua trinh sinh
téng hop axit L-amin dugc gia ting. V& cac phuong phap gia ting murc biéu hién
cla gen, su gia tdng cling co thé dat duoc bang cach dua vao plasmit khuéch dai
duogc tao ra bang cach dua doan ADN chira gen ndy vao trong plasmit thiéh hop,
vi du, vét truyén plasmit chtra it nhét 1a gen anh hudng dén sy sao chép va phat
trién ctia plasmit trong vi sinh vat, gia ting s6 luong ban sao ctia gen trén nhiém

sdc thé boi sy lién hop, hiéu tmg chuyén hodc tuong tu, hodc dua su dot bién
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vao trong doan khai ddu cua gen (xem cong bd qubc t& W095/34672).

Khi gen dich dugc dua vao trong plasmit khuéch dai hodc nhiém sic thé
néu trén, doan khai dau bat ky c6 thé duoc st dung dé biéu hién gen mién 1a né
c6 churc ning trong vi khuén dich. Poan khoi dau c6 thé 13 doan khéi dau cia
gen dugc st dung, hodc doan khoi dau dugc cai bién. Mtrc biéu hién cda gen
cling c¢6 thé duoc diéu chinh bing cach chon thich hop doan khéi ddu ma c6 sin
trong vi khuén coryneform, hodc bing cach tao ra cic ving -35 va -10 ctia doan
khoi ddu gln véi trinh tu lién tng. Cac phuong phép gia ting mirc biéu hién cta
gen clia enzym nhu néu trén dugc dé cép trong cong bd qudc t& W0O00/18935,

don yéu cau cip patent chau Au sd 1010755, va v.v..

Sau ddy, cac phwong phép cu thé truyén kha ning san sinh axit L-amin
cho vi khudn va vi khudn dugc truyén kha ning san sinh axit L-amin dugc lay
lam vi du duéi day. Miic dit cac phan md ta sau ddy chii yéu dé cap dén vi khudn
Escherichia, cic phuong phap sau déy ciing ¢ thé dugc 4p dung cho vi khuén

dudng rudt theo sang ché.
Vi khuén san sinh L-threonin

Céc vi du v& cac vi sinh vat c6 kha ning san sinh L-threonin bao gom vi
khuén trong d6 mot hodc nhidu hoat tinh ctia cic enzym hé sinh téng hop L-
threonin duoc gia ting. Cac vi du vé céc enzym sinh tong hop L-threonin bao
gdm aspartokinaza III (lysC), aspartat semialdehyt dehydrogenaza (asd),
aspartokinaza I (thrA), homoserin kinaza (thrB), threonin syntaza (thrC) dugc
mé hoa bai operon thr, va aspartat aminotransferaza (aspartat transaminaza)
(aspC). Tén goi ctia cac gen mé hda cho cic enzym tuong ung dugc dé cap nim
trong ddu ngodc don sau tén clia cac enzym (s& dugc st dung trong toan bd ban

md ta nay). Trong s céc enzym ndy, aspartat semialdehyt dehydrogenaza,
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aspartokinaza I, homoserin kinaza, aspartat aminotransferaza, va threonin
syntaza 13 cac vi du dugc diic biét vu tién. Cac gen mi héa cho enzym sinh téng
hop L-threonin c6 thé dugc dua vao trong vi khudn c6 su giam kha ning phan
hty threonin. Vi du v& vi khuén Escherichia c6 kha ning phan hiy threonin
dugc giam la ching TDH6 ma khong c6 hoat tinh threonin dehydrogenaza (don
yéu cau clp patent Nhat s6 2001-346578).

Hoat tinh enzym ctia cac enzym sinh téng hop L-threonin bi trc ché boi
san phdm cudi, L-threonin. Do v4y, dé tao ra chiing san sinh L-threonin, ngudi ta
mong mudn ring cac gen cho céc enzym sinh tdng hop L-threonin dugc cai bién
sao cho céc enzym nay dwoc giam nhay d6i vdi sy tc ché phan héi béi L-
threonin & cac ching san sinh L-threonin. Cac gen thrA, thrB, va thrC néu trén
tao thanh operon threonin, ma tao ra cAu trac vung suy giam. Sy biéu hién
operon threonin bj trc ché béi isoloxin va threonin trong méi trudng nudi cay va
cling bi kim ham béi sy suy gidm. Do vay, operon threonin c6 thé dugc cai bién
bing céch loai bd doan din ddu & ving suy giam hodc doan suy giam (xem Lynn,
S.P., Burton, W.S., Donohue, T.J., Gould, R.M., Gumport, R.L, va Gardner, J.F.,
J. Mol. Biol. 194:59-69 (1987); W002/26993; W02005/049808).

Poan khoi diu nguyén thé ciia operon threonin c6 mit huéng 1én phia
trén cta operon threonin, va c6 thé dugc thay thé bing doan khéi dau khong
nguyén thé (xem W098/04715), hoic operon threonin d& dugc cai bién sao cho
murc bidu hién ctia gen sinh tdng hop threonin dugc didu chinh bang gen kim
him va doan khéi dAu cta thue khuén thé A c6 thé duoc tao ra (patent chiu Au
s6 0593792). Hon nita, dé cai bién vi khuén sao cho né bi giam nhay ddi véi sur
trc ché phan hdi béi L-threonin, chiing khang axit a-amino-B-hydroxyisovaleric

(AHV) ¢6 thé duoc chon.

S6 lugng ban sao ctia operon threonin ma dugc cai bién dé gidm nhay
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d6i v6i su rc ché phan hdi boi L-threonin c¢6 thé duoc gia ting, hodc su bidu
hién ctia operon threonin c6 thé duogc gia ting bang cach gén né véi doan khoi
dAu tiém ning trong vat chi. S& luong ban sao ciing c6 thé duoc gia ting bing
céch chuyén operon threonin dén hé gen béng cach st dung gen nhay, thé thuc

khuin Mu, hodc tuong tw, ngoai su khuéch dai str dung plasmit.

Khéc véi sy gia ting mirc biu hién cta céc gen sinh tdng hop L-
threonin, mrc biéu hién cta céc gen c6 trong chu trinh thily phan glucoza, chu
trinh TCA, hodc chudi hé hép, cac gen didu chinh su biéu hién ctia cac gen nay,
hoic céc gen lién quan dén sy hip thu duong cling cé thé duoc gia ting. Cac vi
du vé cac gen dé bao gém cdc gen mi héa transhydrogenaza (pntAB, patent
chdu Au sb 733712), phosphoenolpyruvat carboxylaza (pepC, W095/06114),
phosphoenolpyruvat syntaza (pps, patent chdu Au s6 877090), va gen mé hoa
pyruvat carboxylaza tr vi khudn coryneform hodc vi khuén Bacillus

(W099/18228, don yéu cau cap patent chau Au s& 1092776 A).

Tinh khang L-threonin, L-homoserin, hodc ca hai c6 thé duoc truyén cho
vét chu bang cach, vi du, gia ting murc biéu hién clia gen ma truyén tinh khang
L-threonin hodic L-homoserin. Céc vi du v& cdc gen niy bao gdm gen rhtA
(Livshits, V.A. et al., 2003, Res. Microbiol., 154:123-135), gen rhtB (don yéu
cau cip patent chau Au sb 0994190), céc gen rhtC (don yéu ciu cép patent chau
Au 6 1013765), yfiK, va yeaS (don yéu cau cap patent chau Au s6 1016710).
Céc phuong phép truyén tinh khang L-threonin cho vat chil dugc néu trong don
yéu cAu cép patent chau Au s6 0994190 va W090/04636.

Céc vi du v& vi khuén san sinh L-threonin va ching cha me ma c6 thé
duoc st dung @8 thu dwoc vi khuén nay bao gdm, nhung khong bi gidi han & cac
ching thudc gibng Escherichia nhu E. coli TDH-6/pVIC40 (VKPM B-3996)
(patent M§ s 5,175,107, patent My s& 5,705,371), E. coli 472T23/pYN7
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(ATCC 98081) (patent My sé 5,631,157), E. coli NRRL-21593 (patent M§ s6
5,939,307), E. coli FERM BP-3756 (patent M¥ sb 5,474,918), E. coli FERM
BP-3519 va FERM BP-3520 (patent My sb 5,376,538), E. coli MG442
(Gusyatiner et al., Genetika (in Russian), 14, 947-956 (1978)), E. coli VL643 va
VL2055 (don yéu ciu cip patent chau Au s6 1149911) va v.v..

Chung TDH-6 khéng ¢ gen thrC, cling nhu c6 tinh ddng héa sucroza, va
gen ilvA clia n6 c6 sy dot bién ro. Chung nay cling c6 sy dot bién & gen rhtA,
ma truyén tinh khang threonin hojic homoserin & néng d6 cao. Ching B-3996
chtra plasmit pVIC40, ma thu dugc bang cach xen operon thrA*BC, bab gbm
gen thrA dot bién, vao trong vat truyén thu dugc tir RSF1010. Gen thrA dot bién
ma héa aspartokinaza homoserin dehydrogenaza I v& co ban bj giam nhay dbi
v6i su re ché phéan hdi boi threonin. Chiing B-3996 dugc luu gift ngdy 19 thang
11 nam 1987 & All-Union Scientific Center of Antibiotics (Nagatinskaya Street
3-A, 117105 Moscow, Russia) duéi sb truy cap RIA 1867. Ching nay ciing dugc
luu gitt & Russian National Collection of Industrial Microorganisms (VKPM) (1
Dorozhny proezd., 1 Moscow 117545, Russia) ngay 07 thang 04 nam 1987 dudi
s6 truy cap VKPM B-3996.

E. coli VKPM B-5318 (patent chau Au sé 0593792) ciing c6 thé dugc st
dung lam vi khuén san sinh L-threonin hodic ching cha me dé thu né. Ching B-
5318 1a chét dinh dudng v6 co dbi véi isoloxin, va gen kim hdm thé thuc khuin
lambda nhay nhiét C1 va doan khéi dau PR thay thé viing diéu hoa clia operon
threonin trong plasmit pVIC40. Ching VKPM B-5318 duogc luu gitt dudi dang
lwu gilt qubc té & Russian National Collection of Industrial Microorganisms
(VKPM) (1 Dorozhny proezd., 1 Moscow 117545, Russia) ngay 3 thang 5 ndm
1990 duéi s6 truy cap VKPM B-5318.

Gen thrA ma ma hoa aspartokinaza homoserin dehydrogenaza I cua
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Escherichia coli da dugc giai thich (cac nucleotit & vi tri tir 337 dén 2799, ma s6
ngan hang gen NC_000913.2, gi: 49175990). Gen thrA nim & giita cac gen thrL
va thrB trén nhidm séc thé cia E. coli K-12. Gen thrB ma mé héa homoserin
kinaza ctia Escherichia coli d3 duoc giai thich (cac nucleotit & vi tri tir 2801 dén
3733, mé sd ngén hang gen NC_000913.2, gi: 49175990). Gen thrB ndm gifta
cac gen thrA va thrC trén nhidm séc thé cta E. coli K-12. Gen thrC ma m3 hoéa
threonin syntaza ctia Escherichia coli da dugc giai thich (cac nucleotit & vi tri tir
3734 dén 5020, ma sé ngan hang gen NC_000913.2, gi: 49175990). Gen thrC
nim gifra gen thrB va khung doc m& yaaX trén nhiém séc thé cta E. coli K-12.
T4t ca cac gen nay c6 chirc ning 13 operon threonin don. Dé gia ting muc biéu
hién cta operon threonin, ving suy giam ma anh huéng dén sy phién ma c6 thé

duogc loai bo khoéi operon (W02005/049808, WO2003/097839).

Gen thrA dot bién ma mé hoa aspartokinaza homoserin dehydrogenaza I
chéng lai sy trc ché phan hdi béi threonin, ciing nhu céc gen thrB va thrC c6 thé
thu duoc dudi dang modt operon tir plasmit pVIC40 dd biét ma c6 mit trong
chiing E. coli san sinh threonin VKPM B-3996. Plasmit pVIC40 dugc md ta chi
tiét trong patent M s6 5,705,371.

Gen rhtA hién dién & 18 min trén nhidm sic thé E. coli gin véi operon
gInHPQ, gen ndy mé héa cic thanh phan cia hé van chuyén glutamin. Gen rhtA
1a gidng v6i ORF1 (gen ybiF, cac nucleotit & vi tri tir 764 dén 1651, mi s6 ngén
hang gen AAA218541, gi:440181) va nim gitta cac gen pexB va ompX. Pon vi
biéu hién protein dugc ma hoéa bdi ORF1 di duoc chi dinh gen rhtA (rht: khang
homoserin va threonin). Ngoai ra, d& nhan thiy rang sy dot bién rhtA23 1a su thé
A cho G & vi tri -1 dbi véi codon khéi ddu ATG (ABSTRACTS of the 17th
International Congress of Biochemistry and Molecular Biology in conjugation

with Annual Meeting of the American Society for Biochemistry and Molecular
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‘Biology, San Francisco, California August 24-29, 1997, abstract No. 457, don

yéu cau cép patent chau Au sé 1013765).

Gen asd cta E. coli dd dugc giai thich (cac nucleotit & vi tri tr 3572511
dén 3571408, mi sd ngan hang gen NC_000913.1, gi:16131307), va ¢6 thé thu
dugc bang PCR (phan tng chudi polymeraza; xem White, T.J. et al., Trends
Genet., 5, 185 (1989)) st dung cac doan mdi duogc tao ra dua vao trinh tu
nucleotit ctia gen ndy. Gen asd ctia cac vi sinh vat khac c6 thé thu dugc theo

cach tuong tu.

Ngoai ra, gen aspC cuia E. coli dd dugc giai thich (cac nucleotit & vi tri tur
983742 dén 984932, ma sb ngan hang gen NC_000913.1, gi:16128895), va c6
thé thu dugc bang PCR. Céc gen aspC ciia cac vi sinh vét khac c6 thé thu duoc

theo cach tuong tu.
Vi khuén san sinh L-lysin

Céc vi du v& vi khuén séan sinh L-lysin thudc giéng Escherichia bao gdm
cac thé dot bién c6 tinh khang chit dong déng L-lysin. Chét déng déng L-lysin
trc ché sy phat trién cta vi khuln thudce gidng Escherichia, nhung sy trc ché nay
duoc giam nhay hoan toan hodc mdt phan khi L-lysin c¢6 mit trong moi trudng.
Cac vi du vé chét ddng ding L-lysin bao gém, nhung khong bi giéi han &,
oxalysin, lysin hydroxamat, S-(2-aminoetyl)-L-xystein (AEC), y-metyllysin, o-
clocaprolactam, va v.v.. C4c thé dot bién c6 tinh khang céc chét ddng déng lysin
nay c6 thé thu duoc bing cach xir 1y gy phat sinh d6t bién nhan tao thong
thudng cho vi khuén thudc giéng Escherichia. Céc vi du cu thé vé céc ching vi
khudn hitu ich d& san xuét L-lysin bao gdm Escherichia coli AJ11442 (FERM
BP-1543, NRRL B-12185; xem patent M¥ sb 4,346,170) va Escherichia coli

VL611. Trong c4c vi sinh vét ndy, su trc ché phan hdi ctia aspartokinaza béi L-
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lysin dugc gidm nhay.

Céc vi du v& vi khuén san sinh L-lysin va ching cha me ma c6 thé dugc
str dung dé tao ra vi khudn san sinh L-lysin con bao gdm céc chung trong d6 su
biéu hién ctia mot hodc nhidu gen ma héa enzym sinh tdng hop L-lysin duoc gia
ting. Cac vi du v& cic enzym ndy bao gdm, nhung khéng bi giéi han &
dihydrodipicolinat syntaza (dapA), aspartokinaza (lysC), dihydrodipicolinat
reductaza (dapB), diaminopimelat decarboxylaza (lysA), diaminopimelat
dehydrogenaza (ddh) (patent M¥ s6 6,040,160), phosphoenolpyrvat carboxylaza
(ppc), aspartat semialdehyt dehydrogenaza (asd), diaminopimelat epimeraza
(dapF), tetrahydrodipicolinat sucxinylaza (dapD), sucxinyl diaminopimelat
deaxylaza (dapE), va aspartaza (aspA) (don yéu cdu cip patent chau Au sd
1253195). Trong sb cic enzym nay, dihydrodipicolinat reductaza,
diaminopimelat decarboxylaza, diaminopimelat dehydrogenaza,
phosphoenolpyrvat carboxylaza, aspartat aminotransferaza, diaminopimelat
epimeraza, aspartat semialdehyt dehydrogenaza, tetrahydrodipicolinat
sucxinylaza, va sucxinyl diaminopimelat deaxylaza la dugc ddc biét u'u tién.
Ngoai ra, chiing cha me c6 thé biéu hién cic muc gia ting ctia gen lién quan dén
hiéu suit ning luong (cyo) (don yéu ciu cip patent chau Au sb 1170376), gen
mi héa nicotinamit nucleotit transhydrogenaza (pntAB) (patent M§ s

5,830,716), gen ybjE (W0O2005/073390), hodc cac dang két hop ctia chiing.

Céac vi du vé chung cha me ma cé thé duge sir dung dé thu vi khuén san
sinh L-lysin con bao gff)m cac ching cd hoat tinh dugc gidm hodc dugc loai bd
clia enzym ma Xuc tac phan tng tao ra hop chét khac véi L-lysin bing cach phan
nhanh tr chu trinh sinh tdng hop ctia L-lysin. Cac vi du vé cac enzym nay bao
gdm homoserin dehydrogenaza, lysin decarboxylaza (patent My s6 5,827,698),
va enzym malic (W02005/010175).
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Cac vi v& vi khudn san sinh L-lysin bao gdm Escherichia coli
WC196AcadAAldc/pCABD2 (W02006/078039). Chiing duge tao ra bing cach
dua plasmit pCABD2 dugc d& cap trong patent My s6 6,040,160 vao trong
chung WC196 c6 cac gen cadA va ldcC bi dut gdy, ma m& hoa lysin
decarboxylaza. Ching WC196 dugc nhén gidng tir chung W3110, thu duoc tir
Escherichia coli K-12, bing cach thay thé gen lysC kiéu dai trén nhi®m sic thé
ctia chiing W3110 bing gen lysC d6t bién ma hoa aspartokinaza III dot bién
trong d6 threonin & vi tri 352 dugc thé bang isoloxin, din dén su giam nhay su
trc ché phan héi cia né bdi L-lysin (patent M§ s6 5,661,012), va tao ra tinh
khang AEC cho chung thu duogc (patent M¥ s6 5,827,698). Ching WC196 dugc
goi la Escherichia coli AJ13069, dugc luu gilt tai National Institute of
Bioscience and Human-Technology, Agency of Industrial Science and
Technology (hién nay la National Institute of Advanced Industrial Science and
Technology, International Patent Organism Depositary, Tsukuba Central 6, 1-1,
Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken, 305-8566, Japan) ngay 6 thang 12
nim 1994, va duoc mang sé luu gitt FERM P-14690. Sau d6, né dugc chuyén
sang luu gitt qubc té dudi céc diéu khoan ciia Hiép wéc Budapest ngay 29 thang
9 nam 1995, va nhén sb luu gitt FERM BP-5252 (patent My s6 5,827,698).
Ching WC196AcadAAldc ciing 13 vi khudn san sinh L-lysin dugc uu tién.
Plasmit pCABD2 chtra gen dapA ddt bién thu dugc tir Escherichia coli va ma
hoéa cho dihydrodipicolinat syntaza (DDPS) c6 su dot bién dé giam nhay d6i véi
sy rc ché phan hoi bdi L-lysin, gen lysC dot bién thu duoc tir Escherichia coli
va ma hoa cho aspartokinaza IIT ¢ su d6t bién dé giam nhay dbi véi su trc ché
phan hoi bai L-lysin, gen dapB thu dwoc tir Escherichia coli va ma hoéa cho
dihydrodipicolinat reductaza, va gen ddh thu dugc tir Brevibacterium

lactofermentum va ma héa cho diaminopimelat dehydrogenaza.
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Vi khuén san sinh L-xystein

Kha ning san sinh L-xystein ctia vi khudn cé thé dugc cai thién béing
céch gia ting hoat tinh ctia enzym cla chu trinh sinh téng hop L-xystein ho3ic
enzym lién quan dén sy san sinh hop chét c6 vai trd 13 chit nén cua chu trinh d6
nhu L-serin, vi du, 3-phosphoglyxerat dehydrogenaza, serin axetyltransferaza,
va v.v.. 3-phosphoglyxerat dehydrogenaza dwoc dem di trc ché phan héi béi
serin, va do vy hoat tinh cia enzym nay c6 thé dugc gia ting bang cach két hop
gen serA dot bién ma hoa cho 3-phosphoglyxerat dehydrogenaza dot bién dé cho

su rc che phan hoi bi suy giam hoac dugc loai bo trong vi khuan.

Hon nita, serin axetyltransferaza dugc dem di e ché phan hdi boi L-
xystein. Do vay, hoat tinh cia enzym nay co thé duogc gia ting bang cach két
hop gen cysE dot bién ma héa cho serin axetyltransferaza nho d6 su tic ché phan
hdi duoc suy giam hodc dugc loai bé trong vi khuén. Vi gen mé héa cho SAT
cia Escherichia coli, cycE da dugc tach dong tir ching kiéu dai va chung doét
bién tiét L-xystein, va trinh tw nucleotit cia n6 da dugc giai thich (Denk, D. and
Boeck, A., J. General Microbiol., 133, 515-525 (1987)). Trinh tu nucleotit va
trinh tu axit amin dugc mi hoda bai trinh ty nucleotit dugc thé hién trong cac

SEQ ID NO: 37 va 38.

Kha nang san sinh L-xystein cfing c6 thé duoc cai thién bang cach gia
tang hoat tinh cda hé van chuyén sulfat/thiosulfat. Nhém protein hé van chuyén
sulfat/thiosulfat dugc m& héa bdi cum gen cysPTWAM (don yéu cau cip patent
Nhat s8 2005-137369, patent chau Au s§ 1528108).

Kha nang san sinh L-xystein cta vi khuan cling c6 thé dugc cai thién
biang cach gia tding mirc bieu hién cia gen yeaS (don yéu cau cap patent chau Au

s6 1016710). Trinh tu nucleotit ctia gen yeaS va trinh ty axit amin dugc mi héa
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boi gen duge thé hién trong cac SEQ ID NO: 39 va 40. D3 biét rang vi khudn st
dung cédc codon khac nhau nhu GTG ngodi ATG lam codon khoi dau
(http://depts.washington.edu/agro/genomes/students/stanstart.htm). Méic du axit
.amin tuong mg véi codon ban déu gtg duoc chi dinh 13 Val trong cac SEQ ID

NO: 39 va 40, rat c6 kha nang la nd thuc sy 1a Met.

Céc vi du cy thé vé vi khuén Escherichia c6 kha ning san sinh L-xystein
va chiing cha me ma c6 thé duoc sir dung dé tao ra vi khuén nay bao gbm,
nhung khong gi6i han &, vi khudn Escherichia nhu E. coli IM15 duoc bién nap
v6i céc alen cuia gen cysE khac nhau mé héa serin axetyltransferaza chéng lai su
e ché phan hdi (patent My sb 6,218,168, don yéu cAu cép patent Nga sb
2003121601), E. coli W3110 trong d6 gen ma hoda protein giy tiét cac chit gay
doc té bao duge biéu hién qua mic (patent M§ s6 5,972,663), ching E. coli ¢6
hoat tinh xystein desulfhydraza giam (don yéu cdu cdp patent Nhat sb 11-
155571), va E. coli W3110 trong d6 hoat tinh ctia yéu td diéu khién sy phién ma
tich cyc cua regulon (don vi diéu hoa) xystein dugec ma héa boi gen cysB duge

gia ting (WO01/27307).

Kha nang san sinh L-xysteinctia vi khudn c6 thé dugc cai thién bing
céch céi bién vi khuén sao cho hoat tinh ctia protein duoc ma héa boi yhaM (con
duoc goi 1a "YhaM") bi giam. Gen yhaM 1 gidng nhu cac gen ECK3099, b4470
va yhaN, va trudc day con duge goi 1a b3109 hodc b3108.

Céc vi dy v& vi khudn Pantoea c6 kha ning san sinh L-xystein bao gdm
ching Pantoea ananatis duoc cai bién sao cho hoat tinh xystein desulfhydraza
bi giam, va ching Pantoea ananatis c6 gen ma hoda serin axetyltransferaza dot
bién nhd d6 sy e ché phan hdi boi L-xystein bi giam. Céc vi du vé chung cha
me dé nhan gidng vi khudn san sinh L-xystein bao gdm chiing Pantoea ananatis
AJ13355, ching SC17, va ching SC17(0). Ching AJ13355 1a ching dugc phan
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1ap tir d4t & Iwata-shi, Shizuoka-ken, Nhat Ban 1a ching ma c6 thé ting sinh &
mdi truong c6 d6 pH thip chira axit L-glutamic va ngudn cacbon, va ching
SC17 1a chung dwoc chon lam ching d6t bién sinh dom dai thip tir chung
AJ13355 (patent My s6 6,596,517). Chiing Pantoea ananatis AJ13355 dugc luu
gilt tai National Institute of Bioscience and Human-Technology, Agency of
Industrial Science and Technology, Ministry of International Trade and Industry
(hién nay la National Institute of Advanced Industrial Science and Technology,
International Patent Organism Depositary, Address: Tsukuba Central 6, 1-1,
Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken, 305-8566, Japan) ngay 19 thang 2
nim 1998 va nhan s luu gitt FERM P-16644. Sau d6 duogc chuyén sang luu gitt
qubc t& dudi cac didu khoan ctia Hiép wéc Budapest vao ngay 11 thing 1 ndm
1999 va nhén sb lvu gitt FERM BP-6614. Chung SC17(0) 13 ching duge tao ra
lam ching khang gen A Red dé 1am dut gdy gen trong Pantoea ananatis (xem Vi
du tham khao 1).

Chung SC17 dugc mang mi sé AJ416, va dugc lwu giit tai National
Institute of Advanced Industrial Science and Technology, International Patent
Organism Depository (dia chi: Tsukuba Central 6, 1-1, Higashi 1-Chome,
Tsukuba-shi, Ibaraki-ken, 305-8566, Japan) ngay 4 thang 2 ndm 2009 dudi dang
luu gitt quéc té, va nhan sb luu gitt FERM BP-11091. Ching SC17(0) duoc luu
gitt tai Russian National Collection of Industrial Microorganisms (VKPM),
GNII Genetika (address: Russia, 117545 Moscow, 1 Dorozhny proezd. 1) ngay
21 thang 9 nam 2005 v6i s luu gitt VKPM B-9246.

Mot phan L-xystein dugc san sinh boi vi khudn c6 thé thay ddi thanh L-
xystin trong mdi trudng bang cach hinh thanh lién két disulfua. Hon nita, nhu
duoc md ta sau day, S-sulfoxystein co thé dugc tao thanh béi phan tng cia L-

xystein va axit thiosulfuric c6 trong moéi truong (Szczepkowski T.W., Nature,
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vol. 182 (1958)). Hon nita, L-xystein duoc tao ra trong céc t& bao vi khudn c6
thé duoc ngung tu vdi keton, aldehyt, hodc, vi du, axit pyruvic, ma tdn tai trong
céc té bao nady, dé tao ra din xuét thiazolidin nh& hemithioketal 13m chét trung
gian (xem patent Nhat s& 2992010). Dan xuét thiazolidin va hemithioketal c6
thé t6n tai dudi dang hdn hop dugc 1am can bang. Do vy, kha ning san sinh L-
xystein khong bi gidi han & kha ndng chi tich tu L-xystein trong méi trudong
hodc té bao, ma con bao gébm kha ning tich tu L-xystin hodc din xuét cta né
nhu S-sulfoxystein, din xuét thiazolidin, hodc hemithioketal hodc hdn hop cta

nod trong moi trudng, ngoai L-xystein.
Vi khuan sén sinh L-loxin

Céc vi du vé vi khudn séan sinh L-loxin va ching cha me ma c6 thé duoc
sir dung dé tao ra vi khudn san sinh L-loxin bao gdm, nhung khong bi gi6i han 6,
céc chung thudc gibng Escherichia, nhu céc ching E. coli khang loxin (vi dy,
ching 57 (VKPM B-7386, patent My sb 6,124,121)) hoic céc thé ddng dang
loxin bao g(‘“)m B-2-thienylalanin, 3-hydroxyloxin, 4-azaloxin, 5,5,5-trifloloxin
(cdng bd don yéu cau cip patent Nhat sb 62-34397 va don yéu cdu cip patent
Nhat sb 8-70879); cac ching E. coli thu dugc bing phuong phép xtt Iy gen duoc
dé cap trong W096/06926; E. coli H-9068 (don yéu cdu cip patent Nhat sb 8-
70879), va v.v..

Vi khudn theo sang ché c6 thé duoc cai thién bing cach gia ting mirc
biéu hién ctia mot hodic nhiéu gen lién quan dén qua trinh sinh tdng hop L-loxin.
Céc vi du vé cc gen ndy bao gdbm céc gen cia operon leuABCD, vi du cu thé 1a
gen leuA dot bién ma hoa isopropyl malat syntaza dwgc lam giam nhay d6i véi
su (rc ché phan hdi boi L-loxin (patent M§ s 6,403,342). Ngoai ra, vi khuan
theo sang ché c6 thé duoc cai thién béng cach gia tang muc biéu hién cta mot
hodc nhiéu gen ma héa protein tiét axit L-amin tir t& bao vi khuén. Cac vi du vé
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cac gen nay bao gém cac gen b2682 va b2683 (cac gen ygaZH) (don yéu ciu
cap patent chau Au s§ 1239041 A2).

Vi khuan san sinh L-histidin

Céac vi du vé vi khuén san sinh L-histidin va ching cha me ma c6 thé
dugce st dung dé tao ra vi khuén san sinh L-histidin bao gém, nhung khong bi
gi6i han &, cc ching thudc gibng Escherichia, nhu ching E. coli 24 (VKPM B-
5945, RU2003677); chung E. coli 80 (VKPM B-7270, RU2119536); E. coli
NRRL B-12116 — B12121 (patent M§ sb 4,388,405); E. coli H-9342 (FERM
BP-6675) va H-9343 (FERM BP-6676) (patent My s 6,344,347); E. coli H-
9341 (FERM BP-6674) (patent chau Au s6 1085087); E. coli AI80/pFM201
(patent M¥ s6 6,258,554) va v.v..

Céc vi du vé vi khudn san sinh L-histidin va ching cha me ma cé thé
duoc str dung dé tao ra vi khudn san sinh L-histidin con bao gdm céc ching
trong d6 su biéu hién cia mot hodic nhiéu gen mi héa enzym sinh tong hop L-
histidin dugc gia ting. Cac vi du vé céc gen nay bao gém cic gen mi héa ATP
phosphoribosyltransferaza (hisG), phosphoribosyl AMP xyclohydrolaza (hisl),
phosphoribosyl-ATP pyrophosphohydrolaza (hisIE), phosphoribosylformimino-
5-aminoimidazol carboxamit ribotit isomeraza (hisA), amidotransferaza (hisH),
histidinol phosphat aminotransferaza (hisC), histidinol phosphataza (hisB),

histidinol dehydrogenaza (hisD), va v.v..

P3 biét rdng céc enzym sinh tdng hop L-histidin dugc mé héa béi hisG
va hisBHAFI bj @rc ché bai L-histidin, va do vay kha nang san sinh L-histidin
cling c6 thé dugc gia ting hidu quéa bang cach dua sur dot bién truyén tinh khang
sy tc ché phan hdi vao trong gen ATP phosphoribosyltransferaza (hisG) (cac
patent Nga s6 2003677 va 2119536).
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Céc vi du cu thé v& cac ching c6 kha ning san sinh L-histidin bao gdm E.
coli FERM P-5038 va 5048 ma da duoc dua vao bang vat truyén mang ADN ma
hoéa enzym sinh téng hop L-histidin (don yéu cau cip patent Nhat sb 56-005099),
cac ching E. coli dugc dua rht vao, gen dé chuyén axit amin (don yéu cu cip
patent chdu Au sb 1016710), ching E. coli 80 duoc truyén véi sulfaguanidin,
DL-1,2,4-triazol-3-alanin, va c6 tinh khang streptomyxin (VKPM B-7270,
patent Nga s6 2119536), va v.v..

Vi khudn san sinh axit L-glutamic

Céc vi du vé vi khudn san sinh axit L-glutamic va ching cha me ma c6
thé dwoc st dung dé tao ra vi khuén san sinh axit L-glutamic bao gdm, nhung
khong bi gi6i han &, cic ching thudc gidng Escherichia, nhu E. coli
VL334thrC* (patent chau Au sb 1172433). E. coli VL334 (VKPM B-1641) 1a
chiing dinh dudng thu dong L-isoloxin va L-threonin c¢6 cac sy dot bién trong
céc gen thrC va ilvA (patent My s6 4,278,765). Alen kiéu dai cia gen thrC dugc
chuyén bang phwong phap tai nap thong thuong sir dung thé thuc khuén P1 sinh
trudng trén cac té bao cua chung E. coli K12 kiéu dai (VKPM B-7). Két qua 13,
thu duoc chiing dinh dudng thy dong L-isoloxin VL334thrC* (VKPM B-8961).

Céc vi du vé vi khuén sén sinh axit L-glutamic va ching cha me ma c6
thé duoc sir dung dé tao ra vi khudn san sinh axit L-glutamic con bao gbm,
nhung khong bi gidi han &, cac ching trong d6 hoat tinh cila mdt hodc nhiéu
enzym sinh tdng hop axit L-glutamic duoc gia ting. Céac vi du v& cic gen nay
bao gdm céc gen mi hoa glutamat dehydrogenaza (gdhA), glutamin synthetaza
(glnA), glutamat synthetaza (gltAB), isoxitrat dehydrogenaza (icdA), aconitat
hydrataza (acnA, acnB), xitrat syntaza (gltA), metyl xitrat syntaza (prpC),
phosphoenolpyruvat carboxylaza (ppc), pyruvat dehydrogenaza (aceEF, IpdA),
pyruvat kinaza (pykA, pykF), phosphoenolpyruvat syntaza (ppsA), enolaza
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(eno), phosphoglyxeromutaza (pgmA, pgml), phosphoglyxerat kinaza (pgk),
glyxeraldehyt-3-phophat dehydrogenaza (gapA), trioza phosphat isomeraza
(tpiA), fructoza bisphosphat aldolaza (fbp), phosphofructokinaza (pfkA, pfkB),
glucoza phosphat isomeraza (pgi), va v.v.. Trong sd cac enzym nay, glutamat
dehydrogenaza, xitrat syntaza, phosphoenolpyruvat carboxylaza, va metyl xitrat

syntaza c6 thé duoc sir dung trong phuong an khéc nira.

Céc vi du vé cac ching ma da duoc cai bién sao cho si biéu hién cia gen
xitrat synthetaza, gen phosphoenolpyruvat carboxylaza, va/hodc gen glutamat
dehydrogenaza dugc gia ting bao gdm céc gen duoc d& cap trong cac don yéu

cau cép patent chau Au s 1078989, 955368, va 952221.

Kha nang san sinh axit L-glutamic ctia vi khuan c6 thé dugc cai thién
bang cach gia tang hoat tinh cia enzym lién quan dén chuoi hd hap, vi du,

enzym oxy héa két thiic hd hap khang xyan (cioA, cioB).

Céc vi du vé vi khuén san sinh axit L-glutamic va chiing cha me ma c6
thé duoc st dung dé thu vi khuln san sinh axit L-glutamic con bao gbm céac
ching trong d6 hoat tinh clia enzym ma xic tic qua trinh tong hop hop chét
khac véi axit L-glutamic bing cach tdng hop truc tiép tir chu trinh sinh téng hop
axit L-glutamic, hodc hoat tinh ciia enzym ma xuc tadc phan tng phén huy hodc
tiéu thu axit L-glutamic, bi gidm hodc dugc loai bo. Céac vi du vé c4c enzym nay
bao gbm isoxitrat lyaza (aceA), a-ketoglutarat dehydrogenaza (sucA),
phosphotransaxetylaza (pta), axetat kinaza (ack), axetohydroxy axit syntaza
(ilvG), axetolactat syntaza (ilvl), format axetyltransferaza (pfl), lactat
dehydrogenaza (ldh), glutamat decarboxylaza (gadAB), y-glutamyl transferaza
(ggt), y-glutamylxystein synthetaza (gshA), y-glutamylputresxin synthetaza
(yciK), va v.v.. Vi khuan Escherichia khéng c6 hoat tinh a-ketoglutarat hoic c6

hoat tinh a-ketoglutarat dehydrogenaza dugc giam va cac phuong phap thu vi
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khudn duoc dé cap trong cac patent My s6 5,378,616 va 5,573,945.
Cu thé, cac ching ndy bao gdm:
E. coli W3110sucA::Km"
E. coli AJ12624 (FERM BP-3853)
E. coli AJ12628 (FERM BP-3854)
E. coli AJ12949 (FERM BP-4881)

E. coli W3110sucA::Km"' thu dugc bang cach lam dut gdy gen o-
ketoglutarat dehydrogenaza (sau ddy con dugc goi la "gen sucA") cua E. coli

W3110. Ching nay hoan toan khong c6 hoat tinh a-ketoglutarat dehydrogenaza.

Céc vi du khac vé vi khudn san sinh axit L-glutamic bao gém vi khuan
Escherichia ma khang chét khang chuyén héa axit aspartic. C4c ching ndy cling
c6 thé khéng c6 hoat tinh a-ketoglutarat dehydrogenaza va bao gbm, vi du, E.
coli AJ13199 (FERM BP-5807) (patent M¥ sb 5,908,768), FFRM P-12379, ma
hoat tinh duoc giam tiép dé phan huy axit L-glutamic (patent M¥ s6 5,393,671);
AJ13138 (FERM BP-5565) (patent My s6 6,110,714), va v.v..

Cac vi du vé vi khuan san sinh axit L-glutamic Panfoea ananatis bao

gdm chung Pantoea ananatis AJ13355 néu trén.

Hon nita, cic vi du vé& vi khudn san sinh axit L-glutamic cta Pantoea
ananatis con bao gdm vi khudn Pantoea khong cé hoat tinh o-ketoglutarat
dehydrogenaza (aKGDH) hoéc c6 hoat tinh «KGDH dugc gidm. Cac vi du vé
chiing nay bao gdbm AJ13356 (patent My s6 6,331,419), ma dugc tao ra bang
cach loai bd gen cdu triac dudi phan tr tKGDH-E1 (sucA) trong AJ13355, va
ching SC17sucA (patent My sé 6,596,517) ma ciing khong c6 gen sucA, va
duoc chon tir AJ13355 vi déc tinh tao dom thép cua né. Ching AJ13356 duoc
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luwu gift tai National Institute of Bioscience and Human-Technology, Agency of
Industrial Science and Technology (hién nay 1& co quan hanh chinh dgc lép,
National Institute of Advanced Industrial Science and Technology, International
Patent Organism Depositary (Tsukuba Central 6, 1-1, Higashi 1-Chome,
Tsukuba-shi, Ibaraki-ken, Japan, ma buu dién: 305-8566)) ngay 19 thang 2 nam
1998, va nhan sb luu gitt FERM P-16645. Sau d6, dugc chuyén sang luu giir
qudc té dudi cac diéu khoan cia Hiép udc Budapest ngay 11 thangl nim 1999,
va nhén sb luu gitt FERM BP-6616. Mic du cac ching AJ13355 va AJ13356
dugc luvu gilt tai noi luu gilt néu trén dudi dang Enterobacter agglomerans,
ching dugc goi 1a Pantoea ananatis trong ban mo ta nay. Ching SC17sucA
dugc mang sd AJ417, va duoc luu gilt tai National Institute of Advanced
Industrial Science and Technology, International Patent Organism Depositary

vao ngdy 26 thang 2 nam 2004, duéi s lvu gitt FERM BP-08646.

Céc vi du vé vi khudn Pantoea ananatis san sinh axit L-glutamic con bao
gdm céc chung SC17sucA/RSFCPG+pSTVCB, AJ13601, NP106, va NALI.
Ching SC17sucA/RSFCPG+pSTVCB thu duwgc bang cach dua plasmit
RSFCPG chtra gen xitrat syntaza (gltA), gen phosphoenolpyruvat carboxylaza
(ppsA), va gen glutamat dehydrogenaza (gdhA) thu duoc tir Escherichia coli, va
plasmit pSTVCB chtra gen xitrat syntaza (gltA) thu dugc tir Brevibacterium
lactofermentum, vao trong ching SC17sucA. Chung AJ13601 dugc chon tir
ching SC17sucA/RSFCPG+pSTVCB dé chiu dugc ndng dd cao cla axit L-
glutamic & dd pH thap. Hon nita, ching NP106 thu dugc tir ching AJ13601
bang cach loai bd plasmit RSFCPG+pSTVCB. Chiing AJ13601 dugc luu gift tai
National Institute of Advanced Industrial Science and Technology, International
Patent Organism Depositary (Tsukuba Central 6, 1-1, Higashi 1-Chome,
Tsukuba-shi, Ibaraki-ken, Japan, ma buu dién: 305-8566) ngay 18 thang 8 ndm
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1999, va mang sb luu gitt FERM P-17516. Sau dé, dugc chuyén sang luu giit
qudc té dudi cac didu khoan ctia Hiép uéc Budapest ngdy 6 thang7 nam 2000,
va nhén s luu gitt FERM BP-7207. Hon nita, ching NP106 c¢6 RSFPPG trong
d6 gen gltA ctia RSFCPG néu trén dugc thay bang prpC (xem W02008/020654,
cac vi du dugc d& cap dudi day) ¢ thé dugc sir dung 1am vi khuén san sinh axit

L-glutamic.
Vi khuén san sinh L-phenylalanin

Céc vi du vé vi khuln san sinh L-phenylalanin va chiing cha me ma c6
thé duoc sir dung dé tao ra vi khuén san sinh L-phenylalanin bao gém, nhung
khong bi gi6i han &, cac ching vi khudn Escherichia nhu E. coli AJ12739
(tyrA::Tnl10, tyrR) (VKPM B-8197) ma khong c6 chorismat mutaza-prephenat
dehydrogenaza va gen trc ché tyrosin (W003/044191), E. coli HW1089 (ATCC
55371) chtra gen pheA34 kiéu dot bién ma héa cho chorismat mutaza-prephenat
dehydrataza d3 dugc gy dot bién duoc 1am giam nhay ddi véi su e ché phan
hdi (patent M¥ s6 5,354,672), E. coli MWEC101-b (KR8903681), E. coli NRRL
B-12141, NRRL B-12145, NRRL B-12146, v NRRL B-12147 (patent M§ s
4,407,952). Ngoai ra, cac chiing sau ddy c6 thé duoc sir dung dé tao ra vi khuan
san sinh L-phenylalanin: E. coli K-12 [W3110(tyrA)/pPHAB (FERM BP-3566)
chira cac gen ma hoa cho chorismat mutaza-prephenat dehydrataza d& dugc dot
bién cin duoc lam giam nhay ddi véi sy @c ché phan hoi, E. coli K-12
[W3110(tyrA)/pPHAD] (FERM BP-12659), E. coli K-12
[W3110(tyrA)/pPHATerm] (FERM BP-12662), va E. coli K-12
[W3110(tyrA)/pBR-aroG4, pACMAB] (cling dugc goi 1a AJ12604 (FERM BP-
3579) (patent chau Au s6 488424 B1). Hon nita, vi khuan Escherichia san sinh
L-phenylalanin c¢é hoat tinh dugc gia tdng cua protein dugc ma hda bdi gen

yedA hodc gen yddG ciing c¢6 thé duoc sir dung (céc don yéu cau cép patent M§
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56 2003/0148473 va 2003/0157667, W0O03/044192).
Vi khuén san sinh L-tryptophan

Céc vi du vé vi khuén san sinh L-tryptophan va chiing cha me ma c6 thé
duoc str dung dé thu vi khudn san sinh L-tryptophan bao gdm, nhung khong bi
giéi han &, cac ching vi khudn Escherichia nhu E. coli JP4735/pMU3028
(DSM10122) va E. coli JP6015/pMU91 (DSM10123) ma khoéng cb
tryptophanyl-tARN synthetaza duoc ma héa béi gen trpS dot bién (patent M sb
5,756,345), E. coli SV164 (pGHS) ma chira alen serA ma hoa phosphoglyxerat
dehydrogenaza va alen trpE ma hda anthranilat syntaza, ma dugc lam gidm nhay
d6i voi su tre ché phan hoi boi serin va tryptophan (patent My s 6,180,373), E.
coli AGX17 (pGX44) (NRRL B-12263), va E. coli AGX6(pGXS50)aroP (NRRL
B-12264) ma khong c6 tryptophanaza (patent My s6 4,371,614), va E. coli
AGX17/pGX50,pACKG4-pps trong d6 kha nang san sinh phosphoenolpyruvat
duoc gia ting (W097/08333, patent My s6 6,319,696). Vi khuan san sinh L-
tryptophan thudc giéng Escherichia c¢6 hoat tinh duoc gia ting clia protein dugc
ma héa bdi gen yedA hoac gen yddG ciling c6 thé dugc sir dung (cac don yéu

clu cap patent M§ s6 2003/0148473 va 2003/0157667).

Céc vi du vé vi khudn san sinh L-tryptophan va chiing cha me ma c6 thé
duge sir dung dé thu vi khuén san sinh L-tryptophan con bao gdm céc ching
trong d6 mot hodc nhiu hoat tinh clia cic enzym sau diy dugc gia ting:
anthranilat syntaza (trpE), phosphoglyxerat dehydrogenaza (serA), 3-deoxy-D-
arabinoheptulosonat-7-phosphat syntaza (aroG), 3-dehydroquinat syntaza (aroB),
shikimat dehydrogenaza (aroE), shikimat kinaza (aroL), 5-enolpyruvylshikimat-
3-phosphat syntaza (aroA), chorismat syntaza (aroC), prephenat dehydrataza,
chorismat mutaza, va tryptophan syntaza (trpAB). Prephenat dehydrataza va

chorismat mutaza dugc ma hoa bdi gen pheA 1am enzym chirc nang kép (CM-
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PD). Trong sd céc enzym nady, phosphoglyxerat dehydrogenaza, 3-deoxy-D-
arabinoheptulosonat-7-phosphat syntaza, 3-dehydroquinat syntaza, shikimat
dehydrataza, shikimat kinaza, 5-enolpyruvylshikimat-3-phosphat syntaza,
chorismat syntaza, prephenat dehydrataza, va chorismat mutaza-prephenat
dehydrataza c6 thé dugc st dung trong phuong 4n khac nita. Anthranilat syntaza
va phosphoglyxerat dehydrogenaza déu trai qua su trc ché phan hdi boi L-
tryptophan va L-serin, va do vay, sy dot bién 1am giam nhay sy trc ché phan hdi
c6 thé duoc dua vao trong cdc gen mé héa cic enzym nay. Cac vi du cu thé vé
céc ching c6 sy dot bién ndy bao gdm E. coli SV164 c6 anthranilat syntaza kiéu
dwoc lam gidm nhay va ching bién nap thu duoc bing cach dua plasmit pGH5
(W094/08031) chira gen serA dot bién mi héa cho phosphoglyxerat dehydrogenaza

dwoc lam giam nhay d6i véi sy e ché phan hdi vao trong E. coli SV164.

Céc vi dyu v& vi khudn san sinh L-tryptophan va ching cha me ma c6 thé
duoc st dung dé thu vi khuén san sinh L-tryptophan con bao gdm céc ching ma
d3 dugc bién nap véi operon tryptophan chira gen ma héa anthranilat syntaza
duoc lam giam nhay su e ché (cac don yéu cau cp patent Nhat s§ 57-71397,
62-244382, patent M§ s6 4,371,614). Hon nita, kha ning san sinh L-tryptophan
¢6 thé duoc truyén bing cach gia ting sy biéu hién cia gen ma mi héa
tryptophan syntaza & operon tryptophan (trpBA). Tryptophan syntaza bao gbm
c& céc don vi ¢6 cAu triic dudi phan tir o va P, ma 1an luot duge méi hda béi trpA
va trpB. Ngoai ra, kha ndng san sinh L-tryptophan c6 thé dugc cai thién béang
cich gia ting sy biéu hién cta operon isoxitrat lyaza-malat syntaza

(WO2005/103275).
Vi khuén san sinh L-prolin

Céc vi du vé vi khuéan san sinh L-prolin va ching cha me ma c6 thé dugc
st dung dé thu vi khuan san sinh L-prolin bao gom, nhung khong bi giéi han 6,
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céc chiing vi khuan Escherichia nhu E. coli 702ilvA (VKPM B-8012) ma khéng

c6 gen ilvA va c6 thé san sinh L-prolin (patent chau Au sb 1172433).

Vi khuén theo sang ché c6 thé duoc cai thién bing cach gia ting sy bidu
hién ctia mdt hodc nhidu gen lién quan dén qua trinh sinh téng hop L-prolin. Cac
vi du v& céc gen dugc uu tién cho vi khuén san sinh L-prolin bao gdm gen proB
mé héa cho glutamat kinaza ma dugc giam nhay d6i v6i su trc ché phan hoi boi
L-prolin (patent Dirc s6 3127361). Ngoai ra, vi khudn duoc sitr dung cho sang
ché c6 thé dugc cai thién béng cach gia ting sy biéu hién ctia mot hodc nhiéu
gen md héa cho céc protein gy ra sy tiét céc axit L-amin tir t& bao vi khuan.
Céc vi du v& cac gen ndy 13 cac gen b2682 va b2683 (cac gen ygaZH) (don yéu
cdu cép patent chau Au s6 1239041 A2).

Vi khudn Escherichia ma san sinh L-prolin bao gdm céc ching E. coli
sau ddy: NRRL B-12403 va NRRL B-12404 (patent Anh s6 2075056), VKPM
B-8012 (don yéu cau cip patent Nga 2000124295), cac thé dot bién plasmit
dugc d& cap trong patent Pirc 3127361, cac thé dot bién plasmit dugc dé& cap

trong Bloom F.R. et al (The 15th Miami Winter Symposium, 1983, p. 34), va v.v..
Vi khuén san sinh L-arginin

Céac vi du v& vi khuén séan sinh L-arginin va ching cha me ma cé thé
duoc str dung dé thu vi khuén san sinh L-arginin bao gdm, nhung khéng bi gidi
han &, céc ching vi khun Escherichia nhu ching E. coli 237 (VKPM B-7925)
(don yéu ciu cAp patent M s6 2002/058315 Al) va céc ching dan xuét ctia né
mang N-axetylglutamat syntaza dot bién (don yéu clu cip patent Nga s
2001112869), ching E. coli 382 (VKPM B-7926) (don yéu ciu cip patent chiu
Au sb 1170358 A1), va ching san sinh arginin duoc bién nap v6i gen argA ma

hoa N-axetylglutamat synthetaza (don yéu ciu cap patent chau Au s 1170361 Al).
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Céac vi du vé vi khudn san sinh L-arginin va ching cha me ma c6 thé
duoc sir dung dé thu vi khuln san sinh L-arginin con bao gdm cac chiing trong
d6 su biéu hién ciia mdt hodic nhiéu gen md hda enzym sinh téng hop L-arginin
duoc gia ting. Cac vi du vé& cic gen ndy bao gébm gen N-axetylglutamyl
phosphat reductaza (argC), gen ornithin axetyl transferaza (argl), gen N-
axetylglutamat kinaza (argB), gen axetylornithin transaminaza (argD), gen
ornithin carbamoyl transferaza (argF), gen axit argininosucxinic synthetaza
(argG), gen axit argininosucxinic lyaza (argH), va gen carbamoyl phosphat

synthetaza (carAB).
Vi khuin san sinh L-valin

Céac vi du vé vi khuén san sinh L-valin va chiing cha me ma c6 thé duoc
str dung dé thu vi khuén san sinh L-valin bao gbm, nhung khong bi giéi han &,
céc chiing ma da dugc cai bién dé biéu hién qua mic operon ilvGMEDA (patent
My sb 5,998,178). Mong mudn loai bé ving nay trong operon ilvGMEDA ma
can d& 1am suy gidm sao cho su biéu hién ctia operon khong bi suy giam béi L-
valin dugc sinh ra. Hon nita, gen ilvA trong operon dugc lam dut gdy sao cho

hoat tinh threonin deaminaza bi gidm.

Céc vi dy vé vi khuén sén sinh L-valin va éhf'mg cha me ma c6 thé duge
st dung dé thu vi khudn san sinh L-valin con bao gff)m céc thé dot bién co cac su
dot bién amino-axyl t-ARN synthetaza (patent My s 5,658,766). Vi du 1 E.
coli VL1970, c6 sy dot bién trong gen ileS mé hoa isoloxin tARN synthetaza. E.
coli VL1970 dugc luu gilt tai Russian National Collection of Industrial
Microorganisms (VKPM) (1 Dorozhny proezd., 1 Moscow 117545, Russia)
ngdy 24 thang 6 ndm 1988 dudi sb truy cap VKPM B-4411.

Hon nira, cac ching dot bién ma can axit lipoic dé sinh trudng va/hodc
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khong c6 H'-ATPaza (W096/06926) ciing 1a hiru ich dé thu vi khuin san sinh

L-valin.
Vi khuan san sinh L-isoloxin

Céc vi dy vé& vi khudn san sinh L-isoloxin va ching cha me ma c6 thé
dugc st dung dé tao ra vi khuln san sinh L-isoloxin bao gém, nhung khéng bi
gidi han &, céc thé dot bién khang 6-dimetylaminopurin (don yéu cau cép patent
Nhat s6 5-304969), céc thé dot bién khang chét dong déng isoloxin nhu
thiaisoloxin va isoloxin hydroxamat, va céc thé dot bién ma khéng DL-ethionin
va/hodc arginin hydroxamat (don yéu cu cp patent Nhat sé 5-130882). Ngoai
ra, cac chung tai tb hop dugc bién nap véi cac gen ma héa cac protein lién quan
dén qué trinh sinh téng hop L-isoloxin nhu threonin deaminaza va
axetohydroxat syntaza, cling hitu hiéu d tao ra vi khudn san sinh L-isoloxin

(don yéu cau cAp patent Nhat s6 2-458, FR 0356739, va patent My s 5,998,178).
Vi khuén san sinh L-tyrosin

Céc vi du v& vi khudn san sinh tyrosin bao gdm vi khuan Escherichia c¢6
gen prephenat dehydrataza duoc 1am giam nhay (tyrA) dugc lam giam nhay doi

v6i s tre ché béi tyrosin (don yéu ciu cp patent chiu Au sd 1616940).

Khi vi khuén sén sinh axit L-amin néu trén dugc nhén gidng bang cach
t4i t6 hop gen, céc gen duogc sir dung khong bi gi6i han & cac gen c6 thong tin di
truyén néu trén hodc cac gen ¢ cac trinh t d3 biét, ma con bao gdbm cac gen cd
cc su dot bién bao toan, nhu cac thé tuong d‘éng hodc cac gen duoc cai bién
nhéan tao, cling co thé duoc str dung mién 1a chitc ning cla cac protein dugc ma
hoa khong bi suy thoai. Tirc 13, ching c6 thé 13 cic gen ma héa trinh ty axit amin
d3 biét chita mdt hoic nhiéu sy thé doan, khuyét doan, xen doan, thém doan

hodc tuong ty ciia mot hodc vai goc axit amin & mot hodc vai vi tri.
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Mic du sb lugng “vai” gbe axit amin duoc dé cap & day c6 thé khac nhau
tly thudc vao vi trf & cdu trac ba chidu hodic cac kiéu cua céc gbc axit amin cla
protein, cu thé, c6 thé 13 tir 1 dén 20, t6t hon nita 14 tir 1 d&n 10, vAn t6t hon nita
late 1 dn 5 géc axit amin. Su dot bién bao toan 1a sy dot bién trong dé su thé
doan thuc hién trong s6 Phe, Trp, va Tyr, néu vi tri thé doan 14 axit amin thom;
trong s6 Leu, Ile va Val, néu né 13 axit amin ky nudc; gitta Gln va Asn, néu né 1a
axit amin phan cuc; trong sb Lys, Arg va His, néu n6 13 axit amin kiém; giira
Asp va Glu, néu né 13 axit amin axit; va gitra Ser va Thr, néu né 13 axit amin ¢6
nhom hydroxyl. Sy d6t bién bao toan 1a su thé doan bao toan, va cac su thé doan
duge cho 1a sy thé doan bao toan bao gém, cu thé, sy thay thé cta Ser hodc Thr
cho Ala, sy thay thé cua Gln, His hodc Lys cho Arg, sy thay thé cua Glu, Gln,
Lys, His hodc Asp cho Asn, su thay thé ctia Asn, Glu hoic Gln cho Asp, su thay
thé ctia Ser hodc Ala cho Cys, su thay thé cua Asn, Glu, Lys, His, Asp hodc Arg
cho Gln, su thay thé cua Gly, Asn, Gln, Lys hodc Asp cho Glu, sy thay thé cua
Pro cho Gly, su thay thé ctia Asn, Lys, Gln, Arg hodc Tyr cho His, su thay thé
cua Leu, Met, Val hodc Phe cho Ile, su thay thé cua Ile, Met, Val hodc Phe cho
Leu, su thay thé ciia Asn, Glu, Gln, His hoic Arg cho Lys, sy thay thé cua Ile,
Leu, Val hodc Phe cho Met, su thay thé cta Trp, Tyr, Met, Ile hoac Leu cho Phe,
su thay thé cta Thr hodc Ala cho Ser, sir thay thé cia Ser hodc Ala cho Thr, su
thay thé ctia Phe hodic Tyr cho Trp, su thay thé ctia His, Phe hozc Trp cho Tyr, va
sy thay thé ctia Met, Ile hodc Leu cho Val. Sy thé doan, khuyét doan, xen doan,
thém doan, dao doan hodic twong ty clia cic axit amin néu trén c6 thé 13 két qua
ctia sy dot bién xay ra tu nhién hodc su bién di do su khéc biét c4 thé hoidc su
khéc biét cia cac loai vi sinh vat tir d6 cac gen duogc tao ra (thé dot bién hoic thé
bién di). Céc gen nay c6 thé thu dugc bang cach, vi du, cai bién trinh tu nucleotit

da biét cua gen bang cach gdy dot bien déc hi€u vi tri sao cho céc goc axit amin
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& céc vi tri déc hi€u cta protein dugc ma hda bao gom sy the doan, khuyét doan,

xen doan hodc thém doan clia cac goc axit amin.

Hon nita, cac gen ndy c6 (cac) sy dot bién bao toan nhu néu trén c6 thé
mé hoéa protein c6 d6 tuong ddng bing hodc 16n hon 80%, tét hon 14 bang hoic
1én hon 90%, t6t hon nita 13 bing hozic 16n hon 95%, t6t nhit 13 bing hodc 16n
hon 97%, so v&i toan bd trinh ty axit amin dugc mé hoéa va cé chirc nang tuong
duong voi chirc ning cua protein kidu dai. Trong ban mé ta ndy, thuat ngft "d6

tuong dong" cling c6 thé duoc sir dung dé chi "mirc d6 gidng nhau".

Hon nita, cac codon trong cac chuodi gen c6 thé dugc thay thé bang céac

codon khac dé st dung & vat chi trong d6 cac gen dugc dua vao.

Céc gen cb cac sy dot bién bao toan ¢ thé thu duogc bing cach cac
phuong phap thuong duge st dung trong cac qua trinh gy phat sinh dot bién

nhu céc qué trinh xtt 1y bing c4c tac nhan gdy dot bién.

Hon nira, céc gen c6 thé 1a ADN ma c6 thé lai véi chudi bb trg clia chudi
gen di biét hosic doan do ma cb thé duoc tao ra tir chudi bd tro dudi cac diéu
kién nghiém ngét va ma hoa protein cd chirc néng tuong duong véi chiic nang
ctia gen da biét. Thuat ngft “cac didu kién nghiém ngit” dugc dé cap & day 1a cac
didu kién dudi d6 thé lai dic trung dugc tao ra, va khong tao ra thé lai khong dic
trung. Cac vi du vé cac didu kién nghiém nggt bao gém cac didu kién dudi d6
cac ADN c6 do tuong déng cao lai véi nhau, vi dy, cdc ADN c6 46 tuong d?)ng
khong thdp hon 80%, t&t hon 13 c6 d6 twong ddng khong thap hon 90%, tét hon
nita 12 ¢6 dd twong ddng khong thip hon 95%, tét nhat 13 c6 d6 twong dong
khéng thdp hon 97%, duoc lai v6i nhau, va cic ADN cé do tuong ddng thip hon
cac muc trén khong duogc lai vai nhau, hodc cac diéu kién rira mot 14n, 6t hon 1a

2 hodc 3 1an, & nong d6 mudi va nhiét do twong Ung véi qua trinh rira dién hinh
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cua phép lai phuong Nam, ttc 13, 1 x SSC, 0,1% SDS & 60°C, t6t hon 12 0,1 x
SSC, 0,1% SDS & 60°C, tét hon nita 13 0,1 x SSC, 0,1% SDS & 68°C.

V& doan do, mot phén cta trinh ty ma bd tro cho gen ciing c6 thé dugc
st dung. Poan do nday c6 thé duoc diéu ché bing PCR sir dung céc
oligonucleotit dugc tao ra trén co s& chudi gen da biét 1am doan mdi va doan
ADN chira céc trinh tu nucleotit 1am khudn mau. Vi du, khi doan ADN c6 d6 dai
khoang 300bp dugc st dung 1am doan do, céc diéu kién rira clia qua trinh lai ¢6
thé 12 50°C, 2 x SSC va 0,1% SDS.

Céc phén mb ta néu trén lién quan dén cac thé bién di cia céc gen co thé
duogc ap dung mdt cach tuong tu cho gen ged duge mo ta dudi day.
<2-2> Sy giam hoat tinh GCD

Sau day, su cai bién clia vi khudn thudc ho Enterobacteriaceae dé lam
giam hoat tinh GCD ctia n6 s€ dugc giai thich.

Hoat tinh GCD nghia la hoat tinh xtic tdc phan ung sau day.

B-D-glucoza + PQQ dugc oxy hoa -> D-8-gluconolacton + PQQ dugc khur

Hoat tinh GCD c¢6 thé dugc do, vi du, trén co sd phét hién sy hinh thanh
DCPIP dugc khir nhd céc phéan Ung sau day bang cach do quang phd & bude
séng 600nm (don yéu cu cap patent Nhat s& 2007-129965).

D-glucoza + PMS dugc oxy hoa -> D-glucono-1,5-lacton + PMS duoc khir
PMS duoc khir + DCPIP dugc oxy hoa -> PMS dugc oxy hoa + DCPIP dugc khir
PMS: phenazin metosulfat

DCPIP: 2,6-diclophenolindophenol

Cum tlr "duoc cai bién sao cho hoat tinh GCD bi giam" tic 13 hoat tinh

GCD trén té bao cta vi khuin thudc ho Enterobacteriaceae 1a thép hon hoat tinh
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ctia ching khong duge cai bién, nhu ching kiéu dai, ctia vi khun. Pidu nay ¢
nghia 13, vi du, sd lwong phan tir GCD trén té bao bi giam so v&i sb luong cia
chung cha me hoic chung kiéu dai, hodc hoat tinh cia GCD trén mdt phén tr bi
giam so véi hoat tinh ctia ching cha me hodc ching kiéu dai. Hoat tinh GCD
trén t& bao ¢ thé dugc so sanh bing cach so sanh hoat tinh GCD trong phén
chiét t& bao cua ching kiu dai hodc ching cha me va chung cai bién dugc nubi
cdy dudi cac didu kién gibng nhau. Thu4t ngir "khir" hoat tinh bao gdm su bién
mAt hoan toan hoat tinh. Vi khuin Pantoea kiéu dai duoc st dung lam dbi ching
dé so sanh c6 thé 13, vi dy, ching Pantoea ananatis AJ13355 (FERM BP-6615),

hodc ching tuong tu.

Viéc khir hoat tinh cia GCD c6 thé dat dwoc bing cach 1am bat hoat gen
mé héa GCD (ged). "Bt hoat" gen ged c6 nghia 14 su cai bién gen bang cach tai
td hop gen hozc gy su dot bién trong gen ma hoat tinh cia GCD dugc ma hoa

bdi gen bi giam hoac dugc loai bo.

Céc vi du vé& gen ged bao gdm gen ged clia Pantoea ananatis c6 trinh tu
nucleotit duge thé hién trong SEQ ID NO: 1. Trinh ty axit amin cia GCD dugc
ma hoa bdi gen ged ndy dugc thé hién trong SEQ ID NO: 2. Gen ged c6 thé
duogc tach dong bang cach tién hanh PCR sir dung oligonucleotit téng hop dugc
tbng hop trén co s trinh ty néu trén va nhidm sic thé cta Pantoea ananatis 1am
khudn mAu. Hon nita, khi gen ged duoc loai bé bing céach tai td hop tuong ddng,
gen c6 do tuong déng cao hon muc cu thé, vi du, béng hodc cao hon 80%, tbt
hon 1a béng hodc cao hon 90%, tdt hon nira 1a béng hodc cao hon 95%, so véi
gen ged trén nhidm sic thé cling co thé dugc st dung. Hon nita, gen c6 thé lai
v6i gen ged trén nhidm sic thé dudi cac diéu kién nghiém ngit cling c6 thé dugc
str dung. Cac vi du vé cac diéu kién nghiém ngdt bao gém, vi dy, rira mdt 14n, St

hon nita 1a rra hai hodc ba lan, & cac nong d6 mudi tuong ung véi 1 x SSC,
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0,1% SDS, tét hon 13 0,1 x SSC, 0,1% SDS, & 60°C.

Cu thé, sy bt hoat gen ged cé thé dat duoc bé‘mg cach, vi du, loai bé mot
phan hodc toan bd ving ma hoa ciia gen ged trén nhidm séc thé, hodc xen trinh
tu khac vao trong vung ma hda. Céac k¥ thuét nay con dugce goi 1a k¥ thuat lam

dat gy gen.

Gen ged cling c6 thé dugc bét hoat bang cach lam giam murc biéu hién
ctia gen ged nhd sy cai bién trinh tu didu chinh muc biéu hién nhu doan khéi
d4u hodc trinh tu Shine Dargarno (SD) ctia gen ged, hodic twong tw. Viéc lam
giam mirc biéu hién bao gdm viéc 1am gidm murc phién ma va 1am giam muc
dich ma. Su biéu hién cta gen ciing ¢6 thé dugc 1am giam bing cach cai bién
ving khong dich mé khéc véi cac ving diéu chinh murc biéu hién.

Hon nita, toan bd gen dich bao gdm cac ving hudng 1én phia trén va cac
ving huéng xudng phia dudi cia gen dich trén nhiém sdc thé c6 thé duoc loai
bo. Ngoai ra, sy bat hoat gen ged ciing c¢6 thé dat duoc bang cach dua su dot
bién dé thay thé axit amin (dot bién nhdm nghia), codon két thiic (d6t bién vo
nghia), hodc dot bién dich khung ma thém hodc loai bé mét hodc hai nucleotit
vao trong hodc ra khoi ving ma hoa ciia gen ged trén nhiém sic thé (Journal of
Biological Chemistry, 272:8611-8617 (1997); Proceedings of the National
Academy of Sciences, USA, 95 5511-5515 (1998); Journal of Biological
Chemistry, 266, 20833-20839 (1991)).

Su cai bién gen c6 thé dat dugc bang cach tai tb hop gen. Cac vi du cu
thé vé phuong phap dua vao su tai t6 hop gen bao gém su loai bd mdt phan hosc
toan bo trinh ty cta trinh tu didu chinh mic biéu hién cta gen dich trén nhiém
sic thé, vi du, ving khéi du, hodc ving mi hoéa hodc ving khong ma hoa, va

xen trinh tu khéac vao trong cac vung nay.
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Su cdi bién trinh tu diéu chinh mic bidu hién c6 thé duge thuc hién ddi
v&i mdt hodc nhidu nucleotit, tdt hon nita 14 cho hai hodc nhiéu nucleotit, tét
nhét 13 ba hodc nhiéu nucleotit. Khi vung ma héa dugc loai bd, vung dugc loai
b6 c6 thé 12 ving ¢ ddu tan ciing N, ving bén trong hodc ving c6 dau tan ciing
C, hoic tham chi todn bd ving ma héa, mién 13 chirc ning ciia protein duoc hinh
thanh bdi gen bi giam ho#c dugc loai bo. Su loai bé cac ving dai hon cé thé
thuong bét hoat gen dich. Hon nita, cdc khung doc huéng 1én phia trén va hudng
xubng phia duéi cta ving cin dugc loai bo khong cin phai gidng nhau hoan

toan.

Khi trinh tu khéc duoc xen vao trong ving ma héa, trinh tr nay cé thé
dugc xen vao trong ving bit ky ctia gen dich, va sy xen ving dai hon c6 thé
chéc chén 1am bét hoat gen dich. Cac khung doc huéng 1én phia trén va hudng
xudng phia dudi cta vi tri dinh khong can phai gidng nhau. Trinh tw khéc khong
bi gidi han cu thé mién 13 trinh tu ma lam giam hosc loai bd chic ning cla
protein dugc ma hda bdi gen dich duge chon, va cac vi du bao gém, vi dy, gen

nhdy mang gen khéng khéng sinh, gen hitu ich dé san sinh axit L-amin, va v.v..

Su cai bién gen dich trén nhiém sic thé nhu néu trén co6 thé dat duoc
béng cach, vi du, tao ra gen kiéu khuyét doan trong d6 mdt phan trinh tu clia gen
dich dugc loai bo sao cho n6 khéng thé tao ra protein ma c6 thé ¢ chirc ning
binh thudng, va bién nap vi khudn véi ADN chira gen kiéu khuyét doan dé gay
ra su tai t6 hop twong dong gitta gen kiéu khuyét doan va gen dich trén nhiém
sdc thé va nhd do6 thay thé gen kiéu khuyét doan cho gen dich trén nhiém séc thé.
Protein duoc ma héa boi gen kiéu khuyét doan c6 cdu hinh khéc véi cdu hinh
ctia protein kiéu dai, ngay ca khi né duoc tao ra, va nhu vy, chirc ning cia nd
bi giam hodc dugc loai bo. Su lam dut gy gen trén co s& thay thé gen bing cach

tai t6 hop tuong ddng di dugc thuc hién, va phuong phap ndy duoc goi 1a
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phuong phép két hop buc xa d6 (Datsenko, K.A, va Wanner, B.L., Proc. Natl.
Acad. Sci. USA, 97:6640-6645 (2000)), phuong phap sit dung AND mach thing
nhu phuong phép str dung sy két hop birc xa d6 két hop vé6i hé d& bj kich thich
thu dugce tir thé thuc khuin A (Cho, E.H., Gumport, R.I., Gardner, J.F., J.
Bacteriol., 184:5200-5203 (2002)), phuong phap sir dung plasmit chira diém
khéi dau sao chép nhay nhiét hodc plasmit c6 kha ning van chuyén lién hop,
phuong phép st dung vt truyén tir chét khong cé diém khoi dau sao chép & vt

chu (patent M¥ s 6,303,383, don yéu ciu cip patent Nhat s6 05-007491), va v.v..

Sy giam muc phién ma cia gen dich c6 thé dugc xac nhan bang cach so
sanh luong ARN théng tin duoc phién mé tir gen dich véi luong & ching kiéu
dai hodic chung khong dugc cai bién. Cac vi du vé phuong phép do lwong ARN
thong tin bao gdm phép lai phuong Béc, RT-PCR, va v.v. (Molecular Cloning,
Cold spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001). Mac
di mirc phién mé c6 thé dugc giam dén mic bat ky mién 13 né giam so véi mirc
quan sat dugc & ching kiéu dai hogc chiing khong duoc cai bién, t6t hon 1a dugc
giam dén it nh4t bang hojic thdp hon 75%, bing hoic thip hon 50%, bing hoic
thép hon 25%, hoac béng hodc thép hon 10%, cla mic ma quan sat dugce &, vi
du, ching kidu dai hodc chung khong duoc cai bién, va t6t nhat 1a gen khong

duoc biéu hién hoan toan.

Sy giam mirc protein dugc mi héa bdi gen dich c¢6 thé duge xac nhan
boi phap thdm tach phuong Tay sir dung céc khang thé ma lién két véi protein
(Molecular Cloning, Cold Spring Harbor Laboratory Press, Cold Spring Harbor
(USA) 2001). Mic du luong protein c¢6 thé duge giam dén mic bit ky mién 1a
né giam so véi lugng protein dwoc quan sat & ching kiéu dai hogc ching khong
duoc cai bién, t&t hon 13 duoc giam dén it nhét bing hodc thip hon 75%, bang

hoic thap hon 50%, bang hodc thap hon 25%, hoic bang hoic thip hon 10%,
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cta lugng protein quan sat dugc &, vi du, ching kiéu dai hoic chung khong
duogc cai bién, va t6t nhit 13 protein hoan toan khong duoc tao ra (hoat tinh da

hoan toan bién mat).

Céc vi du vé phuong phép 1am giém hoat tinh ctia GCD bao gdm, ngoai
céc ky thuat xtr Iy di truyén néu trén, vi du, phuong phép xi 1y vi khuan duong
rudt nhu vi khudn Pantoea bang cach chiéu tia cuc tim hodc tic nhan giy dot
bién dwoc st dung cho qué trinh xir 1y gy dot bién théng thudong nhu N-metyl-
N'-nitro-N-nitrosoguanidin (NTG) hoac axit nitro, va chon loc ching cé hoat

tinh GCD dugc giam.

Hoat tinh ctia GCD ciing c6 thé duoc giam bang cach 1am giam kha ning
téng hop PQQ. Kha ning téng hop PQQ c6 thé duoc giam bang céch, vi du, loai
bd mot phan hodc toan bd pqqABCDEF, 14 operon can cho qué trinh sinh tong
hop PQQ (J.S. Velterop, P.W. Postma, J. Bacteriology 177(17):5088-5098 (1995)).

Trong trudng hop vi sinh véat khéng c6 hoat tinh GCD nhu Escherichia
coli va vi khuén coryneform, glucoza dugc hip thu bing cach st dung gen vén
chuyén duoc goi 14 glucoza PTS (hé glucoza phosphotransferaza) hoic glucoza
permeaza. PTS dugc dong héa vao trong cac té bao & dang glucoza 6-phosphat,
mé két hop véi phan tng chuyén hoa PEP (axit phosphoenolpyruvic) thanh Pyr
(axit pyruvic). Glucoza 6-phosphat dugc chuyén héa thanh fructoza-6-phosphat,
va duge chuyén héa boi hé thily phan glucoza (chu trinh EMP, Embden-

Myerhof) dé tao ra axit pyruvic.

Mit khac, trong trudng hop cia vi sinh vét cé hoat tinh GCD, glucoza
trude tién duge chuyén hoa thanh axit gluconic trong khong gian chit bao, sau
d6 n6 duoc ddng hoéa boi gluconat permeaza, va axit 6-phosphogluconic dugc

tao ra nho phan tng phosphoryl héa.
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Axit 6-phosphogluconic dwoc chuyén héa bdi chu trinh pentoza
phosphat hozc chu trinh Entner-Doudoroff (ED) dé tao ra glyxeraldehyt 3-

phosphat, axit pyruvic, va v.v..

P3 biét rang vi sinh vt ¢6 GCD nhu vi khudn axit axetic c6 dic tinh
chuyén héa sacaroza dic trung ma trude tién chuyén héa mot phan cia glucoza
thanh axit gluconic trong chit bao, va sau d6 ddng héa nd. Vi hiéu suét cta chu
trinh EMP ndi bao, chu trinh ED, va chu trinh pentoza phosphat la khac nhau
phu thudc vao céc vi sinh vat, mong mudn rang néu GCD dugc loai bo dé thay
d6i sy chuyén hoa sacaroza, mau chuyén héa huéng xudng phia dudi tir d6 c6

thé dugc thay dbi.

Trong trudng hop cla Panfoea ananatis, ngudi ta cho rang, & nhiét do
nudi cdy thong thudong, vi du, 34°C, glucoza khong bi ddng hda hoan toan bai
GCD, va phan 16n né duoc ddng hoa boi PTS. Mit khac, néu dugc nudi cdy &
nhiét do cao, vi du, 38°C, vi nhiét do t61 wu ctia GCD 1a cao, nén da mong mubn
rang hoat tinh GCD duoc gia ting, va mirc tiéu thu sacarit béi GCD gia ting. Vi
Pantoea ananatis khong cé chu trinh ED, axit 6-phosphogluconic dugc khir
hydro bing 6-phosphogluconat dehydrogenaza, va sau d6 dugc chuyén hoa bang
chu trinh pentoza phosphat. Vi mgt phén tir cacbon dioxit dugc giai phong tir
mot phan tir axit 6-phosphogluconic khi khir hydro bang 6-phosphogluconat
dehydrogenaza, mong muén ring néu mc tiéu thu sacarit bdi GCD gia ting,
mirc san sinh axit amin giam. Hon nita, ngudi ta cho ring néu muc tidu thu
sacarit bdi GCD gia ting do nudi cdy & nhiét do cao, hiéu suit cta chu trinh
pentoza phosphat 1a khong dud, va su chdy tran cac san phim chuyén hoéa chay
vao trong céc chu trinh @ tao ra cac san phidm phu dé 1am giam ning suét axit
L-amin. D3 cho ring su giai phong cacbon dioxit va dong chay qua mirc ctia chu

trinh pentoza phosphat dugc loai trir bing cach giam hoat tinh GCD, cu thé khi
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tién hanh nudi céy & nhiét do cao, va do vay kha nang san sinh axit L-amin dugc
cai thién.

Hon nita, ngudi ta dy dodn ring, cling trong Pantoea ananatis dugc dua
vao véi chu trinh ED (don yéu cau cip patent Nhat s6 2003-274988), néu muc
tiéu thu sacarit béi GCD gia ting, hiéu suét axit L-amin bj giam do sy giai
phéng cacbon dioxit tai thoi diém khir hydro ctia axit 6-phosphogluconic bdi 6-
phosphogluconat dehydrogenaza, va chu trinh ED va chu trinh pentoza phosphat
khong dat ddy du hiéu sudt. Do vay, ngudi ta cho rang kha ning san sinh axit L-
amin dugc cai thién bing cach giam hoat tinh GCD trong Pantoea ananatis

duoc dua vao voi chu trinh ED.

Vi khuén theo sang ché c6 thé 13 vi khuén trong d6 hoat tinh GCD bj
giam va trong d6 hoat tinh d& dong héa sacarit duge gia ting tiép. Hoat tinh
dong hoa sacarit c6 thé dugc gia ting bang cach, vi du, gia ting hoat tinh cta
glucoza PTS hodc glucoza permeaza. Hon nita, da biét rang céc gen vén chuyén
duoc coi 1a thanh vién cua ho chung ciia gen vén chuyén chinh (major facilitator
superfamily-MFS, Griffith, J.K. et al, Curr. Opin. Cel Biol., 4(4);684-95 (1992))
nhu galactoza permeaza (Flores et al., J Mol. Microbiol. Biotechnol.,
2007;13:105-116), xyloza permeaza (don yéu cdu cdp patent chau Au sb
1807445 A1), va arabinoza permeaza ciing c6 hoat tinh dong hoa glucoza v.v..
Do vay, ciing trong vi khuén trong d6 hoat tinh GCD bi giam, bang cach gia ting
hoat tinh bat ky ctia cdc gen van chuyén nay, sy dong héa sacarit nhu glucoza

cling dugc gia tang, va kha néng san sinh axit L-amin dugc cai thién.
<2> Phuong phap san xuat axit L-amin

Bang cach nudi cay vi sinh vat theo sdng ché trong mdi trudng deé san

sinh va tich tu axit L-amin trong méi truong va thu gom axit L-amin tir moi
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trudong nay, axit L-amin c6 thé dugc san xuat.

Vé mdi truong duge st dung cho qué trinh nudi cdy, mdi truong dién
hinh chira ngudn cacbon, ngudn nito, va cac mubi khoang ciing nhu céc chit
sinh dudng vét hitu co nhu céc axit amin va cac vitamin néu cén c6 thé dugc st
dung. C6 thé str dung mdi trudng tdng hop hodc mdi trudng tu nhién. Bét ky
kiéu ngudn cacbon va ngudn nito c6 thé duge st dung mién 1a ching c6 thé

duoc st dung bdi ching duogc chon can dugc nuodi cay.

Céac duong nhu glucoza, glyxerol, fructoza, sucroza, maltoza, manoza,
galactoza, dich thuy phan tinh bt va ri dudng c6 thé duge sir dung 1am ngudn
cacbon. Ngoai ra, céc axit hitu co nhu axit axetic va axit Xitric, va cac rugu nhu
etanol ciing c6 thé dugc sir dung riéng biét hodc két hop vai cac ngudn cacbon
khéc. Amoniac, cac mudi amoni nhu amoni sulfat, amoni carbonat, amoni clorua,
amoni phosphat va amoni axetat, cdc mudi cta axit nitric va v.v. ¢6 thé duoc sir
dung 1am ngudn nito. Céc axit amin, vitamin, axit béo, axit nucleic, cac thanh
ph?ln chtra céc chit nay nhu pepton, axit casamino, dich chiét ndm men, san
phdm thiy phén protein dau twong va v.v. ¢6 thé dugc sir dung 1am cac chat sinh
dudng vét hitu co. Khi ching dot bién dinh dudng thu dong can axit amin hoic
cac chat tuong ty cho su sinh trudng ciia né dugc sir dung, chit dinh dudng

dugc yéu cau cé theé duge bo sung.

Cu thé, khi méi truong 16ng dugc didu ché dé théa man didu kién két tha
axit L-glutamic dugc sir dung, sy bd sung axit pantothenic vio méi trudng tao ra
su két tia axit L-glutamic hiéu qua hon (W02004/111258). V& cac mudi vé co,
c4c mudi coa axit phosphoric, cac mudi magie, cdc mudi canxi, cac mudi sét,

muoi mangan va v.v. ¢o thé dugc str dung.

Qua trinh nudi cay c6 theé dugce thuc hién dudi dang nudi cay hicu khi,
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trong khi nhiét 6 1én men dugc didu chinh ndm trong khoang tir 20 dén 45°C,
va d6 pH 13 tir 3 dén 9. Khi d6 pH giam trong khi nudi cdy, canxi carbonat c6 thé
duoc bd sung, hoic dich nudi cdy dwgc trung hoa bing chét kiém nhu khi
amoniac. Axit L-amin dich duoc tich tu trong méi trudng nudi cy sau, vi dy, 10
dén 120 gid nudi cdy dudi cac didu kién nhu néu trén.

Mic di axit L-amin ¢ thé duge san xuit mét cach c6 hiéu qua béng
cach nuoi céy ¢ nhiét do thich hgp cho su sinh trudng cta vi khudn, hiéu qua tré
nén cao hon nhiéu khi qua trinh nudi céy dugc thuc hién & nhiét do cao. Vi du,
trong trudng hop cia vi khuan Pantoea nhu Pantoea ananatis, nhiét 6 khoang
34°C 1a duoc vu tién cho sy sinh trudng cta vi khudn. Tuy nhién, mic du vi
khuén trong d6 GCD hoat tinh bi giam c6 kha ning san sinh axit L-amin cao
hon so véi cua ching khong duge cai bién ngay ca & nhiét d6 nudi cdy nay, né
thé hién kha ndng san sinh axit L-amin dugc cai thién hon nita &, vi dy, 36°C

hodc 38°C.

Hon nita, qua trinh nudi cdy c6 thé dugc thyc hién bing cach két tia axit
L-glutamic trong moi truong nho st dung mdi trudng 1éng dugce diéu chinh dé
thda an diu kién trong d6 axit L-glutamic dugc két tia 1am moi truong nudi cay.
Céc vi du vé cac diéu kién trong dé axit L-glutamic duoc két ta bao gom, vi du,
d6 pH = 5,0 dén 4,0, t6t hon 1 d6 pH = 4,5 dén 4,0, t&t hon nita 13 d6 pH = 4,3
dén 4,0, t5t nhat 14 46 pH = 4,0.

Khi axit L-glutamic dugc két tia trong méi trudng, su b sung so bod céc
tinh thé cua axit L-glutamic hodc L-lysin 1dm méam tinh thé c6 thé lam cho su
két tinh hiéu qua hon (patent chau Au s6 1233069, don yéu céu cip patent chau

Au s6 1624069).

Su thu gom axit L-amin tir dich nudi cay sau khi nudi cay cé thé dugc
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thue hién bing phuong phap thu gom da biét. Vi dy, sau khi loai bé té bao khoi
mbi trudng nudi cdy, axit L-amin c6 thé duoc thu gom bing céch cd méi truong
dé két tinh axit L-amin, séc ki trao d6i ion, hodc cic phuong phap twong ti khac.
Khi qué trinh nudi cdy duoc thuc hién dudi céc diéu kién sao cho axit L-
glutamic dugc két tiia, axit L-glutamic ma két tiia trong méi trudng cb thé duoc
thu gom bing cach li tim hoic loc. Trong trudng hop ndy, axit L-glutamic ma
hoa tan trong méi trudng ¢ thé duge két tha va sau dé duge tich cliing vé6i axit

L-glutamic d4 két tia.

Khi axit amin bazo duoc tao ra, mdt phuwong phap ¢ thé dugc sir dung
trong d6 d6 pH ctia mdi trudong duoc diéu chinh nim trong khoang tlr 6,5 dén
9,0 va d6 pH ctia mdi trudng sau khi két thiic qua trinh nuéi cdy duoc diéu chinh
nim trong khoang tir 7,2 dén 9,0. Hon nita, 4p suit trong thing 1én men c6 thé
duoc diéu chinh trong khi 1én men 13 duong, hoic cacbon dioxit hoic hdn hgp
khi chira cacbon dioxit c6 thé dugc bd sung vao méi trudng sao cho trude khi
céc ion bicarbonat va/hodc cac ion carbonat c6 mit & ndng do it nhét 2g/L trong
mbi treong nudi cdy trong khi nudi cdy, va cac ion bicarbonat va/hodc carbonat
ndy déng vai trd 13 ion trai ddu dbi véi céc cation chil yéu bao gdm axit amin
bazo, va axit amin bazo dich sau d6 dugc thu gom (xem don yéu ciu cp patent

Nhat s& 2002-065287, don yéu ciu cip patent M§ sb 2002/025564).

Axit L-amin dugc thu gom cé thé chira t& bao vi khudn, thanh phan méi
truomg, do 4m, va céc chit chuyén héa san phim phu ctia vi khun ngoai axit L-
amin dich. Do tinh khiét cia axit L-amin dugc thu gom 13 bang hoic cao hon
50%, tot hon la béng hodic cao hon 85%, tdt nhét 13 br?mg hodc cao hon 95%
(patent Nhat sb 1214636, cic patent M§ sb 5,431,933, 4,956,471, 4,777,051,
4,946,654, 5,840,358, 6,238,714, don yéu cau cip patent My s§ 2005/0025878).

Khi L-xystein duoc tao ra bing phuong phép theo sang ché, L-xystein

47-



19793

thu dugc c6 thé dugc sir dung dé san xuét cac din xuét L-xystein. Cac dan xuét
xystein bao gdm metylxystein, etylxystein, carboxystein, sulfoxystein,

axetylxystein, va v.v..

Hon nita, khi dan xuét thiazolidin cta L-xystein duogc tich tu trong moi
trudmg, L-xystein c6 thé duwgc hinh thanh bing cach thu gom din xuét
thiazolidin tr mdi truong dé phad v& sy cin bing phan Umg gilta din xuét
thiazolidin va L-xystein sao cho L-xystein dugc tao ra vugt trdi. Hon nira, khi S-
sulfoxystein dugc tich tu trong méi trudng, né c6 thé duge chuyén héa thanh L-

xystein nho phan tmg véi chét khir nhu dithiothreitol.
Vi du thwe hién sang ché

Sau day, sang ché s& duoc giai thich chi tiét hon nho tham khao céc vi du

ma khéng gy ra su giéi han d6i véi sang ché.
Vi du tham khao 1: Tao ra ching Pantoea ananatis ma khang gen A Red

Dé loai bd gen trong Pantoea ananatis, ching nhan dugc tao ra dé thuc
hién phurong phép goi 14 "su két hop bic xa dd " hodc "su két hop duogc gay ra
bdi 4nh sang d6 " (Proc. Natl. Acad. Sci. USA, 97, 6640-6645 (2000)) theo cach

c6 hi€u qua cao.

Trudc tién, plasmit hd trg RSF-Red-TER méi biéu hién céc gen gam, bet
va exo cia A (sau day dugc goi 14 "cac gen A Red") duogc tao ra (Fig. 1). Chi tiét
vé plasmit nay s& dugc dé cap trong Vi du tham khao 2.

Plasmit nay cé thé dugc st dung & nhiéu loai vat chii c6 céc nén tang di
truyén khac nhau. Diéu nay 13 béi vi 1) plasmit ndy c6 replicon cta plasmit phd
vat chi rong RSF1010 (Scholz, et al., 1989; Buchanan-Wollaston et al., 1987),
ma duge duy tri 6n dinh béi nhidu kiéu vi khuin gram 4m va gram duong, va

tham chi cac té bao thuc vit, 2) cac gen A Red, cac gen gam, bet va exo, dudi sy
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didu chinh cta doan khéi ddu PlacUV5, ma duoc x4c nhin béi cac ARN
polymeraza cta nhiéu loai vi khuéﬁ (vi du, Brunschwig, E. va Darzins, A., Gene,
111, 1, 35-41 (1992); Dehio, M. et al, Gene, 215, 2, 223-229 (1998)), va 3) yéu
td tu diéu chinh Prcuvs-lacl va cac gen két thuc phién ma khong phu thudc p
(TrrnB) ctia operon rrnB cta Escherichia coli thAp hon mtc biu hién co sé cua
cac gen A Red (Skorokhodova, A. Yu et al, Biotekhnologiya (Rus), 5, 3-21
(2004)). Hon nita, plasmit RSF-Red-TER chita gen levansucraza (sacB), va
bing cach st dung gen ndy, plasmit c6 thé duoc thu gom tir cac té bao trong méi

truong chira sucroza.

Trong Escherichia coli, tAn xut két hop ctia doan ADN dugc tao ra bang
PCR clng véi cac ving sudn ngén dugc tao ra béi plasmit RSF-Red-TER 13 cao
ngang v6i tin sudt thu dugc khi st dung plasmit hd trg pKD46 (Datsenko, K.A.,
Wanner, B.L., Proc. Natl. Acad. Sci. USA, 97, 6640-6645 (2000)). Tuy nhién,
su biéu hién ctia cac gen A Red gy doc cho Pantoea ananatis. Cac t& bao duoc
bién nap vé6i plasmit hd trg RSF;Red-TER phat trién rat chdm trong mai truong
LB chira IPTG (isopropyl-p-D-thiogalactopyranosit, ImM) va khang thé thich
hop (25ng/ml cloramphenicol hodc 40pg/ml kanamyxin), va hiéu suét t4i t6 hop

do A Red gy ra 1 rat thap (10®), néu dugc quan sét toan bg.

Chung bién di ctia Pantoea ananatis khang lai su biéu hién cia ca ba gen
A Red duoc chon. Vi muc dich nay, plasmit RSF-Red-TER dugc dua vao trong
ching Pantoea ananatis SC17 (patent My s6 6,596,517) bang phuong phap
xung dién. Sau 18 gid nudi ciy, thu duogc khoang 10° thé bién nap, va trong sb
do, 10 dong tao ra khudn lac c6 kich ¢& 16n, va tit ca cac dong con lai tao ra cac
khudn lac cuc nhd. Sau 18 gid nudi céy, céc khuén lac 16n 1a khoang 2mm, va
céc khuén lac nho 13 khoang 0,2mm. Ngugc lai, cac khuén lac nhé khong sinh

truéng ngay ca khi dugc nudi cdy dén 24 gid, cac khuan lac 16n tiép tuc phat
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trién. Mot trong sb cac chung dot bién Pantoea ananatis khuén lac 16n khéng lai
su biéu hién cta ca ba gen A Red (gam, bet, va exo) dugc sit dung dé phan tich
tiép.

ADN plasmit RSF-Red-TER duoc tich tir mot dong trong sb céc dong
khudn lac 1én, va tir vai dong khuén lac nho, va dugc bién nap vao trong
Escherichia coli MG1655 @& danh gi4 kha ning cta plasmit dé tdng hop gen
Red hoat hoa. Nho thir nghiém kiém soét cho qué trinh két hop phu thudc anh
sang do trong thé bién nap thu dugc, di ching minh duge ring chi plasmit dugc
tach tir dong khudn lac 16n gay ra su biéu hién cua céc gen A Red cén cho sy két
hop phu thudc anh sang d6. Dé danh gia su két hop dugc gay ra béi anh sang do
x4y ra trong dong khun lac 16n duoc chon, phuong phap xung dién duge thyc
hién bang cach sir dung doan ADN théng duogc tao ra boi PCR. Poan nay dugc
tao ra sao cho nd chira gen danh ddu Km"® va viing bén sudn c6 kich c& 40bp
twong ddng véi gen hisD. Poan nay duoc két hop vao trong gen hisD cua
Pantoea ananatis & vi tri xac nhan Smal. Hai dong khuén lac nhé dugc st dung
lam ddi chimg. Trinh tw nucleotit ctia gen hisD ctia Pantoea ananatis dugc thé
hién trong SEQ ID NO: 3. Pé tién hanh PCR, cac oligonucleotit ctia cac SEQ ID
NO: 4 va 5 duge sir dung 1am doan mdi, va plasmit pMW118-(AattL-Km'-AattR)
duoc st dung lam khudn mAu. Hai dong khuén lac nhé ma khéng khéng cac gen
A Red duoc st dung 1am déi chimg. Su tao ra plasmit pMW118-(AattL-Km'-

AattR) s& duoc giai thich chi tiét trong Vi du tham khao 3.

Plasmit RSF-Red-TER c6 thé cam tng sy biéu hién ctia cac gen Red nho
gen lacI dugc mang trén plasmit. Hai kiéu didu kién cam tmg duoc danh gia. O
nhém tht nhit, IPTG (ImM) duge b sung 1 gid trude phuong phép xung dién,
va & nhoém tht hai, IPTG duoc bd sung & thoi diém bét dau nudi cdy c6 thé tao

ra céc té bao trong d6 phuong phap xung dién. Téc d6 sinh trudng cia céc té bao
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mang RSF-Red-TER thu dugc tir dong khudn lac 16n khong thip hon so véi tbe
dd sinh trudng cua ching khong ,cc') plasmit d6. Su bd sung IPTG chi hoi lam
giam téc dd sinh trudng clia cic qué trinh nudi cly nay. Mit khéc, thé hé sau cua
dong khuén lac nho phat trién cuc thip ngay ca khi khong bd sung IPTG, va sau
khi cam tmg, sy phat trién v& co ban bi dimg lai. Sau phwong phép xung dién
céc té bao thé hé sau cia dong khuén lac 16n, nhidu dong Km® d& phét trién (18
dong sau thoi gian phan Gng ngén, va khoang 100 dong sau thoi gian cam tng
kéo dai). T4t ca 100 dong ma dugc danh gid c6 kiéu hinh His', va khoang 20
dong duoc x4c nhin bing PCR dé c6 cdu tric mong mudn ciia nhim sic thé
trong cac té bao. Mit khéc, ngay ca khi phuong phép xung dién duge thuc hién

véi thé hé sau cla dong khuén lac nho, khong thu dugc ching dugc két hop.

Dong khuén lac 16n thu dugc duoc phat trién trén tAm chtra 7% sucroza
dé loai bdé plasmit, va dugc bién nap véi RSF-Red-TER. Ching khéng co
plasmit dugc goi la SC17(0).

TAt ca dong ma phat trién sau qua trinh tai bién nap néu trén thé hién
kich c¢& khun lac 16n gidng nhu dong ching cha me SC17(0). Thit nghiém két
hop dugc géy ra bdi anh sdng do dugc thyc hién & chung SC17(0) dugc bién nap
v6i plasmit RSF-Red-TER. Ba thé bién nap doc 1ap duoc danh gia bing cach sir
dung doan ADN gidng nhu ADN dugc st dung cho thir nghiém néu trén. Thoi
gian cam tng ngén (1 gid trudc phuong phép xung dién) dugc str dung. Dong
Km® vuot qua mudi dong di phat trién trong timg thir nghiém. T4t ca cac dong
duoc dénh gid c6 kiéu hinh His". Theo cdch nay, ching dot bién duogc ki hidu
SC17(0) khang lai sy biéu hién cua cac gen A Red dugc chon. Ching nay ¢ thé
duoc str dung 1am ching nhan thich hop cho su két hop phu thudc anh sang do

vao trong nhiém sac thé Pantoea ananatis.

Vi dy tham khao 2: Tao ra plasmit hd trg RSF-Red-TER
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So db tao ra plasmit hd trg RSF-Red-TER dugc thé hién trén F ig. 2.

V& bude thir nhét trong quy trinh tao ra, vét truyén RSFsacBPlacMCS
duoc tao ra. Vi muc dich nay, cac doan ADN chta gen cat cia plasmit
pACYC184 va ving céu tric cia gen sacB cta Bacillus subtilis dugc khuéch dai
béng PCR str dung céc oligonucleotit cia cac SEQ ID NO: 6 va 7, va 8 va 9.
Cac oligonucleotit ndy chira cac vi tri enzym gi¢i han BglIl, Sacl, Xbal va
BamHI, ma dugc yéu cau va thuan tién cho su tach dong tiép theo, & cac ving
két thuc 5°. Poan sacB thu dugc c6 kich ¢& 1,5kb duoc tach dong vao trong vat
truyén pMW119-Py,lacl thu duoc & trén & vi tri Xbal-BamHI. Vat truyén nay
duogc tao ra theo cach tuong ty nhu duge mo ta cho vat truyén pMW118-P,lacl
(Skorokhodova, A. Yu et al, Biotekhnologiya (Rus), 5, 3-21 (2004)). Tuy nhién,
vét truyén nay chia gbc lién két cao phén tir thu duogc tir pMW219 thay vi
plasmit pMW218.

Sau d6, doan cat néu trén co kich ¢& 1,0kb dugc xr ly véi Bglll va Sacl,
va dugc tach dong trong plasmit RSF-Pp,lacIsacB thu dugc & budc trén & vi tri
BamHI-Sacl. Plasmit pMW-Py,laclsacBcat thu dugc c6 doan PlacUVS5-lacl-
sacB-cat. D& tach dong phu cho doan nay vio trong vat truyén RSF1010, pMW-
P,.JaclsacBcat dugce cét béng Bglll, dugc lam bé‘mg dau b‘e"mg doan ADN
polymeraza I Klenow, va cat lién tiép vé6i Sacl. Poan Bglll-Sacl 3,8kb ciia
plasmit pMWPj,lacIsacBcat dugc rira giai tir 1% gel agaroza, va dugc ghép ndi
v6i vt truyén RSF1010 ma da dugc xir ly bang Pstl va Sacl. Escherichia coli
TG1 dugc bién nap v6i hdn hop ghép ndi, va duoc dat trén mdi trudng L (moi
trudmg chira 10g Bacto trypton, 5g dich chiét nidm men, 5g NaCl, va 15g thach
trong 1L nudc tinh khiét, d6 pH = 7,0) chira cloramphenicol (50mg/L). Céc
plasmit dugc tach tir cac dong da phat trién duoc phan tich véi cac enzym gidi

han dé thu plasmit RSFsacB. Pé tao ra vat truyén RSFsacBP;, MCS, doan ADN
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chira doan khaoi dau Py duoc khuéch dai bdi PCR st dung cac oligonucleotit
cua cac SEQ ID NO: 10 va 11 lam doan moi va plasmit pMW119-P, lacl lam
khuén mau. Poan thu duge ¢ kich ¢& 146bp duoc cit bang Sacl va Notl, va
duoc ghép ndi v6i doan 16n SacI-Notl cta plasmit RSFsacB. Sau do, béng cach
tién hanh PCR st dung céc oligonucleotit cia cac SEQ ID NO: 12 va 13 lam
doan mdi, va plasmit pKD46 (Datsenko, K.A., Wanner, B.L., Proc. Natl. Acad.
Sci. USA, 97, 6640-6645 (2000)) lam khuén mau, doan ADN c6 kich ¢& 2,3kb
chira cac gen ARedafy va gen két thuc phién mé tL3 dugc khuéch dai. Poan thu
dugc duogc tach dong trong vat truyén RSFsacBP;, MCS 6 vi tri Pvul-Notl. Theo

cach nay, plasmit RSFRed dugc tao ra.

Pé loai bé khung doc théng qua sy phién mé cua céc gen Red, gen két
thic sy phién méa phy thudc p ctia operon rrnB cla Escherichia coli dugce dinh &
vi tri gilta gen cat va doan khoi dau Pp.uvs. Vi muc dich nay, doan ADN chtra
doan khéi dau Prcuvs va gen két thiic TrrnB duoc khuéch dai bz"mg k¥ thuat PCR
sit dung cac oligonucleotit cia cac SEQ ID NO: 14 va 11 lam doan mdi va
nhiém séc thé cua Escherichia coli BW3350 lam khudn mau. Céc doan thu dugc
ndy duge xir Iy v6i Kpnl va duge ghép nbi. Sau d6, doan cé kich ¢& 0,5kb chira
cd Pouvs va TrrnB duge khuéeh dai béng ky thuat PCR st dung cac
oligonucleotit cta cac SEQ ID NO: 11 va 15 1am doan mdi. Poan ADN thu
duoc duoc cit bing EcoRI, duge lam bing dau béng cach xir 1y v6i doan ADN
polymeraza I Klenow, dugc cit bang BamHI, va dugc ghép nbi véi doan 16n
Ecl13611-BamHI cua vét truyén RSFsacBPlacMCS. Plasmit thu dugc duge goi
la RSF-Red-TER.

Vi du tham khao 3: Tao ra plasmit pMW118-(AattL-Km'-AattR)

Plasmit pMW118-(AattL-Km'-AattR) duoc tao ra tir plasmit pMW118-
attL-Tc-attR (WO02005/010175) bang cach thay thé gen danh ddu khang
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tetraxyclin vdi gen khéng kanamyxin cia plasmit pUC4K. Vi ly do d6, doan 16n
EcoRI-HindIII tir plasmit pMW118-attL-Tc-attR dugc gén véi hai doan tir
plasmit pUC4K: doan HindIII-Pstl (676bp) va doan EcoRI-HindIII (585bp).

pMW118-attL-Tc-attR co s& thu dugc bing cach gin bdn doan sau day.

1) Poan BglII-EcoRI (114bp) bao gém attL (SEQ ID NO: 18) ma thu
duoc bang cach khuéch dai PCR cho ving twong tmg véi attL cta nhidm sic thé
cta Escherichia coli W3350 (chira thé thyc khuén L) str dung céc doan mdi P1
va P2 (c4c SEQ ID NO: 16 va 17) (cac doan mdi nay c6 cac vi tri xac nhén phu

cho BgllI va EcoRI).

2) Poan PstI-HindIII (182bp) bao gém attR (SEQ ID NO: 21) ma thu
duoc bing cach khuéch dai PCR cho ving twong tmg véi attR ctia nhiém sic thé
cta Escherichia coli W3350 (chira thé thuc khuén A) st dung cac doan mdi P3
va P2 (cac SEQ ID NO: 19 va 20) (c4c doan mdi ndy co céc vi tri xac nhan phu
cho Pstl va HindIII).

3) Poan 16n BglIl-HindIIl (3916bp) clia pMW118-ter rrnB. Plasmit
pMW118-ter_rrnB thu duoc bing cach gén ba doan ADN sau day:

Poan ADN 16n (2359bp) gém doan AatII-EcoRI ctia pMW118 ma thu
duoc bing cach cit pMW118 bang EcoRlI, xir Iy bing doan ADN polymeraza I
Klenow, va sau d6 cat bang Aatll;

Poan Aatll-Bglll nho (1194bp) cta pUCI9 gdm gen bla khéng
ampixilin (Ap"), ma thu duoc bing céch khuéch dai PCR cia ving tuong tng
cta plasmit pUC19 st dung céc doan mdi P5 va P6 (cac SEQ ID NO: 22 va 23)
(cc doan mdi nay cb cac vi tri xac nhan phu cho Pstl, Aatll va BglIl);

Poan BglII-Pstl nhé (363bp) clia gen két thic phién ma ter rrmB, ma

thu dugc bing cach khuéch dai PCR ciia ving twong tmg ctia nhidm séc thé
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Escherichia coli MG1655 st dung céc doan mdi P7 va P8 (c4c SEQ ID NO: 24

va 25) (cac doan mdi nay b cac vi tri xac nhan phu cho Pstl, BglII va Pstl).

4) Doan EcoRI-Pstl nho (1388bp) (SEQ ID NO: 26) cia pML-Tc-
ter thrL gébm gen khéng tetraxyclin va gen két thuc sy phién ma ter thrL;

plasmit pML-Tc-ter_thrL thu dugc bang hai budc sau déy:

- plasmit pML-ter thrL thu dugc bing cach cit plasmit pML-MCS
(Mashko, S.V. et al., Biotekhnologiya (in Russian), 2001, no. 5, 3-20) bang Xbal
va BamHI, sau d6 gin doan 16n (3342bp) v6i doan Xbal-BamHI (68bp) mang
gen két thic ter_thrL thu dugc bing cach khuéch dai PCR ving twong tmg clia
nhiém séc thé Escherichia coli MG1655 st dung céc doan mdi P9 va P10 (céc
SEQ ID NO: 27 va 28) (cac doan mdi ndy c6 céc vi tri xac nhan phu cho Pstl,
Xbal va BamHI);

- plasmit pML-Tc-ter_thrL thu dugc bang cach cat plasmit pML-ter_thrL
bang Kpnl va Xbal sau d6 xtt Iy v6i doan Klenow ctia ADN polymeraza I va
duoc ghép ndi voi doan EcoRI-Van911 nhéd (1317bp) cliia pBR322 gdm gen
khang tetraxyclin (pBR322 dugc cét bing EcoRI va Van91I va sau d6 dugce xir
ly bang doan Klenow ctia ADN polymeraza I).

Vi du tham khéo 4: Tao ra plasmit RSFPPG san sinh axit glutamic

Plasmit RSFPPG (W02008/020654) dugc tao ra trong do6 cac gen hé
sinh téng hop axit L-glutamic, gen prpC (céng bd qudc t& W02006/051660),
gen ppc va gen gdhA (don yéu ciu cip patent chiu Au sb 0999282) dugc
khuéch dai.

Poan mdi 1 (SEQ ID NO: 29) va doan méi 2 (SEQ ID NO: 30) d&
khuéch dai moét phan cia RSFCPG (don ydu cdu cdp patent chiu Au sd

1233068) khéac v6i ORF ctia gen gltA duoc tao ra. Bang cach sir dung céc doan
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moi nay va RSFCPG lam khudn mau, PCR dugc thuc hién dé thu doan c6 kich
c& khoang 14,9kb. V& prpC, k§ thuét PCR duoc thuc hién bang cach sir dung
doan mdi 3 (SEQ ID NO: 31) va doan mdi 4 (SEQ ID NO: 32) va ADN nhiém
sdc thé cua ching E. coli W3110 1am khuén miu dé thu doan c6 kich c¢& khoang
1,2kb. Ca san pham PCR dugc xtr Iy véi Bglll va Kpnl, duoc gin, va sau dé
duoc st dung dé bién nap chung E. coli IM109. Tét ca cac khuén lac ma dé sinh
truong duoc thu gom, va cac plasmit duoc tach tir cac khudn lac dudi dang hén
hop. Ching E. coli ME8330, 13 chiing khuyét xitrat syntaza (CS), dugc bién nap
v6i hdn hop plasmit, va huyén phi t& bao duge phu 1én méi truong toi thidu M9
(5g glucoza, 2mM magie sulfat, 3g monokali phosphat, 0,5g natri clorua, 1g
amoni clorua va 6g dinatri phosphat trong 1L nudc tinh khiét) chira 50mg/L
uraxil va 5mg/L thiamin HCIL. T4t ca cdc khuln lac ma d3 phét trién duoc thu
gom, cac plasmit dugc chiét duéi dang hdn hop, va ching NP106, 1 ching san
sinh axit L-glutamic ctia P ananatis, duge bién nap v6i hdn hop plasmit. Dong
ma d3 sinh trudng dugce nudi ciy trong cac 6ng nghiém dudi cac diéu kién trung
tinh, va ching thé hién hiéu suit axit L-glutamic so vé&i hiéu sudt cta chung
G106S duoc goi 1a NAIL. Plasmit dugc tach tir ching nay va dugc goi la
RSFPPG dé gia tiang prpC, gdh, va ppc. Plasmit RSFPPG nay dugc dua vao
trong chiing Pantoea ananatis NP106, 13 chiing san sinh axit L-glutamic, dé tao
ra chiing san sinh axit L-glutamic, NP106/RSFPPG (chung nay dugc goi la
“chung NA1”).

Ching NP106 thu dugc nhu sau. Ching Pantoea ananatis AJ13601 néu
trén duoc nudi cdy qua dém & 34°C trong mdi truong 1éng thu dugc bing cach
bd sung thanh phan méi trudng tdi thiéu (5g/L glucoza, 2mM magie sulfat, 3g/L
monokali phosphat, 0,5g/L natri clorua, 1g/L amoni clorua, va 6g/L. dinatri

phosphat) vao moéi truong L (10g/L Bacto trypton, 5g/L dich chiét ndm men,

-56-



19793

5g/L NaCl, d6 pH = 7,0) (sau day duoc goi 1a "méi truong LBGM9") ¢6 khudy,
mbi trudng duoc pha loding sao cho tir 100 ¢én 200 khuén lac s& sinh trudng trén
mdi dia, va dugc pha 1én dia LBGMY chira 12,5mg/L tetraxyclin. Cac khuén lac
ma d& xuét hién duoc sinh san trén dia LBGM9 chira 12,5mg/L tetraxyclin va
25mg/L cloramphenicol, va chiing nhay cloramphenicol dugc chon dé thu ching
tr 46 pSTVCB duoc loai bd, ma duoc goi la G106S. Ching G106S ma duoc
nudi cly tiép qua dém & 34°C trong mdi trudng 1ong LBGMY ¢ khudy, méi
truong dugc pha lodng sao cho tir 100 dén 200 khuén lac xuét hién trén mdi dia,
va dugc phi 1én dia LBGM9 ma khéng c6 thudc. Cac khudn lac di sinh truéng
dugc sinh san trén dia LBGM9 chira 12,5mg/L tetraxyclin va dia LBGM9 ma
khong cé thubc, va ching nhay tetraxyclin dugc chon dé thu ching tir d6
RSFCPG dugc loai bo, ma duge goi la NP106. NP106 thu dugc nhu néu trén
khoéng chtira cac plasmit RSFCPG va pSTVCB, ma dugc mang béi chung
AJ13601.

Chung G106S 13 ching thu dugc bang cach chi loai bé pSTVCB khoéi
chiing AJ13601 theo cach tuong tu.
Vi du 1: San xuét axit L-glutamic bang cach sir dung ching khuyét gen ged
(1) Tao ra chung khuyét gen gcd

Hai doan mdi ADN tdng hop dugc thé hién trong cac SEQ ID NO: 33 va
34 duoc téng hop bing phwong phap théng thuong.

Poan mdi duogc thé hién trong SEQ ID NO: 33 ¢6 cAu tric ma dong
huéng 1én phia trén trinh tu twong dong cta gen ged clia Pantoea ananatis 13
trinh tu tuong dé)ng & dau 5' coa AattL-Km'-AattR. Poan mdi cta SEQ ID NO:
34 c6 cu trac ma dong hudng xudng phia dudi trinh tu bd trg clia gen ged cua

Pantoea ananatis sau d6 13 trinh tu bd tro & ddu 3' cia AattL-Km'-AattR. Nho
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tién hanh PCR str dung cdc doan mdi nay va pMW118-(AattL-Km'-AattR) 1am
khuon mau, doan cé kich c¢& khoang 1,5kbp trong d6 dong huéng 1én phia trén
trinh tuy tvong dong cla gen ged dugc gin véi dau 5' cla trinh ty AattL-Km'-
AattR, va dong huéng xudng phia dudi trinh tir trong ddng cia gen ged dugc

gén véi ddu 3' ca trinh tu cta AattL-Km'™-AattR dugc khuéch dai.

Poan PCR duoc tinh loc va duoc st dung dé két hop phu thude A vao
trong nhidm séc thé Pantoea ananatis. Plasmit hd trg RSF-Red-TER duoc sir
dung 1am chét mang cta cdc gen Red thé thuc khu%m . D& thu céac t& bao kha
bién dién tir cia Pantoea ananatis, ching SC17(0) dugc bién nap véi plasmit
RSF-Red-Ter, va dugc nudi cdy qua dém & 34°C trong .méi truong LB chuia
50pg/ml cloramphenicol. Sau d6, dich nudi cdy duoc pha logng 100 14n v&i moi
trudmg LB méi chira 50pg/ml cloramphenicol, va céc té bao sinh trudng & 34°C
dué6i didu kién hiéu khi cho dén khi ODgq dat gid tri 0,3. Sau d6, ImM IPTG
duoc bd sung, va tiép tuc nudi céy cho dén khi ODgg, dat gia tri 0,7. Cac té bao
trong 10mL dich nudi cdy duoc rira 3 1an vé6i thé tich nuée khir ion twong duong,
va céc té bao dugc tao huyén phi trong 80pl glyxerol lanh 10%. San phim PCR
néu trén duoc hoa tan trong 10ul nude duge khir ion, va tir 100 dén 200ng cta
doan PCR dugc bd sung vao huyén phi té bao. Phuong phap xung dién duoc
tién hanh bang cach st dung thiét bi xung dién vi khuén (BioRad, United States,
Catalog number 165-2089, Version 2-89). Cac thong sé xung duoc sir dung 1a

cuong do dién truong 18 kV/cm, va thoi gian xung 5 mili gidy.

Sau khi xung dién, 1ml méi trudng LB duoc bd sung véi glucoza (0,5%)
duoc bd sung ngay vao huyén phu té bao. Sau dé, cac té bao duoc sinh trudng &
34°C trong 2 gi¢ dudi didu kién hiéu khi, va duoc chon trén méi truong L (10g
Bacto trypton, 5g dich chiét ndm men, 5g NaCl, va 15g thach trong 1L nudc tinh
khiét, 46 pH = 7,0) chtta 40mg/L kanamyxin @& thu khoang 20 khudn lac lam thé
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bién nap. Su xen doan gen khang kanamyxin & ving gen ged dugc x4c nhin
bﬁng k¥ thuat PCR st dung hai doan mdi ADN téng hop duogc thé hién trong cac
SEQ ID NO: 35 va 36, va chung trong d6 sy xen doan dugc xac nhan duogc ki
hiéu 13 SC17(0)::Aged. ADN hé gen duoc tach tir chiing ndy, va dugce st dung dé
bién nap ching NA1 biang phuong phap xung dién.

Ching NAI1 trong d6 ADN hé gen cua SC17(0)::Agcd dugc dua vao
duoc chon trén dia méi truong LBGM9 duge bd sung véi 40mg/L kanamyxin,
12,5mg/L tetraxyclin hydroclorua, va 15g/L thach. Két qua 13, khoang 20 khuin
lac thu dugc dudi dang thé bién nap. Trong tit ca cdc ching nay, doan AattL-
Km'-AattR duge dinh trong ving gen ged, va mot dong trong sb ching duoc
chon va duoc goi la NA1::Agcd.

(2) Panh gia kha néng san sinh axit L-glutamic cia chiing khuyét gen ged

Pé danh gia tac dung cua sy khuyét gen ged dbi véi su san sinh axit L-
glutamic, moi truong san sinh axit L-glutamic dugce thuc hién béng cach st dung
cac chung NA1::Agcd va NAL.

Qua4 trinh nudi cdy duoc thyuc hién trong hai bude: nudi cdy mam dé cho

phép hinh thanh t& bao, va nudi cdy chinh dé san sinh axit L-glutamic.
Qua4 trinh nudi cdy mam duge thuc hién v6i thanh phan moéi truong.

Thanh phan moéi trudng nudi cady mam:

Sucroza 50g/L
MgSO,7H,0 0,4g/L
GD113 (chéng tao bot) 0,ImL/L
(NH4)2SOq4 4,0g/L
KH,PO, 2,0g/L
Dich chiét nAm men 4,0g/L
FeSO47H,0 0,01g/L
MnSO,4-5H,0O 0,01g/L
Axit xitric 0,02g/L
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L-lysin hydroclorua 0,4g/L
DL-methionin 0,4g/L
Axit e-diaminopimelic 0,4g/L
Canxi pantothenat 18mg/L
Tetraxyclin hydroclorua 12,5mg/L

MBbi trudng duoc thanh tring bing hoi nuée & 120°C trong 20 phit.

Céc ching NA1::Aged va NA1, mdi ching duoc nudi cdy so b trén dia
mdi trudng LBGM9 duoc bd sung véi 12,5mg/L tetraxyclin va 15g/L thach, va
céc té bao tuong tmg véi mot dia duge ciy vao trong 300mL méi trudng nudi
cdy mam co céc thanh phan néu trén c6 trong binh nhd cb thé tich 1L, va qua
trinh khudy duoc kiém soat & 34°C va d6 pH = 6,0 trong khoang 12 gid sao cho
dat dugc sy thong khi 1/1 vvm va ndng d6 oxy bang hodc cao hon 3%. Trong
khi nudi cdy, 46 pH dugc kiém soat d& dat 6,0 vdi su bd sung khi amoniac.
Trong khi nudi ciy, d6 pH dugc kiém soat dén gia tri 6,0 bing cach bd sung khi
amoniac. Qua trinh nudi cAy mam két thuc & thoi diém tidu thu hét sacarit trong

moi truong dugc quan sat nhu mot chi so.
Thanh phan cia méi truong nudi cay chinh dugc thé hién dudi day.

Thanh phin moéi truong nudi cdy (cac ndng do sau khi cdy 20% moi truong nudi

cAy mam)

Glucoza 100g/L
MgSO,7H,0 0,4g/L
GD113 0,ImL/L
(NH,)2S04 5,0g/L
KH2P04 6,0g/L
Dich chiét nAm men 6,0g/L
FeSO,7H,0 0,02g/L
MnSQO45H,0 0,02g/L
Axit xitric 0,02g/L
Betain* 2,0g/L.
L-lysin hydroclorua 0,8g/L
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DL-methionin 0,6g/L
Axit e-diaminopimelic 0,6g/L
Canxi pantothenat 18mg/L
Tetraxyclin hydroclorua 25mg/L

* N,N,N-trimetylglyxin

Céc té bao thu dugc bang cach nudi cdy mam & thé tich 60mL duoc ciy
vao trong 240mL mdi trudng c6 thanh phan néu trén c¢6 trong binh nhoé ¢ dung
tich 1L, va duoc nuoi céy & nhiét do 34°C, 36°C, hodac 38°C va & d6 pH = 4,9.
Qua4 trinh nudi cdy két thuc khi toan bd glucoza trong mdi truong dugc tiu thu
hét. Nong do axit L-glutamic dugc do cho phén nbi 1én trén bé mit nudi ciy
dugc pha lodng thich hop bing nudc bing cach sir dung thiét bi Biotech
Analyzer (AS-210, Sakura SI).

Céc két qua dugc thé hién trong Bang 1. RS rang 13 sy tich tu axit L-
glutamic cua ching khuyét gen ged, ching NA1::Aged, dugc gia ting so v6i

ching ddi chimg NAL.

Bang 1: Axit L-glutamic dugc tao ra (g/binh)

Chung 34°C 36°C 38°C
NAl 13,0 12,4 13,3
NA1::Agcd 15,4 16,0 16,7

Vi du 2: San xuit L-xystein bang cach st dung chiing khuyét gen ged
(1) Tao ra vi khuén san sinh L-xystein

Pé danh gia anh hudéng cua sy khuyét gen ged d6i voi su san sinh L-

xystein cia P. ananatis, Vi khudn P. ananatis san sinh L-xystein duoc tao ra.
(1-1) Tao ra plasmit biéu hién gen yeaS
Trudce tién, plasmit d& tao ra ching duoc tao ra néu trén. Phuong phap
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nay dugc mo ta dudi day.

Nho qué trinh PCR st dung ADN nhidm sic thé cta E. coli MG1655
(ATCC No. 47076) 1lam khuon miu cling nhu P11 (agctgagtcg acccccagga
aaaattggtt aataac, SEQ ID NO: 51) va P12 (agctgagcat gettccaact gegctaatga cgc,
SEQ ID NO: 52) lam doan mdi, thu dugc doan ADN chira ving khéi ddu cta
gen nlpD (sau day gen khoi ddu nlpD kiéu dai duoc goi 1a "Pnlp0") ¢6 kich c&
khoang 300bp. O céc dau 5' va 3' cia cic doan mdi néu trén, cac vi tri cho céc
enzym gidi han Sall va Pael dugc tao ra. Chu trinh PCR 1a nhu sau: 95°C trong
3 phut, sau d6 2 chu trinh 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong
40 gidy, 25 chu trinh 94°C trong 20 gidy, 55°C trong 20 giay, va 72°C trong 15
gidy, va 72°C trong 5 phut lam chu trinh sau cung. Poan thu dugc duoc xur ly
v6i Sall va Pael, va duge xen vao trong pMIV-5JS (don yéu cau cip patent Nhat
s6 2008-99668) & vi tri Sall-Pael dé thu plasmit pMIV-Pnlp0. Trinh tu nucleotit
ctia doan Pael-Sall ctia doan khoi dau Pnlp0 duoc xen vao trong plasmit pMIV-

Pnlp0 nay 1a nhu dugc thé hién trong SEQ ID NO: 41.

Sau do, nho PCR st dung ADN nhiém sic thé cia MG1655 lam khuén
mau, cling nhu P13 (agctgatcta gaaaacagaa tttgectgge gge, SEQ ID NO: 53) va
P14 (agctgaggat ccaggaagag tttgtagaaa cge, SEQ ID NO: 54) lam doan mdi, thu
duoc doan ADN chira ving két thic cia gen rmB ¢6 kich ¢& khoang 300bp. O
cac ddu 5' ciia cac doan mdi néu trén, cac vi tri cho cdc enzym gidi han Xbal va
BamHI dugc tao ra. Chu trinh PCR 1a nhu sau: 95°C trong 3 phut, sau d6 2 chu
trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 25 chu
trinh gdm 94°C trong 20 gidy, 59°C trong 20 gidy, va 72°C trong 15 gidy, va
72°C trong 5 phut lam chu trinh sau cung. Poan thu dugc dugce xu ly véi Xbal
va BamHI, va duoc xen vao trong pMIV-Pnlp0 & vi tri Xbal-BamHI dé thu
plasmit pMIV-PnlpO-ter.

-62-



19793

Sau d6, nhd PCR stt dung ADN nhiém sic thé cua ching MG1655 lam
khudn mau, cling nhu P15 (agctgagtcg acgtgttcge tgaatacggg gt, SEQ ID NO:
55) va P16 (agctgatcta gagaaagcat caggattgea ge, SEQ ID NO: 56) 1am doan mdi,
thu duoc doan ADN c¢6 kich ¢& khoang 700bp chira gen yeaS. O céc dau 5' clia
cac doan moi néu trén, cc vi tri cho céac enzym gidi han Sall va Xbal duogc tao
ra. Chu trinh PCR 13 nhu sau: 95°C trong 3 phiit, sau d6 2 chu trinh gdm 95°C
trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 25 chu trinh gdbm 94°C
trong 20 gidy, 55°C trong 20 gidy, va 72°C trong 15 gidy, va 72°C trong 5 phut
lam chu trinh sau cung. Poan thu duoc duge xt ly vai Sall va Xbal, va dugce
xen vao trong pMIV-PnlpO-ter & vi tri Sall-Xbal dé thu plasmit pMIV-Pnlp0-
YeaS3. Nhu néu trén, don vi biéu hién yeaS gbm vat chii pMIV-5JS trén d6 doan
khéi dau nlpD, gen yea$S, va gen két thuc rrnB duoc ghép nbi theo trinh tu nay

duoc tao ra.

Pé cai bién ving -10 cua doan khéi du nlpD dé 1am cho né trd thanh
doan khdi diu manh hon, ving -10 dugc ngu nhién héa bing phuong phap sau
day. Ving khéi dau nlpD chira hai ving dugc cho 14 ¢é chirc ning nhu doan
khoi dau (Fig. 3), va ching dugc ki hiéu 13 pnlpl va pnlp2, trén hinh v&. Nho k¥
thuat PCR st dung plasmit pMIV-Pnlp0 1am khuén mau ciing nhu P11 va P17
(atcgtgaaga tcttttccag tgttnannag ggtgccttge acggtnatna ngtcactgg ("n" c6 nghia
1a gbc twong tmg cb thé 1a gbe bit ky trong sb cac gbc a, t, g va ¢), SEQ ID NO:
57) 1am doan mdi, thu dugc doan ADN trong dé ving -10 cé trong trinh tu c6
du 3' ciia doan khoi dau nlpD (duoc goi 1a -10(Pnlpl)) dwoc ngdu nhién hoa
(Fig. 3). Chu trinh PCR la nhu sau: 95°C trong 3 phut, sau d6 2 chu trinh gbm
95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 25 chu trinh gébm
94°C trong 20 gidy, 60°C trong 20 gidy, va 72°C trong 15 gidy, va 72°C trong 5

phut lam chu trinh sau cung.
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Hon nita, nh¢ k¥ thuat PCR st dung plasmit pMIV-Pnlp0 lam khuon
mAu ciing nhu P12 va P18 (tggaaaagat cttcannnnn cgcetgacetg cg ("n" ¢6 nghia 13
gbc tuong tmg c6 thé 1am gdc bét ky trong sb cac gbc a, t, g va ¢), SEQ ID NO: |
58) 1am doan mdi, thu dugc doan ADN trong d6 ving -10 c¢6 trong trinh ty co
dau 5' cia doan khoi dau nlpD (dwoc goi 1a -10(Pnlp2)) duge ngdu nhién héa
(Fig. 3). Chu trinh PCR 14 nhu sau: 95°C trong 3 phut, sau d6 2 chu trinh gdm
95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 25 chu trinh gém
94°C trong 20 giady, 60°C trong 20 gidy, va 72°C trong 15 gidy, va 72°C trong 5

phtt lam chu trinh sau cung.

Céc doan ¢ dau 3' va 5' ¢6 thé gin két bing cach sir dung cac vi tri Bg/Il
dugc tao ra trong cac doan mdi P17 va P18, va doan khéi dau nlpD c6 do dai
dly du trong d6 hai ving -10 duoc ngiu nhién héa c6 thé tao ra bang cach gén
két. Nho ky thust PCR str dung doan nay lam khu6n mau cfing nhu P11 va P12
lam doan mdi, thu dugc doan ADN tuong tng c6 doan khéi dau nlpD kiéu duoc
cai bién c6 d6 dai day du. Chu trinh PCR 14 nhu sau: 95°C trong 3 phut, sau d6 2
chu trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 12
chu trinh gé)m 94°C trong 20 giay, 60°C trong 20 giay, va 72°C trong 15 gidy, va

72°C trong 5 phut lam chu trinh sau cung.

Poan d3 khuéch dai duge xtt Iy véi cac enzym gidi han Sall va Pael, nhd
do cac vi tri duoc tao ra ¢ cac dau 5' cla cac doan mdi, va dugc xen vao trong
plasmit pMIV-Pnlp0-YeaS3 dugc xtt 1y twong tw vi Sall va Pael dé thay thé
Pnlp d6t bién cho doan khéi ddu nlpD kiéu dai (Pnlp0) trén plasmit. Tir céc
plasmit nay, mdt plasmit cé trinh ty doan khai dau (Pnlp8) duoc thé hién trén
Fig. 3 dugc chon, va dugc goi 1a pMIV-Pnlp8-YeaS7. Trinh tu nucleotit cua
doan Pael-Sall cia doan khéi dau Pnlp8 dugc xen vio trong plasmit ndy 13 nhu

dugc thé hién trong SEQ ID NO: 42.
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(1-2) Tao ra plasmit biéu hién cysE bién di

Sau d6, tir pMW-Pomp-cysE5 (W02005/007841), phan doan Pomp-
cysES duge cét bang Pael va Sacl, va duoc xen vao trong vi tri tuong tu cia
pMIV-5JS dé tao ra pMIV-Pomp-CysE5. pMW-Pomp-cysE5 1a plasmit thu duge
bang cach xen gen cysE5 mé héa cho SAT dot bién duoc ghép ndi véi gen khoi
dau ompC vao trong pMW118. Tir pACYC184 (s6 luu gitt GenBank/EMBL
X06403, c6 gia tri tir NIPPON GENE), gen khang tetraxyclin dwoc cit bang
Xbal va Eco88I, va doan gen nay duogc xi Iy bing doan Klenow, va sau dé dugc
xen vao trong pMIV-Pomp-CysE5 & vi tri Pvul dé tao ra pMT-Pomp-CysES5. Sau
d6, pMIV-Pnlp8-YeaS7 duoc cét bing HindIIl, dugc lam béng dau bing doan
Klenow, va sau d6 duoc cit bing Ncol dé cit doan chira doan cta gen két thic
Pnlp8-YeaS-rmB va gen danh ddu khang cloramphenicol. Poan nay dugc ghép
ndi v6i doan cit Smal va Ncol ctia pMT-Pomp-CysE5 c¢6 pMIV-5JS tuong tu
nhu khung chinh dé tao ra pMT-EY2. pMT-EY2 1a plasmit c6 doan két thic

Pnlp8-YeaS-rrnB va doan Pomp-CysES trén mot plasmit.
(1-3) Bua cysES va yeaS vao trong chiing P. ananatis SC17

pPMT-EY2 néu trén cé cac vi tri dinh cta thé thuc khudn Mu thu duoc tir
pMIV-5JS (don yéu cu cdp patent Nhat s6 2008-99668). Bang cach cho phép
plasmit ndy clng ton tai véi plasmit hd trg pMHIO c¢6 Mu transposaza
(Zimenkov D. et al., Biotechnologiya va (in Russian), 6, 1-22 (2004)) trong
cling mot loai t& bao, doan gen két thiic PompC-cysE5-Pnlp8-YeaS-rrmB gdm
gen danh ddu khang cloramphenicol nim gifta cac vi tri dinh thé thuc khudn Mu
trén plasmit pMT-EY2 nay c6 thé dugc xen vao trong nhiém sic thé ciia chiing P
ananatis SC17 (patent M§ sb 6,596,517). Hon nita, vi gen danh déu khang
cloramphenicol ndm trén plasmit pMT-EY2 c6 cAu triic ma né ton tai gitta hai vi
tri dinh cua thé thyc khudn A (AattR va Aattl), gen dénh ddu khang
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cloramphenicol c6 thé dugc cét va loai bé bang phwong phap dudi day.

Trude tién, ching SC17 dwoc nhép ndi véi pMHI10 bing phuong phap
xung dién duoc chon bang cich nudi cdy qua dém & 30°C trén méi trudng thach
LB chira 20mg/L kanamyxin. Thé bién nap thu dugc duge nudi cdy & 30°C, va
PMT-E2 duoc dua vao trong ching niy bing phwong phap xung dién. Ching
ndy dugc bién nap véi ca pMHI10 13n pMT-EY2 dugc cho sbc nhiét & 42°C
trong 20 phut, va khuan lac cia céc ching khéng cloramphenicol dugc chon loc
trén moi trudng thach LB chira 20mg/L cloramphenicol. Nhiét do nudi cly cho
su chon lgc nay 1a 39°C. Nhu néu trén, khoang 50 dong thu dugc, va pMHI10 va
PMT-EY2 dugc xtt 1y bang cach nudi cdy timg dong & 39°C trong 48 gid trén
moi truong thach LB. Chung c6é tinh khang cloramphenicol do sy xen doan trén
nhidm sic thé va cé tinh nhay kanamyxin va ampixilin do dat duoc sy xir 1y ca
hai plasmit. Hon nita, & x4c nhén rang doan dich dugc dinh vao nhiém sdc thé
cta chung thu duge bang PCR st dung ADN nhiém séc thé cta ching nay lam
khuén mau ciing nhu P11 va P16 13m doan mdi. T4t ca cac dong thu dugc dugc
ki hidu tir EYO01 dén EY50, va méi trudong san xuét xystein dugc thuc hién b%lng
cach sir dung céc ching tir EY01 dén EY50. D& nudi cdy, phuong phap dugc
néu dudi day duoc st dung. Ching EY19 dugc chon, 1a dong san sinh L-xystein
v6i luong 16n nhit nho qué trinh nudi cay.

Gen dénh ddu khang cloramphenicol dugc dua vao trong ching EY19
duoc loai bo bing hé cét thu duoc tir thé thuc khudn A. Cu thé, ching EY19
dugc bién nap v6i pMT-Int-Xis2 (WO2005/010175) mang gen Int-Xis cta thé
thuc khuén A, va (cac) chung EY19 ¢6 tinh nhay cloramphenicol thu dugc tir thé
bién nap thu duogc.

(1-4) Tao ra ching dugc gia ting muc biéu hién gen cysPTWA tir ching
EY19(s)
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Tiép theo, dé gia ting su biéu hién cta gen cysPTWA, doan khoi du
nim & phan hudng 1én phia trén ctia cum gen cysPTWA trén nhidm séc thé duge
thé bing doan khoi diu ¢ sén Pnlp8 néu trén. Poan ADN chira doan khéi dau
nlp8 c6 kich c& khoang 300bp thu duogc bang PCR sir dung pMIV-Pnlp8-YeaS7
lam khu6n miu ciing nhu P11 va P12. Chu trinh PCR 1a nhu sau: 95°C trong 3
phut, sau d6 2 chu trinh gém 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C
trong 40 gidy, 20 chu trinh gdm 94°C trong 20 gidy, 59°C trong 20 gidy, va 72°C

trong 15 giay, va 72°C trong 5 pht lam chu trinh sau cung.

Poan ADN dugc khuéch dai chira doan khoi dau nlp8 duoc xir ly béng
doan Klenow, duwoc xen vao trong plasmit pMW118-(AattL-KmR-AattR)
(W02006/093322A2) duoc cit bing Xbal va sau d6 dugc xir ly bing doan
Klenow dé thu plasmit pMW-Km-Pnlp8. Béng cach tién hanh PCR st dung
pMW-Km-Pnlp8 1am khuén mdu ciing nhu cic doan mdi P19 (tccgctcacg
atttttttca tcgctggtaa ggtcatttat cccccaggaa aaattggtta, SEQ ID NO: 59) va P20
(tttcacaccg ctcaaccgca gggceataace ggeccttgaa gectgetttt ttatactaag ttg, SEQ ID
NO: 60), doan ADN c6 kich c¢& khoang 1,6kb chira doan Km-Pnlp8 dugc khuéch
dai. Chu trinh PCR @& khuéch dai 1a nhu sau: 95°C trong 3 phut, sau d6 2 chu
trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 30 chu
trinh gdm 94°C trong 20 gidy, 54°C trong 20 gidy, va 72°C trong 90 gidy, va
72°C trong 5 phiit 1am chu trinh sau cting. O ¢4 hai doan mdi, trinh tw ¢6 vai tro
1a doan dich trén nhifm séc thé d& dinh mot doan cu thé bang phuong phap két
hop phu thude A (phuong phap ndy con duoce goi 13 "su két hop birc xa 4nh sang
do" (Proc. Natl. Acad. Sci. USA, 2000, vol. 97, No. 12, pp.6640-6645)) (trong
trudmg hop nay, trinh tu gn doan khoi dau cysPTWA) dugc tao ra. Do véy, néu
doan ADN thu dugc duge xen vao trong ching dich bang phuong phap két hop

phu thudc A nay, tao ra cdu tric ma Km-Pnlp8 dugc dinh ngay trudc gen
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cysPTWA trén nhidm sic thé, va gen ‘cysPTWA duoc gin v6i doan khéi dau
nlp8. Trinh tu nucleotit cia cum gen cysPTWA dugc thé hién trong SEQ ID NO:
43, va céc trinh ty axit amin dugc méa hoa badi cac gen cysP, cysT va cysW duoc
thé hién trong cac SEQ ID NO: 44 dén 46. Trinh ty nucleotit ctia gen cysA va
trinh tu axit amin dugc m3 héa boi gen nay dugc thé hién trong cac SEQ ID

NO: 47 va 48.

Chung P. ananatis SC17(0)/RSF-Red-TER 1a chiing v4t chi dé thyc hién
mdt cach hidu qua phuong phép két hop phu thude A, va né 1 ching thu duogc
bing cach dua plasmit hd trg RSF-Red-TER ma biéu hién cac gen gam, bet va
exo (sau day duoc goi la "cac gen A Red") vao trong ching SC17(0), 1a ching P
ananatis khang gen A Red (W02008/075483). Ching SC17(0) dugc luu gifr tai
Russian National Collection of Industrial Microorganisms (VKPM), GNII
Genetika (address: Russia, 117545 Moscow, 1 Dorozhny proezd. 1) ngay 21
thang 9 nim 2005 véi sb luu gitt VKPM B-9246. Phuong phap tao ra plasmit
RSF-Red-TER duoc md ta chi tiét trong WO2008/075483.

Chang SC17(0)/RSF-Red-TER néu trén duoc nudi cdy véi sy bd sung
IPTG d cam tmg su biéu hién cua cic gen A Red dé tao ra cac t& bao cho
phuong phéap xung dién. Poan ADN dich néu trén dugc dua vao trong cac té bao
ndy bing phuong phép xung dién, va ching tai td hop trong d6 doan khéi déu
nlp8 dugc dinh dong hudng 1€n phia trén cta gen cysPTWA bang phuong phap
két hop phu thude A thu dugc bing cach st dung tinh khéang kanamyxin 1am gen
danh diu. Bing cach tién hanh PCR st dung ADN nhiém séc thé cua ching thu
duoc 1am khudn mau, cling nhu P21 (ctttgtecct ttagtgaagg, SEQ ID NO: 61) va
P22 (agctgatcta gaagcetgact cgagttaatg gectcecaga cgac, SEQ ID NO: 62) lam
doan moi, d& nhin théy réng cAu trac dich, Km-Pnlp8-cysPTWA, dugc tao thanh,
va ching nay dugc goi 1a ching SC17(0)-Pnlp8-PTWA.
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Sau d6, ADN nhim séc thé cua ching SC17(0)-Pnlp8-PTWA duoc tinh
loc, va 10pg ADN nhiém sdc thé ndy dugc dwa vao trong ching EY19 bing
phuong phép xung dién dé thu ching khéang kanamyxin. Qué trinh khuéch dai
dugc thuc hién béng k§ thuat PCR sir dung ADN nhiém séc thé ctia chung thu
duoc 1am khuén mu ciing nhu P21 va P22 1am doan mdi dé x4c nhén ring cu
trac ciia Km-Pnlp8-cysPTWA di duoc dua vao trong nhidm séc thé cua ching
EY19(s). Ching thu dugc nhu néu trén dugc goi la ching EYP197. Hon nita,
gen danh ddu khang kanamyxin dugc loai bé khéi nhidm sic thé bang céach sir
dung pMT-Int-Xis2 nhu néu trén, va ching ma trd nén nhay kanamyxin dugc ki

hiéu 1a ching EYP197(s).

(1-5) Tao ra ching mang gen 3-phosphoglyxerat dehydrogenaza (serA348) dot
bién cta chung EYP197(s)

V& gen 3-phosphoglyxerat dehydrogenaza dugc dua vao trong vi khuén
san sinh L-xystein, gen serA348 la gen md hda cho 3-phosphoglyxerat
dehydrogenaza cia Pantoea ananatis va ma hoéa cho enzym dot bién gbm su d6t
bién gay ra su thay thé ctia gbc alanin cho gbc asparagin & vi tri 348 (N348A) (J.
Biol. Chem., 1996, 271 (38):23235-8) duoc tao ra bang phwong phap sau day.

Trinh ty cua gen serA kiéu dai thu dugc tir Pantoea ananatis dugc thé
hién trong SEQ ID NO: 49. Trinh ty axit amin dugc ma hda bdi gen nay duoc
thé hién trong SEQ ID NO: 50. Pé thu doan ADN phia dau 3' cla gen serA trong
d6 su ddt bién néu trén duge dua vao, PCR duge thuc hién béng cach st dung
ADN nhim sic thé cta ching SC17 1am khudén miu cling nhu P23 (agctgagteg
acatggcaaa ggtatcactg gaa, SEQ ID NO: 63) va P24 (gagaacgcce gggegggctt
cgtgaatatg cage, SEQ ID NO: 64) lam doan mdi (95°C trong 3 phut, sau d6 2
chu trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 25
chu trinh gdm 94°C trong 20 gidy, 60°C trong 20 gidy, va 72°C trong 60 gidy, va
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72°C trong 5 phut 1am chu trinh sau ciing). Sau d6, dé thu doan ADN phia dau 5'
trong do sy dot bién dugc dua vao, PCR dugce thuc hién theo cach tuong tu béng
cach st dung ADN nhiém séc thé cta chung SC17 lam khuén miu cling nhu
P25 (agctgatcta gacgtgggat cagtaaagca gg, SEQ ID NO: 65) va P26 (aaaaccgcce
gggegttete ac, SEQ ID NO: 66) 1am doan mdi (95°C trong 3 phut, sau d6 2 chu
trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 giy, 20 chu
trinh gdm 94°C trong 20 gidy, 60°C trong 20 gidy, va 72°C trong 20 gidy, va
72°C trong 5 phut lam chu trinh sau cung). Ca hai doan PCR thu dugc dugce xur
Iy bing enzym gi6i han Smal, va dugc gén bang cach sir dung ADN ligaza dé
thu doan ADN tuong tng v6i gen serA dot bién c6 do dai ddy du co su dot bién
dich (N348A). Poan ADN nay dugc khuéch dai bing PCR str dung doan nay
lam khuén mau ciing nhu P23 va P25 1am doan mdi (95°C trong 3 phut, sau d6 2
chu trinh gdm 95°C trong 60 gidy, 50°C trong 30 gidy, va 72°C trong 40 gidy, 15
chu trinh gdm 94°C trong 20 gidy, 60°C trong 20 gidy, va 72°C trong 75 gidy, va
72°C trong 5 phat lam chu trinh sau cung). Céc vi tri enzym gidi han Sall va
Xbal duogc tao ra trong cac doan mdi P23 va P25 dugce xt ly bf?mg Sall va Xbal,
va doan duoc dinh vao trong pMIV-Pnlp8-ter dugc xir 1y tuong tu bang Sall va
Xbal dé tao ra pMIV-Pnlp8-serA348.

pMIV-Pnlp8-serA348 dugc tao ra cé vi tri dinh Mu c6 trong pMIV-5JS
(don yéu cau cép patent Nhat sb 2008-99668). Béng cach st dung plasmit nay
cling v6i plasmit hd tro pMH10 c6 Mu transposaza, doan gen két thiic Pnlp8-
serA348-rmB c6 gen danh diu khang cloramphenicol c6 thé dugc xen véo trong
nhiém séc thé ctia ching P. ananatis SC17, nhu néu trén. Plasmit pMIV-Pnlp8-
serA348 va pMH10 dugc dua vao trong ching SC17(0) dé thu ching trong d6
doan gen két thiic Pnlp8-serA348-rmB dugc dinh vao trong nhiém sdc thé. Bing
k¥ thuat PCR sir dung céc doan mdi P11 va P25, d nhan thdy riang doan dich c6
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trong céc t& bao. Hoat tinh 3-phosphoglyxerat dehydrogenaza trong cac dich
chiét té bao ctia 50 dong thu dugc duogc do, va chiing ¢ hoat tinh cao nhat duoc
chon, va duge ki hiéu 14 ching SC17int-serA348. Sau d6, 10pg ADN nhiém sic
thé cta ching SC17int-serA348 dugc dwa vao trong ching EYP197(s) bing
phuong phap xung dién dé thu chung khéng cloramphenicol, va nhd PCR st
dung céc doan mdi P11 va P25, dd nhan thdy ring ciu tric ctia Pnlp8-serA348
clng vé6i gen danh ddu khang cloramphenicol d& dugc dua vao trong nhiém séc
thé cta chang EYP197(s). Ching thu duoc nhu néu trén duoc ki hiéu 1a ching
EYPS1976.

Béang phuong phap néu trén dé loai bo gen danh déu s dung pMT-Int-
Xis2, gen danh diu khang cloramphenicol dugc loai bo, va ching trd nén nhay

cloramphenicol dugc ki hiéu la ching EYPS1976(s).
(1-6) Tao ra chiing khuyét gen ged tir chiing EYPS1976(s)

ADN hé gen duoc tao ra tir ching SC17(0)::Aged dugc d& cap trong Vi
du 1, va duge dua vao trong ching EYPS1976(s) bang phwong phap xung dién,
va ching khuyét gen ged (ching EYPS1976Agcd) thu duge tir ching
EYPS1976(s) bing cach st dung gen khang kanamyxin 1am gen ddnh dau.

(2) Nudi cy ching vi khudn EYPS1976(s) va ching EYPS1976Agcd sén sinh

L-xystein

Pé danh gia anh hudng cta sy loai b gen ged dbi véi su san xuat 1én
men L-xystein va O-axetylserin, la tién chét ciia L-xystein, sy san xuét nho 1én
men dugc thuc hién bang cach st dung ching vi khudn EYPS1976(s) san sinh
L-xystein va ching khuyét gen gecd EYPS1976Aged thu duge tir ching
EYPS1976(s), va cac lugng L-xystein va O-axetylserin dugc tao ra dugc so sanh.

Dé nubi cay, moi trudng san xuat L-xystein co thanh phan sau day dugc st dung.
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Moéi truong san xuat L-xystein (cadc nong do cua cac thanh phéan la cac nong do

cudi)

Thanh phan 1:
(NH4)2804
KH,PO,4
MgSO,7H,0

Thiamin hydroclorua

Thanh phén 2:
FeSO, 7H,O
Na,Mo0QO,2H,0
CoCl,'6H,O
MnCl-4H,0
ZnSO47H,0
CuSO45H,0
Thanh phén 3:
Trypton
Dich chiét ndm men
Natri clorua
Thanh phan 4:

Canxi carbonat

Thanh phéan 5:

15g/L
1,5g/L
lg/L
0,1mg/L

1,7mg/L
0,15mg/L
0,7mg/L
1,6mg/L
0,3mg/L
0,25mg/L

0,6g/L
0,3g/L
0,6g/L

20g/L

L-Histidin monohydroclorua monohydrat  135mg/L

Thanh phan 6:

Natri thiosulfat

Thanh phan 7:

62/L
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Pyridoxin hydroclorua 2mg/L
Thanh phéan 8:
Glucoza 40g/L

Ddi voi céc thanh phﬁn nay, da chudn bi cac dung dich géc co né)ng do
glp 10 1an (thanh phan 1), ndng d6 gip 1000 1an (thanh phan 2), ndng d6 gip
100/6 1an (thanh phén 3), ndng d6 gip 100 1an (thanh phéan 5), 350g/L (thanh
phin 6), ndng d6 gip 1000 l4n (thanh phan 7), va ndng d6 gip 10 lan (thanh
phén 8), ching dugc tron & thoi diém st dung, va thé tich thu duoc véi nude da
khtr trung dé dat duogc cac ndong dd cubi. Qua trinh tiét trung duoc thuc hién
bing cach hip & 110°C trong 30 phit (cac thanh phan 1, 2, 3, 5 va 8), tiét tring
bing khong khi ndéng & 180°C trong 5 gid hodc 1au hon (thanh phéan 4), hosc tiét

tring bang céach loc (cac thanh phan 6 va 7).

Qu4 trinh nudi ciy san xuét L-xystein dugc thuc hién nhu sau. Ching
EYPS1976(s) va ching EYPS1976Agcd dugc phit va dan déu 1én mdi trudong
thach LB @& tién hanh nudi ciy so bd qua dém & 34°C, va sau d6 céc té bao
tuong Ung v6i 7em trén dia cao hai 14n bing vong ciy kich ¢& 10-pl (NUNC
Blue Loop), va dugc cdy vao trong 2ml méi trudng san sinh L-xystein c6 trong
6ng nghiém 16n (duong kinh trong: 23mm, chidu dai: 20cm) & cac lugng té bao

vé co ban 1a giong nhau ¢ thoi diém bat dau nudi cay.

Céc chung duoc nudi cdy & 34°C hogc 38°C c6 khudy, va qué trinh nudi
chy két thuc sau 24 gid. O thoi diém nay, d& nhan thdy ring glucoza 14 ngudn
cacbon duogc ti€u thu hoan toan. L-xystein dugc tao ra trong moi truong dugc
dinh luong bing phuong phap duoc néu trong Gaitonde, M.K. (Biochem. J.,
1967 Aug., 104(2):627-33). OAS (O-axetylserin) dugc tao ra trong moi trudng

dugce dinh luong bang HPLC. Trong qua trinh dinh lugng nay, phuong phép
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chuyén héa OAS thanh NAS (N-axetylserin) 6n dinh hon bang c4ch pha lodng
méu bang 200mM Tris-HCI (d6 pH = 9,0) va phét hién NAS duoc st dung. Cac
diéu kién HPLC 14 nhu sau.

Cot: Inertsil ODS-3 (cdt ky nude, GL Science Co., Ltd.)

Téc d6 dong dung dich dém: 1,0mL/phit

Nhiét d6 cot: 40°C

Su do: UV 210nm

Thé tich pht ctia mau: 10mL

Dung dich dém: 0,1M KH,PO,4-H;PO, (d6 pH = 2,2), 5SmM Na 1-octansulfonat

Thr nghiém duoc thyc hién sau 14n cho mdi chiing, va cac két qua duoc
thé hién & Bang 2 véi cac gia tri trung binh va céc dg 1éch chun. Nhu dugc thé
hién trong Béang 2, thiy ring su khuyét gen ged 13 hitu hidu dé gia ting L-
xystein va O-axetylserin & cé hai nhiét d6 nudi cdy 34°C va 38°C. Mic gia ting
dang ké hon 13 & 38°C, va nhu vay thiy ring dic biét hitu hiéu cho qué trinh
nudi cdy ¢ nhiét d6 cao. Ciing nhan thiy ring né ciing hitu hidu dé gia ting

lwong t& bao (OD) & 38°C.

Béng 2: Kha ning san sinh L-xystein va NAS ctia chiing khuyét gen ged

Cys(gL) | NAS(g/L) 0OD600

34°C EYPS1976(s) | 1,02+0,16 | 0,81+0,10 | 15,1+0,50
EYPS1976Aged | 1,29+0,16 | 1,01+£0,10 | 15,0+0,24

38°C EYPS1976(s) | 031+0,12 | 0,54+0,11 | 11,1+1,68
EYPS1976Aged | 0,95+0,21 | 0,87+0,10 | 19,2+0,57
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Giai thich danh muc trinh tu

SEQ ID NO: 1: Trinh tu nucleotit ciia gen gcd ctia Pantoea ananatis

SEQ ID NO: 2: Trinh tu axit amin cia Pantoea ananatis GCD

SEQ ID NO: 3: Trinh tu nucleotit gen hisD ctia Pantoea ananatis

SEQ ID NO: 4: Poan mdi dé khuéch dai doan két hop gen Km' vao trong gen hisD

SEQ ID NO: 5: Poan mdi dé khuéch dai doan két hop gen Km" vao trong gen hisD

SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

va TrrnB

SEQ ID NO:

va TrrnB

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

: 6: Poan moi dé khuéch dai gen cat

: 7: Poan mdi dé khuéch dai gen cat

: 8: Poan mdi dé khuéch dai gen sacB

: 9: Poan mdi dé khuéch dai gen sacB

: 10:
2 11:

12:
13:
14:

15:

16:
17:
18:
19:
20:
21:
22:
23:

Poan moi dé khuéch dai doan ADN c6 doan khoi ddu PlacUV5
DPoan mdi dé khuéch dai doan ADN c6 doan khéi ddu PlacUV5
Poan mbi dé khuéch dai doan ADN c6 cac gen ARedafy va tL3
Poan mdi dé khuéch dai doan ADN c6 céc gen ARedofy va tL3
Poan moi dé khuéch dai doan ADN c6 doan khéi ddu PlacUV5

Poan mdi dé khuéch dai doan ADN ¢6 doan khéi ddu PlacUV5

Poan moi dé khuéch dai attL

DPoan mdi dé khuéch dai attL

Trinh tu nucleotit caa attL

DPoan mdi dé khuéch dai attR

Poan mdi dé khuéch dai attR

Trinh tu nucleotit cua attR

Poan moi dé khuéch dai doan ADN c6 gen bla
Poan moi dé khuéch dai doan ADN c6 gen bla
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

cysE kiéu dai

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

24:
25:
26:
27:
28:
29:
30:

31

32:
33:
34:
35:
36:
37:
38:

39

40:
41:
42:
43:
44.
45:
46:
47:
48:

19793

Poan mdi dé khuéch dai doan ADN c6 gen ter rrmB

Poan mdi dé khuéch dai doan ADN c6 gen ter rrmB

Trinh tu nucleotit ciia doan ADN c¢6 gen két thiic ter_thrL
Poan moi dé khuéch dai doan ADN c6 gen két thac ter thrL
Poan mdi dé khuéch dai doan ADN c6 gen két thuc ter thrL
Poan mdi dé khuéch dai gen gltA trir ORF

Poan mdi dé khuéch dai gen gltA trir ORF

: Poan mbi dé khuéch dai gen prpC

Poan mdi dé khuéch dai gen prpC

Poan mdi dé loai bd gen ged

Poan mbi dé loai bo gen ged

Poan mdi dé xé4c nhan su loai bd gen ged
Poan mdi d& x4c nhan sy loai bé gen ged
Trinh tu nucleotit ctia gen cysE kiéu dai

Trinh ty axit amin cta serin axetyltransferaza dugc ma hoa béi

: Trinh ty nucleotit cda gen yeaS kiéu dai

Trinh ty axit amin cta Yea$ kiéu dai

Trinh ty nucleotit ctia Pnlp0

Trinh tu nucleotit cia Pnlp8

Trinh ty nucleotit cia cum gen cysPTWA
Trinh ty axit amin dugc ma héa bdi gen cysP
Trinh ty axit amin dugc méa hoa boi gen cysT
Trinh ty axit amin dugc méa héa baoi gen cysW
Trinh ty nucleotit cia gen cysA

Trinh ty axit amin dugc méa hda bdi gen cysA
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SEQ ID NO: 49: Trinh tu nucleotit ctia gen serA kiéu dai cta Pantoea ananatis
SEQ ID NO: 50: Trinh ty axit amin dugc m& héa boi gen serA kiéu dai cia
Pantoea ananatis

Céc SEQ ID NO: 51 dén 66: Cac doan mdi P11 dén P26
Kha nang Umg dung trong cong nghiép

Bing céach st dung vi sinh vét theo sang ché, axit L-amin nhu axit L-
glutamic, L-lysin, L-threonin, L-arginin, L-histidin, L-isoloxin, L-valin, L-loxin,
L-phenylalanin, L-tyrosin, L-tryptophan hodc L-xystein c¢6 thé dugc san xuét

mot cach hi€u qua bang céach 1én men.

Trong khi sang ché d& duoc mo ta chi tiét v6i s tham khao céc phuong
4n wu tién, ngudi c6 hidu biét trung binh trong linh vyc k§ thuat ndy hoan toan
c6 thé tién hanh céc sy thay ddi khac, va cac cach twong duong duogc sir dung
ma khong tréch khéi pham vi cia sang ché. Mbi tai liéu duge néu & trén dugc

két hop vao trong ban mb ta nay dé tham khao.
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YEU CAU BAO HQ
1. Phuong phép san xuét axit L-amin bao gdm céc budc:
A) nudi cdy vi khuén thudc ho Enterobacteriaceae va c6 kha ning san sinh axit
L-amin trong moi trudng, va
B) thu gom axit L-amin tir mdi trudng hodc vi khuin, trong d6 vi khuén nay d3
dugc cai bién sao cho hoat tinh glucoza dehydrogenaza vén c¢6 ma sir dung
pyroloquinolin quinon 1am coenzym bi giam so véi vi khudn khéng duoc cai
bién,
trong d6 hoat tinh glucoza dehydrogenaza bi giam bang cach lam giam mirc biéu
hién cta gen ged trén nhidm séc thé cta vi khuén, bang phuong phap dugc chon
tir nh6m bao gdm:
a) xen chudi gen nhdy vao trong doan ma héa cia gen gdc sao cho sy biéu hién
bi ngit quéng,
b) loai bo toan bd hodc mot phén cia trinh ty didu chinh su biéu hién cua gen,
¢) xen mdt hodc nhiéu nucleotit vao trong trinh tu diéu chinh su biéu hién cta
gen sao cho trinh ty diéu chinh sy biéu hién khong con chirc ning nita,
d) loai bé mdt phan hoic toan bd gen gdc trén nhidm séc thé, va
e) gdy su dot bién duoc chon tir nhém bao gdm su thé doan axit amin, codon két
thac va dot bién dich khung & trong doan mé hoéa clia gen ndy trén nhiém séc thé
sao cho sy biéu hién bj ngét quing, va

f) t& hop ctia cac phuong phap nay.

2. Phuong phép theo diém 1, trong dé gen gdc chita ADN ma héa trinh tu axit
amin cta SEQ ID NO: 2 hoic trinh ty axit amin c6 do twong dong khéng thép
hon 95% so véi trinh ty axit amin cua SEQ ID NO: 2.

3. Phuong phép theo diém 1, trong d6 axit L-amin dugc chon tir nhém bao gdm
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axit L-glutamic, L-lysin, L-threonin, L-arginin, L-histidin, L-isoloxin, L-valin,
L-loxin, L-phenylalanin, L-tyrosin, L-tryptophan, L-xystein va hon hop cla

chung.

4. Phuong phap theo diém 3, trong d6 axit L-amin 13 axit L-glutamic hoic L-

Xystein.

5. Phuong phép theo diém 4, trong d6 axit L-amin 13 axit L-glutamic, va hoat
tinh hodc cac hoat tinh cta enzym duogc chon tir nhém bao gdém xitrat syntaza,
metyl xitrat syntaza, phosphoenolpyruvat carboxylaza, glutamat dehydrogenaza
va céc hdn hop cua ching, duge ting cudng & vi khudn bing phwong phap dugc

chon tir nhém bao gdm:
a) gia ting sb luong ban sao ciia gen mé héa enzym va
b) gdy su dot bién & trong doan khoi dau ciia gen nay.

6. Phuong phép theo diém 4, trong d6 axit L-amin 13 L-xystein, va hoat tinh
hodc céc hoat tinh cia enzym dugce chon tir thém bao gdm 3-phosphoglyxerat
dehydrogenaza, serin axetyltransferaza, hé van chuyén sulfat/thiosulfat va céc
hdn hop cua ching duoc ting cudng, va/hodic su bidu hién ciia gen yeaS duoc
ting cudng, trong d6 hoat tinh hodc su biéu hién dugc gia ting béi phuong phép

duoc chon tir nthém bao gdm:
a) gia ting sb lugng ban sao clia gen mi hoa enzym va/hoic gen yea$S, va
b) gdy su dot bién & trong doan khoi dau clia gen nay.

7. Phuong phap theo diém 1, trong d6 vi khuan thudc gidng duge chon tir nhém
bao g(‘A)m Pantoea, Enterobacter, Erwinia, Klebsiella, Providencia, Salmonella,

Serratia, Morganella, va Yersinia.
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DANH MUC TRINH TU

<110> Ajinomoto Co., Ina.
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acecgetygate
gattgtagge
cegggecace
actagdaage
cactgcag

210>
€211>
<212
€213>

27
36
ADN

<2293

1388

gtttgacage
cgeagtoagy

-acectggatyg

atcgtoeatt
atgcaattte
@fédtgétﬁq
gtectgtygga
gttgetggeg

Trinh tu nhén tao

ttateatega
cacegtgtat

ctgtaggeat

ccgacageat

tatgegeace

thtegetact
tectetacge
cctdtatoge

cteatgagey cttgtttegy

ggegecatct

ctactggget

agagecttca

cttatgacty
atttteggey

ttoggaatet
ggcgagaage
gcgttegegda
atcgggatge
cagctteaayg

gtecacggoga

gecgeectat
tegacttgaa
ttaacacaga

cettgoatge
gettectaat

acccagteay

tottetttat
aggaccgett
tgcacgeect
aggccattat
cgegaggetyg
cegegttgea

gategetege

tttatgecege
aecttgtetyg
tggadgeeyyg
anzaageceqg

Trinh tu nhan tao

boan ADN chita gen Tc va ter thrlL

taagetttaa

gaaatctaac

aggettagtt
cgeeagteac
cgttetcgga

tggagceact

cggacgeatc

cgacatsace
cgtgggtdtg
acgattectt
gcaggagtcy
ctecttecgy
catgeaacte
tegctygage

Qgﬁtcaagcc
'G§CCg§Catq
gétggcgttc
ggocatgety
iggthttaCQ

ctcggegage
cultcoeogey
cggeaccteg
cacetgacay

-02-

tgoggtagtt
aatgogctca
atgecggtac
tatggegtye
gcactgteeg
atcgactacy
gtggecggea
gatggggaag
gtggcaggee
gcggeggegy
cataagggag
tgggegeggy
gtaggacagy
gegacgatga
ttcegticdacty
geggcegacy
cecattatda
tocagygeady
agcctaactt
decatggaacy
ttgegtegeyg
ctaacggatt
tgogggottt

tdtecdcagtt
tegtcatect
tgcegggeet
tgctageget

accgetttgg
cgateatgge

tcaecggege
attggﬁctcg

tegtggecgyg

tgetcaacgg
agecgteogace
goatgactat
tgeeggeage
teggectgte

gtéccgecac.:

cgetgggeta
ttettotege
tagatgacga
cgatcactygy

ggttggeaty

gtgcatggag
caccacteca
ttttttegac

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1680

1140

1200.
1260
1320
13840
1388



€223>

£4005

19793

Poan mdi P9

27

agtaattcta gasagcottaa cacagadaaa ageecy

«210>
£211>

€2L2>

€Z13>

<220>

<223>

<400

ctagtgggat,pagggaagtg glcgaaaaaa aaageccgea ctg

<210>
<211
212>
<213>

<220>
<223>

28

43

ADN

Trinh tu nhin tao

Poan mdi P10

28

29

33

ADN

Trinh ty nhén tao

Poan mdi 1

29

ggaagatcta tttgccttcg cacateaace tgg

<210>

<211>
<212>
K213>

<220
<223>

<400>

30

30

ADN

Trinh ty nhén tao

Poan mdi 2

30

cggggtacct tgtasatatt ttaacccgee

<2102

<211>

212>
<213>

<220

<275

31

56

ADN

Trinh tu nhdn tao

Poan mdi 3

-03-

33

30



19793

2400> 31
ggaagateta aggagacctt aaatgagega cacaacgatc ctgcsaaaca gtacce

«210> 32

211> 39

<212> ADN

<213% Trinh tu nhén tao

<Z20»
«223> boan mdi 4

<400> 32
cggyggtacet cgtagaggtt tactggeget tatccageg

<210> 33

211> B8O

<212> ADN

<213> Trinh tyu nhén tao

220>
<223> Poan mdi

<400> 33
ctatetgatt gttttecctga gttttetgge dacgaaatga ggtcaacatt tgaagcctgce
ttetttatad taagtiggea

210> 34

€211 80

<212%» ADN

<213» Trinh tu nhdn tao

220>
<223% DPoan mdi

<400> 34 |
agcaggcata aaadadggey gaccggagte egectetgtt caggtgttaa cgcteaagtt
agtataaaaa agetbgaacga

<210> 3%

£211 > 24

«212>» ADN

<213%% Trinh ty nhén tao

-94-

56

39

60
80

60
80



<223» Poan

<400> 35

mdi

19793

gatatggaty atcacgette a

<210>
<211
<212>
<213>

36
18
ADN

<220>
£223> Poan
<400> 36

catgetogge

«210>
L2113
<212>
<213>

37
ADN
<220%

<2213
222>

D8
(3061

<400> 37

teggtcaggyg
accgecaatac
ccgaggaaat
tactaggteg
cegetatgac
atg teg tgt
Met Ser Cys
1

gee
Ala

acg

aga
Arg THr

Arg

acg

cta
Leu
35

gcg
Ald

ety
Leu

gcQ
Ala
50

gkg
Val

gas
Glu
65

Val

1422

aac
Asn

gtg

X
mo1l

tattcegac

} .. (1119)

catggatgta

gaaagaagtc

ttatcaagta
tgeacggoaag

ceggeecgeg

gad
Glu

gaa

5

gcg
Ala

ctg
Leu
20

cte aayg
Leu Lys

dag

- etg
Iiys

Lieu

gaa

[ gaa
Glu

Glu

gac
Asp

cae
Hig

tea
Ser

gee
Ala
70

Trinh ty nhén tao

Escherichia coli

cagagegcge

‘cgegaactygyg -

ttatattgey

‘gacgagcgca
‘cdgaacgggce
ctyg
Glu Leu

gasa
Glu

att g
Ile ¥V

tgt
Cys

gag ¢
Glu P

2.

aac c©
Asn L
40

cea a
Pro T

gaa
Glu

Loy
Ser
55

tae
Tyr

goc g

le

1 Ala

aggagaggatl
cgcatecgett
gaaaaaacgc
geagecacta
cggteattat
te tgg aac
al Trp &Asn
10
atg
Met

ca
o
5

tt
e

ctyg
Leu

agt
Ser

gge
Gly

ect
Pro

tt atg

Met
ct ceg
Pro
15

gac
Asp:

-05-

tggtcaggty
cgdcgttgaa
gogcocgaggca
acdcedggga
ctcateghgt
aat att aaa
Asn Ile Lys

Tttt
Phe
30

age
Ser

Ggee
Ala

agt
Ser

clig
Leu
45,

gea
Ala

: get
Ile¢ Ala

got
Ala
60

gaa
Glm

atg ate
Meat Ile

gtggaagget
atgccaatad
gcattgactt

acctttgtta

ggagtaagca
gce gaa
Ala Glu
5
tac
Tyxr

cag
His

tac

. atg
Ty

Met

ate
Ile

cgt
Arg
tet

Ser
80

gce
Ala

21

18

60
120
180

240

300
348

396

444

492

540



gcg

. gec
ABla

Kla Cys
tac
Tyt

aaa
Lys Ser
tat
Tyr

gcc
Ala

ate
Tle
130
ccy.
Pxo

gca
Ala
cac gca
His Kla
145
ggc
Gly

atc
Tle

gte
Val
tct
Ser

Caa
Gln

ctg
Leuy

cac
His

ccg
Pro

aaa

kgt

teca

cge

Lys:

att
Ile
85

ceg
Pro

gat

acc
Thx
100
ate
Arg Ile
115
Tt
Phe

ggt
Gly

ctd
Leu

caa
Gln

gea.
Ala

aad
Lys:

cag
Gln

ttg
Leu

cae
His

aac
Asn

att
Tle

509 5tg
Ala val

tta
Leu

tac

ttyg
Leu
120
gtt
Val

Trp

cag
Gln
135
ggt
‘Gly

cge
Arg

150

gtt
Val

ggt
GLly
165
acqg
Thr

gtg
Val
180
att
Tle

cgt
Arg

195

cte
Jiew

ggc aat
Gly
210
gtg
Val

gty
Val
225
get
Ala

cgt
Arg Ile
cat
His

gac
Asp

cag
Gln

ate
Ile

agtaactdat:
actacegaca
attttttgte
cegaacatca
gtagtgaggyg

<210>
<211>»
<212>

38
273
PRT

Asn

ctg
Leu

att

att
Ile

gaa
Glu

caa
Gln

ceyg
Pro

gaa
Glu

ctt
Leu

gaa
Gli

gt
Val

gtg
Val

gcg
Dla

acg
Thr

ggt
Gly

qggc:
Gly

gtg
val
200
cge
Arg

ggt
Gly

999
Gly
215
‘eey
Pro

cey
Pro.

230

gte

ggt
val ¢

Gly
aag
Asn

tte
Phe
260

‘clcteaatac

cegeattgga

‘cagegggeag
gataategec

cga

aaa
i

ggt
Gly

eea
Pro

gac
ASP

att
Ile

a&c
Asn

ggetecegga
cagattcaty

ggcatcaaga

atectgatag

Aacg

265
taatgtectyg tgatcedtgee ggatygcgatyg taatcatcta

19793

ace
Thr
50

aag
Lys:

cgt

! cge
Arg

Arg

gac gte
Vail
95
ttyg
Leu

teg- gow

gat
Ala: Asp

Asp Asp
ety
Leu
105
tygg
Trp:

ggt
Gly

gce
- Ala

110
L cge
P RATY

cag
Gln

ttt
Phe

aat
Asn

gca
Ala

cay ctyg

Lieu

gag
Gln Gly
tet
Ser

tte o
Phe G
140
ctt
Leu

gtc
| Val

gat
Asp

att

gty 5
Ile

Vai

acyg
Thr

atc
1lg

atg
Met
155
gaa
Glu

ggt
Gly

cac aca
Thx
160
att

Ile

gcg
His Ala
att
Ile
170
ggt
Gly

aac -
Asn

gta
Val

tcg
Ser
175
gae
Asp

gtg
Val

tet
Ser

daa
Lys:

cgt
Arg

ggt
Gly
190
gcg
Ala

ggt
Thr Gly
185
atg
Met

att
Ile

ate
Ile

saa
Lys

ggc
Gly

gcg
Ala

gge
Gly
205
gge
Gly

att
Ile
220
goo
Ala

tece
Setr

gcg
Ala

gge
Gly

aag
Lys

gca
Ala

ggt
Gly

cat
His

Thr

gtt
Val

ace
Thr
235
aag
Lys

gct
Ala

ceg
Pro
249
atg
Met.

ggc
Gly

tea
Ser

gat cea
Asp
250
deoa
Thr

age
Ser

atyg
Met

gat
Asp
255
gat
Asp

Pro

Lttt
Phe

tat
Tyr

cat
His

gag
Glu

999
Gly
270
teocggectae

999
Gly

tacceeaact gecgecdgge thcatacace
ctygcggetygt ceggeaccat ¢ggaatgega
atgctcgetg geaggeegeg tgtttecgygg
cttadggege totgagcagyg tutacctttc

-96-

636

684

732

180

g28

876

924

972

1020

1068

111%

1169

1229
1289
1349
1409
1422



19793

<213> Escherichia coli

<400> 38
Met Sér Cys Glu Glu Leu Glu Ile Val Trp Asn Asn Ile Lys Ala Glu
1 5 10 15
Ala Arg Thr Leu Ala Asp Cys Glu Pro Met Leu fla Ser Phe Tyr His
20 25 30
Ala Thr Leu Leu Lys His Glu Asn Leu Gly Ser Ala Leu Ser Tyr Met
35 40 45
Lei Ala Asn Lys Leu Ser Ser Pro 1lé Mét Pro Bla Ile Ala Ile Arg
50 55 60
‘Glu Val Val Glu Glu Ala Tyr Ala Ala Asp Pro Glu Met Ile Ala Ser
65 70 75 80
Ala RAla Cys Asp Ile Gln Ala Val Arg Thr Arg Asp Pro Ala Val Asp
85 99 95
Lys Tyr Ser Thr Pro Leu Leu Tyr Leu Lys Gly Phe His Ala Leu Gln
100 105 110
Ala Tyr ‘Arg Ile Gly His Trp Leu Trp Asn Gln Gly Arg Arg Ala Leu
115 120 125
Ala Ile Phe Leu Gln Asn Gln Val Ser Val Thr Phe Gln Val Asp Ile
‘130 135 140
His Pro Ala Ala Lys Ile Gly Arg Gly Ile Met Leu Asp His Ala Thr
145 150 155 160
Gly Ile Val Val Gly Glu Thr Bla Val Ile Glu Asn Asp Val Ser Ile
165 170 175
Leu Gln Ser Val Thr Leu Gly Gly Tht Gly Lys Ser Gly Gly Asp Arg
180 185 190
His Pro Lys Ile Arg Glu Gly Val Met Ile Gly Ala Gly Ala Lys Ile
195 200 205
Leu Gly Asn Ile Glu Val Gly Arg Gly Ala Lys Ile Gly Ala Gly Ser
210 215 220
Val Val Leb Gln Pro Val Pro Pro His Thr Thr Ala Ala Gly Val Pro
225 230 235 240
Ala Arg Ile Val Gly Lys Pro Asp Ser #Asp Lys Pro Ser Met Asp Met
245 250 255
Asp Gln His Phe Ksn Gly Ile Asn His Thr Phe Glu Tyr Gly Asp Gly
260 265 270
Ile

<2105 38

<211> 1039

<212> ADN

<213> Escherichia eoli

<220>

<221> CDS
<222>  (201)..(839)

-97-



19793

tgeggataac ggtagadttt ttacgeceagt attttgecga gcactaceeg aattttteac
tg'aqbatgc-Ctgattaatgg@tﬁcaattat cgggttgata tcaggttaaa acctgatttt
cteettteta aggogetaca .gatbggtiag cdtattcace tttaategeg catgatcgaa
agataattaa agaggttaat gtg tte get gaa tac ggg gtt ctg aat tae tgg

ace tdt ety
The ‘Tyr Leu

ace ctg ttt
Thr TLieu Phe
30
tat ctt gegq
Tyr Leu Alg'
45

ctg goca tgg

Lew Ala Trp
60

tte dac att
Phe Asn. Ile

agt &daa att
Ser Lys Ile

tec gat gag

Séer Asp Glu
110

dge ctg adt

Ser Leu Thx

125

cag ttt atc

Gln Phe Ile

140

ctg gecg geg

Tieu BAla Ala

att ata tct
Ile Tle Ser

ctg got aaa

Leu Ala Lys

190

gat gee cga

RAla Aka Brg
205

gcgggcthce catctataat cetegeotgat tettegetga tatgdtgeta aaaagtaacc
aatagatggt atttaaaatq caaattatca ggcgtaccet gasacggetyg gaataaaccg

gtt ggg

Val Gly

15

gta cte
Val Leu
gec tge

Ala Cys

get gga
Ala Gly

gta egt
Val Arg
80

ekt tac

Leu Tyr
95

Gee taa

Pro Gln

aat ceg:

Asn Pro

gat gtt
Asp Val

acy ctyg
Thr: Jaoeny
160

gat get

Gly &Ala
175

gtt gge
Val Gly

ctg gcg
Leun Ala

‘Val Phe Ala Glu Tyr Gly Val Leu Asn Tyr Trp
1 5 10
gee att ttt att gtg ttg gty cca ggg cea aat
Ala' Tle Phe¢ Ile Val Leu Val Pro Gly Pro Asn

20 25
aaa aat age gt agt age gyt atg aasa gge ggt
Lys: Asp Ser Val Ser Ser Gly Met Lys Gly Gly
35 40
ggt gta ttt att gge gat geg gte ttg atg ttt
Gly Val Phe Ile Gly Asp Ala Val Leu Met Phe
50 55

gty gcg aca tta att aag acc ace ceg ata tta

Vel Ala Thr Leu Ile Lys Thr Thr Pro Ile Leu
65 70 75
tat ctt ggt geg ttt tat ttg ctec tat ctg ggg
Tyr Leu Gly Ala Phe Tyr Leu Leu Tyr Leu Gly
85 90
gcg ace ¢tg dag ggt aaa aat agc gag gcc aaa
Ala Thr Leu Lys Gly Lys Asn Ser Glu Ala Lys
100 105
tac ggt get att ttt saa cge geg tta att ttg
Tyr Gly Ala Ile Phé Lys Arg Ala Leu Ile Leu
115 120
ada gecc att ttg tte tat gty tog ttt tte gta
Lys ‘Ala Ile Leu Phe Tyr Val Ser Phe Phe Val
130 135
aat gce eea ‘tat acyg gga att tes tte ttt att
Asn Ala Pro His Thr Gly Ile Ser Phe Phe Ile
145 150 155
gaa ctg gtg agt tte tge tat tig age tte ctg
Glu Leu Val Ger Phe Cys Tyr Leu Ser: Phe Leu
165 170
ttt gte acg cag ta¢ ata cgt ace das aag aaa
Phe Val Thr Gln Tyr Ile Arg Thr Lys Lys Lys
180 185
aac teca c¢tg att ggt ttg atg tte gtg ggt tte
Asn Ser Leu Ile Gly Leu Mst Phe Val Gly Phe
195 200
acg ctg caa tce tga tgcttteage cegegtbtgte
Thr Leu Gln Sér
210

tttteagege attcaccgaa gyagggaaaa ggatgcecttca azatecccacag aattatattc

-08-

60
120
180
233

425

473

521

569

el7

665

TL3

761

809

BHY

§14

979

1039



19793

<210
<211>
72125
<213>

49

212

FRT

Eseﬁarichia eoli

<400> 40
Val Phe Ala Glu Tyr
1 5

Ala Ile Phe Ile Val
20
Val

val
15
Val

Gly Val Leu Asn Tyr

10
Pro

TED. Tyr Leu Gly

Leu Val Pro Gly Asn Thr Leu

25

Lys

Phe
30
Ala

Leu

Met
40
Val

Lys Asn Ser
35
Phe

Gly Leu
45
Ala

Ser Ser Gly Gly Tyr Alg Cys

Gly val
50
Ala

Ile Phe Leu Ala

60
Phe

hsp Ala Leu
55

Thr

GLy- Met. Trp Gly
Val
65

Tyr

Tht Thr Ile Leu Asn Tle Val

75
Gly

Leu Ile Lys Pro
70

Tyr

Arg
80
.Ala Phe Tyr
85

Gly

Liew Leu
90

Ala

Leu Leu
95

Pro

Gly Led Tyxr Sexr

Glu Gln
110
- Thy

Ala Thr Leu Ser Glu

105
Leu

Lys -ASn Ser
100

Ile

L ys I..ly s
Ala
115
Ile

Phe: Ala
120

Ser

Tyr Gly Lys Arg Ile Leu Ser Asn Pro

Phe Phe Val Gln
140

Leu i

Ala
130
Ala

Val
135
Ile

Lys Leu Phe Tyr s Ile Asp Val

Asn Ser Phe Phe
145

Glu

Pro His Thr Gly Thr

150
Cys

Ile
155
Leu

i Ala Leu
160
Val Phe Ala
170

Lys

Lieu Phe Leu Ser Fle Ile

165
Tyr

Ser Tyr Ser Gly

175

Phe: Val Thr Gln Thr Val

180
Tle

Ile Arg Lys Leu Ala

185
Val

Lys Lys
190

Arg

Gly

Bla
205

Phe.

Leu. Phe Ala Leu
195
Leu Gln

210

Asn Ser Gly Leu Met Gly e

Thr Ser

41

313

ADN
Es¢herichia coli

<210>
<211
<212>
<213>

<400> 41

geatgcttee
taggggagga
atategtgga
ggaaatacet
tecagtgtte

aactgegeta:

gcaccagtat
ggccgtygcge
ggatttttee
agtagggtyge

atgacgcage

ttgaaacygy

tﬁtgtccctt
tggttattit

cttgcacggt

tggacgaagyg
tgcgtcgtay
tagtgaaggg
geegeaggte
aattatgtea

-99-

cgggattcte
gggaggegaa
tgagctgget
agcgtatcglb
ctggttatta

gtiettaceeyg
tttattateg

tadaacgtga

gaacatettt
accaattttt

0
120
180
240

300



cectgggggtce

<7103
<211>
<212>
<213

42
312
ADN

<020
<223

<400> 42
gecatgettee
ta9gggagga
ataccgtgga
ggaaatacct
tecagtgttyg
ctggygggteg

<PLO>:
<211
£212>
K213>

43
4403
ADN

220>
<221
€222

€Ds
(301

<2203
<221>
<2225

CDS
(131

<220>
<2212
222>

cos
(215

<400> 43
tacagcggaa
‘tggacgetea
ggcataaccy
gcettttteg
ttataaataa
atg ace tta
Met Thrx
1

ctg agt
Leu Ser

atg

Leu Pre

Leu Ala

gac

Trinh ty nhén

doan khoi ddu

aactgegeta
gcaccagtat

ggcegtgege

ggatttttce

acaagggtce
ac

I (1311

7). (2147)

0)..(3022)

cetggeacgy
gcaaaattgt
gecectgegey
actttgaaat
actgctgtat

cea

5
gce

20

gcg atg aaa
Ala Met Lys

ggt gcec gea
Gly Ala Ala

tao

19793

nlpD dé6t bién

atgacgcage
ttgaaacygygyg
tttgtcectt
tggttatttt
ttgcacggtt

Pantoea ananatis

ctggcagege

tecaattctyg

cagcaaacga
ctgcagatga

tggacgaagy
tgcgtegteg
tagtgaaggg
deegeaggte
‘ataatgtcac

gaocagaaggy ttgatgcogt

taagtetttt
tttttegtet
tatataaaac
gatctgcatc

aaa atc gtg agc
Lys Ile Val Ser

10

aac gcg acc gag
Asn RAla Thr Glu
25

-100-

cgggattcte
gggaggegaa
tgagetgget
agcgtataat,
tggttattaa

eggatgacac
ttcacacege
gtcttttccc
cgttacgggt
aaatttecete
gga cte gca
Gly Leu Ala

ctg ttg aac
Leu Leu Asn
30

gtettacecy
tttattateg

tagaacgtga
gaagatecttt
ccaattttte

actcaagagce

tecaaccgcag

gccgecttat
ttacgctgag
agggtgaacce
ctg teg
Leu Ser
15
age tet
Ser Ser

313

60
120

180
240

300

312

60
120
180
240
300
348

396



Lac
Ty

age

Ser

tee
Ser
65

eyt
Arg

cadc
His

aat
Asn

gga
Gly

gtg
V&al
145
aceE
Thr

cag,
Gln

gte
Val

ggt
Gly

£ge
Arg
225
gat
Asp

cayg
Gln

te
Ser

gat
Asp

cag

Gln
50

cat

His

gce
Als

gat

Asp

a2 ¥
Asn

aac

Ash

130
aag

Lys

tat
Tyr

get
Ala

tte
Phe

ctg

Leu

210

agg
Asn

att
Ile

aat

Asn

ot
Pro

ccg

gte
Val
35

tgg.
Trp:

gce
Ala

gat
Asp

aaa
Liys

agt
Ser
115
ceca
Pro

ctg
Len

ctt
Leu

Lys

gat
Asp
195
gge
Gly

cag
Gin

ctc
Leu,

aaa
Lys

geg
Ala

cag

gea
Ala

gat
Asp

999
Gly

gty -

Val

gge
Gly

100

teg

Ser

aag
Lys

att
Ile

get
Ala

acc
Thr
180
ace
Thr

gat
Asp

tac
Tyr

geq
Ala

agca

Thy

260

geg

Ala

tta

cgt
Arg

gee
Ala

toca
ser

gtg
Val
85

dda
Liys

jsfetef

Pro:

cag

GLn

Lttt
Phe

gce
Ala
165
cgae
Arg

ggt
Gly

gtg
Val

ggce

‘Gly

gag
Glu
245
gee
Ala

cag
Gln

atg

gaa 1

Glu

age

Ser

tee
Ser
70

acc

Tht

étyg:
Lay:

ttt
Phe

att
Ile

cet
Pro
150
tgg
Trp

get

Ala

gge
Gly

ttg
Leu

aad
Lys
230
ttt

Phe

gat.

Asp

aad
Lys

geg

tat

Tyr

ate
ITle

tac
Tyr

cac

‘His

135
aat
Asn

ggc

Gly

ttt
Bhe

cga
Arg

ate

Ile

215

gac:
Asp

ece.

gca
Ala

att
Iie

cag

Tttt

Phe:

4Q
cct

+ PTO

cay

 Gln

aac
Asn

wet
Pro

tae
Ser
120
gac
AsSp

cee
Proe

gce

Ala

atg
Met

ggt.

Gly
200
agt
Ser

gac
Asp

grt

Val

geg

Ala

att
Tie
280
caa
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grLe gec
Val Ala

gac gac
Asp Rsp

gcg ctg
Ala Leu

cag gte

gee gae
Ala Asp
105

ace. atg
Thr Met

tgy tec
Trp Ser

ada. acge
Lys Thr

gce ‘age
Ala Ser
170
aca aaa
Thr: Lys
185
get deg
Ala Thr

ttt gag
Phe ‘Glu

tac gaa
Tyr Glu.

gee tgy:
Ala Trp
250
aaa gec
Lys Ala
265
acg gat
Thr Asp

aaa gece
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cLyg ¢
Leu A

aag

Lys |

geg
Ala
79

_ ace
Gln Val |

Thr

tgg

Trp

geg

Ala

gat

Asp

teg
Ser
155

agac

Asn

ttt
Phe

ace

Thr

tct
Ser

gte
Val
235
gta
Val

tat
Tyr

ttc

Phe

cgt

Ile

gat

Asp

cas
Gln

tie
Phie

tta
Leu
140

gge

Gly

act
Thr

ctg
Leu

acec

‘Thr

gaa
Glu
220
gty
Val

gat
Asp

ctg
Leu

tat
Tyx

Lt

- geg
Ala

ace

y Thr

. cty

Leu

gty
Val

ace

Thr

ety
Leu
125

ace
Thr

aac
Asn

gag

Asp

aad
Lys

ttt
PHe
205
gtg
Val

gtg
Val

aga

Lys

ace

Thr

tac

Tyr
285

cect

ect
Pro

atkt
lle

Gaa
Gln

cag

Gln

cge
Arg
110
qgtg
Val

cgt
Arg

gga

Gly

999

‘Gly

aat
Asn
190
get
BAla

aat

Asn

act
Pro

aac
Asn

tqgg
Trp
270

cge
Arg

gec

ttt

Phe

aaq

Lys

ggce
Gly

gty
Val
95

ctg
Lgu

cge
Arg

gac
Asp

egt

Arg

gge
Gly

175
gkt
Val

gaa

Glyu

aac

Asn

aga

Lys

gte
V&l

255
ctyg
Leu

qtg

Val

aeg

gtc
Val

atg

Met

ctg
Leu
80

ctyg
Leu

ceg
Pro

aag
Lys

gat
Asp

Eat

Tyr

160
‘gat
Asp

gaa
Gl

cge

Arg

ate

Ile

ace
Thr
240
gag
Glu

tat
Tyr

aac

Asn

aae

144

540

568

636

6484

732

780

828

876

924

972

1020

1068

111%

1164
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Asn Pro Gln Leu Mert Ala Gln Glm Lys Ala Arg Phe Pro Ala Thr Asn
280 295 300
ctg ttt cgt gtt gaa gac att £tt gge gge tgg gat agc gtg atg aaa 1260
Leu Phe Arg Val Glu Asp Tle Phe Gly Gly Trp Asp Asn Val Met Lys
3085 310 315 320
acc cat tte goce age ggt gge gag cta gae cag tta tta geg gog ggg 1308
Thr His Phe Ala Ser Gly Gly Glu Leu Asp Gln Leu Leu Ala Ala Gly
325 330 335
tgg tgate atg ttt goca gee age caa aaa ege gtc ctg cec ggt tte ggt 1358
Arg Met Phe Ala Ala Ser Gln Lys Arg Val Leu Pro Gly Phe Gly
3490 345 350
cte age ctg gge acc age ¢tg cte bttt ace tghb ctg gtg ctg ctg ctg 1406
Leu 8Ser Leu Gly Thr Ser Leuw lLgu Phe Thr Cys Leu Val Leu Leu Leu
355 360 365
cca atc age gea cbtg att gty cag c¢lg teg ¢ag atg acg ttg cag caa 1454
Pro Ile Ser Ala Leu Ile Met Gln Leu Ser Gln Met Thr Leu Gln Gln
370 375 380
tac tgg gac gtg gte ace aat cey cag cte ate geg gec tat aag gte 1502
Tyr Trp Asp Val Val Thr Asn Pro Gln Leu Ile Ala Ala Tyr Lys Val
385 390 395
atg gtg ctg teg gee ggt gtg gee teca ctg ttt aat gec gta ttc gge 1550
Thr Leu Leu Ser Ala Gly Val Ala Set Leu Phe Asn Ala Val Phe Gly
400 405 410 415
atg tta atg geg tgg atc thta acdg cgt tac egt ttt cc¢g ggc cge acg 1598
Met Leu Met Ala T¥p Ile Leu Thr Arg Tyr Arg Phe Pro Gly Arg Thr
420 425 430
ctg ctc gat ggt ctg atg gat oty ccg ttt geg ctyg ceg acc gcg gtt 1646
Leu Leu,ASp Gly Leu Met Asp Leu Pro Phée Ala Lew Prd Thr Ala Val
435 440 445
got dge ¢tg dcy ctg gee gat etg ttt tec gtg aae ggc tgg tac gga 1694
Ala Gly Leu Thr Leu Ala Gly Léu Phé Ser Val Asn Gly Trp Tyr Gly
450 455 460
caa tgg ttc geg eat ttt gat ate aag atc tee tat acce tgg atc ggt 1742
Gln Trp Phe Ala His Phe Asp Ile Lys Ile Ser Tyr Thr Trp Ile Gly
465 470 475 )
atc géy ¢té geg atg gec tte ace aght att seg ttt gtg gtg cgt ace 1790
Ile Ala Leuw Ala Met Ala Phe Thr Ser Ile Pro PBhe Val Val Arg Thr
480 485 490 495
gty cag cey gty ctg gaa gag ctg ggg cet gwa tat gay gaa geg get 1838
Val Gln Pro val Lét Glu Glu Leu Gly Pro Glu Tyr Glu Glu Ala Ala
500 505 510
caa agg ctg gge gec acg cce tgg eag age ttc cge cgg gte gttt ctg 1886
Gln Thr Leéu Gly Ala Tht Pro Trp Gln Ser Phe Arg Arg Val Val Leu
515 520 525
cct gaa. gtg gua ccg geo tta ctht geg gyge acde geg ctg teg ttt acc 1934
Pro Glu Val Ala Pro Ala Leu Leu Ala Gly Thr Ala Leu Ser Phe Thr
530 535 540
cge age ctg ggco gag ttt ggt geg gta ate ttt att gecc gge aac atce 1982
Arg Ser Leu Gly Glu Phe Gly Ala Val Ile Phe Ile Ala Gly Asn Ile
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get
Ala
560
gag
Glu

gca
Ala

g9 t
Gly

pat.
His

att
Ile

ate
Ile
655
ety
Leu

gca
Ala

tag

Trp.

ctg
Leu

tat
Tyr
735
gee
Ala

acc
Thr

atg
Met

gce
Ala

545
Lgg

Trp

trt

Phe

teca
Ser

Brg

gee

Ala

ggt
Gly
640
tte

Phe:

acec
Thr

Etg

Leu

ctg
Lew

tte
Phe
720
cte

Leu

cat
His

gte
Val

ctyg
Leu

tcg
Ser
800

aas

gac
ASp

ctg
Lieu

cgt

Arg
610

gac

Ksp A

625
geg

Ala

tgg
Trp

gac

Asp

att
Ile

Val
705
gat
Asp

ctyg
Leu

aat

Asn

ttec
Phe

age
Ser
78%
ggc
Gly

ace
Thr

tat
Tyr

ctg

Leu

595

Leu

cge
ctg
Leaa

gag
Glu

age

Ser

ace
Thr
690

aca

Thr

att
Ile

tte

Phe

atk
Ile

gtt

Val
770

cag

Gln

tgg
Trp

gaa
Glu

ccg
Pro

580

tta
Lig1a

gga

Gly

cag
GLn

ata

Ile

gea
Ala

gac
Asp:

675
gtg
val

ege
Arg

coe
Pro

tgg
![1: rp

cag
Gln
755
dce
Thr

ggc
Gly

cag
Gln

gty
NVal

565

gea
Ala

c¢tt
Len

gge

Gly

ot
Pro

oo
Ser

ctyg’

660

atg

Met

ceg
Pro

Lttt
Ehe

Phe

gg¢

Gly
740
gtg
Val

tgt
Cys

agt
Ser

atg
Met

wat
His

gtt
Val

ttg
Leu

oxs

cat
His

cte
Leu

gtg

Val

ace
Thr

gcy
Ala
725
att
Ile

atg

Met

cecg

Pro

cat
His

tte
Phe
805

> beq

Ber

age
Ser

fget
- Ala
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ctg
Lau

goe
Ala

atc
Ile
600

atg
Meit:

att
Ile
585
aat
Asn

ate
Tle
570
gee
Ala

ace

Thr

555
tto
Phe

Leg
Ser

rta
Leu

gy
Val

gte

Val

caa
Gin

cge
Brg

att
I'le

ago
Ser
'60 5

ctyg
Liew

etg

Leu

590
cge

Arg

cag:

Gln

575
geg
Ala

Lttt
Phe

fa atg goa gag att tog caa cté aat
Met &la Glu Ile Ser Gln Len Asn

aac
Asn
630

ctg
Leu

daa
Lys®

cat.
His

aat
Asn

Tttt
Phe

710
gta

aac
Asn

tte
Phe

ttt
Phe

gaa
Glu
790
egt
Arg

615

tgg

W

c:i:g
Leu

gga
Gly

gecc
Ala

tta
Leu
695
ceg

Pro f

teg
Ser

ggc
Gly

teg
Ser

gtg
Val
775
gat
Asp

cge
Arg

gee

Ala

ety

Leu

ctg
Leu

ata
Ile
680
gtg
Val

cct

Pro.

ceyg

Pro

tgg

Trp

760

gtg
Val

gaa
Glu

gtyg
Val
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adaq
Lys

gte

Val

gace
Gly
665
tgg
Trp

tte
Phe

cgt
Arg

val

gcg
hla
T45
cet
Pro

cge

:Arg

gce
Ala

acg
Thr

tgg

gty
Val
650

gte

Val

cte
Leu

g9¢
Gly

cag
Gln

gte
Val
730
ggc
Gly

gge
Gly

gaa
Glu

gcg
Ala

ctyg
Leu

810

sty
Leu
635
[alals!
Pro

ace
Thr

acy

Thr

acg
Thx

cty
Leu
715

gac
Als

ggc

Gly

atg
Met

ctg
Leu

gtg
Val
785

ccyg

Pro

620
ctL

Leu

atqg

Met

tta
Leu

st
Val

ctg
Leu
700
ctt

Leu:

ggt
Gly

tgg.

Trp

gtg
Val

gtg
Val
780
g
Leu

aat
Asn

att
Ile

aqtg

Val

-agt

Ser

ctg

Leu
685

cty

Leu

ttg

Leu

ttg
Leu

ctg
Leu

ctg
Leu
165
ccg
Pro

tta
Leu

att
Ile

ggt
Gly
tee
Ser
aat
Asn
670

gte

Val

gece

Ala

acg
‘Thxr

atg
Met

gat
Asp
750
gte
Val

gty
Val

ggt
Gly

cge

Arg

2030
2078
2126
2173
2221

2269

2317

2365

24713

2461

2509

2557

2605

2693

2701

2749



tygq
Trp
815
gag
Glu

gec
Ala

ttt
Phe

tae get
Tyr Thr

gtg
Val

gge
Gly

aty
Met

gge
Gly
tta

T.eu

aec
Ala

‘tat
Tyr

oty

GLy
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gtg

gte
val val

Val

B20O

grL
Val
835
etk
Leu

Ala

eay
Bre
850
ttt
Phe

act
Thr

BED

acg
Thr

etg
Leu
880
daa ¢qc
Liys
895

Arg

sateetttyg

tggtggectt
gactggaaca

acgcecgega

cggtcttega
gtycggeaat
cgaacegttt
cecetggeegt
aggtgegtaa
gogtdgttoegt
tgagecaggg
cgegettegt
ctcagtteca
cggtegatet
cgécgctgcc
tgcagecaac

ttt
Phe

cgc ctg
Leu

cLg
Lieu

aaa
Lys
caa ctyg
Gln Leu

Loe
Ser

cay
Gln

g oo
Ala

agae
Ser

gag
Glu

gty

gtt
Val ¥

Val

Val

gaa
Glu

Hotelo]
Leu

teg
Ser

tta
Len

acg
Thr

ggt
Gly
84.0
ctg
Leu His

§55.

gea
Ala

geo
Ela
870
gtg
Vial

att
Ile
885
gac
Asp

aat
Asn

900

tegeacageg

actggggecey
teagaacage

tegecaggte

caatattygog
taaagaacge
ccoggeceag
ggaacegoaa
agagctgege
cacccacgat
caggeatcgaa

getggaattc

tgtoggggeg
gttectgoge
cgtteaggte
gggatggeaq

cgcecgttgeg cggo

cgacaccgtt
atgcceggay
cctgataaga
acattagadce
aacggeagty
cgtgaeggeac

210>
<2115
<2123
<21 3>

44
337
PRT

<400> 44

gegetteecg

cygegecaageg

aagcdatdgy:

aagtgtggtt
tttegatgat

gtygctgaacy

tecggttceg
ggtcagatte
ggatttgtet
tttggeotga
gtecacgegec
ctttcygggayg

atectgttge

egttggttac
caggaagagy

caggtggggs:

ctygggtgagy
caccactgge
gcgtyggaas
ttagaagtga
agegagocet
ctgttegtygy

gectttgoae
tygateceggye
tcgcatéagg

caatacgect
aaaactggaa

cgtegaggeg

Pantoea ananatis

tta
Liett

Caa
Glin

cat
His Glu

oty
Leu Thr

tgg
Trp

cat
His
905
atatcteact
gtadaacecac
gttttcacqga

gag

teoecdgeacta
cecgtgetgee
tgctggagat
ggeagaagea
tggatgagéce
gtcagetgca
antggaagt
cgcoggatga
ttaacegett
ggttraggeta

gtecctegtay

tetegetggt

ggctgeoagea
agagecgeetbyg
tttttaatqgy
cadacdccacy

ctggtgaagt

ggcaataacc

‘gaaaagogeyg
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gec

att

gegeegtgag

. gcg
Kla q Ala
* ggt
Ile Arg Gly
e - ko
p Iy
ges
Ela

cag
Gln A

aty
Met
8715
gag
Glu

gtg
Val

tta
Lieu
890
tgagattaac

caa
Gln

ggatattcet
gctgetgege
ccacgatgte
tgegetgtte

ggtgcagett
gecgegtegeg
ctttggtdeg
cgaagaattyg
ggcegatege
agtetagege

‘cgacggtgaa

tacctoetgsa
gegeagaagt
toacttetyy
ctttgacggt
ggecragacty
ataggttgay
caaggttigr
tatggatayga
tycagegaat
cggoaggtte
g

att
Ile

ggt
Gly
830
acc:
Thy

gaa
Glu
aac
Asn

acg
‘Thr

atc

& gty
Ile

Val

cag
Gln

cae
His

cagatcaaca

totggecaga
atcattgety
agcegectge
cgtcatatygs

‘cgtecgtecsa

técdatetgg

-ctggeaagag

ctggaggcte
aagttoacca
gtggtggtga
gatceecgeea
gtgeatggtt
catcagggeg
agcctggaaa
cagctggtygy
gaacagaceg

taccdggygcy.

ktgaatgttas

adcctgtaga

gatcegtgagt
ggggceggat
ggtgaaagat

2797

2845

28493

2941

2989

3042

3102
3162
3272
3282
3342
3402
3462
3522
3582
3642
3702
3762
3822
3882
39432
4002
4062

4122

4382
4247
4302

4362

4403



Met.
lLieu
Tyx

Ser

Ser

65
Arg

His
Asn
Gly
Val
145
Thr
Gln
Val

Gly

Arg:

225
Asp

Gin

Ser

Asn.

Leu
305
Thi

Arg

THx
Ser

ESP

Gln

50
His

Ala

Asp

Asn

Asn

130
Lys

Tyr

Ala

Phe

Leu
210
Asn

Ile

Asnvi

Pro

Pro

280

Phe

His

<210>

211>
<212>

Teu

35
Trp

Ala

Asp
Lys.
Ser

115
Pro

Leu

Leu
Lys
Asp
195
Gly

Gln

Leu

Ala

?255

Gln

Arg

Phe

45
277
PR

Pro

Ala
20
Ala

Asp

Gly

Vial
Gly
100
Ser
Lys
Tle
Ala
Thr

180
Thr

ASp‘

Tyxr
Ala
Thr
260
Ala
Leu

Val

Ala

Ala
Gly.

Arg

Ala §

Ser
Val
“85

Lys
Pro
Gln
FPhe

Ala
165

Arg

Gly

val

Gly

Glu

245

Ala
Gln
Met
Glu

Sex
325

Met

Kla

Glua

Ser
Thr

Leu

Phe

Tle:

Pro

156

Trp
Ala
Gly
Lex
'LYS:'
230
Phe

Asp

Lys

Kla

310
Gly

Lys
Ala
bew
His

55
Lys

Tyr

Tle
Tyr
His
135

Asn

Gly

Phe

Arg

Ile

215

Asp

Pro

Ala

Gln
295
ile

]:.\:ys

Asn

Phe
40

Pro:

Gln
‘Asn
Pro

Ser
120

Asp

Pro

Ala-

Met

Gly

200

Ser

Asp

val

Ala:

> Tle

Gln

Phe:

Glu
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Ile Val
16

Bla Thr

25

val Ala

Bsp Asp
Ala Leu

Gln Vval
90

Ala Asp

105

Thyr Met

“Trp Ser

Liys Thr

Ala 8er
170

Thr Lys

185

Bla Thr

Phe Glu
Tyr Glu
Ala. Trp
250
Lys Ala
265
Thr Asp
Lys Ala

Gly Gly

Leu Asp

330
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Ser
Gluy
Leir
Lys
Ala
75

Thr
Trp
Ala
Asp
Ser
155
Asn

Phe

Thr

Ser

Val
235
Val

Iyr

Phe

Arg

Trp:
315

Gln

Gly

Lew
Asn
Ley

60
Ite

Asp

Gln
Phie
Leu
140
Gly
Thr
Leu
Thr

Glu
220

val

Asp
Leu
Tyx
Phe

300
Asp

Leu

Leu
Leu
BAla
45

Thr
Lieu
Val
Thi
Leu
125
Thr
Asn
Asp
Lys
Phe
205

Val

Val

Lys

Thr
Ty
285
Pto

Asn

Leu

Ala

sn
30
Pro

Lle

‘Gln

Gln
Arg
110
val

Arg

Gly
Asn
190
Ala

Asn

Pro

Asn

'l’i.rp
270
Arg

Ala

Val

Ala

leu
15
Ser

Phe

Lys,

Gly
Val
95

Leu
Arg

Asp

Arg

Gly

175
Val

Glu
Asn
Liys
val
255
Lew

val

THr

Met

Ala
335

Ser

Ser

Val

Met.

Leu

80
Leéu

Pro

Lys

Asp

Tyr

160
Asp

Glu
Arg
Ile
Thr
241
Glu
Tyr
Asn
Asn
Lys

320
Gly
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400>

Met Phe

1

Leu Gly

Asp Val
50

Leu :Ser

65

Met Ala

BAsp Gly

Léu Thr

Phe Ala

Pantoea ananatis

45
Ala

Thi

Lew

35
val

Ala
Trp
Leu
Leu

115
His

130

Teu Ala
145
Pro Val

‘Leu Gly

val Ala

Leu Gly

210

Lys Thr

225
Asp Tyr

Leu Leu

Arg Leu

210>
<211y
<212>
<213

<400

Met
Tieu
Ala
Pro
198

Glu

Glu

Pro

Ligu

Gly
215

46

291

PRT

46

Ala

Seér
20

Fle

Thr
Gly
Ile
Met
100
Ala

‘Phe

Ala

Glu

Thr
180
Ala

Phe:

Val

Ala

Leu:

260

Ser

Tien

Met

AsR

vial

Leu
85

Asp

Gly

Asp

Phe

Glu
165

Pro
Leu

Gly

Aﬁa

245

Phe

Gly Hi%

Gln

Lew

Gla

Prg

70
Thr

Leu

Leu

Ile

Thi

150

Leu

Trp

Leu

Ala

Ser

230

Ala

Pantoea ananabis

Lys

Phe

Lea

Gln
55

- Ser

Arg
Pro
Phe
Lys

135
Ser

Gly

Gln

Ala

Val

218

Lien

Ala

Ile

Arg

Ser

40
Le

Leu
Tyr
Phe
Ser
120
Ile
Ile
Pro
Ser
Gly
200
Tle:
Met
Ile

Asn

19793

Val Leu
16
Cys Leu
25
Gim,Met

Tle Ala
Phe. AsTi

Arg Phe
90

Bla Leu

105

Val Asn

Ser Tyr
Pro Phe
Glu Tyr

170
Phe Arg

185
Tht Ala

Phe Ile
Ile Phe
Ala Ser

250

Thy Leu
265

Pré
Val
Thr
Ala
Ala
T

Pra
Pro
Gly
Thr
Val
155
Glu
Arg
Leu
Ala
Val
235
val

Gln

Gly

Leun

Lan

Tyr
60

NVal

Gly
Thr
Trp
Trp
140
Val
Gln
val
Ser
Bly
220
Bryg

Ire

Phe

Leu

Gin

45
Lys

Phe
Arg
Ala

Tyr
125

Ile:

Arg

Ala

val

PHe

205
Bsn

Leu
Leu

c Arg

Glyt

Leuw
30

Gln
val
Gly

Thr

Val
110

Gly

Gly
Thr

Ala

Len

190
Thr

Tle

Gl

Ala

Phe
270

Len.

15
Pro

Tyx

Thr

Met

T.eu
95
Ala

Gln
Tle

Val

Gln

175
Pro

Arg

Gld

Alka

255,
Gly

Ser

Ile
Trp
Leu
Leu

30
Leu

Gly

Trp
Ala
Gln
160
Thr
Glu
Ser
Trp
Phe
240
Ser

Arg

Met Ala Glu Ile Ser Gln Leu Asn His Ala Asp Arg Gln Pro Val Asn

1

5

10

-106-

15



19793

Trp Ala Lys Trp Leu Leu Ile Gly lle Gly Als Leu Ile Seér Léu Leu
20 25 30
Leu Leu Val Val Pro Met Val Ser Ile Phe Trp Glu Ala Leu His Lys
35 40 45
Gly Leu Gly Val Thr Leu Ser Asn Leu Thi Asp Ser Asp Met Leu His
50 55 60
Ala Ile Trp Leu Thr Val Let Val Ala Leu Ile Thr Vval Pro Val Asn
65 1a 15 80
Ley Val Phe Gly Thr Leu Leu Ala Ttp Leu Val Thr Arg Phe Thr Phe
85 90 95
Pro Gly Arg Gln Leu Leu Leu Thr Leu Phe Asp Ile Pro Phe Ala Val
160 105 11q
Se¥ Pro Val Val Ala Gly Leu Mest Tyr Leu Leu Phe Trp Gly Ile Asn
115 120 12%
Gly Pro Bla Gly Gly T¢p Leu Asp Als His Asn Ile Gln Val Met Phe
130 135 140
Ser Trp Pré Gly Mét Val Leu Val ThHr Val Phe Val Thr Cys Pro Phe
145 150 155 160
Val Val Arg Glu Leu Val Pro Val Mé&t Léu Ser Gln Gly Ser Hig Glu -
165 170 175
Asp Glu Ala Ala Val Leu Leu Gly Ala Ser Gly T¥p Gln Met PhHe Arg
180 185 190
Arg Val Thr Leu Pro Asn Ile Arg Trp Ala Met Leu Tyr Gly Val Val
195 200 205
Leu Thr Asn Ala Arg Ala Ile Gly Glu Phe Gly Ala Val 8er Val Vval
210 215 220
Sse&r Gly Ser Ile Arg Gly Glu Thr Tyr Thr Leu Pro Leu Gln Val Glu
225 230 235 240
Léu Leu His Gln Asp Tyr Asn Thr Val Gly Ala Phe Thr Ala Ala Ala
245 250 255
Léu Let Thr Val Met Ala Ile Val Thr Leu Phe Leu Lys Ser Tle Val
260 265 270
Gln Trp Arg Leéu Glu Gln Gln His Lys Arg Lew Gln Leu Glu Asp Asn
275 280 285
Hig Glu His
290

<210> 47

<2113 1403

<212> ADN

<213> Pantoea afanatis
<2203

£221> CDRS

<222>  (15)..(1103)

<400> 47
actggaggac astc atg dgc dtt gag att aac cag ate aac aaa tee ttt 50

-107-




ggt
Gly

cag
Gln

crg
L
45

R
Ph

gga
Gly

gac
Asp

tCC
Ser

cag
“Gln
12%
<ag
Gln

ate
Ile

aaa
Ly g

act
Thr

gat
Asp
205
ceg
PO

ctg
Leu

cat
His

cge
Arg

arg

Met
3Q
cye

Arg

cac
His

ttt
Phe

aat
Asn

agt
Ser
110
ctt
Leu

aag
Lys

oty
Lew

gag
Glu

age
Ser
180

cge
Brg

'gat
Asp

ggt

Gly

gte

Vial

aga geg
Thr Ala
15

gtg gcc

Val Ala

atc att

I¥e 1le

gac cac
Asp His

gte tte
Val Phe
B0

att gec
Ile Ala
95

gcg.gaa
Ala Glu

tee cat
Ser His

€ag cge

Gln Arg

ttg ctg
Leu Leu

160

cty cg¢

Leu Arg
175

gty tte
Val Phé

Val Val

gaa.gtﬁ
Glu val

gdg gtt
Glu Val

240
ggyg geg
Ely Ala

Met

gty

Vel

tta
Leu

get
Ala

'gat

Asp
65

forctel
Gln

ttt
Phe

att

Ile

ctg
Leu

gte

Val

145

gat
Asp

egh

Arg

gte
Val

gtg

ol

Trp
225
aac

Asn

‘cac

His

Ser

ety
Lieu

ctg

Led

gga
Gly
50

gte
Val

cac
His

ggc
Gly

aaa

Lys

geg

Ala

130

gcg

Ala

gag
Glu

tyg

Trp

aee

Th

atg
Met
210
cgc
Arg

cge
Arg

cac
His

age
Ser

Lat
Tyr

ctg

Leu

aad
Lys
115

gac

Asn

ctg

Teu

cec
Pro

tta
Lien

cag
His
195

age

Ser

gat
Asp

tt 2o
Phe

tgg
Trp

cog

gaa

1 Glu

foleie]
Arg

gcg
Ala

aca

Thr

100

ege

Arg

cgt
Arg

gca

Bla

ttt
Phe

cgt
Arg
180
gat
Asp

cag
Gln

fatelod
Pro

gac

Bsp

ccg
Pro

19793

C1ile

o

t ato
p Tle

tee

Ser

can

His

atg
Leu

ctyg

Leu
85

gtg
Val

gte
Val

Lte

Phe

aga

Arg

ggt
Gly
165
cag
Gln

‘cag
BGln

-gge

gee
Ala

ggt
Gly

245

tta
Lea

Asn

tea
Ser

gt

Gly

cay
Gln

cac
His
10

tto
Phe

ctg
Leu

acg
Thr

ccg

Pro

gee

Ala

150
gcyg
Ala

ctg
Leu

gaa
Gln

age
Ber

Ay

Thr
230
gaa
Glu

gge
Gly

-108-

Glna

clg
Lel

tee
Ser

aac
Asn
55

gec

Ala

cgt
Arg

«eq

Bro

cge
Arg

gec
Ala
135
ctyg
Leu

ctg
Leu

cac

His

gag

Ile

gat
Asp

ggt
Gly
40

age

Ser

cgc
Arg

cat
His

cge
Arg

ctyg
Leu
120
cag
Gln

gcc

Ala

gac

Asp

gaa
Glu

geg

Gluwﬁla

ate
Ile

215
cye
Arg

gtg

val

tat
Tyr

200
gad

Gla

Phe

cat
His

ace
Thr

Asn 1

art
Iie
25

aag
Lys

ggt

Gly

gat
Asp

atg
Met

cgt
Arg
105
ctyg
Leu

ctt

Leu

Gt

val

get
Ala

gaa
Glu
185
atyg
«Mgt

cag
Gln

gty

Val

g9t
Gly

tet
Ser

[etely
Pro

age
Thr

cayg
Gln

cge
Arg

acqg
Thi
90

gag
Glu

gag
Glu

teg

Ber

gaa
Glu

cag

‘Gln

170
ttg

Leu

gaa

Glu:

gtg

va'l

ctg
Lew

tet

Ser

250

goa

Rla

- Ser

et
Ser

acy
Thr

att

Tle

cag
Gin
5

gte
Val

egt
Arg

atg

Met

gga

Gly

ccy
Pro
155
gtg
Val

&aq
Lys

gty
Val

999

Gly

gaa
Glu

235
cag
Gln

cat

His

Phe

gge

Gly

ctg
Leu

egt
Arg

60
gtc

Val

ttc
Phe

ccy
Pro

gtg
Val

999
Gly
140
caa
Gln

cgt
Arg
tte
Phe

goe
Ala

‘acg
Thr
220

tte

‘Phe-

tte
Phe

cayg
Gln

146

194

290

338

386

434

482

530

578

626

674

722

130

518



255
gta
Val

gge
Gly

geg
Ala
270
aga -agt
Arg
285
eat
Pro

Ser Ser

egt- ggt
Arg Gly

age
Ber

gdyg ecoe

Glu Pro
cac
Arg

ggc
Gly

gag
Glu
335
aca
Thy

ggc
Gly

gcg
Ala
350
taggttgagt
aaggtttgta
atggatagag
gcagtgaaty
ggcaggttecg

<2103
<Z211>
<212%
<213>

48
362
BRT

48

<400
Met Ser Ileé

Met
1

Vdal Leu Asn

Leu Lew Gly

35

Alg Gly

50

KSp Val Ser

65

‘Gln His Tyr

Phe Gly Leu

Ile Lys Lys

115
Asn

Leu Ala

aga

Leu

chg
Lieu

tte
i Phe

acy
Thz:

19793

2el
¢ge
Rrg

ctg
Leu
275
ceg
Pro

ctg
Ley

290

CCac
His

tte
Phe Ser
320
cqge
Arg

ctyg:
Leu

tta
Ley

ceqg
Pro.

gaatgttaaa

accetgtagac

atcgtgagta

gggecggata
gtgaaagatc

Ile
5
Ile ¢

Glu

Asp
20
Pro Ser

Glu His G

Arg Len

Ala Leu
85

Thr val
100
Arg Val

Arg Phe

- tgg
. Trp

ety
Leu

tte
Phe

cgg
Arg

Asr

His
70

.._phe
Len

Thz

Pro

cag
Gln

ctyg
Leu

Lttt
Phe

gt
Val

otele]
Pro

[efcinl
Pro

gty
Val

gac
Asp

tgg
Trp

gad
Glu

gtt
val

cay
Gln
29%
‘cag

gtg ca
Glna

Val
310
ggt
Gly

gaa
Glu

325

999
Gly
340
gtt
Val

gtg
Val

geg
Ala
355
cgeccggagyg
ctgataagac
cattagaaca
acggcagtga
gtgcggeact

Pantoea ananatis

Gln Ile

“Leu Asp

ctg
Leu

gec
Ala

Asn

Tle

cag
Gln

cag
Gln

tLt
Phe

gca
Ala

cgettecege

gcgeaagegt
aacaataggce
agtgtggtta
ttcgatgate

Lys
10
Prao

Ser

Ser

25

Ser GLy
40
- Asn Ser
55
Ala Arg

Arg His

Bro Arg
Léu
120
Gln

Arg

Ala

Lys
Gly
Asp
Met
Ar‘g
105

Leu

Leu

The Thr

Gln Ile
Gin
15
Val

Arg
Thr

90
Glu Arg
Met

Gly

-109-

Pro

Gly

265
gac
Asp

gttt

=

Val

atec
Ile
280
gte
val

tta.
Leu

gaa
Glu

cea:
Bro

acqg
Thr

gga
Gly

ace
Thr

©ag
Gin

gey
Ala
330
gce ctyg
Ala

aga
Arg
345
age
Ser

Leu

cac
His
360

gce
Ala

gatccggget

cgecatcaggce
aatacgectce

-aaactgygaag

gtcgaggcgyg

Phe Gly Arg

Gly Gln Met

30

Leu Lel Arg
45

Arg Phe

60

val

His

Gly Phe

Phe Asp .Asn
Ser
11.9

Leu

Ser
G__l;n
128
Gln

Val

Lys

teyg
Ser

cge
Arg

agt
Ser
300
cag
Gln

gtg
Val

tgg
Trp
315
ccg
Pro

tty
Leu

tac
Tyxr

cag
Gln

tga

ttttaatgge
dacaccacgt
tggtgaagtt
gcaatdacoc
aaaagcgegg

Thr
15
val

Ala
Ala
Ile Ile
Asp His
Phie
Ala

Val

Ile:
95
Ala Glu

Ser His

Gln Arg

866

914

962

1010

1058

1103

1163
1223
1283
1343
1403



ALg
Val
Val Met
210
Trp ‘Arg
225
Asn Arg

His His

Led Phe

Glu Thr
290
Phe
305
Ser Leu

Leu Phe

Leu Axrg

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

<220
<221>

Trp

Leu

4 - Pro

 Lieu

His
195
Ser

Asp

Phe

Trp

Leu
275
Pro
Gln
Val

Val

Ala
355

49
1779
ADN

RAla

Phie

Arg
180

Asp

Gln

Pro

Asp

Pra

260
Arg

Leu
Leu
FPhe

Gly
340

Vval

Arg

Gly
165
Gln
Gln
Gly

Ala

Gly

245

Leu
Pro
Pro
Val
Asp
325
Leu

Ala

Ala
150
Aia
Leu
Glu
Ser
Thr

230
Glu

Gly

Trp:

Val
Val
310
Gy

Gln

Phe

Pantoea :ananatis

cDs

135
Leu

Leu
His
Glu

1le

215

Arg

Val

Tyr

Glu

Gln
295

Gln

Giu

Gln

Ala

Ala

Asp

Glu

Ala
200

Glu |

Bhe
His
Thr
Ile
280

Val

Pro

‘Gln

Ala

His
360

Val

Gly

222>

400> 49

gtcaaaacce

taaasaaadt

cagegggtte

ctgagecctg
atattitgac

(301) .. (1538)

tcaaaaaata
tttctecacaa

gttettoteg

ccatgetygge
agacggetga

aagcaceyggy
ggctgaaatt

atgeggccaa
ggtcaggeaa
ctgegticay

19793

Glu Pro

155

Ale Gln Val
170

Glu Leu

186

Met

Glu val

Val Gly
Glu
235
Gln

Leu

Ser
250
Ser Ala His
265
Asp

Val Ser

Ley Glua Val

Thr Gly Trp

315

Thr Ala Pro
330

Arg Leu Tyr

345

Ser Ala

cgeacaacayg
tggtgactta
cccacgattt
tegttigtat
tecctegttga

atg gca aag gta teca ctg gaa aaa gac aaa att
Met Ala Lys Val Ser Leu Glu Lys Asp Lys Ile

1

5:

10

-110-

GIn

Arg

Lys:

Ala

Gln

140
Tle Leéeu

Lys Glu

Phe Thr Ser

190

Asp Arg
205

Thr Pro

220

Phe

Asp

Leu Gly

Phe His Val
‘Ala
270
Ser

Gly
Arg Arg
285
Ser Pro
300
Gln

Arg

Ser Glu

Leu Arg Gly

Gln Ala

350

Gly

ggcgcecyget
tgtcacataa
tgtctggecaa
tgcegecagyc
attctgaata
aag tte ctg
Lys Phe Leu

Leu
160
_Arg

Len

Tew
175
Val Phe

val Val

Glu Val

Glu Vail
240
Gly Ala
255
Val Asp

Ser Leu

Gly His

Pro Phe
320.
Glu Arg
335

Thr Pro

trttttgatt
ccgteatcgg
agtacgteet
gatttttttyg
gggttgggaa
ctg gtg
Leu Val
15

60
120
180
240
300
348




gaa
Glu

acc
“Thr

J‘s.la

ety
Len
65

gt
Cys:

cge
Arg.

gce
Ala

gaa.
Glu

g9g9¢ -
Gly
145
cat
His

gtt
Val

cag
Gln

Len

gaqg -
Glu
225
ggc
Gly

cayg
Gln

aac

ggt
Gly

aat

Asri

. koo

ger
50

ace
Thy

The
Ehe

ggt
Gly

gag

Glu

;QCQ
Ala

136
tet
Ser

ate
Ile

tac
Tyr

gtt

Val

cat
His

210
ctyg
Leu

acc
Thr

gtt
Val

age

gt
Val

att
Ile

35

get

Aly

gaa
Glu

tgt

Cys

ate

Ile

ctg
Len
115
aat
Asn

ttt

Phe:

ggt
Gly

tte

Phe.

cgt
Ary
1958

gte

val

gct
Ala

gtg
Val

ggt
Gly

gat

cat
His
20

gaa
Glu

cge

Ary

gag

Glu

atc

Iie.

ceq.
Pro:

100

gtt

Val

gee
Ela

gaa

Gl

atg
Met

tat
Tyr
180
age

Ser

Pro

cayg
Gln

Val

ggc
Gly
260
cCg

cag
Gln

tte
Phe

gat

Asp

att
Ile

gaa
tly
B89

gtt
Val

att
Ile

aaa

Lys

geg
‘Bla

cad
Gln
165
gae
Asp

ety

Leu

gad

atg

Met

gat
Asp
245
gect
Ala

age
Ber

Cac
His

Ala

Tttt

Phe

T0
acyg
Thy

ttt

Phe

gge
Gly

gcg

Ala

_Arg‘

150

étag
Liew,

atge

acy
Thi

ade

Thr

adg
Lys
230

att
Ile

gcg

Ala

gtt

geg
Ala

aaa
Lys

cat

His

55
gt
Ala

aat

Agn.

aac:
Asn

gag
Glu

cac
His
135
ggt
Gly

ggé
Gly

gaa
Glu

cag
G

goe

Ala
215
et
Bro

et
‘Bro

att
Ile

tec

ctyg
Ley

gge

Gly

40
ttt
Phe

gct
Ala

cag

Gin

goa
Ala

atg
Met

120
egt
Arg

aaa
Lys

gtg
val

aac
Asn

ttg

Leu
200
tet
Ser

dgge:
“Gly

get
Ala

gat

Asp

ceca

19793

gaa
Gly
25

gea
Ala

ate
Ile

gea
Ala

Val

cct
Pto
105
cbg
Lien

g9t
Gly

Lys

Leu

aag
Lys
185
cta
Len

acg

Thr

Gly

ttg
Leu

qtqg
Val
265
ctg

age

aat

Asn

ctg

ey

ggt
Gly

gaa

Glu

«<yat
Asp

90
tte
Bhig

ctg

Leu

ate

Ile

ctg

Lew

goa.

Ala
170

ctg

Leu

aat
Asn

caa
Gln

ctg

Teu

tgc
Cys
250
tte
Phe

age

-111-

ctt
Loy

gat
Asp

ate
Tle

aaa
Lys
7%

tta
Led

tea
Ser

gty
Met

tayg
Trp

ggt:
Gly
155
Gad
Qiu

ceyg
Pro

atg
Met

aat
Asn

ckg
Leu
235
gaa

Glu

cet
Pro

gaa

cgk
Arg

goe
Kla

gt
Arg
60

ctg
Len

aal:
Azn

aat

Asn

ety

Leu

aat
Asn
140
ate
Ile

agt

Ser

ttg
Leu

agt
Ser

atg
Met
220
ata
Ile

gcg
Ala

gta
Val

tte

get
Ala

939
Glu
45

toe

‘gta
Vai

gce
Bla

acyg

Thr

cgce
Arg
125
aaa

Lys:

att

Lle

ety
Leu

g9€
Gly

gac
hsp

265

att

aat
Asn

ctg
Leu

gag
Glu

gac

gea

Ala

30
geg
ala

cgt
Arg

geg

Ala

gca

Alsg

cge

Arg

110

ggt
Gly

ate
Tle

gge

Gly

ggc

Gly

aac
Asn
190

‘gtt

Val

tet
Ser

‘gege
Ala

gce
Ala

ceg
Pro
270
aac

ggt.
Gly

tta

Ser

gtg
Val

geg

Ala
95

tet

Ser

gtt
Va1

gec
Ala

tat
Tyx

atg

Met
175
gca
Ala

gtec

Val

gee
bla

tea
Ser

ago
Ser
255:
9eg
Ala

gtt

Leu

tac

Tyr

aga

caa

Gln

gge
Gly
80

aaa
Lys

gtg
Val

ceg
Pro

aga
Lys

gg9e

Gly

160
cac
His

tca
Ser

agt
Ser

aat
Asn

cge

Arg
240

aag
Lys

ace

Thr

atc

396

444

49%

588

636

684

780

828

876

472

10720

1068

1116

1164



Asn Ser

ctg acg
Leu Thr

290
ggg att
Gly Ile
305

acg oty

Thr Leu

att age
ITle Ser

cte acc
Leu Thr

get cag

Ala Gln
370
att gat
Ile Asp
385
geg: att
Ala Tle

Ashy
275

ceg ©
Pro k

gaa
Glu

teo
Ser

gee
Ala

gcg
Ala
355
tac
Tyr

get

ccyg
Pro

Prig

gt&
Vﬁl

gece
Ala

agt

.:S.e. r

340

atc

lle

ctg
Leu

gag
Glu

gga

Gly

Phe

= ate

Tie

gey

Ala

gte
Val
325
cgl

Arg

aac
Asn

caa
Gln

gac

His

acyg

Tht
405
ctgteaccta cecgygcaca
gatggecgtca gegcggrogy

Val

999

Gly

gge
Gly

318
aat
Asn

ctg

Leu

cag
Gln,

ace

Thr

gaa

Glu

390

att
Ile

Ser

gga
Gly

295

aag

Lys

tte

ctyg
Leu

att

Ile

tet

Ser
37%
ctyg
Leu

cge

Arg

Pro
280
tig
Ser

¢ty
Lieu

ccg
Bro

cat
His

tte
Phe
360
ceyg
Pro

goa
Ala

gce
Ala

19793

Lew Ser

aty gad
Thr Glu

gog: dda

gaa gtg
Giu val:
330
att «cac
Ile His
345
gct gad
Ala Glu

atg atg
Met Met

gag aaa
GLu Lys

cge ctag
Arg Leu
410

caageatgce cgggttt
caaaggaaty tcecacyg

cgetgacagt catgagegat gcccaceggt aaaaace

gtygcgategt ggadgcegec

<210%>
<211
<¥12>
<213>

<400>

50
412
PRT

Pantoea ananatis

50

Met Ala Lys val Ser

1
Glu Gly

Thr Asn

Bla Ser
50

Leu Thr

65

Cys Phe

val

Tle

35

Hi's
20

5
Gl

Phe

Ala Arg Rsp

Glu

Cys

Glu

TIie

Tle

Gly

Leu

ser

Bis

Ala

Phe

70
Thr

Glu

Bla

Lys

His

55

Ala

Asn

Lys

Leu

Gly

40
Phe

Ala

Gln

ccccattogt aaacget

&sp Lys
10

Glu Asn

25

Ala Len

Ile Gly

Ala Glu

Val Asp

-112-

Glu

gaa
Giu

‘tat

Tyr
315
tea
Ser

gaa
Gly

caa
Gln

ggt t

Giy

get

Ala .

395
ctt
Leu

att
ceg
cat
ghte

Ile

Lew

Rsp

Ile

Phe

get
Ala
300
teg

Ber

t&e
Tyr

catcecgatag coacagbitt
ctgtaggcag egcgtcaace
getgttteca gttetgtaag

Aspy

285
cag

Glm

gat
Asp

ceg

PXo

> egt
Arg

are
Ile
365

. gtg

Val

caa

Gln

gag
Glu

aac

Asn

atg
Met

ccyg

Pro
350
aac
Asn

gtc

Val

ctqg
Lieun

Val

@at

Asn

ggt
Gly

cac

His
335
gge
Gly

att
Ile

ate
Ile
atyg
Met

tgatccedcy

cggcgegate gaa

IJyS
Arg
Ala
Arg
60

Tien

Asn

Phe-

Ala
Glu
45

Ser

Val

Ala

Leu
Ala
30

Ala
Ary

Ala

Ala

Leu
15

Gly
Leu
Ser

Val

Ala

Ile

ate

Ile

toca
Ser
320

age

Gly

gtt
Val

gec
Ala

gac
Asp

aag

Lys
400

val

Tyr

Lys
Gln
Gly

80
Lys

1212

1260

1308

1356

1404

1452

1500

1546

1606
1666
1726
1779



Arg Gly
Ala Glu

Glu &la
130
Gly Ser
145
is Ileée
Val Tyr
Gln Val
Leu His
210
Glu Leu
295
Gly Thr

Glan val

Asn Ser

Leu Thr

290

Gly Ile
305
Thr Leu

Ile Ser

Leu Thr

Ala Gln

370
Lle Asp
385
Ala Tle

<210>

Ile:

Lieu

118
Asn

Phg
Gry
Bhe

Arg
195

Val
Ala
VaL
Asp
275
Pro

Glu

Ser
Ala

Ala

355

Tyr

Ala

Pxo

51

€211>» 36
<212> ADN

<213>

Pro
100
Val
Ala
Glu
Met
Tyr
180
Ser

Pro

Gln

Nal

Gly

Pro

His

Val

Ala

Ser

340
Ile

Lew

Glu

‘Gly

Trinh tu

g5
Val

Ile

Lys

Ala

Gln
165

Asp

Lew

Glu

Met

Asp
245
Ala-

Bhe

Ile

Ala

Vail
325

Arg

Asn

Gln

Hig

Thy

405

Phe

Gly

Ala

Arg

150

Liesu.

Ile

Thr

Thr

Lys

230
Ile:

Alg

Vdal
Gly
310
Hsn
Leu
Gln
Thr
Glu
390
Ile

Asgn

&lu

His

135

Gly

Gly

GZla

Gin
Ala
215
Pro

PrO

Ile

8er

GLy
295
Lys

‘Bhe

Leu
Ile
Ser

375
Leu

nhén tao

Ala

Met
120
Arqg
Lys
Val
Asgn
Ligw
200
Ser

Gly

Ala

Asp

Pro
280
Ser

Leu

Pro.

His

Phe

360

Pre

Ala

Als
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90
Pro Phe
105
Tigir Leu
Gly 1le
Lys Leu
Leu Ala
170
Lys Leu
185
Lew Asn
Thr Gln
G}.y Leu
Leu Cys
250
val Phe
265
Lew Ser
Th¥ Glu
Ala Lys
Glu Val
330
Ile His
345
Ala Glu
Met Met

Glu Lys

Arg Lea
410

-113-

Ser

Met
Trp

Gly
155

Glu

Pro

Mat

Leu

235
Glu

Pro
Gla
Glu
Tyr
315
Ser

Glu

Gln

Gly T

Ala
395
Leuy

Asn

Leu

Asn
140
Ile

1 Met

220
Ile

Ala
val
Phe
Ala

300
Ber

Teu

Asn
Gly
Tyr
380

Leu

Tyr

Th¥
Arg
125
Lys

Ile

b4 Leu

Gly

- BSH

205
Tle

Asn

Ligu

Glu

Asp
285
Gln

Asp
Pro

Arg

Tle
365

Val

Gln

Atg
110
Gly
Ile:
Gly
Gly
st
190
Val
Sex
Bla
Ala
Pro
270
Asn
Glu
Asn
Met
Pro
350
Asn

Val

Leu

95

Sexr

Val

Ala

Tyr

Met
175

Ala

Val

Bla

Sexr

‘Ser

255
Ala

Val
Asn
Gly
His
335
Gly
ile
Ile

Met

Val

Pro
Lys

Gly
160

His

Ser
Ser
Asn
Arg
240

Lys
Thr
Ile
Ile
Ser
320
Gly
Val

Ala

Asp

Lys
400



19793

<223» Poan mdi P11

£400> 51
agetgagtey acceccagga aaaattggtt aataac 36

L210» 52

<211> 33

<£21%> ADN

<2133 Trinh tu nhan tao

Reririah
223> Poan mdi P12

<400> 52 »
agetgageat gottocaact gegetaatga ego 33

53
33
ADN
Trinh ty nhdn tao

<223> DPoan mdi P13

<400> 53
-ageétgatcta gaaaacagaa tttgcctgge gge 33

<é19> 54

£211> 33

<212> ADN

<213 Trinh ty nhén tao

<220>
£223» Poan mdi P14

£400> 54
agctgaggat ccaggasgag tttgtagaaa cge 33

<210> 55

211> 32

<212» ADN

213> Trinh tuy nhén tao

<PT0»
¢223» Doan mdi P15
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LA00> 55
agctgagteg acgtgttege tgaatacggg gt

<230G> 56

<211» 32

<212> ADN

«213» Trinh ty nhén tao

£220>
«223> Poan mdi P16

400> 56
agetgatcta gagagagest caggattgcs ge

€710> 57

<£211> 59

<212> ADN

¢213%» Trinh tuy nhan tao

920>
223> DPoan mbdi P17

<220>

<221>» d&u hiéu misc

£222%  (25)..(25)

<223> nla a, ¢ g, hodc t

<220>

<221%> d&u hiéu misc

<222>  (27)..(28)

<223> nla a, ¢, g, hodc t

<220>

<221> diu hiéu misc

<222> {46)..(46)

<223> n la =&, ¢, g, hodc t

<220>

«221> diu hiéu misc

<222> (49)..(49)

<Z23» nla &; ¢, &, hodc t

<220>
<221> diu hiéu misc

<222>  (51),.(51)
<223% mla &, ¢ g, hodc t
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<400> 57
ategtgaaga tcttttocag tgttnannag ggtgeetige acggtnatna ngtcactgg 59
<210> 58

<211> 32
<£212> ADN
€213>» Trinh tu nhéan tao

<£220%
<223> Doan mdi P18

<220>

<221> diu hiéu misc

<222>  (186) .. (:20)

<223> nlaa, ¢ q, hodc t

<400> 58
tggaaaagat ctteannnnn cgetgacctqg ¢g 32

<210> 59

<211> 60

<212> ADN

<213> Trinh ty nhan tao

£220>
<223> DPoan mdi P19

<400> 59
‘tocgeteoaty atttttttesa tegctygtaa ggteatttat cecotcaggaa aaattggtta 60

<210> 60

£211% 63

<212% ADN

£213> Trinh tu nhan tao

<220>

%2235 Dboan mdi P20

<4005 60

ttteacacty ctéaadegta gggroatdace ggccctiygaa gechyetttt ttatactaag 60
ttg 63

210> 61
<211> 20
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<212
€213>

<220>
<223%

CAODS

19793

ADN
Trinh ty nhén tao

Poan moi P21

61

ctttgtoect ttagtgdagyg

<210>
<Z211>
212>
<213>

<220>
<223>.

<400>

agctgateta gaagetgaet cgagttasaty gcchtecegaga cgac

<210>
211>
212>
£213>

<2202
223>

<4003

62

44

ADN

Trinh ty nhén tao

Poan mdi P22

62

63
33
ADN
Trinh tu nhdn tao

Poan mdi P23

63

agectgagteg acatggcaaa ggtatcactg gaa

<2103
<2113
<212>
<213

<2203
223>

<400>

B4

34

ADN

Trinh tu nhdn tao

Poan mdi P24

64

gagaacgcec gggcgggett cgtgaataty cage

<2103
<211>
<21 2>

65
32
ADN

-117-

44

33



19793

<213> Trinh tuy nhan tao

«2203
<223% Poan mdi P25

<400> 65
agotgatets gacgtygggat cdgtaadges dy

<210> 66
<211> 22
L7212 ADN
€213> Trinh tu nhan tao

220>
«273» Doan mdi P26

<400> 66
daaaccgcee gggegltete ae
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Fig. 1
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Fig. 2
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Fig. 3

Trinh tu cia doan khdi ddu nguyén gbe Pnlp
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